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Sanitary sewers are among the most important public works facilities affecting the future development, as well as the overall environmental quality,
of an area. In recognition of this fact, the Commission, in 1967, upon completion and adoption of a regional land use plan, undertook the prepara
tion of a regional sanitary sewerage system plan. The planning work was funded by the seven constituent county boards and by the U. S. Department
of Housing and Urban Development. Technical policy direction for the study was provided from its inception by a Technical Advisory Committee
composed of 24 distinguished public works officials and sanitary engineers representing the major universities and certain state and federal, as well
as local, units of government within the Region. The complex technical work involved was carried out by the Commission staff with the assistance
of a private engineering firm for certain aspects of the work.

Publication of this report represents the product of over four years of intensive planning effort, culminating in a series of public informational
meetings and a formal public hearing in which the findings and recommendations of the work were well received by local elected officials and
interested citizens. Some modifications in the plan as recommended by the staff and the Advisory Committee were made by the Commission as
a result of the informational meetings and public hearing.

The regional sanitary sewerage system plan as set forth herein contains specific recommendations concerning five major aspects of sanitary
sewerage system development: the location and extent of desirable future sanitary sewerage service areas; the location of sewage treatment facili
ties, together with the level of waste treatment to be provided by these facilities; the general alignment and approximate size of the intercommunity
trunk sewers required to extend sewer service from the recommended treatment plant locations into the recommended sewer service areas; the
means for abating water pollution from combined sewer overflows in the Milwaukee, Racine, and Kenosha areas; and recommendations concerning
several auxiliary plan elements, including clear water elimination and full metering of all sewage flows, including bypasses. Importantly, the plan
serves to support and reenforce the adopted regional land use plan, and as such, the plan has extremely important implications for sound land use
development within the Region. As has been Commission practice, all of the alternatives to the recommended plan eLements considered are also
presented, along with the recommended elements.

Several important goals are to be attained through implementation of the recommended regional sanitary sewerage system plan, as set forth herein,
including protection of the public health, the abatement of water pollution, the sound investment of public funds in efficient and effective sanitary
sewerage systems, the more effective guidance of land use development into a sound areawide pattern, and the wise use of the limited land and
water resources of the Region. In addition, the plan should, within the context of the overall regional planning program, serve to meet certain
federal planning prerequisites and thereby to continue to qualify the state and local units of government concerned for federal assistance in support
of the construction of sanitary sewerage facilities.

As is true of all of the Commission's work, the regional sanitary sewerage system plan is entirely advisory to the local, areawide, state, and
federal units and agencies of government concerned. Upon formal adoption of the plan by the Commission, a certified copy thereof will be trans
mitted to all affected units and agencies of government with a request for their consideration and formal endorsement or adoption and appropriate
implementing action. Consistent with previous Commission practice, this report contains a chapter outlining the specific actions required to
implement the recommended plan. Plan implementation must necessarily be achieved through the cooperation of all of the governmental units and
agencies concerned; and, as such, the plan should serve as an important point of departure for the making of land use, as well as sanitary sew
erage facility, development decisions within the Region over the next two to three decades.

In its continuing role of acting as a center for the coordination of plan implementation activities within the Region, the Commission stands ready to
provide such assistance as may be requested of it by the various units and agencies of government concerned in implementing the recommended
regional sanitary sewerage system plan.

k
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George C{Herteau
Chairman
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The regional sanitary sewerage system planning
program is the second major planning program
to be undertaken by the Southeastern Wisconsin
Regional Planning Commission which has as its
objective the preparation of an important element
of a Long-range, comprehensive plan for the physi
cal development of the entire seven-county plan
ning Region. Because the program is an integral
part of a broader regional planning program, an
understanding of the need for and objectives of
regional planning, and the manner in which these
needs and objectives are being met in southeastern
Wisconsin, is necessary for a complete under
standing of the sanitary sewerage system pLanning
program, its findings, and its recommendations.

NEED FOR REGIONAL PLANNING

Regional planning may be defined as compre
hensive planning for a geographic area larger
than a county but smaller than a state, united
by economic interests, geography, and common
areawide problems. The need for such planning
has been brought about by important social and
economic changes which, while nationaL pheno
mena, have had far-reaching impacts on the
problems facing local government. These changes
include rapid population growth and urbanization;
increasing agricultural and industrial prOductivity,
income levels, and leisure time; generation of
mass recreational needs and pursuits; intensive
use and consumption of natural resources; devel
opment of private water supply and sewage dis
posal systems; development of extensive electric
power and communications networks; and devel
opment of limited-access highways and mass
automotive transportation. Under these changes,
entire regions like southeas tern Wisconsin are
being subjected to massive internal migration and
attendant urban diffusion, and are thereby becom
ing one Large mixed ruraL-urban complex. This
urban diffus ion is, in turn, creatin g areawide
environmental and developmental problems of an
unprecedented scale and complexity.

The areawide problems which necessitate a re
gional planning effort in southeastern Wisconsin
all have their source in the rapid population
growth and in the urban diffusion occurring within

the Region. These areawide problems include,
among others: inadequate storm water drainage
and increasing flood damages; inadequate water
supply and increasing water pollution; increasing
demand for outdoor recreation and for park and
open-space reservation; inadequate transportation
facilities; underdeveloped sewerage and inade
quate sewage disposal facilities; and, underlying
all of the foregoing problems, rapidly changing
and unplanned land use development. These prob
lems are all truly regional in scope since they
transcend the boundaries of anyone municipality,
and can only be resolved within the context of
a comprehensive regionaL planning effort and
through the cooperation of all levels of govern
ment concerned.

THE REGIONAL PLANNING COMMISSION

The Southeastern Wisconsin Regional Planning
Commission (SEWRPC) represents an attempt to
provide necessary areawide planning services for
one of the nation's large urbanizing regions. The
Commission was created in August 1960, under
provisions of Section 66.945 of the Wisconsin
Statutes, to serve and assist the local, state,
and federal units of government in planning for
orderly and economic development in southeastern
Wisconsin. The Commission's role is entirely
advisory, and participation by local units of gov
ernment in its work is on a YO luntary, cooperative
basis. The Commission is composed of 21 citizen
members, three from each county in the Region,
who serve without pay.

The powers, duties, and functions of the Commis
sion and the qualifications of the Commissioners
are carefully set forth in the state-enabling legis
lation. The Commission is authorized to employ
experts and a staff as necessary to execute its
responsibilities. Basic funds necessary to sup
port Commission operations are provided by the
member counties, with the budget apportioned
among the seven counties on the basis of relative
equalized assessed property valuation. The Com
mission is authorized to request and accept aid
in any form from all levels and agencies of gov
ernment to accomplish its objectives, and is
authorized to deal directly with the state and



federal governments for this purpose. The Com
mission, its committee structure, staff organiza
tion, and relationship to the constituent counties
are shown in Figure 1.

THE REGIONAL PLANNrnG CONCEPT
rn SOUTHEASTERN ~SCONSrn

Regional planning as conceived by the Commission
is not a substitute for, but a supplement to, local,
state, and federal planning. Its objective is to
assist the various levels and units of government
in finding solutions to areawide developmental and
environmental problems which cannot be properly
resolved within the framework of a single munici
palityor county. As such, regional planning has
three principal functions:

1. Inventory-the collection, analysis, and
dissemination of basic planning and engi
neering data on a uniform, areawide basis,
so that in light of such data, the various
levels and agencies of government and
private investors operating within the
Region can better make decisions concern
ing community development.

2. Plan Design-the preparation of a frame
work of long-range plans for the physical,
development of the Region, these plans
being limited to functional elements having
areawide significance. To this end, the
Commission is charged by law with the
function and duty of "making and adopting
a master plan for the physical development
of the Region." The permissible scope and
content of this plan, as outlined in the
enabling legislation, extend to all phases
of regional development, implicitly empha
sizing preparation of alternative spatial
designs for land use and for supporting
transportation and utility facilities.

3. Plan Implementation-promotion of plan
implementation through provision of a cen
ter to coordinate the planning and plan
implementation activities of the various
levels and agencies of government in the
Region, and through the introduction of
information on areawide problems, rec
ommended solutions to these problems,
and alternatives thereto into the existing
decision-making process.

The work of the Commission, therefore, is seen
as a continuing planning process providing out-

2

puts of value to the making of development deci
sions by public and private agencies, and to the
preparation of plans and plan implementation
programs at the local, state, and federal levels. It
emphasizes close cooperation between the govern
mental agencies and private enterprise respon
sible for the development and maintenance of land
uses in the Region, and for the design, construc
tion, operation, and maintenance of the support
ing public works facilities. All Commission work
programs are intended to be carried out within the
context of a continuing planning program which
provides for periodic reevaluation of the plans
produced, and for the extension of planning infor
mation and advice necessary to convert the plans
into action programs at the local, regional, state,
and federal levels.

THE REGION

The Southeastern Wisconsin Planning Region, as
shown on Map 1, is comprised of Kenosha, Mil
waukee, Ozaukee, Racine, Walworth, Washing
ton, and Waukesha Counties. Exclusive of Lake
Michigan, these seven counties have a total area
of 2,689 square miles, or about 5 percent of the
total area of Wisconsin. About 40 percent of the
state population lives in these seven counties,
which contain three of the seven and one-half
standard metropolitan statistical areas in Wiscon
sin. The Region contains about half the tangible
wealth in Wisconsin as measured by equalized
assessed property valuation, and represents the
greatest wealth-producing area of the state, with
about 42 percent of the state's labor force being
employed within the Region. The Region contains
153 local units of government, exclusive of school
and other special-purpose districts, and encom
passes all or parts of 11 major watersheds. It
has been subject to rapid population growth and
urbanization, and from 1960 to 1970 accounted
for approximately 40 percent of the population
increase in the state.

COMMISSION WORK PROGRAMS

Initial Work Program
The Commission's initial work program was
directed entirely toward basic data collection. It
included six basic regional plamling studies, which
were initiated in July 1961 and completed by July
1963: a statistical program and data processing
study, a base mapping program, an economic base
and structure study, a population study, a natural
resources inventory, and a public utilities study.
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,STATE Of WISCONSIN

Map I

The seven-county Southeastern Wisconsin Region encompasses a total area of about 2,689 square
miles, or about 5 percent of the total area of the State of Wisconsin. About 4-0 percent of the
state's population, however, resides in these seven southeastern counties. The Region employs
about 4-2 percent of the state's labor force and contains about half of all the tangible wealth in
the state as measured by equal ized assessed property valuation. The Region has been subject to
rapid population growth and urbanization, and from 1960 to 1970 accounted for about 4-0 percent of
the total population increase of the state.
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These initial studies were directed toward pro
viding basic planning and engineering data for
regional planning and were documented in six
published reports. None of these studies involved
plan preparation, but the findings provided a valu
able point of departure for subsequent Commission
work, including the regional sanitary sewerage
system planning program.

As part of its initial work program, the Commis
sion also adopted a policy of community planning
assistance, in which functional guidance and advice
on planning problems are provided to local units
of government, and regional planning studies are
interpreted locally so that the findings and recom
mendations of these studies may be incorporated
into local development plans. Six local planning
guides have been prepared under this pro gram to
provide information helpful in the preparation of
local plans and plan implementation ordinances.
These guides are intended to help implement
regional and local plans, and to assist local public
officials in carrying out day-to-day planning func
tions. The subjects of these guides are subdivision
control, official mapping, zoning, organization of
local planning agencies, floodland and shoreland
development, and the use of sons data. All inc lude
model ordinances and provide a framework for
plan implementation through local land use con
trol measures.

Land Use-Transportation study
The first major work program of the Commission
directed toward the preparation of long-range
development plans was a regional land use
transportation study, initiated in January 1963 and
completed in December 1966. It produced two key
elements of a comprehensive plan for physical
development of the Region: a land use plan and
a transportation plan. The findings and recom
mendations of the study, which provide impor
tant inputs to the regional sanitary sewerage
~ystem planning program, have been published in
the three-volume SEWRPC Planning Report No.7,
Regional Land Use and Transportation Plans; in
SEWRPC Planning Report No.8, Soils of South
eastern Wisconsin; and in five supporting techni
cal reports, including SEWRPC Technical Report
No.4, Water Quality and Flow of Streams in
Southeastern Wisconsin.

Comprehensive Watershed Studies
The regional planning program very early recog
nized the significance of existing and water
related resource problems, including flooding

and water pollution. The natural watershed was
selected by the Commission as the basic water
and water-related resource planning unit, and
comprehensive watershed plans have been com
pleted for the Root, Fox, and Milwaukee River
watersheds within the Region. In addition, the
Commission has initiated a comprehensive plan
ning program for the Menomonee River watershed.

The basic purpose of watershed planning pro
grams, as developed within the context of the
overall regional planning program, is to permit
public evaluation and choice of alternative water
resource development po licies and plans and,
through the preparation of a long-range plan
for the development of water-related community
facilities, to provide for the coordination of
local, state, and federal water resource man
agement programs within the Region and its
watersheds. The more specific objectives of the
watershed planning programs include the abate
ment of flood damage; the protection of floodways
and floodplains from incompatible development;
the abatement of water po llution and the protection
of water supply; the preservation of land for park
and related open space; the preservation of wood
lands, wetlands, wildlife habitat, and prime agri
cultural lands; and the promotion of the wise and
judicious use of the Region's limited land and
water resources. In addition, the watershed plans
serve to refine and adjust the regional land use
plan, particularly in the riverine areas, and help
achieve a more complete integration of land and
water resource planning.

The Root RIver watershed study, the Commis
sion's first comprehensive watershed planning
program, was initiated in July 1964 and completed
in July 1966. The results of the study have been
published in SEWRPC Planning Report No.9,
A Comprehensive Plan for the Root River Water
shed. The Commission adopted that plan on
September 22, 1966. To date, it has been well
received by local units of government. The rec
ommended plan as of January 1, 1973, had been
formally adopted by the Milwaukee and Racine
County Boards of Supervisors; by the Metropolitan
Sewerage Commission of the County of Milwaukee
and the Sewerage Commission of the City of Mil
waukee; by the Common Councils of the Cities of
Franklin, Oak Creek, and Racine; and by the Town
Board of the Town of Mt. Pleasant. Progress
toward plan implementation is monitored and
reported in the Annual Reports of the Commission.
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The Fox River watershed study was the Commis
sion's second comprehensive watershed planning
program. It was initiated in November 1965 and
completed in February 1970. The results of the
study have been published in SEWRPC Planning
Report No. 12, A Comprehensive Plan for the Fox
River Watershed, Volume 1, Inventory Findings
and Forecasts, and Volume 2, Alternative Plans
and Recommended Plan. The Commission adopted
the comprehensive plan for the Fox River water
shed on June 4, 1970. As of January 1, 1973,
the plan had been formally adopted by the Keno
sha, Milwaukee, Racine, Walworth, and Waukesha
County Boards of Supervisors; by the Common
Council of the City of Burlington; by the Village
Board of the Village of Rochester; by the Town
Board of the Town of Waterford; by the Kenosha
County Soil and Water Conservation District; and
by the City of Burlington Plan Commission. The
plan has also been endorsed by such important
state and federal agencies as the State Depart
ments of Natural Resources and Transportation;
the U. S. Department of Agriculture, Soil Con
servation Service; the U. S. Department of the
Interior, Geological Survey; and the U. S. Depart
ment of Housing and Urban Development.

The third comprehensive watershed planning pro
gram undertaken by the Commission was for the
Milwaukee River watershed. It was initiated in
June 1967 and completed in October 1971. The
results of that study have been published in
SEWRPC Planning Report No. 13, A Comprehen
sive Plan for the Milwaukee River Watershed,
Volume 1, Inventory Findings and Forecasts, and
Volume 2, Alternative Plans and Recommended
Plan. The Commission adopted the comprehen
sive plan for the Milwaukee River watershed on
March 2, 1972. As of January 1, 1973, the plan
had been formally adopted by the Milwaukee, Ozau
kee, Sheboygan, and Washington County Boards
of Supervisors; by the Common Council of the City
of Milwaukee; by the Village Board of the Village
of River Hills; by the City of Milwaukee Board of
Harbor Commissioners; and by the Milwaukee
County Park Commission. The plan has also
been endorsed by such important state and fed
eral agencies as the State Departments of Natural
Resources, Healthand Social Services, and Trans
portation; the State Board of Soil and Water Con
servation Districts; the U. S. Department of
Agriculture, Soil Conservation Service and Farm
ers Home Administration; the U. S. Department
of the Interior, Bureau of Outdoor Recreation and
Geological Survey; and the U. S. Department of
Housing and Urban Development.
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The Commission initiated a comprehensive plan
ning program for the Menomonee River watershed
late in 1972. Upon the completion of this fourth
major watershed study, the Commission will
have completed such studies for four watersheds
covering about two-thirds of the total area of
the Region.

The watershed planning programs have important
implications for the regional sanitary sewerage
system planning program. Although sanitary sew
erage facilities often involve problems that cross
watershed boundaries, watershed factors are
involved in the design of these facilities. These
include the desirability of achieving gravity flow
sewerage systems, the fact that sewerage systems
may discharge pollutants into surface waters, and
the existence of certain legal constraints on inter
basin water and sewage diversions.

Each watershed plan sets forth stream and lake
water use objectives and supporting water quality
standards and contains specific recommendations
with respect to the best means of attaining these
objectives and abating water pollution. These
recommendations concern the type, capacity, and
location of sewage treatment plants; the location
of effluent outfalls; the location, size, and depth
of trunk sewers; the adjustment of land use pat
terns to the ability of surface water and soil
resources to sustain development; the attainment
of good soil and water conservation practices; and
the potential for applying water quality manage
ment measures such as low-flow augmentation
and diversion.

As more fully discussed in Chapter II of this
report, the sanitary sewerage system plan pro
vides an important means for relating the water
pollution abatement actions recommended in the
individual watershed plans to each other and to
development within the Region as a whole. The
regional sanitary sewerage system planning pro
gram, while related to the protection of water
resources, is more directly concerned with the
broader, more pervasive need to promote orderly
areawide land use development, and thereby offers
a logical means for more fully integrating the
individual watershed plans and for refining and
adjusting these plans as may be necessary.

Other Regional and
Subregional Planning Programs
Four additional regional planning programs have
been undertaken by the Commission. They include
a regional library system planning program,
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a regional airport system planning program,
a regional housing study, and a regional park,
outdoor recreation, and related open space study.
The Commission has also completed more detailed
urban development plans for certain subareas of
the Region, including the Kenosha and Racine
Planning Districts. These latter plans include
public utility elements with important implica
tions for the sanitary sewerage system plan
ning program.

REGIONAL SANITARY SEWERAGE
SYSTEM PLANNING PROGRAM

Early in 1967, the Commission considered a num
ber of potential regional planning programs which
might lead to the preparation of additional elements
of a comprehensive plan for the physical develop
ment of the Region. These programs had been
requested by state or local units of government or
were required by certain federal planning prereq
uisites for grants in partial support of capital
improvements, and included regional water supply,
park and open space, airport, library, mineral
conservation, solid waste disposal, and sanitary
sewerage system planning programs. After care
ful consideration, the Commission decided that
the preparation of a regional sanitary sewerage
system plan would be the logical next step in the
preparation of a comprehensive plan for the phy
sical development of the Region. On February 13,
1967, the Executive Committee of the Commis
sion accordingly directed the Commission staff
to investigate the need for a regional sanitary
sewerage system planning program; determine
the scope and content of such a program; and
estimate the time, staff, and budgetary require
ments of such a program.

The Commission, pursuant to Section 66. 945(7) of
the Wisconsin Statutes, created a Technical Coor
dinating and Advisory Committee on Regional
Sanitary Sewerage System Planning. This Com
mittee' composed of 24 federal, state, and local
public officials and private agency representa
tives, worked during September and October 1968
to prepare a Regional Sanitary Sewerage System
Planning Program Prospectus. This Prospectus
was endorsed by the Commission on December 5,
1968, was published, and in accordance with the
Commission's adVisory role was transmitted to
government agencies concerned for consideration
and action. All seven county boards in the Region
formally endorsed the Prospectus and agreed to
provide the local funding neces sary fo r the pro-

gram. The U. S. Department of Housing and Urban
Development also endorsed the Prospectus and
agreed to provide the necessary federal funding.

Need for Regional Sanitary
Sewerage System Planning
Sanitary sewerage system planning programs at
various levels have been carried out in the past
by individual communities in the Region. Per
haps the largest, most complex, and best of these
was carried out by the Metropolitan Sewerage
District of the County of Milwaukee in 1956, when
it prepared a long-range plan for intercepting
sewers and sewage treatment plants to serve the
Milwaukee metropolitan area. Even this important
study, however, was confined to the Milwaukee
urbanized area, a relatively small portion of the
Region. Events of the approximately 15 years
since the completion of that study indicate the
need for its updating and revision. A need also
exists to update and revise other locally prepared
sanitary sewerage system plans in the Region and
to coordinate these plans on an areawide basis.

Seven factors contribute to the need for a regional
sanitary sewerage system planning program in
the Region:

1. Inadequate sanitary sewer service, par
ticularly in newly developed areas of the
Region.

Since 1950, particularly massive and sig
nificant changes in land use development
have occurred within the Region. Not
only has urban development expanded to
include virtually all of Milwaukee County
and major portions of Kenosha, Ozaukee,
Racine, Washington, and Waukesha Coun
ties, but the density and spatial distribu
tion of the various land uses have changed
radically in this expansion. From 1950
to 1970, the population of the Region
increased by almost 42 percent, from
1. 24 to 1. 76 million persons. The amount
of land devoted to urban use, however,
increased by almost 190 percent from
138 to 397 square miles, so that the over
all urban population density within the
Re gion dec lined over this same period from
about 8,500 persons per square mile to
about 4,300 persons per square mile. The
resulting very low urban population densi
ties sharply contrast with the peak popula
tion densities achieved within the Region
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in 1920 of more than 11,300 persons per
square mile, and make the provision of
adequate sanitary sewer service to newly
developing urban areas increasingly dif
ficult and costly. Declines in the gross
overall urban population densities in the
Region have been accompanied by some
local increases in urban population densi
ties, particularly in some areas of the
City of Milwaukee, where the construction
of high-rise apartments has replaced one
and two-family homes, thereby increasing
population densities and sanitary sewer
loadings in small, highly localized areas.

Shifts in the land use development pattern
since 1950 have created a demand for
sanitary sewerage service in newly devel
oping areas, and have taxed and in some
cases exceeded the capacities of existing
sanitary sewerage facilities and treat
ment plants. The resulting overloaded
facilities and unsewered areas constitute
a major source of water pollution, as
well as a potential hazard to public health.
Existing facUities and plants in many
case~ are inadequate to absorb additional
loadings required by changing regional
development patterns and resultant service
demands. The situation brought about by
rapid population increase and highly dif
fused, low-density urban development has
been further aggravated by increasing per
capita water consumption and sewage con
tribution, and by the introduction of such
sewer-connected waste disposal devices
as .garbage disposers.

In 1970, between 61 and 85 square miles,
or between 23 and 21 percent of the pres
ently urbanized area of the Region, con
taining more than 139,000 persons, or
about 8 percent of the population of the
Region, were without public sanitary sewer
service. Of the 146 cities, villages, and
towns in the Region, 81 were served to
some extent by public sanitary sewerage
facilities. Local plans have been prepared
to extend sanitary sewer service to an
additional 447 square miles, or to an area
almost five times as large as the presently
developed urban area of the Region not now
served by such facilities.

The extension and accommodation of sani
tary sewer service has failed to keep pace

with urbanization. Consequently, large
areas of the Region are inadequately served
by sanitary sewerage facilities at the
present time. This problem has been
intensified by the widespread dispersion of
low-density urban development throughout
the Region, and by the inability of many
local government units to provide adequate
sewerage facilities for their growing popu
lations and sewage loadings except in an
inefficient, piecemeal, and uncoordinated
manner.

2. Forecast population growth and concomi
tant conversion of land in the Region from
rural to urban use.

Not only has the extension of sanitary
sewer service failed to keep pace with
past growth, but the demand for such ser
vice to developing areas of the Region may
be expected to increase over the next two
decades due to continued population growth
and urbanization. The population of the
Region, which presently stands at about
1.8 million people, is expected to reach
2.7 million persons by 1990. This increase
is roughly equivalent to the entire popu
lation presently served by the Milwau
kee metropolitan sewerage system, which
was developed over a period of almost
100 years.

Although urban land uses presently occupy
only 397 square miles, or about 15 percent
of the total area of the Region, land in the
Region is presently being converted from
rural to urban use at the rate of approxi
mately 10 square miles per year. If the
adopted regional land use plan is carried
out, about 123 square miles of land will
have to be converted from rural to urban
use in the Region by 1990 in order to
accommodate the anticipated population
increase. Means will have to be found to
serve this newly developed area and its
residents with sanitary sewerage facili
ties, not only in a coordinated and eco
nomic way but also in such a way as to
avoid further deterioration of the Region's
surface water resources. If uncontrolled
urban sprawl is allowed to continue within
the Region, more than 300 square miles
of land may be expected to be converted
from rural to urban use by 1990, about
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twice that required under the recom
mended regional plan, and sanitary sew
erage service problems will accordingly
be compounded.

3. Deterio rating surface water quality accom
panied by increasing conflicts over water
use and increasing public demand for water
po llution abatement.

The problem of inadequate sanitary sewer
service is closely linked to water pollution
problems in the Region. The complexity
and scope of the water pollution problem,
the growing conflicts over water use, and
the extent to which the water po lluting
activities of one community affect other
communities all contribute to the need
for an areawide approach to planning sani
tary sewerage facilities, and this need is
becoming increasingly evident to the public
officials invo Lved at the local as well as
state and federal levels of government.

Surface water quality studies conducted
by the Commission and documented in
SEWRPC Technical Report No.4, Water
Quality and Flow of Streams in South
eastern Wisconsin, indicate that stream
po llution is widespread throughout the
Region, and that present water quality
conditions impair many desirable water
uses. Nine of the 11 major drainage
systems in the Region are substantially
polluted when existing water quality is
compared to water use objectives and
supporting water quality standards for
existing and potential water use.

Except for short reaches of certain as yet
unpolluted streams in rural areas of the
Region, and streams having established
water use objectives limited to industrial
and cooling water supply and minimum
conditions (no aesthetic nuisance), the
present levels of stream water quality in
the Region generally fail to meet the water
use objectives and supporting water quality
standards established by the' Wisconsin
Department of Natural Resources, Divi
sion of Environmental Protection.! Stream

1 Standards as adopted by the Wisconsin Resource Develop
ment Board on June 14, 1968 for intrastate waters and on

April 26, 1967 for interstate waters. The Board has since
been succeeded by the Wisconsin Natural Resources Board.

water quality forecasts prepared by the
Commission indicate that unless water
quality control plans are prepared and
implemented on an areawide basis, stream
water quality levels within the Region
can be expected to deteriorate rapidly
with increasing urbanization. The growing
water pollution probLem is not limited to
stream waters. It is also endangering
Lake Michigan, one of the most important
elements in the Region's natural resource
base, and many of the inland lakes within
the Region. As in the case of streams, the
lake pollution problem is seen in increas
ingly obnoxious aquatic growths, deterio
rating fisheries, increasing conflicts over
water use, and increasing public demand
fo r po llution abatement.

Municipal sewage treatment plants are
the major source of surface water pollu
tion in the Region. Sixty-four such plants
are presently in operation or under con
struction within the Region. Public offi
cials and interested citizens are becoming
increasingly concerned about the delete
rious effect the effluent from these plants
has on Lake Michigan and on inland lakes,
streams, and watercourses. With few
exceptions, these plants we re 10 cated,
designed, and built on a largely uncoordi
nated, plant-by-plant basis. The location
of the plants often shows little consid
eration for rational urban service areas
or for sound spacing along the receiving
streams to permit assimilation of waste
loadings without serious deterioration in
water quality. Water pollution abatement
in the Region and the restoration of surface
water quality to levels meeting federal and
state water use objectives require prepa
ration of an areawide sanitary sewerage
system plan. Such a plan must recom
mend the location, size, and degree of
treatment to be provided by existing and
proposed sewage treatment plants in view
of the effects on the natural resource
base and on the extent and location of
urban development. Attaining federal and
state water use objectives may require
increased treatment levels at individual
plants; abandonment of certain plants and
consolidation of their tributary sewerage
systems to convey wastes to larger, more
efficient plants; the provision of low-flow
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augmentation for adequately treated waste
water dilution; and, perhaps, the expo rt
of "liquid wastes from certain watersheds
in the Region.

4. The widespread occurrence within the
Region of soils unsuited to onsite sewage
disposal systems.

As already noted, the planning and con
struction of new sanitary sewerage sys
tems and the extension of established
systems have not kept pace with the rapid,
areawide urbanization taking place within
the Region. Much of this urbanization has
occurred in a highly diffused, low-density
"leapfrog" pattern, and cannot be readily
served by centralized public sanitary sew
erage facilities. This has resulted in the
widespread use of individual septic tanks
for sewage disposal. About 47 percent of
the Region, however, is covered by soils
which are unsuited to intensive urban
development without public sanitary sewer
service and which, therefore, should not
be developed with soil absorption sanitary
sewage disposal facilities. Failure to
adjust urban development to the ability of
the underlying soils to sustain such devel
opment has resulted in serious problems
within the Region such as overflowing
septic tanks, public health hazards, water
pollution, obnoxious odors, and deprecia
tion of property values.

Once urban land uses are established and
a community developed, replacing indivi
dual septic systems with public sewerage
facilities presents serious engineering,
financial, and political problems. Because
lot size requirements are normally large
where sewage disposal by onsite system is
to be attempted, the cost assessment to
individual property owners for the later
installation of centralized sewerage facili
ties can be extremely high. Inconvenience
and unnecessary additional costs result
from disrupting streets, walks, lawns, and
landscaping; and from disconnecting indi
vidual plumbing systems from septic sys
tems and reconnecting them to the new
facilities; while the initial cost of the
onsite sewage disposal facilities which
must be abandoned becomes an additional
unnecessary economic loss. If problems

attendant to the use of septic tank dis
posal systems are to be aVOided, sanitary
sewer service must be extended in an
orderly manner as land use development
proceeds, and in accordance with a care
fully prepared long-range sanitary sewer
age system plan. Land use development
must, in turn, be related to orderly sani
tary sewerage system planning.

5. Increasing use of small, isolated sewage
treatment plants and tributary sanitary
sewerage systems on an uncoordinated,
individual basis, without regard for the
effect on areawide land use and sewerage
system development or on surfl'j.ce water
quality.

The unsatisfactory performance of onsite
septic tank sewage disposal systems in the
Region, the increasing consumer resis
tance to the purchase of home sites without
centralized sanitary sewerage service, and
the failure of such service extensions to
keep pace with urban land use develop
ment has forced land developers within
the Region to consider alternatives to sep
tic systems. One alternative increasingly
being proposed is the package sewage
treatment plant, designed to treat wastes
from an isolated reSidential subdivision or
a single large commercial or industrial
development. Since the operation of such
plants does not depend on the ability of the
soil to absorb liquid wastes, the package
plant may solve the immediate problem
associated with the unsuitability of the
soils on a given site for the use of onsite
sewage disposal systems.

The uncoordinated installation of package
plants, however, may also lead to sev
eral serious problems. First, package
sewage treatment plants within the Region
are often located in the headwater areas
of watersheds where small intermittent
streams and watercourses must be used to
receive the treated effluent. Since ade
quate streamflow is not available to dilute
the wastes, the small streams deterio rate
rapidly in water quality until they lose
even a minimum aesthetic value. Second,
package plants for economic reasons are
usually designed with just sufficient capa
city to treat the wastes generated by the
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initial development intended to be served.
When further development occurs, the
plant is often overloaded and unable to con
tinue to provide an adequate level of treat
ment. In addition, the individual owners,
small private associations, and rural gov
ernments which must operate the plants
usually cannot afford either the degree of
maintenance nor the trained staffs which
can be provided by a larger municipality,
thus making it impractical to provide the
advanced levels of waste treatment often
necessary to maintain and improve water
quality. Finally, when package plants are
to be abandoned and the tributary sewerage
systems connected to a municipal or met
ropolitan sewage treatment plant, there
is little likelihood that the individually
designed systems can be integrated into
aunified gravity drainage sewerage system
without major modifications and further
expense. If the use of package plants is to
continue, it is imperative that such plants
be located and designed within the frame
work of a long-range, areawide sanitary
sewerage system plan, both to avoid the
creation of serious new water pollution
problems and to avoid later problems of
connection to a centralized public sanitary
sewerage system.

6. The importance of the orderly extension of
sanitary sewer service throughout the
Region to the implementation of the adopted
regional land use plan.

In December 1966 the Commission adopted
a regional land use plan which would:
1) allocate adequate space to each of the
various urban and rural land uses required
to meet the social, physical, and econo
mic needs of the growing population of
the Region; 2) result in a more effici
ent, healthful, attractive, and compatible
arrangement of land uses; 3) be properly
related to supporting transportation and
utility systems; and 4) contribute to the
protection and wise use of the Region's
natural resource base. The regional land
use plan, however, is entirely advisory to
the implementing federal, state, and local
units of government, and requires the
coordinated action of all of the levels,
units, and agencies of government con
cerned for full implementation.

The orderly extension of sanitary sewer
service to areas proposed for urban devel
opment in the land use plan is essential to
its implementation. The plan recommends
that all new urban development in the
Region be provided with sanitary sewer
service tributary to existing and proposed
public sewerage systems. The importance
of sanitary sewer service in guiding land
use development was shown by the Com
mission's plan evaluation studies done
with the aid of a regional land use simu
lation model, a model developed by the
Commission under the regional land use
transportation study to test the feasibility
of alternative regional land use develop
ment patterns.

A number of simulation model runs were
performed using different assumed land
use control policies as inputs. The best
methods of regional land use plan imple
mentation were thereby explored. Results
of the model applications showed that given
the soil conditions which prevail within the
Region, and given the restriction of urban
development upon soils poorly suited to
such development without sanitary sewer
age service warranted by consideration of
the public health, safety, and welfare, the
availability of sewer service became the
singularly most important factor influ
encing the location and timing of urban
land use development. Any attempt to
implement the adopted land use plan in
the absence of sound, coordinated sani
tary sewerag;e development policies would
almost certainly fail. The land use plan
test and evaluation studies indicated that
a regional sanitary sewerage system plan
would thus be important to the attain
ment of the adopted land use plan, and
that the preparation of such a sewerage
system plan should be undertaken as soon
as possible.

7. The need to meet the areawide planning
prerequisites of federal sewerage facility
construction grant-in-aid programs.

The federal government is increasingly
requiring the preparation and adoption
of areawide system plans as a prerequi
site for the approval of federal grants
in partial support of all types of public
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works construction. Two Significant fed
eral grant pro grams -the Waste Water
Treatment Works Construction Program,
administered by the U. S. Environmental
Protection Agency, and the Basic Water
and Sewer Facility Construction Program,
administered by the U. S. Department of
Housing and Urban DeVf~lopment-require

as a prerequisite for the award of a federal
grant the preparation, adoption, and cer
tification of areawide sanitary sewerage
system plans. Preliminary planning guide
lines issued under these two grant pro
grams have established July 1, 1973 as the
date when the areawide sanitary sewerage
system plans must be completed, adopted,
and certified if constituent local units of
government are to continue to qualify for
federal grants. The Commission, there
fore, would be remiss in its responsibili
ties to its constituent units of government
if it failed to prepare, adopt, and certify
to appropriate state and federal agen
cies a regional sanitary sewerage facility
system plan at this time.

It is important to note that U. S. Office of
Management and Budget (OMB) Circular
A-95 requires review by metropolitan and
state clearinghouses of all applications
for federal grants in partial support of
the acquisition of land for, and the con
struction of, public facilities and utili
ties, including sanitary sewers and sewage
treatment plants. The Regional Planning
Commission is recognized as the met
ropolitan clearinghouse for southeastern
Wisconsin by the federal and state units of
government under OMB Circular A-95.
Intelligent review by the Commission of
applications for sewerage system improve
ment projects requires preparation of an
areawide sanitary sewerage system plan.
Only within the context of such a plan
can the areawide desirability of individual
sewerage system improvements be prop
erly determined, and the interests of the
local units of government concerned, as
well as the interests of the state and fed
eral governments, properly recognized.

It should be noted that these seven factors apply
specifically to the Southeastern Wisconsin Region.
They are in addition to and support the more gen
eral need in an urbanizing region for a regional
sanitary sewerage system plan which derives
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from sound planning and engineering practice.
Such practice dictates that individual sewer lines,
pumping stations, and sewage treatment plants be
planned and designed not in iso lation on an ad hoc,
piecemeal basis, but rather as integral parts of
an areawide system in which the major sewerage
facilities are carefully fitted to projected waste
loadings derived from adopted land use plans, and
are designed to meet regional as well as local
development objectives and standards, including
water use objectives and standards.

The Prospectus was a preliminary design pre
pared to obtain support and financing for the
study, an objective that was achieved. It out
lined the major work elements, specified a staff
organization, established a time schedule, and
provided cost estimates. Work on the study began
in February 1969.

Study Objectives
The primary objective of the regional sanitary
sewerage system planning program as set forth
in the Prospectus is to produce an additional
important element of a comprehensive plan for
the physical development of the Region-a regional
sanitary sewerage system plan. This plan should
provide for the extension of sanitary sewerage
service to developing areas of the Region consis
tent with the adopted regional land use plan, the
abatement of water pollution problems, and the
protection and wise use of the natural resource
base so that, through plan implementation, sew
erage-related problems may be abated.

More specifically, the planning program should
clearly delineate areas to be served by septic
tank or other private onsite waste water disposal
systems and areas to be served by public sanitary
sewerage facilities, distinguishing between exist
ing, committed, and recommended future sanitary
sewer service areas. The program should also
identify the physical facilities needed to provide
the recommended sanitary sewer service, show
ing, as appropriate, the approximate location,
size, and capacity of the required trunk sewers
and the approximate location and capacities of
necessary sewage treatment facilities and pump
ing stations; recommend types and levels of treat
ment; estimate system development costs; and
recommend a capital improvement program based
on a proposed staging of the system plan through
the design year of 1990. The sanitary sewerage
system facility plan must be based on careful
analyses of topographic data, capacity of existing
facilities, and probable load factors. The total
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system, consisting of trunk sewers, pumping sta
tions, and treatment plants must be designed as
an integrated system, or as separate but coordi
nated subsystems, for the Region. Each link in the
system or subsystem must be fitted to projected
Loallings, and the effect of each proposed facility
on the remainder of the system must be tested
and evaluated.

Additional objectives of the planning program
include analysis of the existing and probable
future demand for sanitary sewerage service
within the Region; promotion of a better under
standing by public officials, planners, and engi
neers of the interrelationships existing between
land use and sanitary sewerage system develop
ment; and promotion of an increased awareness of
the effect of local community plans on surrounding
communities and the Region, thereby encouraging
coordinated areawide land use and sanitary sew
erage facility planning and plan implementation
efforts at all levels of government.

Staff, Consultant, and Committee Structure
The basic organizational structure for the study is
outlined in Figure 2 and consists of consultant and
Commission staffs reporting to the Commission
Chief Environmental Planner. As project coor
dinator, the Chief Environmental Planner was
responsible for maintaining interstaff and inter
agency coordination during the study, as well as
for supervising the work of the Commission Envi
ronmental Planning Division. The Commission
Executive Director was responsible for generally
administering and directing the study and, as a
professional engineer, sponsored it. The Execu
tive Director reports to the Southeastern Wiscon
sin Regional Planning Commission, which has
ultimate legal authority and responsibility for the
entire planning program. The responsibilities of
the consultant and Commission staffs for various
work elements in the program are also indicated
in Figure 2.

Through the establishment of advisory commit
tees, pursuant to Section 66.945(7) of the Wis
consin Statutes, the Commission seeks to obtain
the active participation of concerned governmental
agencies in the regional planning program. To
provide for this active participation and for the
necessary technical and policy guidance in the
conduct of the regional sanitary sewerage system
planning program, the Commission created in
August 1968 the Technical Coordinating and Advi
sory Committee on Regional Sanitary Sewerage
System Planning. This Committee consists of

governmental officials, university faculty, and
private consultants to local government par
ticularly knowledgeable about sanitary sewerage
system development and related water pollution
problems within the Region. In light of the Com
mission's advisory role in shaping regional devel
opment, involvement by local public officials in
the planning program through this Committee is
particularly important to implementation of the
recommended sanitary sewerage system plan.
An important function of the Committee members
is, therefore, to familiarize local elected offi
cials with the study and its findings and recom
mendations, and to generate understanding of the
study objectives, the plan recommendations, and
plan implementation procedures among such offi
cials. The Committee has a particularly impor
tant role in selecting the final plan and assuring
its financial and administrative feasibil~ty. The
full membership of this Committee is set forth in
Appendix A.

The sewerage system planning program has been
conducted by the Commission staff, supplemented
by the contractual services of the Harza Engi
neering Company, Chicago, Illinois, under the
guidance of the Technical Coordinating and Advi
sory Committee. The Commission staff assumed
responsibility for those work elements of a gen
eral regional planning nature, as well as for
certain work elements of a functional planning
nature. These included preparation of the study
design; land use, demographic, and economic data
collation, analyses, and forecasts; climatological
data collation; groundwater data collation and
analyses; inventory of existing sanitary sewerage
facilities; inventory of local land use and sani
tary sewerage system plans; and preparation
of plan implementation recommendations. The
Harza Engineering Company was responsible for
all other functional planning elements. These
inc luded hydro 10 gic, hydraulic, and water quality
investigations; analysis and forecast of surface
and groundwater use data; analyses of existing
sanitary sewerage systems; and analyses of local
sanitary sewerage system plans. Work elements
shared by the Commission staff and consultants
included formulation of sanitary sewerage system
development objectives, principles, and stan
dards; plan preparation, test, and evaluation; and
report writing.

Scheme of Presentation
The major findings and recommendations of the
regional sanitary sewerage system planning pro-
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Figure 2

ORGANIZATIONAL STRUCTURE FOR THE REGIONAL SANITARY
SEWERAGE SYSTEM PLANNING PROGRAM
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gram are documented and presented in this report.
It sets forth the basic concepts underlying the
program and the salient findings of the program
inventories and analyses. It identifies and, to
the extent possible, quantifies, the developmental
and environmental problems associated with sani
tary sewerage system development, and forecasts
future economic activity, population growth, and
concomitant future land uSe demand as necessary
for areawide sanitary sewerage system pLanning.
The report explores alternative plans relating to
land use and sanitary sewerage system develop
ment, and recommends a plan for developing
a regional sanitary sewerage system based on
regional development objectives adopted by the
Technical Coordinating and Advisory Committee
and the Commission. In addition, it contains
a financial analysis and specific implementa
tion recommendations.

The final report is intended to allow careful,
critical review of the alternative plan elements

by public officials, agency staff personnel, and
citizen leaders within the Region and to provide
the basis for plan adoption and implementation by
the federal, state, and local agencies of govern
ment concerned. The report can only summarize
in brief fashion the information assembled in the
extensive data collection, analysis, and forecast
ing phases of the regional sanitary sewerage
system planning program. Although, due ID its
magnitude and complexity, the reproduction of all
of this information in report form is impractical,
all of the basic data is on file in the Commission
offices and is available ID member units and agen
cies of government and ID the public in general
upon specific request. This report, therefore,
Serves the additional purpose of indicating the
type of data available from the Commission which
may be of value In assisting federal, state, and
local units of government and private investors
in making better decisions about sanitary sewer
age system and related land use development in
the Region.
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Chapter II

BASIC PRINCIPLES AND CONCEPTS
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INTRODUCTION

Next to transportation facilities, sanitary sewer
age 1 facilities are the singularly most important
public works influencing the development of an
urbanizing region. The location and adequacy of
these facilities greatly affect the public health,
safety, and welfare; the overall quality of the
environment; recreational activity; industrial pro
ductivity; and the value and use to which land may
be put. If not properly attended to, sewerage
system development will inevitably emerge as a
major obstacle to the sound growth and develop
ment of the Region, and will become a major
policy issue facing public officials, citizen lead
ers, and technicians.

Sanitary sewage 2 is among the most obnoxious
and hazardous of the by-products of an urban
society. Its safe collection, treatment, and dis
posal should always be a matter of public concern.
Improperly conveyed, treated, and disposed of,
sanitary sewage can:

1. Spread disease among men and animals.3

171le term "sewera~e" is defined as the physical plant for
the collection, conveyance, treatment, and disposal of
sew~e. This plant may consist of ~ravity flow sewers,
lift and pu~i~ stations, force mains, treatment plants,
outfalls, and appurtenances.

271le term "sewage" is defined as the spent or waste water
of a community consisting of a combination of the liquid
and water-carried solid wastes from streets and other open
areas, residences, commercial buildin~s, industrial plants,
and institutions, together with any groundwater, surface
water, and storm water that may be present.

3The fact that sanitary sewage can transmit certain serious
human diseases has been recognized since before the turn
of the century. mese diseases include cholera, typhoid,
dysentery, and certain virus-produced diseases such as
hepatitis. High concentrations of nitrates in water sup
plies, which can result from sanitary sewage entering the
water supply, may cause infant death by depleting the
oxygen in the bloodstream through biochemical reduction.
Although direct health hazards associated with the pollu
tion of water by sanitary sewage are known, the latent
effects of such pollution are still largely unknown.

2. Increase the cost and complexity of purify
ing water supplies. Waters containing
sewage can stain, foul, and corrode trans
portation vehicles and industrial structures
and equipment, and reduce the efficiency of
manufacturing equipment and operations
through sludge formation, scale deposits,
foaming, and organic growths.

3. Contribute to stream and lake sedimenta
tion and fertilization, causing accompany
ing noxious algal and weed growths.

4. Destroy the ability of receiving waters
to support fish and other desirable aquatic
life.

5. Destroy opportunities for swimming, boat
ing, fishing, and other forms of water
based recreation.

6. Reduce. property values and create severe
aesthetic nuisances.

Although not the only source of water pollution,
sanitary sewage if improperly treated and dis
posed of can cause virtually all of the harmful
effects of water pollution. Because of the haz
ardous nature of sanitary sewage, its safe collec
tion, treatment, and disposal is critical in the
interests of maintaining a safe, healthful environ
ment and avoiding severe public health problems
and property value deterioration.

Sanitary sewerage facilities also have a major
impact on land use development, and, therefore,
on the social and economic as well as physical
development of an area. This is particularly true
in regions such as southeastern Wisconsin, where
significant areas are covered by soils unsuited to
the use of onsite sewage disposal systems. There
can be no effective guidance of areawide land use
development in the public interest without full
coordination between sanitary sewerage system
plans and areawide land use plans. Sanitary
sewerage system planning should, therefore, be
conducted as an integral part of comprehensive
regional planning, and should be designed to
support and implement long-range areawide land
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use plans. Only within the framework of a com
prehensive areawide planning effort can both land
use development and the planning, design, and
construction of sanitary sewerage systems be
purposefully directed in the public interest.

Although detailed land use decisions are primarily
of local concern and properly subject to local
planning and control, the aggregate effects of
many such decisions may be of regional concern.
Changes in the land use patterns not only interact
strongly with the need for regional transportation,
recreation, and public utility facilities-in partic
ular sanitary sewerage facilities-but also exert
a heavy demand on the limited natural resource
base. The wise use of this resource base, as well
as the functional relationships existing between
land use and sanitary sewerage facilities, must be
recognized in both land use and sanitary sewerage
facility planning.

THE GEOGRAPHIC PLANNING UNIT

Sanitary sewerage system planning must be done
on a regional basis. Land use patterns, which
determine the amount and spatial distribution of
the hydraulic and pollutfon loadings to be accom
modated by the sanitary sewerage system, develop
over an entire urban region in response to basic
social and economic forces and to the operation of
the urban land market, without regard to artificial
corporate limit lines or natural watershed bound
aries. The sanitary sewerage facilities, in turn,
determine to a considerable extent the use to
which land areas may be put. These facilities
often cross not only corporate limits but also
watershed boundaries. Thus, sanitary sewerage
facility planning cannot be accomplished success
fully within the context of a single municipality or
county if the municipality or county is part of a
larger urban complex. Nor can such planning be
accomplished successfully solely within natural
watershed areas.

Unlike transportation facilities, however, sanitary
sewerage facilities need not form a single inte
grated system over an entire urbanizing region.
Sanitary sewerage facilities may form subsystems
related to existing urban concentrations and natu
ral watershed boundaries, provided that such sub
systems are fully coordinated on a regional basis.
Although sanitary sewerage facilities may cross
minor watershed boundaries, the watershed must
be recognized as an important influence on the
development of areawide sanitary sewerage sys-
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tems. This is true because sanitary sewerage
facilities should be developed, to the maximum
extent possible, as gravity drainage systems;
because treated wastes are often discharged to
surface streams; and because legal considera
tions may prohibit or constrain the transfer of
water and sewage across the major watershed
boundaries. Existing urban concentrations with
well-developed sewerage systems must also be
recognized as an important influence on the devel
opment of areawide sanitary sewerage systems.
This is necessary if maximum use of the capacity
of these systems and the public capital invested
in them is to be made and if proper recognition
is to be given to the placement of new land use
development within or near such concentrations
and systems.

The urbanizing region must then form the basic
geographic unit for sanitary sewerage system
planning to assure coordination of related subsys
tems. But the planning effort must recognize the
existence of subregional planning areas relating
both to existing urban concentrations and natural
watershed boundaries. The need to coordinate
sanitary sewerage system development in an
urbanizing region to effect economies in providing
such facilities, to guide land use development,
and to protect the natural resource base may
dictate the need to adjust and change the delinea
tion of such subregional areas for a more efficient
overaLL system.

RELATIONSHIP OF SANITARY SEWERAGE
SYSTEM PLANNING PROGRAM TO
COMPREHENSIVE WATERSHED
PLANNING PROGRAM

Water resources planning can conceivably be car
ried out on the basis of a number of different
geographic areas, including areas defined by gov
ernmental jurisdictions, social and economic link
ages, or natural watershed boundaries. None of
these areas is perfect as a comprehensive water
resources planning unit. There are, however,
certain advantages to the selection of the natural
watershed as a comprehensive water and water
related natural resources planning unit.

Storm water drainage and flood control facilities
should form a single integrated system over an
entire watershed, a system capable of carrying
off present and future runoff loads generated by
changing land use and water control facility pat
terns within the watershed. Therefore, storm
water drainage and flood control problems can
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best be considered on a watershed basis. Drain
age and flood control problems are closely related
to other land and water use problems. Conse
quently, floodland protection, the provision of park
and outdoor recreation facilities that are related
to water resources, and natural resource con
servation-related open space reservation can also
best be considered on a watershed basis.

Similarly, surface water quality problems can
best be considered on a watershed basis in which
the sources of the pollutants being discharged
into the surface water system from all point
and diffused sources can be identified, their
effects analyzed, and their relationship to other
water resource-related problems established. The
effects on water and water-related natural re
sources of changes in land use, not only within
shoreland and floodland areas but also within
entire catchment areas, can best be studied on
a watershed basis. This recognizes that a water
shed is more than a system of interconnected
waterways, shorelands, and floodlands which, in
fact, comprise only a small portion of the total
watershed area. Land treatment measures, soil
and water conservation practices, and land use
over the entire watershed are of major impor
tance in the conservation and wise use of water
and water-related resources. Land use within the
watershed affects the amount and spatial distribu
tion of the hydraulic and pollution loadings to be
accommodated by the surface water resources and
related water control facilities. In turn, water
control facilities and their effect upon both water
quality and the historic floodways and floodplains
determine to a considerable extent the use to
which such land areas may be put.

Finally, the interrelated physical problems of a
watershed tend to create a strong community of
interest among the residents of the watershed.
Consequently, citizen action groups can more
readily be formed to assist in solving water and
water-related resource problems on a water
shed basis.

It may be concluded, therefore, that the water
shed is a logical areal unit to be selected for
water and water-related natural resources plan
ning purposes. Accordingly, the Commission's
regional planning program embodies a recognition
of the need to consider watersheds within the
Region as rational planning units if workable solu
tions are to be found to interrelated land and water
use problems. The Commission has, to date,
completed comprehensive watershed plans for the

Root (completed in July 1966), Fox (completed in
February 1970), and Milwaukee (completed in
October 1971) River watersheds within the Region
and has initiated a comprehensive watershed plan
ning program forthe Menomonee River watershed.
Thus, comprehensive watershed planning pro
grams have been completed or are underway for
four major watersheds which encompass a total
area of 1,702 square miles, or about 63 percent
of the Region. These comprehensive watershed
plans constitute long-range plans which provide,
within the limits of each watershed, one of the key
elements of a comprehensive regional develop
ment plan; namely, a long-range plan for water
related community facility development.

While the watershed plans may appear to be cen
tered on water quality and flood control facilities,
it must be recognized that these plans are pre
pared in consideration of all of the related prob
lems of land and water use, including park,
outdoor recreation, and related open space pres
ervation; soil and water conservation; propaga
tion of fish and wildlife; and maintenance and
protection of ground, as well as surface, water
resources. As such, the watershed plans are
intended to achieve full coordination of local,
state, and federal natural resource management
programs within the various watersheds of the
Region. hnportant among the goals to be achieved
by these plans are the protection of floodways and
floodplains and the abatement of flood damages,
protection of water quality and supply, the pres
ervation of land for park and related open-space
use, and in general the promotion of the wise
and judicious use of the limited land and water
resources of each of the watersheds. Thus, the
Commission's watershed planning programs are
closely linked to the broad problem of natural
resource conservation.

Although recognizing the importance of the water
shed as a rational planning unit within the Region,
the Commission's planning program also recog
nizes the necessity to conduct~ndividualwatershed
planning programs within the broader frame
work of comprehensive, areawide planning. This
is essential for two reasons. First, areawide
urbanization indiscriminately crosses watershed
boundaries and exerts an overwhelming external
influence on the physical development of the
affected watershed. Second, the meandering pat
tern of watershed boundaries rarely if ever coin
cides with the artificial generally rectangular
boundaries of civil divisions and special-purpose
districts.
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Water supply and sanitary sewerage frequently
involve problems that cross watershed bound
aries, and therefore are problems which, while
having watershed implications, must be approached
on a regional basis. Indeed, sanitary sewerage
and public water supply system planning become
one of the most important and specific means
for interrelating and coordinating the individual
watershed plans. Recognition of the need to relate
comprehensive watershed plans and the water
control facility elements of such plans to area
wide regional development plans through sanitary
sewerage and public water supply system planning
is perhaps the singularly most important factor
which determines the unique nature of the Com
mission's water resource planning efforts.

In summary, the Commission's comprehensive
watershed planning programs may be thought of
as natural resource conservation-oriented plan
ning efforts which provide a broad approach to
water control facility and related land and water
use planning and development. The Commission's
sanitary sewerage planning program, on the other
hand, may be thought of as urban development
oriented planning efforts which seek to provide the
facilities necessary to permit sound urban devel
opment within the Region, while protecting the
underlying and sustaining natural resource base.
The watershed, sanitary sewerage, and water
supply plan elements must be carefully coordi
nated and must comprise integrated elements of
a single comprehensive, areawide development
plan. The integration of the sanitary sewerage
system plan and the water quality management
elements of the completed comprehensive water
shed plans is, however, subtle as well as complex.
The relationship of the sanitary sewerage sys
tem plan as documented in this report, and the
Commission's comprehensive watershed plans as
documented in separate planning reports must,
therefore, always be considered one in light of the
other to be properly understood and used.

THE SANITARY SEWERAGE
PLANNING PROBLEM

The location and capacity of sanitary sewerage
facilities are closely related to such problems
as the protection of public health, the abatement
of water pollution, the attainment of a proper
relationship between the location and capacity of
such facilities and land use development, and the
need to adjust land use patterns and sewerage
systems to the natural resource base. Because
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of this the development of these facilities involves
impo rtant public po lic y determinations, which
should be based on a comprehensive planning
process that weighs changing demands against
the ability of the existing sanitary sewerage
system and limited natural resource base to meet
these demands. Only through such a process can
the effect of different courses of action be eval
uated, the best course of action chosen, and
available funds most effectively invested.

The purpose of such a planning process with
respect to sewerage facility development is
twofold:

1. To permit public evaluation and choice
of alternative sanitary sewerage system
development policies and plans.

2. To provide, through an agreed-upon long
range plan for sanitary sewerage develop
ment, for the coordination of local, state,
and federal sanitary sewerage facility
development programs.

Goals to be attained by this process include pro
tection of public health; abatement of water pollu
tion; sound investment of public funds in efficient
and effective sanitary sewerage systems; devel
opment of a sound, areawide pattern of land use
development; and wise use of limited land and
water resources.

BASIC PRINCIPLES

Based on these considerations, five principles
were formulated which form the basis for the
planning process applied in the regional sanitary
sewerage system planning program:

1. Sanitary sewerage system planning must
be regional in scope, but must recognize
subregional planning areas related to natu
ral watershed boundaries and urban con
centrations with well-developed sewerage
systems. A regional approach is essential
because the land use pattern which such
systems support develops on an areawide
basis without regard to artificial corporate
limits or natural watershed boundaries.
Subregional planning areas must also be
recognized in order to take into account
the effects of existing urban concentra
tions and natural watershed boundaries
on efficient provision of sanitary sewer
age services.
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2. Sanitary sewerage system planning must
be conducted concurrently with land use
planning. The land use pattern determines
the amount and spatial distribution of
hydraulic and pollution loads to be accom
modated by the system. The system, in
turn, is one of the most important deter
minants of the land use pattern.

3. Both land use and sanitary sewerage
facility planning must recognize the exis
tence of a limited natural resource base
to which rural and urban development must
be adjusted to ensure a pleasant and habit
able environment. Sewage treatment plant
locations and sewage treatment levels
must be adjusted to the waste assimila
tion capacity of the receiving environ
ment, particularly to the soils, lakes, and
streams, and must assist in attaining
areawide land and water use objectives.

4. Sanitary sewerage f2.'Jilities must be
planned as integrated systems or coordi
nated subsystems. The capacity of each
proposed facility in the total system or
subsystem must be carefully fitted to
present and probable future hydraulic and
pollution loadings. The hydraulic and bio
chemical performance of the proposed
facilities and the effects on the rest of the
system must be quantitatively determined
and evaluated.

5. Primary emphasis should be placed on
so lutions within the watershed to sanitary
sewerage system development problems
related to water pollution abatement. The
export of water resource problems to
other watersheds and downstream areas
should be considered only as a last resort.

THE SANITARY SEWERAGE
SYSTEM PLANNING PROCESS

The Commission has developed a seven-step plan
ning process through which principal functional
relationships in the Region affecting sanitary
sewerage system development can be described
graphically and numerically; the operation of the
sanitary sewerage system or subsystem simu
lated; and the effect of different actions with
respect to land use, resource management, and
sanitary sewerage facility development tested
and evaluated.

These steps are study design; formulation of
objectives and standards; inventory; analysis and
forecast; preparation, test, and public evaluation
of alternative plans; plan selection and adoption;
and preparation of precise plans. Plan imple
mentation, although beyond the foreguing plan
ning process, must be considered throughout the
process if the plans are to be realized.

The result of this process is a regional sanitary
sewerage system plan to extend sanitary sewerage
service to developing areas of the Region, con
sistent with the adopted regional land use plan; to
abate water pollution problems; and to protect and
wisely use the natural resource base. In addition,
the process is the beginning of a continuing plan
ning effort that permits modification and adapta
tion to changing conditions of the plans and the
means of implementation.

Each step in this process includes individual
operations which must be carefully designed,
scheduled, and controlled to fit the overall pro
cess. An understanding of this is essential to
appreciate and understand the results. Each
step and its major component operations is dia
grammed in Figure 3 and described briefly below.

Study Design
Every planning program must include a formal
structure or study design so it can be carried out
logically and consistently. The study design must
specify the content of the fact-gathering opera
tions, define the geographic area for which data
will be gathered and plans prepared, outline the
manner in which data is to be processed and
analyzed, specify requirements for forecasts and
forecast accuracy, and define the nature of the
plans to be prepared and the criteria for their
evaluation and adoption.

The study design for the regional sanitary sewer
age system planning program, prepared jointly
by the staffs of the Commission and the Harza
Engineering Company, took the form of detailed
staff memoranda setting forth methods and proce
dures to be followed in accomplishing each work
element. 4 As each staff memorandum was com-

411Je Study Design was comprised of the following Conrnission

staff rremoranda: Investigation Memoranda No.1, "Regional

Sewerage Plan Sttxiy Design;" No. 2,"Groundwater Studies;"
No.3, "Proposed Computer Useage;" No.4, "Proposed Sttxiy
of State of the Art of Sewerage System Planning;" No.5,
"Plan Preparation, Test, and Evaluation;" and No.6, "Design

Criteria." It also included Planning Memoranda No.1,

"Final Planning Report Outline and Preparation Procedures;"
No.2, "Sewage Flow and Climatological Relationship;" and

No.3, "Surface Water Data Collection and Analysis." 11Jese
rremoranda are on file at the Commission offices.

19
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Figure 3

GENERAL STEPS IN A REGIONAL SANITARY SEWERAGE SYSTEM PLANNING PROGRAM
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pleted, it was presented to the Technical Coor
dinating and Advisory Committee for review and
approval before becoming the working guide for
program execution and review.

Formulation of Objectives and Standards
In its most basic sense, planning is a rational
process to establish and meet objectives. The
formulation of objectives is, therefore, essential
before plans can be prepared. In order to be
useful, the objectives must be stated clearly, be
logically sound, and must relate to alternative
physical development proposals. It is the duty
and function of the Commission to prepare a
comprehensive plan for the Region's physical
development and its component parts, and it is the
objective of the regional sanitary sewerage system
study to prepare one of the key elements of such
a plan-a long-range plan for areawide sanitary
sewerage facility development. Only if the objec
tives clearly relate to physical development and
are subject to objective test can a choice be made
from alternative plans to select the one which
best meets agreed-upon objectives. Logically
conceived and well-expressed objectives must
be tratlslated into detailed design standards to
provide the basis for plan preparation, test, and
evaluation. The sanitary sewerage development
objectives and standards formulated ranged from
general objectives on extension of adequate sani
tary sewer service to urbanizing areas to detailed
design standards on per capita waste water flow
contributions. All objectives and standards were
carefully reviewed and adopted by the Technical
Coordinating and Advisory Committee.

Inventory
Reliable planning and engineering data collected
on a uniform, areawide basis is essential to
the formulation of workable development plans.
Consequently, inventory becomes the first opera
tional step in any planning process, since no
intelligent forecasts can be made or alternatives
selected without knowledge of the state of the
system being planned.

Sound sanitary sewerage system plan formulation
requires data on climate; the hydrologic and
hydraulic characteristics of the Region's lakes
and streams, especially their waste assimilation
capacities; existing surface water quality condi
tions; groundwater conditions and the location of
groundwater discharge and recharge areas; water
use; soil capabilities; the kind, location, and
intensity of existing and probable future land uses;

population levels and densities; economic activity;
location and capacity of existing sanitary sewer
age facilities; locally prepared sanitary sewerage
facility development plans; and the state of the art
of sanitary sewage collection and treatment. In
the regional sanitary sewerage system study, data
collection included review of prior publications,
perusal of agency files, personal interviews with
knowledgeable public officials, committee meet
ings of staff and technical advisors, and original
field investigations.

Analysis and Forecast
Inventories provide factual information about past
and present situations, but analyses and forecasts
are necessary to estimate future conditions, par
ticularly the need for land and supporting sanitary
sewerage facilities. Future needs mus~ be deter
mined from a sequence of interlocking forecasts.
Economic activity and population forecasts pro
vide estimates of the probable future growth in the
Region, and can be translated into future demands
for land and water use and sanitary sewerage ser
vice. These demands can then be scaled against
the existing supply of sanitary sewerage capacity
and plans formulated to meet deficiencies.

Two important and difficult considerations in pre
paring necessary forecasts are the target date
and accuracy requirements. Both the land use
pattern and the supporting sanitary sewerage
facilities must be planned for anticipated demand
at a selected future point in time. In designing
certain public works facilities, particularly for
transportation, the design period is established
on the basis of the expected life of the first facili
ties to be constructed in plan implementation, and
normally extends 20 to 25 years into the future.
It may be argued that the design year for land
use development plans should be extended farther
into the future than that for the transportation
facilities because of the irreversibility of many
land development decisions. But practical con
siderations, including limitations on the ability to
make necessary economic and demographic fore
casts, dictate that the land use plan design year
be scaled to the facility design year requirement.
Thus, the Commission's land use and transporta
tion plans have both been designed for the target
year 1990, a design period of 25 years from the
time of plan selection and adoption.

The need to coordinate sanitary sewerage system
development with areawide land use and transpor
tation system development dictates using the same
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basic forecast and design year of 1990. This
period, while conservative, provides the means
for locking the sanitary sewerage forecast and
design periods and requirements into the pre
viously determined regional land use-transporta
tion forecast and design periods.

Certain sanitary sewerage system components,
however, have longer periods of physical life than
transportation system components, extending in
some cases to more than 50 years. This is well
beyond the period for which population, economic
activity level, and land use demand forecasts can
be made with any acceptable degree of reliability.
Yet the sanitary sewerage system planning pro
cess must provide a means for evaluating the
potential effect of long facility life on the struc
ture and economic soundness of the plans. To do
this, an "ultimate" land use pattern which might
be expected to evolve within the Region by the
year 2020 under a continuation of land use devel
opment policies consistent with the objectives and
standards underlying the adopted regional land use
plan, was postulated for each of the sanitary
sewerage system planning subareas in the Region
as defined by the location of existing urban con
centrations and natural watershed boundaries.

It was initially intended to fully explore two alter
native sanitary sewerage systems for each sub
area-one initially sized to serve development
through the year 1990 with parallel facilities
proposed to serve development through the year
2020, and the other initially sized to serve devel
opment through the year 2020. After conducting
several engineering and economic analyses of
such alternative systems for selected subareas in
the Region, it became apparent that on an equiva
lent annual cost basis, where substantial incre
mental urban development could be anticipated in
a service area beyond the year 1990, it would
generally be more economical to construct par
allel trunk sewer facilities after 1990 to accom
modate the relatively large increases in flows
from the anticipated additional development than
to provide the larger capacity initially. The
analyses indicated that such later construction
of parallel sewers would not only require a
lower initial capital investment, but would pro
vide greater flexibility to respond to unforeseen
changes in conditions by virtue of the staged
development entailed. Where the anticipated in
crementalurban development was relatively small,
it became apparent that the trunk sewer design
criteria utilized for 1990 development generally
yielded commercial pipe sizes which would pro-
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vide sufficient excess capacity to accommodate
the relatively modest increases in flows from the
anticipated additional development. Accordingly,
it was concluded that rarely would there be an
economic advantage in providing for 2020 trunk
sewer design capacity and this analytical step was
deleted from the alternative areawide plan prepa
ration phase of the study. Major trunk and relief
sewer facilities to be constructed in deep tunnels
constituted an exception to the foregoing conclu
sions, and all such sewers included in the plan
were sized and analyzed to the design year 2020.
It is recognized, however, that such analyses may
appropriately be included in subsequent engineer
ing studies for individual trunk sewers.

Plan Design
Plan design is the heart of the planning process.
The most well-conceived objectives; the most
sophisticated data collection, processing, and
analysis operations; and the most accurate fore
casts are of little value if they do not lead to
sound development plans. The outputs of these
planning operations-formulation of objectives and
standards, inventory, and forecast-become inputs
to the design problems of plan synthesis.

The sanitary sewerage system plan design prob
lem requires a reconciliation among hydraulic and
pollution loadings derived from the adopted land
use plan, sanitary sewerage system design stan
dards, existing sanitary sewerage system capac
ity, and new facility costs. In the system design
phase, future sanitary sewerage system networks
are synthesized to satisfy the regional land use
and sanitary sewerage development objectives and
standards formulated under the study, while meet
ing criteria of system integration and cost. To
a considerable extent, the process is one of
successively approximating the best design solu
tions, proposing specific solutions for specific
system problems in each iteration, and then
testing through simulation the operation of the
proposed system by applying hydraulic and pol
lution loadings.

The procedure requires careful analysis of the
assigned hydraulic and pollution loadings to iden
tify deficiencies in the existing system under
future demand conditions, and thereby the system
parts requiring relief. Future facilities are then
postulated to provide necessary relief. Finally,
loadings derived from the adopted land use plan
are applied to test the adequacy of the proposals,
with the entire procedure repeated until a work
able system has been evolved.
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In the regional sanitary sewerage system plan
synthesis, preliminary design solutions to be
tested and evaluated were drawn from three
sources:

1. Sanitary sewerage system improvement
proposals advanced through the Technical
Coordinating and Advisory Committee by
the local municipal public works agencies
responsible for such system development
in the Region.

2. Analysis of network loadings, which pro
vided knowledge of the existing and prob
able future loadings of sanitary sewerage
systems in the Region and made solutions
to correct system deficiencies apparent.

3. Land use planning, from which require
ments for service based on land. use
development objectives were defined.

These improvement proposals originated with
experienced professional engineers working for
state and local units of government, with intimate
knowledge of and long standing experience with the
existing sanitary sewerage system in the Region.
Wherever assignments of future sewer loadings to
the existing network indicated that existing facili
ties were inadequate to meet future demand,
members of the Technical Coordinating and Advis
ory Committee were consulted for improvements
to alleviate the deficiency. These were added
to the network and the resulting system tested.
Where design solutions from the first source
proved inadequate, or where no solution had been
proposed, the second source of design solutions
was used. The third source for design solutions
was primarily advanced for newly developing
areas in the Region.

Since the entire plan synthesis was directed
towards attaining regional land use and sanitary
sewerage system development objectives set forth
in Chapter VIII of this report, it was essential to
evaluate the resulting plans in light of their ability
to meet these objectives. This was done by
applying to each plan the supporting standards
formulated for each development objective.

Several overriding considerations were recog
nized in applying regional development objectives
and standards. First, each proposed sanitary
sewerage facility plan must be part of an inte
grated and continuous system or subsystem. This
required application of sanitary sewage flow mod
els to quantitatively test the proposed system,
thereby permitting adjustment of the spatial dis
tribution and capacities of the system to existing

and future loadings derived from the land use
plan. The effect of pollution loadings associated
with various locations and degrees of waste treat
ment on the receiving environment was also
evaluated. Second, it was recognized that eco
nomic analysis is vital to the public planning pro
cess and must be an important guide to selecting
the most suitable plan. The cost of each alterna
tive, including the time cost of associated mone
tary investment, was therefore carefully explored.

Plan Test and Evaluation
If plans developed in the design stage are to be
realized in terms of facility development, some
measures must be applied to quantitatively test
them before they are adopted and implemented.
Engineering performance and technical and eco
nomic feasibility are tested in the plan design
stage. The plans must also be rigorously sub
jected to additional review and evaluation, includ
ing financial feasibility, legality, and political
reaction. Testing and evaluation range from
assigning hydraulic and pollution loadings to the
existing and proposed sewerage facilities to inter
agency meetings and public hearings. Plan test
and evaluation should clearly show which plans or
parts of plans are technically and economically
sound, financially feasible, legally possible, and
politically realistic.

Plan Selection and Adoption
The regional sanitary sewerage system study
developed alternative plans capable of serving the
adopted regional land use plan. The approach
used to select one plan from the alternatives was
to present the alternatives and their technical,
economic, financial, and legal feasibility to the
Technical Coordinating and Advisory Committee,
at interagency meetings, and public hearings.
The Commission then made a final decision and
adopted a plan in accordance with the provisions
of the state regional planning enabling legislation,
The Commission's role is solely to recommend to
federal, state, and local units of government and
to private investors the best final plan for con
sideration and action. The final step is the accep
tance or rejection by the federal, state, and local
units of government concerned, and subsequent
plan implementation by public and private action.
The use of advisory committees and formal and
informal public hearings appears to be the most
practical, effective way to involve government
bodies, technical agencies, and private interest
groups in the planning process, and for reaching
agreement on a final plan which can be coopera
tively adopted and jointly implemented.
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Chapter III

DESCRIPTION OF THE REGION -MAN -MADE FEATURES
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INTRODUCTION

The seven-county Southeastern Wisconsin Region
is an interrelated complex of natural and man
made features which together form a rapidly
changing environment for human life. The im{Xlr
tant man-made features of the Region include its
land use pattern, public utility networks, and
trans{Xlrtation systems. Together with the {Xlpu
lation residing and the economic activities taking
place in the Region, these features may be thought
of as the socioeconomic base of the Region. An
understanding of this base is essential to sound
areawide sanitary sewerage system planning.

Because the basic pur{Xlse of sanitary sewer
age system planning includes the protection and
improvement of the quality of the environment for
urban life, as well as the provision of a public
utility service to meet the needs of the existing
and probable future resident population, an under
standing not only of the present but also of the
probable future size, composition, and spatial
distribution of the population is essential to sound
sanitary sewerage system planning and develop
ment. The present and probable future size, com
position, and spatial distribution of the population
are, however, greatly influenced by growth and
change in the economy. The present and probable
future spatial distribution of the population is also
directly related to trends and changes in land use
development patterns; the availability of other
public utilities, such as water supply and gas and
electric power facilities; and the characteristics
of existing and planned transportation facilities.

A description of the socioeconomic base of the
Region is herein presented in seven sections.
The first section describes the Region and its
internal political and governmental boundaries.
The second and third sections describe the demo
graphic and economic base of the Region in terms
of historic trends, as well as existing conditions
with respect to {Xlpulation size, distribution, and
com{Xlsition and employment levels and distribu
tion. The fourth section describes the patterns
of land use in the Region in terms of historical
development and existing (1970) conditions. The
fifth and sixth sections describe the public utility

and transportation facility systems within the
Region. A final section summarizes the material
presented in the chapter.

REGIONAL SETTING AND
POLITICAL BOUN DARIES

As noted in Chapter I of this re{Xlrt, the South
eastern Wisconsin Planning Region is comprised
of Kenosha, Milwaukee, Ozaukee, Racine, Wal
worth, Washington, and Waukesha Counties. These
seven southeastern Wisconsin counties have a total
area of 2,689 square miles, or about 5 percent of
the total area of Wisconsin. About 40 percent of
the state's population, however, resides within
these seven counties. The Region contains about
one-half of all the tangible wealth in the state as
measured by equalized assessed property valua
tion and represents the greatest wealth producing
area of the state, with about 38 percent of the
total work force of the state being employed in
the Region. From 1960 to 1970, the Region
accounted for about 40 percent of the total popu
lation increase in the state.

Geographically the Region is located in a rela
tively good {Xlsition with regard to continued
growth and development. It is bounded on the east
by Lake Michigan, which provides an ample supply
of fresh water for both domestic and industrial
use, as well as being an integral part of a major
international trans{Xlrtation network. It is bounded
on the south by the rapidly expanding northeastern
Illinois metropolitan region and on the west and
north by the fertile agricultural lands and desir
able recreational areas of the rest of the State of
Wisconsin. Many of the most important industrial
areas and heaviest population concentrations in
the midwest are located approximately within
250 miles of the Region, and slightly more than
35 million people reside within this radius, an
increase of approximately 5 million persons over
the 1960 level.

A complex of 153 general-purpose local units
of government and an even greater number of
special-purpose units of government comprise the
Southeastern Wisconsin Region. The 153 general
purpose local units of government include the
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seven counties comprising the Southeastern Wis
consin Region: Kenosha, Milwaukee, Ozaukee,
Racine, Walworth, Washington, and Waukesha;
28 cities, 53 villages, and 65 towns.

Certain of the special-purpose units of govern
ment are of particular interest to the sanitary
sewerage system planning program. Among these
are the 41 active, legally established town sani
tary and utility districts operating within the
Region.l This type of special-purpose local unit
of government is created to provide various
urban-type services, such as sanitary sewerage,
water supply, and solid waste collection and dis
posal to designated portions of rural towns having
certain urban service needs. These districts
encompass a total area of about 110 square miles,
or about 4 percent of the total area of the Region.
The name, location, and service areas of these
districts are shown on Map 2.

Another special-purpose unit of government within
the Region having important areawide responsi
bilities for drainage and flood control and for
water pollution control, as well as for the provi
sion of sanitary sewerage service and sewage

lIn addition to the 41 active, legally established

town sanitary and utility districts in the Region

found in the inventory, records of the Wisconsin

Department of Natural Resources indicate other town

sanitary or utility districts which apparently had

been formed in the past, but which presently are either

totally inactive or have been supplanted by city or

village utility services. These include in Kenosha

County the Town of Bristol Sanitary ~istrict No.2,

the Town of Pleasant Prairie Sanitary District No.1.

the Paddock Lake Dells Sanitary District in the Vil

lage of Paddock Lake, and the Edgewater Sanitary Pis

trict and Town of $omers Sanitary District No. 3 in

the Town of Somers; in Milwaukee County the Broson

Manor, Hales Corners, and Lapham-~chard Sanitary Dis

tricts in the Town of Greenfield; the Lakeside Sanitary

District in the Town of Lake; the First New Deal, Oak

View, and Rowan Estates Sanitary Districts in the Town

of Oak Creek; and the Blue Mound Manor and Lovers Lane

Estates Sanitary Districts in the Town of Wauwatosa;

in Racine County the Trautwein, West Terrace, Colonial

Heights, Consolidated Town, and Fairlawn Sanitary Dis

tricts in the Town of Mount Pleasant; in Washington

County the Germantown Sanitary District No. 1 in the

Town of Germantown; and in Waukesha County the Green
field Heights, Hidden Woods Estates, and Westchester

Sanitary Districts in the Town of Brookfield. A number

of the foregoing sanitary districts at one time

operated relatively small sewerage systems which have

been connected to and made a part of larger, centra

lized municipal sanitary sewerage systems.
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treatment, is the Metropolitan Sewerage District
of the County of Milwaukee. This District pres
ently provides sewerage service outside Milwau
kee County under contract to portions of the Cities
of New Berlin and Brookfield and to all of the City
of Mequon and the Villages of Bayside, Butler,
and Elm Grove, as well as to the District itself
which includes all of Milwaukee County except the
City of South Milwaukee. In addition the District
has contracts to serve portions of the City of
Muskego and the Village of Menomonee Falls as
trunk sewers are extended. The system operated
by the District is also designed to provide service
to all of the Village of Thiensville, all of the Vil
lage of Germantown, that portion of the City of
Milwaukee lying in Washington County, and por
tions of northern Racine County.

Another special-purpose unit of government in the
Region having important responsibilities for the
provision of areawide sanitary sewerage service
and sewage treatment is the Western Racine
County Sewerage District. This District serves
the Villages of Rochester and Waterford and
a portion of the Town of Rochester.

The total existing and proposed service areas of
the Milwaukee and Western Racine County Metro
politan sewerage districts are 415 and 2. 8 square
miles, respectively, or about 16 and 1 percent of
the total area of the Region. These areas are also
shown on Map 2.

In addition to these special areawide and local
units of government directly concerned with the
provision of sanitary sewerage service, there
are certain other special-purpose units and agen
cies of government in existence within the Region
of concern to any areawide sanitary sewerage
system planning program. These include the soil
and water conservation districts and the drainage
districts, both of which have important water
resource or water resource-related management
responsibilities. There are seven soil and water
conservation districts within the Region, the
boundaries of these districts being coterminous
with the boundaries of the seven counties. There
are a total of 6 drainage districts within the
Region, which, according to official records, are
both legally constituted and active, including five
agricultural drainage districts and one urban
storm water drainage district. These districts
encompass a total area of 106 square miles, or
about 4 percent of the total area of the Re gion
(see Map 3). Other areas in the Region with
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Particularly pertinent to the regional sanItary sewerage 8ystem planning prograll\ are specIal_purpose units or government tnat nave tne capa
bil ity of providing unitary sewer service. There He a total of Ifl activ$, legally established town sanitary or utility districts operatlng
in unincorporated areas of the Region, which togetner encompus a total area Clf (10 aquare miles. or II percent of 10c total area of the
Region. ~hnJ of these districh have been formed to provide sewer service to lake.(Hlented urban developfllent. In addition, there are two
metropolitan sewerllge districts operating In the Region. 8y far the largest such district is the lo4etropolltan Sewerage District of tI1e County
of Milwaukee, which includes all of Milwaub... County except the City of South Milwaukee, and which provides contract services to 138 square
miles of area in seven communities adjacent to lo4ilwaukee County in Ozaukee and Waukesha Countle5. Ihe other metropolitan sewerage distrIct
is the Western Racine County Sewerage District which provides conueyance and treatment fQr sewage generated in a 2.8 square mile area, which
includes the Village Qf Rochester and Waterford and the Town of Rochester Sewer Utility District Mo. J.
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There are ail{ actlve, legally constihtad drainage districts in tne Southeastern Wisconsin RegIon at the presellt time. Of this
total, five are agricultural drainage districts located In Racine and Washington Counties. The remaining district is an urban
storm water drainage district in the Town of lolL Pl(!8sant. Together, these districts encompass a total area of about 106 square
miles, or nearly q percent of the total area of He Region. In addition, there are more than 325 square miles of land throughout
the Region for which exten8i~e lIgricultural drainage impro~ements have been made in the past either through Informal 8lIrefl~ent8

between individual farmers or through now inactive agricultural drainage districts. Because of the capital investments made in
such imllrovemepts, and because such areas norm811y contain extensive amounts of soils poorly suited for urban development, land
use and sewerage system planning should seek to avoid the placement of urban development in these areas,
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substantial agricultural drainage improvements,
including several inactive agricultural drainage
districts, are also shown on Map 3.

Superimposed upon these local and areawide units
and agencies of government are the state and
federal governments, certain agencies of which
also have important responsibilities for water
resource, or water resource-related, manage
ment, and for the development of sanitary sewer
age systems and sewage treatment plants. These
include the Wisconsin Department of Natural
Resources; the Wisconsin Department of Health
and Social Services: the University of Wisconsin
Extension Service; the State Geological and Natu
ral History Survey; the Soil Conservation Board of
Wisconsin; the U. S. Department of the Interior,
Geological Survey; the U. S. Environmental Pro
tection Agency; the U. S. Department of Agricul
ture, Soil Conservation Service; the U. S. Army
Corps of Engineers; and the U. S. Department of
Housing and Urban Development.

becoming increasingly urban. In 1850 the popula
tion of the Region was approximately 75 percent
rural and 25 percent urban; by 1900 this relation
ship had nearly reversed to 30 percent rural and
70 percent urbani and by 1970 only 12 percent
of the regional population was rural while 88 per
cent was urban. Moreover, 10 percent of the
total population was classified as rural non-farm
and only 2 percent as rural-farm. The entire
120-year rural-urban change is shown graphically
in Figure 5. This trend to urbanization is one
of the most significant distributional changes
taking place within the Region, the state, and the
nation today.

Population growth has not been uniform throughout
the seven counties comprising the Region. During
the 30-year period from 1900 to 1930, the highest

Figure ~

RELATIVE POPULATION GROWTH IN THE REGION,
WISCONSIN, AND THE UNITED STATES: 1850-1970

Source: U. S. Bureau of the Census.

Table I

Source: U. S. Bureau of the Census and SEWRPC.
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Region Population
Population as a Percent of

Year Region Wisconsin United States United States Wisconsin

1850 113,389 305,391 23,196,876 0.49 37.1
1860 190,409 775,881 31,443,321 0.61 24.5
1870 223,546 1,054,670 38,558,371 0.58 21.2
1880 277,119 1,315,497 50,155,783 0.55 21.0
1890 386,774 1,693,330 62,947,714 0.61 22.8
1900 501,808 2,069,042 75,994,575 0.66 24.2
1910 631,161 2,333,860 91,972,266 0.69 27.0
1920 783,681 2,632,067 105,710,620 0.74 29.7
1930 1,006,118 2,939,006 122,775,046 0.82 34.2
1940 1,067,699 3,137,587 131,669,270 0.81 34.0
1950 1,240,618 3,434,575 151,325,798 0.82 36.1
1960 1,573,620 3,952,771 179,323,175 0.88 39.8
1970 1,756,086 4,417,933 203,184,772 0.86 39.7
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Population Size
The population of the Region, which in 1970
totaled 1,756,100 persons, grew at the rate of
about 18,000 persons per year from 1960 to 1970,
a rate considerably lower than the approximately
33, 000 persons per year growth rate experienced
from 1950 to 1960. While the population of the
Region increased by 182,000 persons from 1960
to 1970, the population of the central City of
Milwaukee-the 12th largest city in the nation
following national trends actually decreased by
nearly 24,000 persons. Certain adjacent first
ring suburbs also showed population decreases,
while large increases in population occurred in
the newer outlying suburban areas and particularly
in the rural-urban fringe areas of the Region.

population growth within the Region over the past
century has generally occurred at a higher rate
than for the state and nation (see Figure 4 and
Table 1). Consequently, the regional share of
the total national population has increased from
0.49 percent in 1850 to 0.86 percent in 1970, while
the regional share of the state population has
increased from about 37 percent in 1850 to nearly
40 percent in 1970.

Population Distribution
The Southeastern Wisconsin Region, like most
metropolitan regions in the United States, is

DEMOGRAPHIC BASE
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Figure 6

Population Characteristics
The geographic distribution of age throughout the
Region is shown on Map 5. This map shows
a concentration of children and younger people in
suburban areas adjacent to the large central cities
and of older people in many areas of the Cities
of Milwaukee, Racine, and Kenosha. There is
also a notable concentration of older persons
in southern Ozaukee County, western Waukesha
County, and southern Walworth County.

DISTRIBUTION OF POPULATION IN THE REGION
BY COUNTY: 1900-1970
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These varying rates of change of population
growth in the counties of the Region have resulted
in significant distributional shifts of p;>pulation
among the seven counties. As shown in Table 2,
the most dramatic distributional changes over
the entire 70-year period have occurred in Mil
waukee and Waukesha Counties. The Milwaukee
County prop;>rtion of the total regional p;>pulation
increased by about 6 percent from 1900 to 1930
and then decreased by more than 12 percent from
1930 to 1970. The prop;>rtion of the total regional
p;>pulation in Waukesha County decreased by about
2 percent from 1900 to 1930 and then increased by
about 8 percent from 1930 to 1970. The result of
the most recent changes in population distribution
within the Region has been an areawide spread of
population around the Milwaukee, Racine, and
Kenosha urbanized areas. This diffusion of popu
lation has resulted in many areawide development
problems, including problems relating to the col
lection and disposal of sanitary sewage.

100 ...---------------------------,

Source: U. S. Bureau of the Census and SEWRPC.

DISTRIBUTION OF URBAN AND RURAL POPULATION
IN THE REGION: 1850-1970

Figure 5

rates of population increase occurred in the
three urban counties of Milwaukee, Racine, and
Kenosha. Urban decentralization over the last
four decades, however, has reversed this trend;
and the highest rates of p;>pulation increase are
presently occurring in certain outlying counties
of the Region, notably Waukesha and Ozaukee
Counties (see Figure 6 and Map 4).
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This map depicts population densities within the Region at the time of thE.' 1970 U. $. Census of
Population and Housing. Of the total regional population of about 1.8 million persons, about
80 percent resided within Kenosha, Milwaukee, and Racine Counties. As might be expected. the
higher population densities occur in the older central cities and suburbs of the Region, while
the lower population densities occur in the newer suburbs and in the rural urban fringe areas.
Development in the latter areas is occurring in a highly diffused pattern throughout the Region,
and much of this scattered urban development is not now served and cannot readily be served with
centralized public sanitary sewerage and water supply facilities.
Source: SElmfC.
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Tab 1e 2

POPULATION DISTRIBUTION IN THE REGION BY COUNTY:
1900, 1930, 1960, AND 1970

1900 1930 1960 1970
Percent Percent Percent Percent

of of of of
County Population Region Population Region Population Region Population Region

Kenosha ..... 21,707 4.3 63,277 6.3 100,615 6.4 117,917 6.7
Milwaukee ........... 330,017 65.8 725,263 721 1,036,047 65.8 1,054,249 60.0
Ozaukee ......... 16,363 3.3 17,394 1.7 38,441 2.5 54,461 31
Racine .. 45,644 91 90,217 9.0 140,781 9.0 170,838 9.7
Walworth .... 29,259 5.8 31,058 3J 52,368 3.3 63,444 3.6
Washington ............................. 23,589 4.7 26,430 2.6 46,119 2.9 63,839 3.7
Waukesha .... ........... 35,229 7.0 52,350 5.2 158,249 101 231,338 13.2

Region 501,808 100.0 1,005,989 100.0 1,573,620 100.0 1,756,086 100.0

Source: U. S. Bureau of the Census and SEWRPC.
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One of the most important characteristics of the
regional population, in terms of sanitary sewerage
system planning, is the number and size of the
households in the Region. The number of house
holds in the Region has been increasing at a higher
rate than has the total population since 1950 (see
Table 3), and as a result the household size has
been declining. The geographic distribution of
average household sizes in the Region is shown
on Map 6. The smaller average household sizes
occur in the central cities and smaller outlying
cities and villages. The larger average household
sizes occur in suburban and rural farm areas
throughout the Region.

Personal income in the Region has been increas
ing at a rapid rate, and in 1969 total personal
income stood at just under 5.2 billion dollars (see
Table 4). From 1949 to 1969, total personal
income in the Region increased by nearly 2. 9 bil
lion, measured in constant 1967 dollars, or by
about 126 percent. This compares to a regional
population increase over the same period of
apprOXimately 42 percent. Because the total
amount of personal income in the Region has been
increasing at a higher rate than has the total
population since 1949, per capita and per house
hold incomes have increased markedly. Per
capita incomes increased from $1,853 in 1949 to
$2,954 in 1969, measured in constant 1967 dollars.
The median per household income increased from
$5, 743 to $8, 563 over the same period. The per
household income increase reflects not only an
increase in the earnings of the heads of each
household but also the tendency for other house
hold members, wives in particular, to supplement
household incomes. The distribution of personal
income on a per household basis throughout the
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Region is shown on Map 7. It is evident that the
areas of highest household income are presently
located in northern and western Milwaukee County,
in eastern Waukesha County, in southern Ozaukee
County, and in southeastern Washington County,
and that the lowest household income areas are
presently in the City of Milwaukee and in certain
outlying rural areas of the Region.

ECONOMIC BASE

Changes in the population of an area are closely
related to changes in the amount of economic
activity in that area. This is true not only because
much of the population migration into an area is
dependent upon the availability of jobs in that area,
but also because jobs must ultimately be available
to hold the natural increase and prevent the out
migration of native young people entering the
labor force. The rapid growth in the population of
the Region may, therefore, be basically attributed
to increasing economic activity in the Region.

Size of the Economy
One of the best measures of economic activity is
the number of employment opportunities, or jobs,
available within the planning area. The amount of
economic activity in the Region, as measured by
the number of jobs available, has increased at
varying rates in the recent past. From 1954 to
1957, there was a rapid increase in the number
of jobs available, followed by a sharp decline in
1958 corresponding with a general recession in
the national economy. From 1958 to 1960, there
was again a rapid increase, followed by another
sharp decline in 1961, again corresponding with
another national recession. Since 1961 there has
been a more moderate but steady increase in jobs
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Map 5

MEOIAH AGE 0lSTRI6UTIOH
IH THE REGIOH: 1970
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This map depicts the age distribution of the
popul ation of the Southeastern Wi sconsin
Regitln. The map indicates a high concentra
tion of young persons in the near north side
of Milwaukee County and in the Hew Ber! in
area of Waukesha County, areas inhabited by
relatively large families. The map indicates
concentrations of older median age levels
occurring in both the older central city
areas and in certain ruraT areas of the
Reg ion. In 1970 the mad i an age of the
regional population was 27.6 years, compared
to 29.7 years in 1960.

Source: SEMRPC.

within the Region, except for a slight economic
slowdown during 1966 and 1967 and the recent
recession of 1970 (see Figure 7).

Distribution of Economic Activity
Nearly 69 percent of the economic activity of the
Region, as measured by jobs, was located in Mil
waukee County in 1970. An additional 14 percent
was located in Racine and Kenosha Counties com
bined. Approximately 83 percent of the regional

Tab 1e 3

HOUSEHOLD POPULATIOH TREHDS IH THE REGIOH:
1950.1960, AHO 1970

Number Persons
01 Household p"

Year Households Population Household

1950 354.544 1.190.193 3.36
1960 465.913 1,537,235 3.30
1970 536.486 1,7142110 3.20

Percent Change
195().1970 51.3 44.0 - -

Source. U. S. Bureau of the Census and SEWRPC.

jobs are, therefore, located in these three coun
ties. The remaining 17 percent of the regional
jobs are distributed as follows: Waukesha County,
about 9 percent; Walworth County, about 3 per
cent; Washington County, about 3 perllentj and
Ozaukee County, about 2 percent (see Table 5).

The trend in the intraregional distribution of jobs
is toward a decreasing concentration of jobs in
Milwaukee County and, in turn, toward an increas
ing concentration of jobs in the other six counties
of the Region. Waukesha County has shown the
largest increase in the proportion of total regionai
jobs since 1955, an increase from about 3 percent
to about 9 percent in 1970. This increase is in
direct contrast to Milwaukee County, where the
proportion of total regional jobs decreased from
nearly 78 percent to about 69 percent over the
same period. These changes reflect a general
historic trend toward decentralization of manu
facturing, distribution, and service activities from
highly urbanized areas to more suburban and
rural-urban fringe areas.

Structure of the Economy
The character of the regional economy can best
be described in terms of its industrial struc
ture, since the number and types of industry
directly affect land use and transportation needs.
In this regard, economic activity within the
Region can be classified into nine major industry
groups: 1) agriculture; 2) mining; 3) construction;
4) manufacturing; 5) transportation, communica
tion, and utilitiesj 6) trade; 7) finance, insurance,
and real estate; 8) services; and 9) government.

Economic activity within the Region is heavily
concentrated in manufacturing (see Figure 8). In
1970 approxtmately 34 percent of the total jobs in
the Region were in manufacturing compared to
26 percent nationally. The proportion of economic
activity in all other tndustry groups within the
Region except private services, as measured by
jobs, was less than the national averages.
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Map 6

AVERAGE HOUSEHOLD SIZE
IN THE REGION: 1970
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As depicted on the map. the areas within the
Region with large household size are those
which developed or have been developing sub
sequent to 1950. Wi th the except ion of some
rural farm areas and the near north side of
Milwaukee County, smaller household size can
be found in the older central city areas. It
should be noted that the average household
s i z e for the Reg ion i n I 970 was 3. 2 per so n s
compared to an average household size of
3.3 persons in 1960.

Source: $EWRPC.

The structure of economic activity within the
regional manufacturing industry, which is so
important in the regional economy, is also quite
different from the structure of the manufacturing
industry nationally (see Figure 9). In contrast
to the manufacturing industry of the United States,
the manufacturing industry in the Region is more
heavily concentrated in the production of durable
goods, particularly machinery, electrical equip
ment, and transportation equipment. In 1970 more
than 52 percent of the total manufacturing jobs
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within the Region were in these induslries, com
pared to less than 32 percent nationally. Compared
to the nationaL distribution, there is also a cOncen
tration of fabricated metal product manufacturing
and printing and publishing activities. On the other
hand, there is a relatively low concentration of
activity associated with the production of non
durable goods, such as textile, apparel, leather,
paper, \\Qod, chemical, petroleum. rubber, and
plastic products. The only nondurable goods
manufacturing activity which has a proportion of
manufacturing employment approxtmating that of
the national economy, in addition to printing and
publishing, is the production of food and beverage
products. This is due primarily to the location in
the Region of a number of very large breweries.

It is interesting to note that the most impor
tant manufacturing activity nationally, in terms
of proportionate employment, is the production
of textile, apparel, and leather goods. These
industries accounted for nearly 15 percent of
total national manufacturing employment in 1970.
Within the Region they accounted for only 4 per
cent of the total manufacturing employment in
1970. Because of locational and other factors, itis
likely that the structure of the regional manufac
turing industry group will continue to be oriented
to heavy durable equipment manufacturing in the
future as it has in the past.

LAN D USE BASE

One of the central concepts underlying the regional
sanitary sewerage system planning program is
that land use and the need for public utilities such
as sanitary sewerage systems are closely inter
related. The type, intensity, and spatial distribu
tion of land use determines the need for sanitary
sewerage service and the physical configuration
and capacity of sewerage systems and their com
ponent elements. A compLete inventory of existing
land use is necessary to identify and quantify the

Table ij

PERSONAL INCOME TRENOS IN THE REGION:
19ij9, 1959, AND 1969

Total Income Per Household Intome
{Mitlions 01 OoItarsl Per Capita Intcune (Medlanl.~

Yur o\ctulI Constant! ,o.ctulI ColIstanll Actual Constantl

194' $1,660 $2299 $1.338 $1,858 $4.l45 $5,743
\959 3.492 3,94\ 2,219 2,505 6,637 7,491
196' 6,029 5.189 3,433 2,954 9,950 8.563

IAdlusl~ for price change, bise year equ.Jls 1967,

Source: U. S. Bure.Ju of tilt Census and SEWRPC.
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Historic Growth Patterns
The first permanent European settlement in the
Region was established in 1795 as a trading post
on the east side of the Milwaukee River, just
north of what is now Wisconsin Avenue in the
City of Milwaukee. The origins of most of the
other major cities and villages within the Region
can be traced to the establishment of such trad
ing posts or to the establishment of certain
types of agricultural services such as saw and
grist mills. The location of these earliest urban
acti vities was heavily influenced by water pJwer
and water transportation needs. The rapid settle
ment by Europeans of what is now the Southeastern
Wisconsin Region had its beginning following the
Indian cessions of 1829 and 1833, which trans
ferred to the federal government ownership of all
of the lands that now comprise the State of Wis
consin south of the Fox River and east of the Wis
consin River. Federal surveyors, after the close
of the Blackhawk War of 1832, began to survey,
subdivide, and monument the federal lands; and
by 1836 the U. S. Public Land Surveys has been
essentially completed in southeastern Wisconsin.
Completion of the U. S. Public Land Survey in the
Region and subsequent sale of the public lands
brought many settlers from New England, Ger
many, Austria, and Scandinavia. Initial urban
development occurred along the Lake Michigan
shoreline at the ports of Milwaukee, Port Wash
ington, Racine, and Southport (now Kenosha), as
these settlements were more directly accessible
to immigration from the East Coast through the
Erie Canal-Great Lakes transportation route. By
1850 there were more than 113, 000 people in
the Region, and the accompanying historic devel-
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MEDIAN NOUSEHOLD INCOME

IN THE REGION: 1969
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This map depicts the geographic distribution

of household or family income in the Region.

The lower income families are generally con
centrated in the aide!"" central city areas and
in the out! ying predominant! y rural areas of
the Region. Concentrations of higher income

families can be found in those newer communi
ties that have been developed within the

Region since 1950. It should be noted that
the median household income for the Region

as a whole increased from $5,7lj.3 in 191j.9
to $8,563 in 1969, measured in constan t
1967 dollars.

Source: SEM?PC.

existing sewerage service needs through identifi
cation of existing developed urban areas outside
of the establi shed urban centers which already
are providing sewerage services. Moreover, such
an inventory when coupled with a knOWledge of
historic development patterns provides one of
the best available bases for Wlderstanding urban
activity and probable future land use patterns.
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Table 5

DISTRIBUTION OF JOBS IN THE REGION BY COUNTY:
I955 , I960 , I965, AND I970

1955 1960 1965 1970
County Jobs Percent Jobs Percent Jobs Percent Jobs Percent

Kenosha ............. 35,600 6.3 40,100 6.2 42,100 6.1 39,200 5.3
Milwaukee .......... 440,100 77.9 486,400 75.1 487,400 71.0 510,900 68.9
Ozaukee .............. 7,900 1.4 9,700 1.5 13,600 2.0 17,900 2.4
Racine ................ 44,600 7.9 49,500 7.6 58,900 8.6 61,900 8.3
Walworth ............ 8,500 1.5 19,000 2.9 22,000 3.2 24,200 3.3
Washington ........ 9,600 1.7 12,400 1.9 18,300 2.7 20,300 2.7
Waukesha ........... 18,600 3.3 30,800 4.8 43,600 6.4 67,200 9.1
Region 564,900 100.0 647,900 100.0 685,900 100.0 741,600 100.0

I
I
I
I

Source: Wisconsin Department of Industry, Labor, and Human Relations and SEWRPC.

Figure 8 Figure 9 I
PERCENTAGE DISTRIBUTION OF TOTAL JOBS

IN THE REGION AND THE UNITED STATES
BY MAJOR INDUSTRY GROUP: 1970

PERCENTAGE DISTRIBUTION OF MANUFACTURING JOBS
IN THE REGION AND THE UNITED STATES

BY TYPE OF MANUFACTURE: 1970 I

Source: U. S. Department of Labor; Wisconsin Depart.
ment of Industry, Labor, and Human Relations;
and SEWRPC.

opment map indicates the many scattered urban
developments existing in the Region at the time
(see Map 8).
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Source: U. S. Department of Labor; Wisconsin Depart
ment of Industry, Labor, and Human Relations;
and SEIIRl'C.

urban development within the Region occurred in
relatively tight, concentric rings outward from the
established urban centers of the Region, a pattern
resembling the annual growth rings of a tree.
A very dramatic change in the pattern of urban
development within the Region, however, occurred
in about 1950. From 1950 to 1963, while the
regional population increased by about 30 percent,
or by about a third of a million persons, the

3530
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Changes over time in the amount of land devoted
to urban use within the Region are indicated in
Table 6, while the historic urban growth pat
tern is indicated on Map 8. The amount of land
devoted to urban development within the Region
has increased steadily since 1850. Over the
100-year period extending from 1850 to 1950,
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Map a

HI STOR ICAL URBAH GROWTH
IN THE REGION: IB50-1970
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Urban develOPllent witllin the Rellion occurred In • hlrly reguler p~ttern until .bout 1950, forlling concentric rings of relatively
high-den,lty urban develop.ent contiguous to, and outward frOll, the exi,tlng urban ~reas and lonll-eatabl ished lias, transit, utility,
and comllunity facility systems, Soon after World War II, however, the character of urban growth in the Region began to change to
a lIIuch 1I0re dl ffuUd pattern of developlIlent, with relatively low densitie, .nd high prol iferation of clu.tera of noncontiguous devel
Opll8nt. Setween 1963 and 1970, this sprawl pattern of development continued .... ith an addition,l 96 'quare 1II1les of l.nd cOIl.itted to
urban use within the Region over the period, repre,entlng. rate of approximately p~ ,quare !'lIlle. per year. The contlnuatlon of this
,prawl pattern of l,nd use develoPlI\ent tI',reatena further destruction of prime ,grlcultural lands and of tile ullderlying and sustaining
natural resource bue, and the creation of urban ellclaves in essentially rural areas that will be difficult to serve econo.ically,
if at all. with necessary public utilities and services,
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Tab 1e 6

POPULATION DENSITY TRENDS IN THE REGION: 1850-1970

I
I

Urban Rural Area Persons Per
Population Population (square miles) Square Mile

Percent Percent Total
Year Number of Total Number of Total Population Urban Total Urban Total

1850 28,623 25.2 84,766 74.8 113,389 4 2,689 7.155.8 42.2
1880 139,509 50.3 137,610 49.7 277,119 18 2,689 7.750.5 103.1
1900 354,082 70.5 147,726 29.5 501,808 37 2,689 9.569.8 186.6
1920 635,376 810 148,305 19.0 783.681 56 2,689 11.346.0 2914
1940* 996,535 933 76,164 6.7 1,067.699 90 2,689 11.072.6 397.1
1950* 1,179,084 95.0 61.534 5.0 1.240,618 138 2,689 8.544.1 4614
1963* 1,634.200 976 40.100 2.4 1.674.300 340 2,689 4.806.5 619.2
1970* 1,728.949 98.4 27,420 16 1,756.369 397 2,689 4,355.0 653.2

*The "rural-nonfarm" population is included in the urban total.
Source: U. S. Bureau of the Census and SEWRPC.

amount of land devoted to urban use increased
by almost 150 percent, or by about 102 square
miles. Urban development became discontinuous
and highly diffused, the term "urban sprawl"
being quite descriptive of this more recent pat
tern of urban development within the Region.
This pattern continued from 1963 to 1970, over
which period an additional 60 square miles of land
were actually converted from rural to urban use
within the Region and an additional 36 square
miles of land were committed to urban develop
ment. If regional development trends continue as
in the recent past, between 10 and 15 square miles
of rural land may be expected to be converted to
urban use each year within the Region. Under
this type of urbanization, the entire seven-county
Region is becoming a single mixed rural-urban
complex. Many once isolated and independent
communities are growing together, and urban
development is spilling over the subcontinental
divide, which traverses the Region, into the Fox
Illinois River Valley.

The influence of the amenities afforded by certain
elements of the natural resource base upon the
pattern of urban development within the Region
is clearly indicated on Map 8 by the pattern of
development ringing the shorelines of the many
inland lakes within the Region, as well as the
urban development bordering the shoreline of
Lake Michigan. Although much of this lake-related
development originally consisted of summer resi
dences, most of these have been converted to
year-round reSidences, and new lake-oriented
development has been almost entirely of a year
round residential nature. This lake-oriented urban
development within the Region has created certain
serious lake water quality problems and holds
important implications for the provision of sani
tary sewerage services.

38

Historic Density Trends
The changes in population density within the Region
from 1850 to 1970 are also shown in Table 6.
During this 120-year period, the population of the
Region increased nearly 15-fold, from 113,378
persons to 1,756,100 persons, while the amount
of land devoted to urban use increased almost
100-fold, from 4 square miles to 397 square
miles. Overall population densities within the
Region increased steadily from 42 persons per
square mile in 1850 to 653 persons per square
mile in 1970. As already noted in Chapter I of
this report, overall population densities within the
developed urban area of the Region, however, have
exhibited a quite different trend. Such population
densities increased steadily from 7,156 persons
per square mile in 1850 to a peak of 11,346 per
sons per square mile in 1920. Urban population
densities then began a steady decline to a level 6f
8, 544 persons per square mile in 1950. After
1950, urban population densities declined even
more sharply to about 4, 800 persons per square
mile in 1963, and continued to decline to 4,300
persons per square mile in 1970. It should be
noted, however, that, although overall population
densities within the developed urban areas of the
Region have been steadily declining since 1920,
this decline has been accompanied by localized
increases in population densities. Such localized
population increases may be the result of urban
renewal activities or, in isolated instances, of
what in effect constitutes new community devel
opment. For example, the Northridge Lakes
community development within the northwestern
portion of the City of Milwaukee will have popula
tion densities of about 15,000 persons per square
mile when fully developed. Similarly, the rede
velopment of certain older residential areas of
the central cities and older suburbs within the
Region, which replace single family, duplex, or
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flat type residential development with apartment
development-often high-rise apartment develop
ment-may result in population density increases
in localized areas. With respect to overall popu
lation densities within the Region, however, such
high-density development and redevelopment is
offset by large areas of new suburban and exurban
development which, even when it involves apart
ment projects, results overall in a relatively low
urban population density. This continued overall
decline in urban population density, accompanied,
however, by localized increases, has important
implications for the provision of many urban
facilities and services, including the provision of
sanitary sewerage facilities and se rvices, and
complicates the planning and design for such
facilities and services.

These increases in population and urban land use
and decreases in population density were accom
panied by significant changes in the way of life
within the Region. Widespread urban development
in the rural-urban fringe areas of the Region
well beyond the historic central cities and their
suburbs is a fairly recent phenomenon. In this
area residents can enjoy many of the amenities of
rural life, yet also avail themselves of a wide
variety of urban services, including employment
in urban industries. Such widespread urban devel
opment, however, serves to intensify certain long
standing, and to create new, environmental and
developmental problems of an unprecedented com
plexity and scale, .including, as already noted,
problems of ground and surface water pollution
and of sanitary sewerage service.

Existing Land Use
The amount and spatial distribution of land uses
existing within the Region (April 1970) is sum
marized graphically on Map 9. This map pro
vides a striking picture of existing regional
development at a given point in time, and its study
can provide many valuable insights into an under
standing of regional activity and development and
of the areawide problems related thereto. The
absolute and proportional areas presently devoted
to each major land use category within the Region
are summarized by county in Table 7.

Although southeastern Wisconsin is a highly urban
ized region, less than 20 percent of its total area
is presently devoted to urban type land uses. The
largest land use category within the Region is still
agriculture, which presently occupies about 60
percent of the total area of the Region. The next

largest land use category is the water and wetland
group, which occupies about 10 percent of the total
area, and woodlands and open lands, which pres
ently occupy another 10 percent of the total area
of the Region. Therefore, more than 80 percent
of the Region is presently devoted to agriculture,
woodlands, other open lands, or lies underwater.

The "urban" type land use occupying the greatest
area is residential, which presently accounts for
about 9 percent of the total area of the Region.
A close second is the use category of transporta
tion, utilities, and communications, which accounts
for about 6 percent of the total area. The very
small amount and proportion of land presently
devoted to the urban economic activities, which
are so important to the support of regional~growth
and development, are both surprising and signifi
cant. The total land area presently devoted to
commercial, manufacturing, and wholesaling func
tions within the Region (minus onsite parking)
amounts to only 16,554 acres, or 1 percent, of
the total land area, yet this small area provides
the basis for more than 212,900 commercial,
252,100 manufacturing, and 32,000 wholesale
jobs, or, in all, about two-thirds of the total jobs
in the Region.

Residential: The residential land use category of
the inventory included and identified both land
actually occupied by a residence of some kind and
vacant land which was either under development
for residential use or immediately available for
such use. The latter category included vacant
building sites between existing residences and
improved but still vacant residential subdivisions.

At the time of the 1970 land use inventory, there
were 156,281 acres of residential land in the
Region, or about 9 percent of the regional total
devoted to this land use. Table 8 details the
amounts and relative proportions of land devoted
to the different types of residential use. The
largest land consumer in this group is the single
family detached residence, which occupies about
78 percent of the total residential land area in
the Region. Lands under residential development
accounted for about 16 percent of the total, while
two-family residences accounted for about 4 per
cent of the total. Mobile homes and multi-family
residences combined consumed less than 2 per
cent of the total residential land in the Region.

Commercial: The commercial land use category
includes all retail and service-type commercial
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Source: S£llRR:;,

The spatial distribution of land uses e.isling within the Region as of April (970 Is summarized On this "'liP. AI Hough southeastern Wisconsin
Is a highly urban(Hld Region, less then 20 percent of its total area is presently devoted to urban-type land USllS. Agriculture, while decl ining
in economIc importance within the Region, still occupies 60 percent of the total land acea within the Ragion, with th~ cemalning 20 pe~cent

of the a~ea occupied by wate~. wetlands. lind WOOdlands. The diffusion of low~density urban develoPment which has occuned within the Region
since 1950 is evident from an examination of the map. While some of these are"" cunently shown as low~density development lIIay eventually
through additional development become medium density. many of these areas are HatbHed far hom the e.isting and fl~oflosed se~ ... ice aren <;If
public utility systems, They ~efl~escnt. t"~rero~e, a pe~lIIanent commitment to urban development without centralized public 8anita~y sewer and
water supply senices. It is important that future ucban development within the Region be encouraged to occuc in those areaa recommended foc
such development in the adopt~d ~~glonal land use plan 50 that essential public utility services can be pcovided in an efficient and econolll;
cal manner.
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Table 7

DISTRIBUTION OF LAND USE IN THE REGION BY COUNTY: 1970

Land Use Categoryl

County
Water & Open

Residential2 Commercial Industrial' Transportation' Governmental5 Wetlands Lands' Agricultural Total

Kenosha Acres ..... 13,477 504 811 8,927 4,287 19,325 16,834 113,935 178,100
Percent .. 7.6 0.3 0.5 5.0 2.4 10.8 9.4 64.0 100.0

Milwaukee Acres ....... 45,633 2,875 4,898 35,431 19,185 3,550 15,D42 28,448 155,062
Percent .... 29.4 1.9 3.2 22.8 12.4 2.3 9.7 18.3 100.0

Ozaukee Acres ....... 12,321 330 444 8,054 2,802 14,865 10,717 100,480 150,013
Percent .. 8.2 0.2 0.3 5.4 1.9 9.9 7.1 67.0 100.0

Racine Acres ....... 16,625 575 1,099 12,442 4,605 17,683 17,391 147,142 217,562
Percent .... 7.7 0.3 0.5 5.7 2.1 8.1 8.0 67.6 100.0

Walworth Acres ....... 13,422 593 827 12,020 5,822 39,074 36,498 261,726 369,982
Percent .. 3.6 0.2 0.2 3.2 1.6 10.5 9.9 70.8 100.0

Washington Acres ....... 11,525 299 434 11,286 2,738 35,705 30,278 186,469 278,734
Percent .... 4.1 0.1 0.2 4.0 1.0 12.8 10.9 66.9 100.0

Waukesha Acres ....... 43,278 1,341 1,524 21,292 9,752 49,676 43,343 201,441 371,647
Percent .... 11.6 0.4 0.4 5.7 2.6 13.4 11.7 54.2 100.0

Region Acres ....... 156,281 6,517 10,037 109,452 49,191 179,878 170,103 1,039,641 1,721,100
Percent .... 9.1 0.4 0.6 6.4 2.8 10.4 9.9 60.4 100.0

I The nine major land use categories as inventoried were: residential, retail and service, wholesale and storage, manufacturing, transportation, institutional and governmental,
recreatIonal, agricultural, and open land and water. These categories have been rearranged for presentation and analysis purposes.

'Includes residential areas developed and under development.
'Includes all manufacturing, wholesaling, and storage.

'Includes utilities, communication facilities, and off-street parking of over 10 spaCes.
sinciudes institutional and active recreational areas.
'Includes woodlands, open pits, and quarries.

Source: SEWRPC.

Tab 1 e 8

RESIDENTIAL LAND USE IN THE
REGION BY TYPE: 1970

I
I
I
I

Type of Residential Use
Single-family .
Two-family .
Multi-family (less than 4 stories)
Multi-family (4 or more stories)
Mobile Homes . . .
Residential Land Under Development

Total.

Source: SEWRPC.

Acres
122,521

5,574
2,969

118
515

24,584
156,281

Percent
78.4
3.6
1.9
0.1
0.3

15.7
100.0

Transportation, Communication, and Utility: The
transportation, communication, and utility land
use category includes all street and highway
rights-of-way; railroad rights-of-way and yards;
airport, rail, ship, bus, and truck terminals;
communications facilities, such as radio or tele
vision stations and transmission towers; utility
rights-of-way and plants, such as sewage disposal
and water treatment and storage facilities; and all
off-street parking areas containing more than 10
parking spaces. There are presently 109,452
acres of land, or about 6 percent of the regional
total, devoted to this land use category.

I
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uses, including both local and regional shopping
centers, highway-oriented commercial areas, and
professional and executive offices, excluding,
however, onsite parking of 10 or more spaces.
There are presently 6, 517 acres of land, or less
then 1 percent of the regional total, devoted to
this land use category.

Industrial: This land use category includes all
manufacturing activities, wholesaling offices,
warehouses, and storage yards but excludes on
site parking of 10 or more spaces. There are
presently 10,037 acres of land, or less than 1 per
cent of the regional total, devoted to this land
use category.

Governmental, Institutional, and Recreational: The
land areas devoted to governmental, institutional,
and active recreational uses were classified in the
land use inventory according to local or regional
service orientation. If the service emphasis of
a governmental or institutional use was oriented
toward more than one community (minor civil
division), it was classified as regional. If such
service emphasis was oriented toward a single
community or neighborhood, except for high
schools in the City of Milwaukee, it was classified
as local. Regional uses included universities and
colleges, certain high schools, large central
libraries, museums, zoological and botanical gar
dens, golf courses, bathing beaches, marinas,
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major athletic fields, hospitals, county court
houses, welfare agencies, and military installa
tions. Local uses included elementary schools;
certain high schools; churches; branch libraries;
fire stations; all active park areas other than
those classified as regional; and city, village,
and town halls. All recreation facilities were
further classified as public or nonpublic. There
are presently 49,191 acres of land, or about
3 percent of the regional total, devoted to this
land use category. Of these 49,191 acres, 22,331
acres, or about 45 percent, are oriented toward
Region-serving activities. This is not surprising
when the land-consuming nature of such uses as
golf courses, cemeteries, and military installa
tions are considered.

Woodlands and Open Lands: This land use cate
gory includes all land areas presently containing
trees or heavy brush; lands which are not pres
ently devoted to urban use, cropped, or grazed;
land areas presently devoted to such temporary
uses as open pits for trash or garbage disposal;
and quarries either operating or nonoperating.
There are presently 170,103 acres of land, or
nearly 10 percent of the regional total, devoted to
this land use category. Approximately 73 percent
of this area is devoted to woodlands, and most of
the remaining 23 percent is in the open lands
category. Only 4 percent, or 6,844 acres, are
classified as quarries or pits.

Water and Wetlands: The water and wetland use
category includes all inland lakes excluding Lake
Michigan; all streams, rivers, and canals more
than 50 feet in width; and open lands which are
intermittently covered with water or which are
wet due to a high water table. Presently there are
179,878 acres of water and wetland areas in the
Region, or about 10 percent of the regional total.

Agricultural: The agricultural land use category
includes all croplands, pasturelands, orchards,
nurseries, and fowl and fur farms. Farm dwelling
sites were classified as residential land and
assigned a site area of 20,000 square feet. All
other farm buildings were included in the agricul
tural land use. Agriculture is the singularly
largest land use in the Region, and about 60 per
cent of the total area of the Region, or 1,039,641
acres, is devoted to this use.

PUBLIC UTILITY BASE

Public utility systems are one of the most impor
tant and permanent elements of urban growth and
development. Urban development today is highly
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dependent upon these utility systems which pro
vide the individual land uses with power, light,
communication, heat, water, and sewerage. Water
supply and sanitary sewerage utilities have a
particularly important interrelationship. Water
supply facilities bring potable water from its
sources to the user, while sanitary sewerage
facilities collect the used water, convey it to a
treatment plant, and after treatment return it to
the natural environment from which it came.

The majority of water and sewerage utilities in
the Region are organized as water and sewer
departments of incorporated municipalities, and
serve only those areas within the political bound
aries of that municipality. Where sanitary dis
tricts have been organized, sewer and water
service area limits may not be coterminous,
although the individual service areas will often
tend to approximate one another. Therefore, a
general pattern of water and sewer service areas
following political boundary lines rather than
natural topographic boundaries, such as water
shed boundaries, exists within the Region. The
governing bodies of these existing utilities tend to
be concerned primarily, if not solely, with the
problems existing within the individual political
subdivisions served, rather than with problems
affecting the area as a whole and the individual
political subdivisions in part. The artificial limi
tations thus placed on sewerage system plan
ning and development at the local level make it
extremely difficult to realize the benefits which
may be available.

Sanitary Sewerage Utilities
Virtually all sanitary sewer service within the
Region is provided by publicly owned agencies.
These agencies generally take the form of com
missions in the case of utilities providing area
wide sewer service, a department in the case of
utilities providing sewer service to an incorpo
rated municipality, or a town sanitary or utili ty
district in the case of a utility providing sewer
service to an unincorporated area. As discussed
in more detail in Chapter Vof this report, inven
tories conducted under the regional sanitary sew
erage system planning program revealed there
are a total of 91 centralized public sanitary sew
erage systems presently operated by utilities
within the Region. These 91 systems serve a total
area of about 309 square miles, or about 11 per
cent of the total area of the Region, and a total
population of about L 5 million persons, or about
85 percent of the total population of the Region.
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A total of 64 sewage treatment facilities are cur
rentlyoperated by the utilities owning, operating,
and maintaining the 91 public sanitary sewerage
systems, with many of the utilities contracting
with adjacent utilities for sewage treatment pur
poses. In addition, there are 59 privately owned
sewage treatment plants presently in operation
within the Region. These generally serve iso
lated land use enclaves, mainly for industrial,
commercial, and recreational enterprises. In all,
then, there are 123 sewage treatment facilities
within the Region. D.etailed information concern
ing each of the 91 public sanitary sewerage sys
tems and the 123 sewage treatment facilities in the
Region is presented in Chapter V of this report.

Septic Tank System Development: The construc
tion of public sanitary sewerage facilities has not
fully kept pace with the rapid urbanization of the
Region, and this has been a contributing factor
to the widespread use of onsite soil absorption
sewage disposal systems. An estimated total of
268,000 persons in the Region, or about 15 per
cent of the total Region population, rely on such
septic tank sewage disposal systems for domestic
sewage disposal. About 27,000 of these persons
live on farms. The remaining 241,000 persons
constitute urban dwellers generally living in scat
tered fashion throughout the rural and rural-urban
fringe areas of the Region. About 139,000 of the
241,000 urban dwellers live within urbanizing
areas of the Region, however, and within potential
service areas of centralized sanitary sewer sys
tems. The area presently devoted to urban land
uses within the Region but unserved by sanitary
sewerage facilities is estimated to total from 61 to
85 square miles, or from 23 to 21 percent of the
presently urbanized area of the Region, depending
upon the definition of the term "urban develop
ment" used.

Water Utilities
Most of the water supply service within the Region
is provided by public water utilities. As shown in
Table 9, there are a total of 67 publicly owned
water utilities within the Region. Of these 67 utili
ties, all but one-the North Shore Water Utility in
Milwaukee County-provide retail water service
to consumers. The North Shore Water Utility
provides only wholesale water service to three
other water utilities-the Glendale Water Utility,
the Village of Whitefish Bay Water Utility, and
the Water Utility of the Village of Fox Point.
Together, these 67 publicly owned water utilities
serve an area of about 259 square miles, or about

10 percent of the total area of the Region, and
about 1. 4 million persons, or about 80 percent of
the total 1970 resident population of the Region.
The population, service area, and consumption
characteristics of the 67 public utilities in the
Region are shown in Table 9. The existing (1970)
service areas of these utilities all are shown on
Map 10.

In addition to the publicly owned water utilities,
there are at least 59 private or cooperatively
owned water systems throughout the Region (see
Table 10). Many of these small water systems
serve isolated residential enclaves, while some
serve summer residents only and suspend opera
tions during cold weather. Very few of these
private systems have standby supply or storage
facili ties, and the great majority do not keep
detailed records or file annual reports with state
or regulatory bodies. It is anticipated that many
of these systems will eventually be absorbed into
publicly owned municipal water utilities.

All water supplied by the publicly owned water
utilities is drawn either from Lake Michigan or
from wells. The Region is not only rich in surface
water resources but in ground water resources,
being underlain by two separate aquifers. Treated
Lake Michigan water in an amount averaging
197 mgd (millions of gallons per day) was sup
plied in 1970 to an aggregate service area of about
199 square miles, or about 7 percent of the total
area of the Region, and a population of about
1. 2 million persons, or about 68 percent of the
total population of the Region. Twenty-one of the
67 public utilities in the Region utilize Lake
Michigan as a source of supply. Of these 21, 7 own
and operate water intake and treatment facilities,
while 14 utilities purchase water on a wholesale
basis. Generally, Lake Michigan offers an unusu
ally good source of supply to those areas lying
east of the subcontinental divide and within eco
nomic reach of this source of supply.

Well water in an amount averaging about 25 mgd
was supplied in 1970 to an aggregate area of about
60 square miles, or about 2 percent of the total
area of the Region, and a population of about
190,000 persons, or about 14 percent of the total
resident population of the Region. Forty-six of
the public utilities in the Region utilize the ground
water as a source of supply. In general, water
service from a municipal utility is a matter of
local policy furnished to only property within the
the municipal limits of that municipality. Only the
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PUBLIC WATER UTILITIES IN THE REGION: 1970

Tab 1e 9

Public Water Utility

Name

Kenosha County

Kenosha Water Utility! 2 .....................................•...........

Pleasant Park Utility Co., Inc.' .
Pleasant Prairie Water Works' .
Sanitary District No.1, Town of Somers! .
Town of Bristol Water Utility

Subtotal - - Kenosha County

Milwaukee County

Brown Deer Public Water Utility! .
City of Oak Creek Water & Sewer Utility .
Cudahy Water DepartmenP .
Glendale Water Utility! .
Milwaukee Water Works! 4 ..............•••••.••••...•••••.••.•••..••••••••....••.

North Shore Water Utility! 5 • .

Village of Greendale Water & Sewer Utility! .
Village of Whitefish Bay Water Utility! ..
Water Utility of the Village of Fox Point! .
Wauwatosa Water Works! . .
West Allis Water Utility! .
Shorewood Municipal Water Utility!
South Milwaukee Water Utility!

Subtotal - - Milwaukee County .

Ozaukee County

Belgium Municipal Water Utility
Cedarburg Light & Water Commission
Fredonia Municipal Water & Sewer Utility
Grafton Sewer & Water Utility .
Port Washington Municipal Water Utility! .
Saukville Municipal Water & Sewer Utility .

Subtotal - - Ozaukee County .

Racine County

Burlington Water Works
Caddy Vista Sanitary District
Crestview Sanitary District
North Cape Sanitary District
North Park Sanitary DistricP 6 .

Racine Water Department! ) .
South Lawn Sanitary District! .
Sturtevant Water & Sewer Utility! .
Town of Caledonia Water Utility District No. I! .
Union Grove Water Department .
Waterford Water Utility .
Wind Point Municipal Water Utility! . .

Subtotal - - Racine County .

Walworth County

Darien Municipal Water & Sewer Utility .
Delavan Water & Sewage Commission
East Troy Municipal Water Utility
Elkhorn Light & Water Commission.
Fontana Municipal Water Utility .
Genoa City Municipal Water & Sewer Utility
Lake Geneva Water Commission .
Lyons Sanitary District No.1 .
Sanitary District No.1, Town of Troy .
Village of Sharon Water Works & Sewer System .
Walworth Municipal Water & Sewer Utility .
Whitewater Municipal Water Utility .
Williams Bay Municipal Water Utility .

Subtotal - - Walworth County
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Location

City of Kenosha
Town of Pleasant Prairie - Pleasant Homes Subdivision
Unincorporated Village of Pleasant Prairie
Town of Somers
Town of Bristol

Village of Brown Deer
City of Oak Creek
City of Cudahy
City of Glendale
City of Milwaukee
City of Glendale
Village of Greendale
Village of Whitefish Bay
Village of Fox Point
City of Wauwatosa
City of West Allis
Village of Shorewood
City of South Milwaukee

Village of Belgium
City of Cedarburg
Village of Fredonia
Village of Grafton
City of Port Washington
Village of Saukville

City of Burlington
Town of Caledonia
Town of Caledonia
Towns of Norway & Raymond
Town of Caledonia
City of Racine
Town of Mount Pleasant
Village of Sturtevant
Town of Caledonia
Village of Union Grove
Village of Waterford
Village of Wind Point

Village of Darien
City of Delavan
Village of East Troy
Village of Elkhorn
Village of Fontana-on-Geneva Lake
Village of Genoa City
City of Lake Geneva
Town of Lyons
Town of Troy
Village of Sharon
Village of Walworth
City of Whitewater
Village of Williams Bay

Area Served
(Square Miles)

15.20
0.28
0.25
060
0.11

1644

3.68
500
4.72
5.93

107.66

349
2.12
2.87

13.23
10.20

1.58
4.68

165.16

0.23
2.19
0.44
1.47
2.23
p61

7.17

2.33
0.25
0.46
009
3.01

13.40
0.40
0.81
1.98
0.65
0.57
1.28

25.23

0.35
2.24
0.58
1.50
0.95
058
1.54
0.03
0.04
0.49
1.14
2.04
1.19

12.67

I
I

Estimated IEstimated Average
Population Consumption

Served (MGD)

78,810 11.85 I
42D 0.04
340 0.02

1,020 0.13 I37D 0.02

80,96D 12.06

12,620 1.11 I5,7DO D88
22,080 252
13,440 2.45

I75D,390 131.65

15,090 1.06
17,390 1.81
7,940 0.94

I58,680 5.25
71,720 11.42
15,580 1.62
23,300 4.20

1,013,390 164.91 I
800 0.06

7,700 1.32 I1,050 0.07
6,000 0.77
8,750 093
1,390 0.33

I25,690 3.48

7,480 1.36

I1,180 0.06
1,600 0.09

110 0.01
3,250 0.54

95,160 18.73

I2,040 0.13
3,380 0.16

690 0.07
2,700 0.33
1,920 0.15 I1,390 0.10

120,900 21.73

840 0.07 I5,530 0.55
1,710 0.23
3,990 0.42

I1,460 0.20
1,090 0.06
4,890 0.72

240 0.02
140 0.01

I1,220 0.06
1,640 0.22

12,040 1.03
1,550 0.19

36,340 3.78 I
I
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Table 9 (continued)

Public Water Utility Estimated
Estimated Average

Area Served Population Consumption
Name Location (Square Miles) Served (MGD)

Washington County

Allenton Sanitary District No.1. Town of Addison 027 610 0.03
City of Hartford Utilities Department . City of Hartford 1.57 6,500 1.05
City of West Bend Water Department. City of West Bend 4.33 16,560 2.50
Jackson Municipal Water Utility . Village of Jackson 031 560 0.05
Kewaskum Municipal Water Department '" Village of Kewaskum 0.52 1,930 0.52
Slinger Utilities . .............. Village of Slinger 040 1,020 0.19
Village of Germantown Water Utility . Village of Germantown 0.69 1,120 0.08

Subtotal - - Washington County ............... 8.09 28,300 4.42

Waukesha County

Butler Water Utility . .................................. Village of Butler 0.78 2,260 0.22
City of Brookfield Water Utility . City of Brookfield 1.39 3,830 0.37
City of Oconomowoc Electric and Water Departments. City of Oconomowoc 3.20 8,740 0.89
Hartland Municipal Water Department. Village of Hartland 2.35 2,760 021
Mukwonago Municipal Water Utility . Village of Mukwonago 0.72 2,370 0.16
New Berlin Water Utility . ............ City of New Berlin 1.30 2,400 0.29
Pewaukee Water & Sewage Utility .... .......... Village of Pewaukee 0.92 3,270 032
Village of Eagle Water Utility. ......•................ Village of Eagle 027 750 003
Village of Menomonee Falls Water Utility .... ...................... Village of Menomonee Falls 401 17,200 1.67
Westbrooke Sanitary District No.1 ............................................ Town of Brookfield 035 560 0.03
Waukesha Water Utility ....... ........... ........................ City of Waukesha 932 40,260 7.54

Subtotal - - Waukesha County .. 24.61 84,400 11.73

Region Total .... ......................•.................. 259.37 1,390,520 222.11

lThese utilities utilite Lake Michigan as the sale source of water supply.
'The Kenosha Water Utility provides retail water service to portions of the. Towns of Pleasant Prairie and Somers and wholesale water service to the Town of Somers Sanitary
Dlsfnct NO.1. The data presented In thiS table for the Kenosha Water UMty Includes the communities served on a retail basis.

'The Pleasant Park Utility. Company, Inc. and the. Pleasant Prairie Water Works are no t public water utilities since they are privately owned. Because, however, these utilities
operate In the same fashIOn as a public water utJlity and because they are capable of ready expansion much the same as a public water utility, they have been classified for anal
ysis purposes in this study as public water utilities.

'The Milwaukee Water Works provides retail water service to the Cities of Greenfield and St. Fancis and the Village of West Milwaukee and provides wholesale water service
to the Cities of Wauwatosa and West Allis and the Villages of Brown Deer, Greendale, and Shorewood. The data presented in this table for the Milwaukee Water Utility includes
the communities served on a retail baSIS.

'The North Shore Water Utility provides no retail water service and exists only to sell water on a wholesale basis to the City of Glendale and the Villages of Fox Point and White
fish Bay.

'The North Park Water Utility provides water on a wholesale basis to the Wind Point Municipal Water Utility.
'The Racine Water Department prOVides retail water service to the Vii/ages of North Bay and Elmwood Park and the Town of Mount Pleasant and wholesale water service to the
Village of Sturtevant the North Park Sanitary District, the South Lawn Sanitary District and the Town of Caledonia Utility District NO.1. The data presented in this table for the
Racine Water utility includes the communities served on a retail basis.

Source: Wisconsin Public Service Commission, Wisconsin Department of Natural Resources, and SEWRPC.
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Cities of Kenosha, Milwaukee, and Racine in the
Region provide water service beyond their corpo
rate limits in any substantial amounts.

Gas utilities
Three gas utilities are authorized to operate
within the Region and provide all public gas ser
vice therein. The Wisconsin Gas Company is
authorized to operate inparts of Milwaukee, Ozau
kee, Washington, and Waukesha Counties. The
Wisconsin Natural Gas Company is authorized to
operate in parts of Kenosha, Milwaukee, Racine,
Walworth, and Waukesha Counties. The Wisconsin
Southern Gas Company is authorized to operate
in parts of Kenosha, Racine, and Walworth Coun
ties. Only in the Towns of Erin and Wayne, both
in Washington County, is there no gas utility
presently authorized to operate. Natural gas is
supplied to the three gas utilities by the Michigan-

Wisconsin Pipeline Company and the Natural Gas
Pipeline Company of America. Gas service may
be considered to be virtually ubiquitous and does
not constitute a major constraint on the location
and intensity of urban development in the Region.

Electric utilities
Two major privately owned electric utilities are
authorized within the Region which, together with
five small municipal utilities, provide service
to the entire Region. The Wisconsin Electric
Power Company is authorized to operate through
out nearly the entire Region. The Wisconsin
Power and Light Company is authorized to operate
in parts of Kenosha and Walworth Counties. Muni
cipal electric power utilities are operated by the
Cities of Cedarburg, Elkhorn, Hartford, and Oco
nomowoc and the Village of Slinger. Generally,
an adequate supply of electric power is available
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Map 10

WATER UTILITIES
IH THE REGIOH: 1970
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LEGEND
AIlIEA SEIlIVED BY PUBLIC WATE'"
UTILITY -- SEE TA8LE 9
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Most of the water supply service in the Region is provided by 67 publicly owned water utilities.
The service areas of these 67 utilities are shown on this map. In addition, there are at least
59 private or cooperatively owned water supply systems in the Region which provide water service
generally to individual subdivisions. The location of these private systems is also shown on
this map. lake Michigan is by far the most important source of water supply in the Region, with

about 1.2 million persons, or 68 percent of the total Region population, currently being supplied
from that source. An additional 190,000 persons, or about 14 percent of the total Region popu
lation, are supplied by public utilities relying on groundwater.

Source: ~.

I
I
I

46

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Table 10

PRIVATE WATER UTILITIES
IN THE REGION: 1970

Pnvate Water Utility
Code Number

on Map 10 Name Civil Division
Kenosha County

1 Carol Beach Water Co., Inc. Town of Pleasant Prairie
2 lake Knolls Town of Randall
3 Oak Hi SubdivISIOn Town of Pleasant Prairie
4 Oakwood Knolls Town of Salem
5 Paddock lake Delles Village of Paddock lake
6 Twm lakes Park Water Company Village of Twin lakes
7 Wy-wood Co-op Village of TWin lakes

Milwaukee Counfy

8 Blossom Heath Water Trust Village of Hales Corners
9 Colony Homes Co-op] City of West Allis

10 Hales Happiness Homesites Village of Hales Corners
11 MISSion Hills City of Franklm
12 Monaco Heights Village of Hales Corners
13 North Shore East Village of BaYSide
14 Northway Water Co-op NO.2 Village of BaYSide
15 Oakvrew No, 3 City of Oak Creek
16 Pelham Heath Village of BaYSide
17 Rawson Homes City of Franklin
18 Robert William Park City of Milwaukee
19 Root River Heights City of Franklin
20 Security Acres City of Franklm
21 Southgate Manor City of Greenfield
22 Town View Water Co-op City of Greenfield
23 ~fs~aD6~~ rZ~ter Coop' City of West AllIS
24 Village of Bayside

Ozaukee County

25 Alberta Subdivision Village at Thiensville
26

~~gr~;y lt~t~t~;g~~nfSand AdditIOns
City of Mequon

27 Village at Thiensville
28 Lac Du Cours City of Mequon
29 Laurel Acres Village of Thiensville
3D North Shore Estates City of Mequon
31 North Shore Heights

~:l(a~: ~ef~,~~sVllle32 Village Heights Co-op
33 Villa du Parc (Country Club Estatesl City of Mequon

Racine County

34 Eagle lake Manor Town of Dover
35 Waterford Woods Association Town of Waterford

Walworth County

36 Assembly Grounds Association Town of Delavan
37 Camp Sybil Town of Linn
38 Chicago Club Town of Delavan
39 Cisco Beach Subdivision Town of Linn
40 Country Club Estates Village of Fontana
41 Crystal Bowl Town of Raymond
42 Delavan lake Town of Delavan
43 Gardens Association Town of Walworth
44 lake Geneva Beach Subdivision Town of linn
45 lake Geneva Club Town of Unn
46 Oak Shores Association Town of linn
47 Shore Haven Association Town of Unn
48 Sunset Hills Association, Inc. Town of linn
49 Woodale SubdiVision Town of linn

Washington County
None

Waukesha County

50 Glendale Park City of New Berlin
51 Highlands Co-op Town of Pewaukee
52 Marion Heights Village of Elm Grove
53 Monterey Park City of New Berlin
54 Regal Manors City of New Berlin
55 Riverview Manor Co-op Village of Menomonee Falls
56

§~~~gS8:~~~ ~e;r:~t; Village of Menomonee Falls
57 Village of Sussex
58 Sunnyfield Acres Town of Oconomowoc
59 Sussex Estates Village of Sussex

'These private utilities were connected to the City ot West Aft,s Public Water Ulility system in 1971

Source: Wisconsin Public Service Commission, Wisconsin Department of Natural Resources, and SEWRPC.

throughout the Region. Residential service is
available on demand anywhere within the Region,
and low voltage lines are in place along virtually
every rural highway. Therefore, electric power
service, like gas service, may be considered
virtually ubiquitous and not a major constraint on
the location and intensity of urban development in
the Region.

TRANSPORTATION BASE

The extensively developed, all-weather, high
speed highway system within the Region has had
a marked influence on the spatial location of
urban development. This influence has, however,
been significantly modified by the location within
the Region of such natural resources as lakes,
streams, woodlands, and fertile farmlands. The
major arterial street and highway network within
the Region, as shown on Map 11, consists of

Map I I

EXISTING INTERSTATE, UNITED STATES, AND
STATE TRUNK HIGHWAYS IN THE REGION: 1970
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The major arterial street and highway network
within the Region, consisting of all inter
state, Un ited States, and state trunk highway
facilities, is shown on this map. This net
work consists of 1,258 miles of facilities,
including 162 miles of recently constructed
freeway facilities. This extensively devel
oped all-weather, high-speed transportation
system may be expected to have a marked
influence upon the spatial location of urban
development within the Region, and thus open
the need for centralized public sanitary
sewer service.

Source' ~PC.
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an essentially radial pattern of federal and state
highways interconnecting the urban and rural
areas of the Region, supplemented by an essen
tially grid pattern of local arterials.

Intercity bus service is provided between the
various communities comprising the Region, as
shown on Map 12. This intercity bus service is
provided by seven private companies: Badger
Coaches, Inc. ; Greyhound Lines West; La Grange
La Grange Park Transit Co., Inc.; Peoria-Rock
ford Bus Co.; Tri-State Coach Lines, Inc.;
Wisconsin Coach Lines, Inc.; and Wisconsin
Michigan Coaches, Inc., which together operate
bus lines over 484 miles of streets and highways.

Intraurban bus service is provided (1971) within
Milwaukee County by the Milwaukee and Suburban
Transport Corporation and by the Wisconsin Coach
Lines, Inc.; within the City of Racine by Flash
City Transit; within the City of Kenosha by the
Kenosha Parking and Transit Commission; and
within the City of Waukesha by the Wisconsin
Coach Lines, Inc. Together these four companies
operate intraurban bus lines over 531 miles of
streets and highways (see Map 13).

Intercity rail service in the Region presently
(1972) is limited to freight hauling, except for
scheduled passenger service, as shown on Map 12,
to the City of Milwaukee and the Village of Sturte
vant by the National Railroad Passenger Corpora
tion (AMTRAK) operating over the trackage of the
Chicago, Milwaukee, St. Paul, and Pacific Rail
road Company (Milwaukee Road). Commuter ser-"
vice to Chicago from the Village of Walworth and
the unincorporated place of Zenda is provided by
the Milwaukee Road. Other Chicago area com
muter service is provided by the Chicago and
North Western Railway (C&NW) from the City of
Lake Geneva, the Village of Genoa City, the unin
corporated place of Pell Lake, and the City of
Kenosha. One other major railway line operating
within the Region, but providing freight service
only, is the Soo Line Railroad Company.

SUMMARY

The seven-county Southeastern Wisconsin Region
is an interrelated complex of natural and man
made features, which together form a rapidly
changing environment for human life. The impor
tant man-made features of the Region include its
land use pattern, its public utility networks, and
its transportation system. Together with the
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Map 12

INTERURBAN AND SUBURBAN BUS
AND RAILROAD PASSENGER SERVICE
SOUTHEASTERN WISCONSIN REGION:

LEGEND

t
J:tijy:-~= ""

Seven private companies provide intercity bus ser

vice within the Region, operating bus lines over
a total of 118" miles of publ ic streets and highways.
The only remaining scheduled rail passenger service

in the Region consists of the national AMTRAK ser
vice, operated over the Milwaukee Road trackage,
and Chicago-oriented commuter service operated by
the Chicago and Northwestern Railway from communi
ties in Kenosha and Wal wo rth Count i es. The in ter
city transportation service, parti cularly as
provided by fixed rail facilities, may marginally

influence the location of urban development within
the Region, and therefore the need for sewer ser
vice. Conversely, the provision of sewer service
may by engendering urban development influence the
location and level of intercity bus service.

Source, SEWRFC.

population residing in and the economic activities
taking place within the Region, these features may
be thought of as the socioeconomic base of the
Region. An understanding of this base is essential
to sound areawide sanitary sewerage system plan
ning, and to this end this chapter constitutes
a description of the socioeconomic base of the
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Map 13

MASS TRANSIT LINES AND SERVICE AREAS
IN THE SOUTHEASTERN WISCONSIN REGION: 1971

Mass transit service in the major urbanized areas of
the Region is provided by three private companies.
Together these agencies operate bus I ines over 531
miles of pub! ic streets and highways, and provi de
service to an area in which about 7S percent of the
population of the Region resides. The availability of
mass transit service has not been a major factor in
determining the location of urban development within
the Region in the recent past. Moreover, since mass
transit service is presently provided, and is expected
to continue to be provided, by motor coaches which are
not tied to fixed ways, it is unl ike!y that transit
service will become a major factor in determining the
location of future urban development within theRegion,
Sewer service areas, by encouraging urban development
at relatively higher population densities, may, how
ever, affect the need for and feasibility of transit
service,

Source: ..5EKRft.

Region. The most important aspects of that
description are summarized below.

The Southeastern Wisconsin Region consists of
a seven-county area encompassing 2, 689 square
miles of land and inland water area, or about
5 percent of the total area of the State of Wis
consin. About 40 percent of the state's population,

however, resides within these seven counties,
which employ about 38 percent of the total work
force of the state and which contain about half of
all the tangible wealth in the State of Wisconsin as
measured by equalized assessed valuation. The
Region contains 153 local unHs of government
exclusive of school and other special-purpose dis
tricts and encompasses all or parts of 11 major
watersheds.

The population of the Region has been increasing
at an average rate of about 18,000 persons per
year from 1960 to 1970, and as of 1970 totaled
1,756,100 persons. This rate of population growth,
although higher than state and national growth
rates, is considerably lower than the approxi
mately 33,000 persons per year growth rate
experienced within the Region from 1950 to 1960.
Population growth within the Region has been

(

occurring primarily in the newer outlying subur-
ban and rural-urban fringe areas of the Region,
while the populations of the older central cities
and suburbs of the Region have remained rela
tively stable or have actually declined.

The population growth has been accompanied by
marked changes in certain characteristics of the
population. The composition of the population is
becoming increasingly urban, and at the present
time only about 12 percent of the total regional
population is classified as rural. Moreover, of
the total population, about 10 percent is classed
as rural non-farm and only 2 percent as rural
farm. The number of households within the Region
has been increasing faster than the total popula
tion, with an attendant decline in the household
size. Personal income has been increasing at
a higher rate than has the total population so
that per capita and per household incomes have
increased markedly over the last two decades,
with the areas of highest average household
income being located in the most rapidly growing
newer suburban and rural-urban fringe areas of
the Region.

Employment opportunities have increased at a
rate of approximately 9,370 jobs per year over
the last decade to a current level of approximately
741,600 jobs within the Region. The economic
factors which promote population growth and
urbanization in the Region are largely centered in
and around the major urban centers of Milwaukee,
Racine, and Kenosha, although a diffusion of
economic activity into the outlying areas of the
Region is occurring.
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Land within the Region has been undergoing
a particularly rapid conversion from rural to
urban use. Recent urban development within the
Region has been discontinuous and highly diffused,
consisting primarily of many scattered, low
density, isolated enclaves of residential develop
ment located away from established urban centers.
Urban population densities within the Region,
which peaked in 1920 at a level of about 11,000
persons per square mile, have been steadily
declining since then to a level of about 4,300 per
sons per square mile in 1970. The highly diffused
nature of recent urban development and the sharp
decline in urban population density have intensi
fied many long-standing environmental problems
within the Region and have created new environ
mental and developmental problems of an unprece
dented scale and complexity, including problems
of sanitary sewerage system development. The
concentration of urban development around the
shorelines of many of the inland lakes within the
Region has further intensified the need for sani
tary sewerage service in order to assure protec
tion and preservation of the natural resource
base and to provide such service efficiently and
economically. If regional development trends
continue as in the recent past, between 10 and
15 square miles of rural land may be expected
to be converted to urban use each year within
the Region. Under this type of areawide urban
development, many once-isolated and independent
communities have grown together, and urban
development is spilling over the subcontinental
divide which traverses the Region into the Fox
Illinois River Valley, complicating the sewage
disposal as well as the sewage collection and
transmission problems existing within the Region.

There are a total of 91 centralized public sanitary
sewerage systems presently operated by utilities
within the Region. These 91 systems serve a total
area of about 309 square miles, or about 11 per
cent of the total area of the Region, and a total
population of about L 5 million persons, or about
85 percent of the total population of the Region.
A total of 64 sewage treatment facilities are cur
rently operated by the utilities owning, operating,
and maintaining the 91 public sanitary sewerage
systems, with many of the utilities contractmg
with adjacent utilities for sewage treatment pur
poses. In addition, there are 59 privately owned
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sewage treatment plants presently in operation
within the Region. These generally serve iso
lated land use enclaves, mainly for industrial,
commercial, and recreational enterprises. In all,
then, there are 123 sewage treatment facilities
within the Region.

The construction of public sanitary sewerage and
water supply facilities has not fully kept pace with
the rapid urbanization of the Region, necessitating
the widespread use of onsite sewage disposal sys
tems. An estimated 268,000 persons, or about
15 percent of the total Region population, rely on
such septic tank sewage disposal systems. Only
27,000 of these persons actually live on farms,
with the remaining 241,000 persons constituting
urban dwellers generally living in scattered
fashion throughout the Region. About half of the
total area of the Region is covered by soils which
are unsuitable to the use of onsite sewage dis
posal facilities.

The Region is unusually rich with respect to water
resources. Urban development located east of the
subcontinental divide, which traverses the Region,
can utilize both Lake Michigan and the two under
lying ground aquifers as a source of supply.
Urban development westof that divide must depend
primarily upon the two groundwater aquifers.
Public water supply system service areas have
generally tended to follow public sanitary sewer
age service areas within the Region, although the
extension of public water supply services has
generally lagged behind the extension of sanitary
sewerage service.

Gas and electric power services can be con
sidered to be readily available throughout the
Region, and therefore do not constitute a major
constraint on the location or intensity of urban
development within the Region. Transportation
facilities similarly provide a very high level of
service throughout the Region, with the exten
sively developed high-speed, all-weather highway
system having had a particularly important influ
ence on the spatial location of urban development
within the Region in the recent past, although this
influence has been significantly modified by the
location within the Region of such natural resource
base elements as streams, lakes, woodlands, wet
lands, and fertile farmlands.
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Chapter IV

DESCRIPTION OF THE REGION-NATURAL RESOURCE BASE
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INTRODUCTION

The natural resource base is a primary determi
nant of the development potential of a region and
of its ability to provide a pleasant and habitable
environment for all forms of life. The principal
elements of the natural resource base are cli
mate, physiography, geology, soils, mineral and
organic resources, vegetation, water resources,
and fish and wildlife. Without a proper under
standing and recognition of these elements and of
their interrelationships, human use and alteration
of the natural environment proceeds at the risk of
excessive costs in terms of both monetary expen
ditures and destruction of nonrenewable or slowly
renewable resources. In this age of high resource
demand, urban expansion, and rapidly changing
technology, it is especially important that the
natural resource base be a primary consideration
in any areawide planning effort since these aspects
of contemporary civilization make the underlying
and sustaining resource base highly vulnerable
to misuse and destruction. An understanding
of the natural resource base is, therefore, essen
tial to sound areawide sanitary sewerage sys
tem planning.

This chapter identifies and describes the signifi
cant elements of the natural resource base of the
Southeastern Wisconsin Planning Region; indicates
and quantifies the spatial distribution and extent of
those resources; characterizes, where possible,
the quality of each component element of the
natural resource base; and seeks to identify
those elements and characteristics of the natural
resource base which must be considered in the
planning, design, construction, and operation of
sanitary sewerage systems. The importance of
such consideration cannot be overemphasized,
since sanitary sewerage system development, by
its impacts on the natural resource base, has the
potential to either degrade or to protect and
enhance the Region's natural heritage and envi
ronmental quality.

CLIMATE'

General Climatic Conditions
Wisconsin's mid-continent location, far removed
from the moderating effect of the oceans, gives

the Region a typical continental type climate char
acterized primarily by a continuous progression
of markedly different seasons and a large range in
annual temperature. Low temperatures during
the long, cold winter are accentuated by prevail
ing frigid northwesterly winds during the winter
period, while summer high temperatures are
reinforced by the warm southwesterly winds
common during that season.

The Southeastern Wisconsin Region is positioned
astride cyclonic storm tracks along which low
pressure centers move from the west 8nd south
west. The Region also lies in the path of high
pressure centers moving in a generally south
easterly direction. This location at the confluence
of major migratory air masses results in the
Region as a whole being influenced by a continu
ously changing pattern of different air masses
having alternately low and high pressure centers,
and results in frequent weather changes being
superimposed on the aforementioned large annual
range in weather characteristics, particularly in
winter and spring when distinct weather changes
normally occur at least once every two or three
days. These temporal weather changes consist
of marked variations in temperatures, type and
amount of precipitation, relative humidity, wind
magnitude and direction, and cloud cover.

In addition to these distinct temporal variations in
weather, the Region exhibits spatial variations in
weather due primarily to its proximity to Lake
Michigan, particularly during the spring, summer,
and fall seasons when the temperature differential
between the lake water and the land air masses
tends to be the greatest. During these periods,
the presence of the lake tends to moderate the
climate of the eastern border of the Region. It is
common, for example, for midday summer tem
peratures in shoreline areas to abruptly drop to
a temperature level lOoF lower than inland areas

lUnless otherwise indicated, climatic and weather

descriptions and data presented herein are based on

information extracted from various periodic publica

tions of the National Weather Service, U. S. Department

of Commerce, formerly known as the Weather Bureau,

U. S. Department of Commerce.
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because of cooling lake breezes generated by air
rising from the warmer land surfaces. This Lake
Michigan temperature influence is, however, gen
erally limited to a narrow band of the Region lying
within several miles of the shoreline.

Temperature
Temperatures in southeastern Wisconsin exhibit
a large annual range and, as such, are a relevant
factor to be considered in the planning, design,
construction, and operation of sanitary sewerage
systems. The ease with which outdoor construc
tion and maintenance activities can be carried out
is temperature dependent, and therefore annual
temperature variations enter into the planning and
scheduling of such activities. Seasonal tempera
ture changes affect the amount of heat energy
needed for sludge digestors at sewage treatment
plants. Seasonal temperatures also determine the
kinds and intensities of the recreational uses to
which surface waters may be put, and, conse
quently, the periods over which the highest levels
of water quality should be maintained.

More importantly, aerobic and anaerobic bio
chemical processes fundamental to the operation
of conventional activated sludge and trickling filter
units at sewage treatment plants, which units are
normally exposed to the atmosphere, as well
as similar processes occurring in stabilization
lagoons, and naturally in surface waters, are tem
perature dependent, since reaction rates approxi
mately double with each 20°F rise in temperature
within the temperature range normally encountered
in nature. An ample supply of oxygen is critical
to aerobic sewage treatment processes as well as
aerobic natural self-purification processes. The
supply of oxygen available for such processes is
a function of oxygen solubility in water, or the
maximum concentration of oxygen that can be
retained in solution, which is highly dependent on
temperature. For example, a stream or lake at
or near freezing temperatures can hold about
15 mg/l of dissolved oxygen, while the surface
waters of that same stream on a hot 800 F day
will have its oxygen solubility reduced by almost
one-half. The summer period is therefore, pri
marily because of atmospheric temperature, crit
ical and limiting in both natural and artificially
induced aerobic processes, since oxygen demands
are at their annual maximum due to accelerated
reaction rates, while the oxygen supply is at its
annual minimum because of solubility limitations
associated with those high temperatures.
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Regional temperature characteristics are also
important in that they place restrictions on those
sewage treatment plant effluent disposal methods
which involve application to the soil rather than
discharge to the surface waters. The Region's
approximately six-month period of potential sub
freezing temperatures, for example, precludes
the possibility of utilizing spray irrigation sys
tems without the provision of attendant large
storage reservoirs.

Data for six selected temperature observation
stations in southeastern Wisconsin, three of
which-Port Washington, Milwaukee, and Kenosha
are located at the Lake Michigan shoreline, and
three of which-West Bend, Waukesha, and Lake
Geneva-are located at least fifteen miles inland,
are presented in Table 11 and Figure 10. These
data, which encompass periods of record ranging
from 10 to 30 years for the various observation
stations, indicate the temporal and spatial varia
tions in temperature and the temperature ranges
which may be expected to occur within the Region.
The temperature data also illustrate how regional
air temperatures lag approximately one month
behind summer and winter solstices during the
annual cycle with the result that July is the warm
est month in southeastern Wisconsin and January
the coldest.

The effects of Lake Michigan are also indicated by
this data when comparisons are made between
inland and shoreland observation stations that
have the same latitude, that is, are generally
located along the same east-west line so as
to eliminate temperature effects attributable to
latitude. It is also possible to identify latitudinal
temperature effects by comparing data for obser
vation stations generally located along the same
longitudinal or north-south line.

Summer temperatures throughout the Region, as
reflected by monthly means for July and August,
are in the 67. 50 F to 73. OOF range with northerly
lakeshore locations exhibiting lower monthly mean
summer temperatures than southerly inland loca
tions. Lake Michigan's influence on summer
temperatures may be demonstrated by contrast
ing Waukesha and Milwaukee data. Waukesha's
monthly mean temperatures for July and August
are 72.1 0 F and 70. SOF, respectively, whereas
Milwaukee, which lies east of Waukesha and is
subject to the influence of Lake Michigan, exhibits
monthly means for July and August that are 3.40 F
and 3. OOF, respectively, lower than those at Wau-
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Table I I

TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION

~

Observation Station I

lakeshore Location fnfandlocatiOrT

PortWashirrgton Milwaukee Kenosha West Bend Waukesha Lake Geneva

Period 01 Record: 1961·1970 Period at Hecord: 1931-1960 Period of Record: 1945-1959 Period of Record: 1930-1959 Period afRecord: 1930-1959 Period of Record: 1945·1959 Regional Summary

Average Average Average Average A'Ccoge A,mge Average Average Average Average Average Average Average Average
Daily Daily Daily Daily Daily Daily Daily Daily Daily Daily Daily

Month Maximum' Minimum' Mean! Maximum' Minimum' Mean' Maximum' Minimum' Mean' Maximum' Minimum' Mean J IMa"mcm' Minimum2 Mean3 Maximum2 Minimum' Mean J Maximum4 Minimum4 Mean' Month

January 261 101 181 28.3 12.8 206 31.4 14.9 23.2 28.6 11.7 20.2 29.0 123 20.? 298 13.2 21.5 28.9 12.5 20.? January
February 305 140 22.3 30.2 14.6 22.4 34.2 18.0 26.2 31.0 13.5 22.3 31.6 14.5 23.1 33.2 16.4 24.8 31.8 15.2 23.5 February
March 391 24.2 31.7 388 23.2 31.0 42.8 26.6 34.7 399 230 31.5 40.8 23.4 321 42.6 24.5 316 40.7 24.2 32A March
April 504 34.3 42A 511 34.1 43.6 55.7 36.8 46.2 549 34.6 44.8 56.0 34.7 45.4 586 36.4 47.5 548 35.2 45.0 April
May 60.8 429 51.9 63.9 42.9 53.4 664 451 55.8 67.5 45A 56.5 68.2 44.8 56.5 696 45.9 578 661 44.5 55.3 May
June 710 52.1 61.6 739 52.6 63.3 77.1 55.? 66.4 77.4 55.8 666 78.6 55.2 66.9 792 568 68.0 76.2 54.7 65.5 June
July 76.7 59.2 68.0 789 58.4 68.? 81.9 62.3 72.1 829 60.7 718 84.1 601 721 84.0 61.9 73.0 81.4 604 710 July
August 76.7 58.3 67.5 77.? 57.8 67.8 81.5 623 719 80.8 59.5 70.2 826 59.0 708 82.6 61.3 72.0 80.3 59.? 70.0 August
September 69.1 517 60A 70.? 49.9 60.3 74.0 538 63.9 72.4 51.3 61.9 741 50.6 62.4 741 52A 613 72A 51.6 62.0 September
October 59.3 41.8 506 601 399 50.0 64.2 44.2 54.2 608 41.1 51.0 62.3 40.2 51.3 63.7 42.? 53.2 617 417 517 October

• November 45.3 30A 37.9 44.1 27.5 35.8 47.3 302 38.8 441 27.8 36.0 44.8 27.9 36A 450 28.7 369 451 28.8 37.0 November
December 28.9 15.3 221 32.0 17.1 24.6 35.6 19.5 27.6 320 16.? 24.4 32A 17A 24.9 33.2 18.6 25.9 32A 17A 24.9 December

Year 52.8 362 44.5 54.3 35.9 451 57.7 391 48A 560 368 46.4 57.0 36.7 46.9 580 38.2 481 56.0 37.2 46.6 Year

I
I
I
I
I
I
I
I
I
I

kesha. The influence of Lake Michigan on summer
temperatures is also demonstrated by average
daily maximum and average daily minimum tem
peratures for inland locations as opposed to lake
shore locations. For example, average daily
maximum temperatures at Waukesha for July and
August are 84. f)F and 82.6oF, respectively,

;Observation stations were selected both on the basis of the length of record available and geographic location within
the Southeastern Wisconsin Port Milwaukee, and Kenosha are representative of areas with tem-
peratures influenced by Lake whereas Bend, Waukesha, and Lake Geneva are of inland areas
having temperatures that are not influenced by Lake Michigan. Kenosha and Lake are representa-
tive of southerly areas in the Region, whereas Pon· W",hin"tonand West Bend t"pify· noethern /oe'3tio,os.

2The monthly average daily maximum temperature and the monthly average daily minimum temperature are obtained
by measurements to an average for each month in the period of record; the results are then av·

whereas Milwaukee, because of its close proxim
ity to Lake Michigan, has July and August average
daily maximum temperatures that are 7.4oF and
5. 90F, respectively, lower than those measured
at Waukesha. Thus in addition to abrupt daytime
drops in summer shoreland temperatures attrib
utable to wind shifts that produce cooling lake

3The monthly mean temperature is the mean of the average daily maximum temperature and the average daily mini
mum temperature for each month

4fhe monthly average daily maximum and minimum temperatures for the Region as a whole were computed as av
erages of the corresponding values for the six observation stations.

'The monthly mean for the Region as a whole is the mean of the Regional monthly average daily maximum and av
erage daily minimum, which is equivalent to the average of the monthly means for the six observation stations.

I
:\nurr:w Wi.~r:(Jn.~jn :\tMi.~tical ReDortinJl Service, National Weather Service. and SEWRPC.

Figure 10

TEMPERATURE CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION
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breezes, Lake Michigan also affects the overall
summer temperature conditions as reflected by
markedly lower monthly mean and average daily
maximum temperatures for land areas in close
proximity to the lake compared to inland areas
located approximately along the same latitudinal
line.

Winter temperatures in southeastern Wisconsin,
as measured by monthly means for January and
February shown in Table 11 and Figure 10, are
in the range of IS. OOF to 26. OOF for all stations,
there being no significant region-wide difference
in monthly means, average daily minimum, and
average daily maximums noted for inland loca
tions contrasted with areas in close proximity to
Lake Michigan.

Lake Michigan significantly affects temperatures
of the Region during the transitional period of
March, April, and May between winter and sum
mer, at which time the lake, because it warms
more slowly than the adjacent land areas, retards
the temperature rise for land areas located along
the shoreline relative to inland locations as evi
denced by data presented in Table 11 and in Fig
ure 10. Monthly mean temperatures for Waukesha
during March, April, and May are 32.10F, 45.40F,
and 56.50F, respectively, whereas Milwaukee,
since its temperature rise during the winter
spring transitional period is retarded by Lake
Michigan, exhibits monthly mean temperatures
during March, April, and May that are 1. 10F ,
1. SOF, and 3. 10F, respectively, below those mea
sured at Waukesha. Lake Michigan never does
achieve a temperature level as high as that
reached in inland areas, and thus the end result of
this winter to summer transition process is, as
discussed earlier, summer conditions character
ized by lower temperatures in shoreland areas
than at inland locations. The summer to winter
transition period is, as shown graphically on
Figure 10, characterized by a slightly greater
drop in monthly mean temperature in inland areas
compared to shoreline areas, since the former
begin the transition period at a higher level than
the latter and both inland and shoreline areas con
verge to similar temperature levels in winter.

Marked latitudinal differences, clearly evident on
Figure 10, occur along the approximately SO-mile
long portion of Lake Michigan shoreline which
comprises the eastern boundary of the planning
Region. Southerly locations, as typified by Keno
sha, exhibit significantly higher monthly mean,
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average daily maximum, and average daily mini
mum temperatures than do northerly areas as
typified by Port Washington. For example, Janu
aryand February monthly mean temperatures at
Kenosha are 23. 20F and 26. 20F, respectively,
which is 5.10F and 3. 90F, respectively, greater
than those recorded at Port Washington. Observed
monthly mean temperatures at Kenosha for July
and August are 4. 10F and 4. 40F, respectively,
above those recorded at Port Washington.

The growing season, which is defined as the num
ber of days between the last 320F freeze in spring
and the first in the fall, averages about 165 days
for the Region, with the lakeshore area having a
growing season of about 175 days while inland
locations exhibit a shorter growing season of
about 155 days. The last 320F frost in the spring
normally occurs within the last week of April for
areas in close proximity to Lake Michigan and
during the first half of May for inland locations,
whereas the first freeze in the fall usually occurs
in the two week span during mid-October for all
locations in the Region. Lake Michigan's moder
ating effect inhibits spring frost formation in the
eastern extremities of southeastern Wisconsin,
thereby giving that portion of the Region a slightly
longer growing season.

Extreme high and low temperatures for southeast
ern Wisconsin, based on thirty years or more of
historic records at observation stations distrib
uted throughout the Region, are shown on Figure
11. The data indicate that extreme high tempera
tures within the Region have ranged from 1040F in
the extreme eastern portion of Racine County to
slightly more than 1100F in the western extremi
ties of Washington, Waukesha, and Walworth
Counties, whereas extreme low temperatures
have ranged from about -200F along the entire
Lake Michigan shoreline to -330F in the north
western corner of Washington County. Lake
Michigan has influenced temperature extremes in
that lakeshore areas exhibit extreme summer high
temperatures that are lower than those experi
enced inland because of the summer cooling effect
of the lake. Moreover, unlike winter monthly
mean, and winter average daily minimum and
maximum temperatures, the lake apparently has
influenced extreme winter low temperatures, in
that those temperatures are higher for lakeshore
areas than those experienced inland because of
the winter warming effect of the lake. The range
in historic extreme temperatures is, therefore,
smaller along the Lake Michigan shoreline than
at inland locations because of the lake's moderat-
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Figure II

EXTREME HIGH AHD LOW TEMPERATURES IN THE REGIDN BASED ON
DATA FOR STATIONS HAVING AT LEAST 30 YEARS OF RECORD
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ing effect. The expected extreme high tempera
ture during an average year for a particular
location within the Region may be estimated by
subtracting 100F to l50F from the value shown on
Figure 11, whereas the expected extreme low
temperature during an average year for a par
ticular location may be approximated by adding
100F to l50F.

In addition to utilizing the regional data summar
ized on Figure 11, historic extreme temperatures
and the moderating influence of Lake Michigan on
those temperatures may also be demonstrated by
examining data for specific observation stations
having similar latitudes. Historic data for the

EXTREME HIGH TEMPERATURE 0
(OF)

100-year period at Milwaukee extending through
1970 indicate that the highest temperature ever
recorded in that city was 1050 F in July 1934,
while the lowest temperature ever recorded was
-250 F in January of 1875. The highest tempera
ture recorded during the 30-year period 1930
through 1959 at Waukesha, which is located
approximately 15 miles inland from Milwaukee
and therefore is farther removed from the moder
ating influence of Lake Michigan, was 1090 F in
July 1936. The lowest was -270 F in January,
1944. Even though the 30-year Waukesha record
is considerably shorter than the 100-year record
available at Milwaukee, observed temperatures
have been more extreme at the former location.
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THE EXPECTED EXTREME LOW TIEMPEl"ATUAiE FOR AN AVERAGE YEAR AT A GIVEN LOCATION MAY BE: APPROXIMATEO BY
ADDING 10 TO 1,0,. TO THE ElCTREIIolE LOW TE:/lolPERATURE SHOWN ON THE FIGURE

to THE EXPECTED ElilTREME HIGIo4 TEMPERATuRE "OR AN AVERAGE YEAR AT A GIVEN LOCATION MAY I!IE APPROXIMATED BY
SU8TRATlNG 10 TO 1'° F FROM THE EKTR(ME I-UGH TEMPE""'YURE SHOWN ON THE FIGURE.

Source: Wisconsin Statistical Reportin~ service, National Weather Service, and SEWRPC.
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Precipitation
Precipitation within the Region takes the form of
rain, sleet, hail, and snow, and ranges from gentle
showers of trace quantities to destructive thunder
storms, as well as major rainfall-snowmelt events
causing property and crop damage, inundation of
poorly drained areas, and stream flooding. The
kind and amount of precipitation that may be
expected to occur within the Region influences
the nature of man's activities in general, and
particularly sanitary sewerage system design,
construction, operation, and maintenance. Exist
ing sewerage system problems such as overflows
from combined sewers in certain urban areas are
the direct result of even the smallest precipitation
events. For example, the Commission's Milwau
kee River watershed study determined that an
average of approximately 50 rainfall events may
be expected to occur each year during which the
intercepting devices which connect the combined
sewer outfalls to the intercepting sewers intended
to convey the dry weather waste water flows to the
Jones Island sewage treatment plant will operate
to discharge a mixture of sanitary sewage and
storm water runoff directly to the Milwaukee,
Menomonee, and Kinnickinnic Rivers and to Lake
Michigan through up to 112 combined sewer out
falls. Rainfall events may also cause separate
sanitary sewerage systems to surcharge andover
flow to surface water courses, and may require
sewage treatment plants to bypass large volumes
of untreated sewage in excess of the hydraulic
capacity of the plants. Such surcharging of sepa
rate sanitary sewerage systems is caused by the
entry of excessive quantities of rain, snowmelt,
and groundwater into the sanitary sewers via
manholes, building sewers, building downspouts,
and foundation drain connections, and by infiltra
tion through faulty sewer pipe joints, manhole
structures, and cracked pipes.

Precipitation and snowfall data for six represen
tative precipitation observation stations in south
eastern Wisconsin located on the Lake Michigan
shoreline at Port Washington, Milwaukee, and
Kenosha and inland at West Bend, Waukesha, and
Lake Geneva are presented in Table 12 and Figure
12. These data, which encompass periods of
record ranging from 15 to 65 years for the
various observation stations, illustrate the tem
poral and spatial variations in the type and
amount of precipitation that normally occur within
the Region.

The data indicate that the average annual total
precipitation in the Region, based on data for
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the six representative stations, is 30.3 inches,
expressed as water equivalent, and that the aver
age annual snowfall measured as snow at the time
of snowfall is 43.2 inches. Average total monthly
precipitation for the Region ranges from 1. 32
inches in February to 3. 86 inches in June. The
principal snowfall months are December, January,
February, and March when average monthly snow
falls are 8. 8, H. 9, 8.4, and 9. 3 inches, respec
tively, and during which time 89 percent of the
average annual snowfall may be expected to occur.
Snowfall is the predominant form of precipitation
during these months since over one-half of the
total precipitation during these months, expressed
as water equivalent, usually occurs as snow.
Approximately 20 inches, or two-thirds of the
average annual precipitation, normally occurs
during the late April through mid-October growing
season, primarily as rainfall. Assuming that
10 inches of measured snowfall is equivalent to
one inch of water, the average annual snowfall of
43.2 inches is equivalent to 4.32 inches of water
and, therefore, only 14.3 percent of the average
annual total precipitation occurs as snowfall. It
is of interest to note that approximately three
quarters of the 30. 3-inch average annual precipi
tation leaves the Region as evapo-transpiration;
the remaining one-quarter is transported from the
Region as streamflow.

The balance, on an annual basis, between water
input to the Region in the form of precipitation and
water removal from the Region in the form of
evapo-transpiration and streamflow, indicates that
there is no significant net annual change in ground
water storage. Although there is no such annual
change, there is, of course, an annual cycle of
groundwater recharge in the spring and early
summer followed by discharge from the shallow
groundwater reservoir during the remainder of
the summer and during the fall and winter period.

Precipitation data indicate that Lake Michigan
does not have as pronounced an effect on precipi
tation within the Region as it does on temperature.
A minor Lake Michigan effect is evident in a rain
fall reduction of up to about o. 5 inch per month in
late spring and summer in the eastern areas of
the Region relative to the western areas, which
reduction may be attributable to the cool lake
waters maintaining a cooler lower atmosphere
that inhibits convective precipitation.

The influence of Lake Michigan as a source of
moisture is reflected by slightly higher seasonal
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Table 12

PRECIPITATION CHARACTERISTICS AT SELECTED LOCATIONS IN THE REGION

Observation Station!

La keshore Location Inland Location
Port Washington Milwaukee Kenosha West Bend Waukesha Lake Geneva

Period of Record: Period of Record: Period of Record: Period of Record: Period of Record: Period of Record: Regional
1896·1960' 1931-1960 1945·1959 1930-1959 1930·1959 1945-1959 Summary

Average Average Average Average Average Average Average Average Average Average Average Average Average Average
Total Snow Total Snow Total Snow Total Snow Total Snow Total Snow Total Snow

Precip- and Precip- and Precip- and Precip- and Precip- and Precip- and Precip- and
Month itation Sleet itation Sleet itation Sleet itation Sleet itation Sleet itation Sleet itation Sleet Month

January 1.61 11.5 1.83 127 1.56 11.9 1.68 12.3 1.70 11.8 1.73 11.0 1.69 11.9 January
February 1.56 10.2 140 80 1.08 12.1 1.36 8.1 126 6.6 1.26 5.5 1.32 84 February
March 2.21 8.0 2.31 93 2.29 7.3 2.01 105 2.16 107 2.55 10.1 226 9.3 March
April 273 1.9 2.53 1.2 3.19 1.4 254 1.2 2.52 11 3.24 11 2.79 1.3 April
May 3.37 0.1 3.16 0.0 3.49 0.2 2.98 04 346 04 3.69 0.1 3.36 0.2 May
June 3.32 0.0 3.64 0.0 4.05 0.0 3.96 0.0 3.72 00 446 0.0 3.86 0.0 June
July 279 0.0 2.95 00 3.23 0.0 3.34 0.0 3.31 0.0 4.18 0.0 3.30 0.0 July
August 2.92 0.0 3.06 0_0 3.08 0.0 289 0.0 3.06 00 3.60 0.0 3.10 00 August
September 3.20 0.0 272 0.0 2.19 0.0 3.16 0.0 293 0.0 1.98 0.0 2.70 0.0 September
October 2.30 0.2 2.10 0.0 1.85 0.1 221 0.1 2.09 0.0 2.13 0.0 211 0.1 October
November 2.06 3.0 2.18 2.5 1.96 2.5 2.13 2.9 2.30 3.5 2.16 4.5 2.13 3.2 November
December 1.55 7.2 1.63 9.8 1.89 97 1.50 7.8 1.56 7.7 2.12 10.8 1.71 8.8 December
Year 29.62 42.1 29.51 43.5 29.86 45.2 2976 43.3 3007 41.8 33.10 43.1 30.33 43.2 Year

IObservation stations were selected both on the basis of the length of record avaJiable and geographic location within the Southeastern Wisconsin Region. Port Washington, Mil
waukee, and Kenosha are representative of areas where precipitatIOn would be Influenced by Lake Michigan, whereas West Bend, Waukesha, and Lake Geneva are typical of inland
areas haVing precipitatIOn that IS not generally Influenced by Lake Michigan. Kenosha and Lake Geneva are representative of southerly areas in the Region whereas Port Wash-
ington and West Bend typify northern locations. '

'Snow and sleet data for Port Washington is based on the 56 year period 1894 through 1950.

Source: Wisconsin Statistical Reporting Service, National Weather Service, and SEWRPC.
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snowfalls for the entire Region relative to inland
areas lying west of the Region. 2 Minor intra
regional spatial snowfall differences occur in that
seasonal snowfall tends to be greatest in the topo
graphically higher northwest portion of the Region
because moisture masses moving through that
area are forced up onto the higher terrain where
lower temperatures normally associated with in
creased height induce more snowfall than that
which would occur in the absence of the topo
graphic barrier.

Extreme precipitation data for the entire Region,
based on observations for stations located through
out southeastern Wisconsin having relatively long
periods of record, are presented in Table 13. The

2 The effect of Lake Michigan on the annual snowfall

in southeastern Wisconsin is minor relative to lake

effect snowfall experienced on the eastern shore of the

lake. In the winter, prevailing northwesterly winds

move cold, dry air over the relatively warm surface

of Lake Michigan. The air gains moisture and heat

energy and rises, producing annual snowfalls in excess
of 80 inches, about twice that experienced in Wiscon

sin, over most of the western portion of the State of

Michigan. For additional information see: Dewey,

K. F., "Lake-Effect Snowfall and Some Implications for

a Great Lakes Air Pollution Model," Northern Illinois

University, Department of Geography, September 1970.

mInImUm annual precipitation within the Region,
as determined from the tabulated data for the
indicated observation period, occurred at Wauke
sha in 1901, when only 17.30 inches of precipita
tion occurred, or 57 percent of the average annual
precipitation of 30.3 inches for southeastern Wis
consin. The maximum annual precipitation within
the Region occurred at Milwaukee in 1876 when
50.36 inches of precipitation occurred, or 166
percent of the average annual precipitation for
southeastern Wisconsin. The minimum seasonal
snowfall was 5. 0 inches, or about 11.5 percent of
the regional annual average snowfall, and was
recorded at Racine during the winter of 1901-1902,
whereas the maximum annual or seasonal snowfall
was 109 inches, or about 251 percent of the
regional annual average, and was recorded at
Milwaukee during the winter of 1885-1886.

The maximum monthly precipitation measured in
the Region was 13.17 inches, which occurred at
West Bend in August of 1924, while the maximum
monthly snowfall was 56.0 inches as recorded at
Waukesha in January of 1918. The maximum 24
hour or daily precipitation ever recorded in south
eastern Wisconsin, based on the data presented in
Table 13, occurred in the West Bend area on
August 4, 1924, when 7.58 inches of rain fell, and
the greatest 24-hour or daily snowfall was 30. 0
inches recorded at Racine in February 1898.
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As noted above, there are numerous ways in
which excessive quantities of rain, snowmelt, and
groundwater can enter separate sanitary sewer

systems causing surcharge of the conveyance
works and excessive hydraulic loading at the
sewage treatment plants which, in turn, results in
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Tab 1e 13

Name County

Observation
Station l

Snowfall

Maximum Maximum
Monthly Daily

Amount Month Year Amount Oay Month Year

52.6 Jan 1918 20.36 4-5 Feb. 1924
380 Feb. 1898 30.06 19-20 Feb. 1898
56.0 Jan 1918 20.06 5-6 Jan 1918
380 Jan. 1943 21.0 10-11 Dec. 1970

Total Precipitation (Water Equivalent)

Maximum Minimum Maximum Maximum Maximum Minimum
Annual Annual Monthly Daily Annual Annual

Amount Year Amount Year Amount Month Year Amount Oay Month Year Amoun! Year Amount Year

50,363 1876 18.693 1901 1003 June 1917 5.764 22-23 June 1917 109,05 1885-1886 11.05 1884-1885
48.33 1954 1775 1910 10.98 May 1933 4.00 11 Sept. 1933 85.0 189n898 5,07 1901-1902
43.57 1938 17.30 1901 11.41 July 1952 509 18 July 1952 83.07 19ln918 9.1 1967·1968
4052 1938 19.72 1901 13.172 Aug. 1924 7.581 4 Aug. 1924 865 1935-1936 19.6 196n968

EXTREME PRECIPITATION EVENTS IN THE REGION

1870-1970
1895-1970
1892-1970
1922-1970

Period of
Precipitation

Records Except

Where Indicated 1----'-T--t----'-T'---t--r==--,----+----,--=.;::'----.,---+--..:;:=---+----T=---+----,==,,-----1--,--'-1i'-----,,---f
Otherwise

Milwaukee
Racine
Waukesha
Washington

Milwaukee
Racine
Waukesha
West Bend

I
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JAn observation station was included if a minimum of 30 years of record was available.

2Based on the period 1895-1959 as reported in "A Survey Report for Flood Control on the Milwaukee River and Tribu·
taries." U.S. Army Engineer District, Chicago, Corps of Engineers, November 1964.

3Based on the period 1841-1970.

Source: Wisconsin Statistical Reporting Service, National Weather Service, U. S. Army Corps of Engineers, and SEWRPC

the discharge of untreated or partially treated
sewage to surface waters. Since the entry of
rainwater and snowmelt runoff into sanitary sew
erage systems may be expected to result in sur
face water pollution, and since storm water
drainage systems are intended to control by means
of retention and conveyance facilities the spatial
and temporal distribution of rain and snowmelt
runoff, it follows that sanitary sewerage systems
and stormwater drainage systems should be de
signed and developed concurrently so as to assure
the separate function and integrity of each of the
two systems, to immediately achieve the drainage
and pollution abatement benefits of the integrated
design, to realize construction economy, and to
minimize disruption to both the natural resource
base and the existing urban development.

The Commission has developed rainfall intensity
duration-frequency relationships, which are fun
damental to the design of storm water drainage
systems, based on a 64-year precipitation record
at the Milwaukee National Weather Service Sta
tion. These relationships are shown graphically
in Figure 13 and are presented in equation form
in Table 14. The equations are intended pri
marily for incorporation into digital computer
programs used in storm drainage system analysis
and design. The intensity-duration-frequency rela
tionships are directly applicable to urban storm
water drainage system design throughout the
Region using design procedures such as the
rational method 3 and may also be used in the
design of replacements for trunk and intercepting
sewers in existing combined sewer service areas.

Snow Cover
The likelihood of snow cover and the depth of snow
on the ground are important precipitation-related
factors that influence the planning, design, con
struction, and maintenance of sanitary sewerage

4Maximum precipitation for a 24-hour period.

5Maximum and minimum snowfalls for a winter season.

6Maximum snowfall for a 24-hour period.

IEstimated from incomplete records

systems. Snow cover, particularly early in the
winter season, significantly influences the depth
and duration of frozen ground which in turn affects
engineered works involving extensive excavation
and underground construction. Accumulated snow
depth at a particular location and time is pri
marily dependent on antecedent snowfall, rainfall,
and temperature characteristics, and the amount
of solar radiation. Rainfall is relatively unim
portant as a melting agent but can, because of
compaction effects, significantly affect the depth
of snow cover on the ground.

Snow depth as measured at Milwaukee for the
70-year period of 1900 through 1969 and published
in "Snow and Frost in Wisconsin," a 1970 Wis
consin Statistical Reporting Service report, is
summarized and presented in Table 15. It should
be emphasized that the tabulated data pertains to
snow depth on the ground as measured at the place
and time of observation and is not a direct mea
sure of average snowfall. Recognizing as dis
cussed above that snowfall and temperatures and
therefore snow accumulation on the ground vary
spatially within the Region, the Milwaukee area
data presented in Table 15 should be considered
only as an approximation of conditions that would
be encountered in other parts of the Region. As
indicated by the data, snow cover is most likely

3For a detailed description of the rational method

with emphasis on the use of soils, mapping, land use,

and hydrologic data available for the seven-county

planning Region, refer to Bauer, K. W., "Determina

tion of Runoff for Urban Storm Water Drainage System

Design, "SEImPC Technical Record, Vol. 2, No.4, Apri1

May 1965. The procedures used to obtain equations

for intensity-duration-frequency relationships are

described in Wa1esh, S. Go., "Development of Equations

for Intensi ty-Durat ion-Frequency Relationships," SEIWU'C
Technical Record, Vol. 3, No.5, March 1973.
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Figure 13

POINT RAINFALL INTENSITY-DURATION-FRE~UENCYCURVE
BASED ON MILWAUKEE DATA FOR 1903-1966

DURATIONS OF 5 MINUTES TO 180 MINUTES

DURATIONS OF 3 HOURS TO 24 HOURS

Source: SEIIRPC.
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during the months of December, January, and
February during which period of time at least a
0.40 probability exists of having one inch or more

60

of snow cover at Milwaukee. Furthermore, during
January and the first half of February, at least
a 0.25 probability exists of having five or more
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inches of snow on the ground. During March, the
month in which severe spring snowmelt-rainfall
flood events are most likely to occur, at least a
0.30 probability exists of having one inch or more
of snow on the ground during the first half of the
month while the probability of having that much
snow cover diminishes to O. 07 by the end of
the month.

Tab 1e 14-

POINT RAINFALL INTENSITY-DURATiON-FREQUENCY
EQUATIONS BASED ON MILWAUKEE DATA FOR

1903-1966

Equation'
Recurrence Duration of 5 Minutes Duration of 60 MinutesInterval or More or More(Years) But Less Than 60 Minutes Through 24 Hours

2 I=~ -0.781

154 + T I = 289 T

5 I=~ -0776

16.6 + T I = 38.2 T

10 I=~ -0772

17.1 + T I = 44.2 T

25 I=~ -0.771

17.8 + T I = 52.3 T

50 I=~ -0.768

18.0 + T I = 57.3 T

100 I=~ -0.768

184 + T I = 63.5 T

'The equations are based on Milwaukee rainfall data for the 64-year period of 1903
to 1966. These equations are applicable, within an accuracy of ;t1O percent, to the
entire southeastern Wisconsin planning region.

'/ = Rainfall intensity in inches per hour.
T = Duration in minutes.

Source: SEWRPC.

The aforementioned table facilitates an estimation
of the probability that a given snow cover will be
reached or exceeded at any given time and should,
therefore, be useful in planning winter outdoor
work and construction activities as well as esti
mating runoff for sewer design purposes. There
is, for example, only a 0.07 probability of encoun
tering one or more inches of snow cover on
November 15 of any year whereas there is a much
higher probability, 0.61, of having that much
snow cover on January 15.

Frost Depth
Ground frost or frozen ground refers to that con
dition in which the ground contains variable
amounts of water in the form of ice. Frost influ
ences hydrologic processes, particularly the per
cent of rainfall or snowmelt that will run off the
land directly to sewerage systems and to surface
watercourses in contrast to that which will enter
and be temporarily detained in the soil. Antici
pated frost conditions influence the design of
engineered works in that structures and facilities
are designed so as to either prevent the accumu
lation of water and, therefore, the formation of
damaging frost, as in the case of pavements and
retaining walls, or structures and facilities are
designed so as to be partially or completely
located below the frost susceptable zone in the
soil, as in the case of foundations and water
mains. For example, in order to avoid or mini
mize the danger of structural damage, foundation
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Table 15

SNOW COVER PROBABILITIES AT MiLWAUKEE BASED ON
DATA FOR THE PERIOD 1900-1970

Snow Cover' I

1.0 Inch or More 5.0 Inches or More 10.0 Inches or More 15.0 Inches or More Average

Number Probability Number Probability Number Probability Number Probability
(Inches)

Date of of of of of of of of Per
Month Day Occurrences' Occu rrence3 Occurrences' Occurrence' Occurrences' Occurrence' Occurrences' Occurrence' Occurrence' Overall'

November 15 5 0.07 0 0.00 0 0.00 0 0.00 1.2 009
30 12 0.17 1 0.01 1 0.01 0 0.00 2.8 049

December 15 33 047 10 0.14 0 0.00 0 000 3.3 1.54
31 32 046 9 0.13 1 001 0 0.00 3.6 1.66

January 15 43 0.61 17 0.24 4 006 2 003 4.9 2.94
31 48 069 22 0.31 9 0.13 4 0.06 6.2 4.26

February 15 44 063 23 0.33 7 0.10 3 004 6.0 3.69
28 27 0.39 8 0.11 3 0.04 1 0.01 4.5 1.69

March 15 23 0.33 6 0.09 4 0.06 0 0.00 3.9 1.21
31 5 0.07 1 001 1 0.01 0 0.00 3.4 0.24

lData pertains to snow depth on the ground as it was measured at the time and place of observation, and is not a direct measure of average snowfall.
'Number of occurrences is the number of times during the la-year period of record when measurements revealed that the indicated snow depth was equaled or exceeded on the
indicated date.

'Probability of occurrence for a given snow depth and date is computed by dividing the number of occurrences by 70, and is defined as the probability that the indicated snow
cover will be reached or exceeded on the indicated date.

'Average snow cover per occurrence is defined as the sum of all snow cover measurements in inches for the indicated date divided by the number of occurrences for that date,
that is, the number of times in which 1.0 inch or more of snow cover was recorded.

'Overall average snow cover is defined as the sum of all snow cover measurements in inches for the indicated date divided by la, that is, the number of observation times.

Source: Wisconsin Statistical Reporting Service, National Weather Service, and SEWRPC.
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footings must be placed at a sufficient depth in the
ground so as to be below that zone in which the
soil may be expected to contract, expand, or
shift due to frost action. A similar consideration
exists in the design and construction of sani
tary sewers.

Snow cover is a primary determinant of the depth
of frost penetration and of the duration of frozen
ground. The thermal conductivity of snow cover
is less than one-fifth that of moist soil so that
heat loss from the soil to the cold atmosphere is
greatly inhibited by an insulating snow cover. An
early, major snowfall that is retained on the
ground as a substantial snow cover will inhibit or
prevent frost development in unfrozen ground and
may even result in a reduction or elimination of
frost in already frozen ground. If an early, sig
nificant snow cover is maintained by additional
regular snowfall throughout the winter season,
frozen ground may not develop at all or, at most,
a relatively small frost penetration will occur.
Frost depth is also dependent on vegetal cover
and soil type. Assuming similar soil types, for
example, frost will penetrate more deeply into
bare, unprotected soil than into soil covered with
an insulating layer of sod.

Frost conditions for the Region are available on
a bimonthly basis for the months of November
through March as shown in Figure 14, and are
based upon data for an eight-year period of
record, extending from 1961 through 1968 as
set forth in the report "Snow and Frost in
Wisconsin," published in 1970 by the Wisconsin
Statistical Reporting Service. These data are pro
vided for representative locations on a weekly
basis by funeral directors and cemetery officials
from about thirty frost depth reporting sites in
southeastern Wisconsin. Since cemetery soils
are normally overlain by an insulating layer of
turf, the frost depths shown in Figure 14 should
be considered minimum values. During the period
that frost depth observations have been made in
southeastern Wisconsin, one of the deepest region
wide frost penetrations occurred in early March
1963 when 25 to 30 inches of frost occurred
throughout the seven-county planning Region. Re
corded frost depths have actually exceeded 36
inches in parts of Ozaukee, Milwaukee, Racine,
and Kenosha Counties, and 48 inches in Washing
ton and Waukesha Counties:'

4Letter from M. W. Burley, Wisconsin State Climatolo

gist to SEWRPC, April 5, 1965.
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The data indicate that frozen ground is likely to
exist throughout the Region for approximately four
months each winter season extending from late
November through March, with six or more inches
of frost normally occurring during January, Feb
ruary, and the first half of March. Historic data
indicate that the more severe frost conditions
normally occur in February when between 12 and
18 inches of frost may be expected.

Minor Climatic Elements
Evaporation rate, wind magnitude and direction,
the amount of daylight, and the expected extent of
sky cover, are considered minor climatic factors
and, as such, detailed data within the Region are
available primarily for the Milwaukee area. It
is, however, possible to develop a generalized
description of evaporation, wind, sunshine and
sky cover conditions for the Region by using Mil
waukee data supplemented with information from
other sources such as the Commission's current
regional airport system planning program.

Evaporation: Evaporation is the natural process
whereby water is transformed from the liquid or
solid state to the vapor state and returned to the
atmosphere. Total evaporation includes evapora
tion from water and snow surfaces and directly
from the soil. It also includes evaporation of
precipitation intercepted by vegetation and evapo
ration of water transpired by vegetation.

The magnitude and annual variation in evaporation
from water surfaces and the relation of that evap
oration to precipitation is of importance to sewage
treatment plant operation primarily because of its
implications for the design and operation of sludge
drying beds. Digested sludge is spread on the
drying beds which are normally open to the
atmosphere, constructed of graded layers of
gravel or crushed stone, and provided with an
underdrain system. Dewatering occurs by the dual
processes of filtration through the porous material
and evaporation to the atmosphere.

Limited evaporation data available for the Region
indicates an average annual evaporation from a
water surface of about 28 inches, with about three
quarters of this, or 21 inches, occurring during
the six-month May through October period. As
indicated earlier in this chapter and summarized
in Table 12, the average annual precipitation for
the Region is about 30 inches, which exceeds the
average annual evaporation by about two inches.
During the aforementioned six-month May through
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October period, regional precipitation is about
18 inches and, therefore, evaporation from a water
surface may be expected to exceed precipitation
by about three inches during this period.

The approximate equality between annual evapora
tion and precipitation indicates that the process of
evaporation should not be considered the primary
dewatering mechanism for uncovered, open-air
sludge drying beds used in the Southeastern Wis
consin Region. Instead it is necessary to rely
primarily on the underdrain system to achieve
successful sludge dewatering or to provide covers
for the drying beds.

Wind: Prevailing winds in the Region follow a
clockwise pattern in terms of the prevailing
direction over the seasons of the year, being
northwesterly in the late fall and winter, north
easterly in the spring, and southwesterly in the
summer and early fall. Wind velocities in south
eastern Wisconsin may be expected to be less than
five miles per hour about 15 percent of the time,
between five and 15 miles per hour about 60 per
cent of the time, and in excess of 15 miles per
hour about 25 percent of the time.

Figure 15 presents wind direction data for seven
locations within the Region and for six additional
sites located immediately north or west of the
Region. As shown by the wind roses, the Region
exhibits a rather uniform distribution of wind
direction, that is, there are no extreme differ
ences in the frequency of wind direction from one
location to another in or near the Region on an
annual basis. Of the eight compass points depicted
for each of the seven in-Region locations in Fig
ure 15, the dominant directions from which the
wind blows tend to be the southwest, northwest,
northeast, and southeast, while the wind may be
expected to originate from due north, south, east,
or west only a relatively small proportion of the
time. Based on averages of the indicated per
centages for each of the seven in-Region locations,
the wind may be expected to blow from the south
west and northwest each about 20 percent of the
time, and from the southeast and northeast each
about 15 percent of the time. Thus, the winds in
southeastern Wisconsin may be expected to blow
from these four of the eight compass points about
70 percent of the time.

One beneficial effect of wind, in the context of
regional sanitary sewerage system planning, de
sign, and operation, is the increased rates of

oxygen absorption that occur in lakes and streams
as well as sewage treatment units open to the
atmosphere as a result of continuous air move
ment which oxygen is, as discussed earlier,
required for desirable aerobic biochemical pro
cesses. Wind also accelerates evaporation and,
thus, sludge drying beds should be designed,
located, and oriented so as to maximize the evap
oration and, therefore, the sludge drying process.
Potential undesirable wind effects, which can be
precluded or at least minimized by careful engi
neering, planning, design, and operation of sewage
treatment facilities, include transmission of odor
ous gases into urban areas and the concentration
of treatment plant effluent along certain downwind
lakeshore areas resulting in excessive concentra
tions of floating and rooted aquatic piallt growth.
Actual or potential odor problems in the proximity
of sewage treatment plants may be eliminated or
minimized by siting that recognizes the prevailing
westerly winds in southeastern Wisconsin and by
proper plant management. Prevailing winds, and
the surface water currents induced by those
winds, constitute primary considerations in the
location of discharge points for sewage treatment
plant effluent.

Daylight and Sky Cover: The annual variation in
the time of sunrise and sunset and the daily hours
of sunlight are presented in Figure 16. Expected
sky cover information, in the form of the expected
percent of clear, partly cloudy, and cloudy days
each month, are also summarized in Figure 16.
These daylight and sky cover data have some
value in planning outdoor construction and main
tenance work and are also useful in analyzing and
explaining diurnal changes in observed surface
water quality. For example, marked changes in
measured stream dissolved oxygen levels are
normally correlated with the transition from day
time to nighttime conditions when photosynthetic
oxygen production by algae and aquatic plants is
replaced by oxygen utilization through respiration
by those algae and aquatic plants. As illustrated
in Figure 16, the annual variation in daylight
ranges from a minimum of 9. 0 hours on about
December 22, the winter solstice, to a maxi
mum of 15.4 hours on about June 21, the sum
mer solstice.

Mean monthly sky cover for the sunrise to sunset
period varies somewhat during the year. The
smallest amount of daytime sky cover may be
expected to occur during the four-month July
through October period when the mean monthly
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I Figure 16

SUNRISE, SUNSET, AND SKY COVER AT MILWAUKEE
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sky cover is at or slightly above 0.5. Clouds or
other obscuring phenomena are most prevalent
during the five-month November through March
period when the mean monthly daytime sky cover
is about 0.7. The tendency for maximum annual
sky cover in the winter and minimum annual sky
cover in the summer is also illustrated by exam
ining the expected relative number of days classi
fied as clear, partly cloudy, and cloudy for monlhs

in each of those seasons. During the summer
months, as shown in Figure 16, about one-third
of the days may be expected to be categorized as
clear, one-third as partly cloudy, and one-third
as cloudy. Greater sky cover occurs in the winter,
however, when over one-half of the days are clas
sified as cloudy, with the remainder being approx
imately equally divided bctween partly cloudy and
clear.

I
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Lake Michigan Currents
It is appropriate to describe Lake Michigan cur
rent characteristics in the context of climate
since, as discussed earlier in this chapter, the
lake influences the Region's climate and weather
and, as discussed below, one climatic factor
prevailing wind direction-is a primary determi
nant of current behavior. There is, in effect,
an intimate interaction between the Region I s cli
mate and the characteristics of Lake Michigan
currents near the seven-county Region.

The behavior of Lake Michigan currents near
southeastern Wisconsin is of importance to sani
tary sewerage system planning because the lake
serves multiple, potentially conflicting roles. On
the one hand, Lake Michigan is used as a waste
depository, or sink, that receives a variety of
waste water from many different sources. Munic
ipal sewage treatment plants discharge treated
effluent directly to the lake. Overflow from com
bined sewer systems in the Cities of Milwaukee,
Racine, and Kenosha discharge sanitary sewage to
the lake either directly via outfalls located on the
lake shore or indirectly to streams tributary to
Lake Michigan. Streams tributary to Lake Michi
gan, which include the Milwaukee, Root, Menom
onee, Pike, Kinnickinnic, and Sheboygan Rivers
and Sauk and Oak Creeks, transport a variety of
potential pollutants into the lake. These pollutants
originate inland from point sources such as
municipal and industrial waste water treatment
plant outfalls and nonpoint sources such as storm
water and snowmelt runoff from both urban and
rural areas. The lake also receives pollutants
directly contained in rural and urban runoff from
those areas which drain directly to the lake and
from waste water discharges of vessels, and has,
in the past, served as a depository for harbor
dredgings.

In addition to serving as a disposal point for much
of the waste water of southeastern Wisconsin,
Lake Michigan serves as the principal source of
water supply for the Region. Thirty-one percent
of the public water utilities serving 68 percent of
the resident population of the Region rely on Lake
Michigan as their source of water supply. The
lake is also a focal point for numerous recrea
tional activities including swimming, boating, and
sport fishing, and of course is generally regarded
as a valuable aesthetic feature of southeastern
Wisconsin. Since Lake Michigan serves poten
tially conflicting functions-waste water disposal,
water supply, and recreational resource-and since

68

the successful coordination of these functions may
be influenced by the direction and magnitude of
lake currents, it is important that the behavior of
those currents be understood and integrated into
future water resources planning for the lake shore
area within the Region.

Lake current data are available as a result of an
extensive study 5 of Lake Michigan conducted by
the Federal Water Pollution Control Administra
tion. Information pertinent to southeastern Wis
consin extracted from that study is presented
herein for the purpose of characterizing the
behavior of lake currents near the Region and
to permit an evaluation of some implications
of current phenomena to sanitary sewerage sys
tem planning.

Physical Setting: The Lake Michigan basin is
separated into two glacially formed subbasins by
an east-west ridge crossing the lake at a point
near the northern boundary of the seven-county
Region. Thus most of the 80-mile Lake Michigan
shoreline in southeastern Wisconsin lies adjacent
to the southern basin. This basin, which has a
maximum depth of about 525 feet, is smaller and
shallower than the northern basin. The east-west
ridge separating the two basins generally lies
within about 300 feet of the surface at the mid
lake, and as such, constitutes a significant bar
rier to flow patterns. The ridge influences lake
currents to the extent that each of the two sub
basins exhibits a unique current pattern.

Current Characteristics: Lake Michigan water
movements in the southern basin near the Region
occur in two rather separate configurations re
ferred to as the nearshore currents and the off
shore currents. The offshore currents consist
essentially of a rotating mass of water that in
terms of the area encompassed, is large relative
to the nearshore currents. With regard to the use
of Lake Michigan as a waste water depository and
as a water supply-recreation resource, however,
offshore currents are of little consequence rela
tive to nearshore currents, since the afore
mentioned uses of Lake Michigan occur almost
exclusively in the nearshore area.

5 'Lake Currents--a Technical Report Containing Back
ground Data for a Water Pollution Control Program-Lake
Michigan Basin," Federal Water Pollution Control Admin
istration, Great Lakes Region, Chicago, Illinois,
November 1967.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The width of the nearshore current varies during
the year from two to 10 miles, and while this may
be a widely fluctuating band, the narrowest limit
of .the band-two miles-will always encompass
that narrow zone paralleling the shore in which
most of man rS uses are concentrated. For exam
pIe, municipal sewage treatment plant outfalls at
the Cities of Port Washington, South Milwaukee,
Racine, and Kenosha; along with those of the North
Park Sanitary District and the Sewerage Commis
sion of the City of Milwaukee, are either located
on the shore or discharge within one-half mile of
the shore. Municipal water treatment plant intakes
at the Cities of Port Washington, Milwaukee,
Cudahy, South Milwaukee, Oak Creek, Racine, and
Kenosha, as well as that of the North Shore Water
Utility, are all located within 1. 5 miles of the
shore. Most recreational uses of Lake Michigan
will occur on, or be concentrated near, the shore
and thus be within the nearshore current.

The nearshore current, at least the heavily used
two-mile-wide portion immediately adjacent to the
shore, extends to the lake bottom, or to a depth of
at least 50 feet, most of the time. An exception
occurs during the spring and early summer as a
result of the position of the thermocline which
determines the lower limit of the nearshore cur
rent and is defined as the undulating surface
separating the warm, less dense upper layer, or
epilimnion, of the stratified lake from the cold,
more dense lower layer, or hypolimnion. The
epilimnion is in a formative stage during the
spring and early summer during which time it
increases in thickness from the water surface
downward. By midsummer, which is the critical
time of the year in that pollutants are most likely
to produce adverse effects because of relatively
high water temperatures and because recreational
use is at its annual peak, the thermocline descends
to about 50 to 65 feet. The thermocline position
remains essentially stationary until the late fall
or early winter overturn when, as a result of
cooling at the water's surface combined with the
energy of the wind, the entire depth of the water
in the nearshore zone is subjected to mixing.
This mixing process may be expected to continue
until spring when, once again, epilimnion begins
to form.

Thus, the nearshore current will be in excess of
50 feet thick most of the year including the critical
midsummer period. The aforementioned munici
pal sewage treatment plant outfalls all discharge
within about 30 feet of the surface, whereas all

municipal water supply intakes withdraw water
from within approximately 50 feet of the surface.

Regardless of the season of the year, the primary
driving force for the nearshore currents is the
prevailing wind, with the general direction of
these currents being determined by wind direction
combined with the tendency of the coastal bound
ary to orient the flows in a northerly or southerly
direction parallel to the shore. If the year is
roughly divided into a "summer" period and a
"winter" period, lake current observations reveal
that the nearshore currents will flow primarily
toward the north during the summer whereas they
will flow both north and south approximately equal
proportions of the time during the winte:Q. On an
annual basis, the nearshore current will flow
northerly about 65 percent of the time and south
erly the remaining 35 percent of the time. Wind
driven nearshore currents, regardless of whether
the motion is northerly or southerly, may be
expected to move at a velocity of about 2.5 to
5.5 miles per day.

Implications for Sewerage System Planning: The
following general conclusions may be drawn from
the lake current information presented with re
spect to areawide sewerage system planning:

1. The portion of Lake Michigan of direct
concern to the seven-county planning Re
gion is the two- to ten-mile wide zone
occupied by the wind-driven nearshore
current. Nearshore currents move paral
lel to the shore and are essentially inde
pendent of, that is, do not readily mix
with, offshore water movements.

2. Southeastern Wisconsin utilizes Lake Mich
igan as a waste water depository and as a
water supply-recreation resource, with
these potentially conflicting uses all being
concentrated in the aforementioned near
shore zone. Since the nearshore current
zone approximates a closed system, both
water supply uses and the recreational
activities should be carefully managed and
monitored.

3. Inasmuch as the nearshore current near
southeastern Wisconsin may be up to 10
miles wide, that is, extends out into the lake
for a distance of up to 10 miles, it does
not seem economically feasible to attempt
to discharge potential pollutants east of
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the nearshore current zone by construct
ing long-la or more miles-municipal sew
age treatment plant outfalls. A less costly
and equally effective approach would prob
ably be to continue to locate such outfalls
within the nearshore zone-with the pre
cise location determined by supplemental
field studies of local currents-and to pro
vide adequate levels of treatment so as to
eliminate the introduction of pathogenic
organisms into the lake and to minimize
the discharge of nutrients, oxygen-demand
ing materials, solids, and other potentially
troublesome substances which would inter
fere with the use of the lake as a water
supply and recreational resource.

4. The nearshore current is not, on an annual
basis, unidirectional, since it flows north
erly about two-thirds of the time and
southerly the remaining one-third. In
evaluating the potential adverse effects of
waste water discharges, therefore, due
consideration should be given to water
supply intakes and recreation areas lo
cated both north and south of each waste
water outfall.

PHYSIOGRAPHY

The Southeastern Wisconsin Planning Region is
located in the upper Midwest between Lake Michi
gan on the east, the Green Bay-Lake Winnebago
lowlands on the north, the Rock River basin on the
west, and the low dunes and swampland at the
headwaters of the illinois River on the south. The
seven-county Region within the jurisdiction of the
Southeastern Wisconsin Regional Planning Com
mission extends for approximately 52 miles from
east to west at its widest extent, and approxi
mately 72 miles from north to south. The Region
encompasses approximately 2, 621 square miles of
land area and 68 square miles of inland water
area exclusive of Lake Michigan, or a total gross
land and water area of approximately 2,689 square
miles or 1,720, 000 acres. Topographic elevations
range from approximately 580 feet above mean
sea level at the Lake Michigan shore to about
1,320 feet above mean sea level at Holy Hill in
southwestern Washington County. The Region lies
astride a major subcontinental divide between the
upper Mississippi River and the Great Lakes-st.
Lawrence River drainage basins.
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Physiographic and Topographic Features
Glaciation has largely determined the physio
graphyand topography as well as the soils of this
part of the state. The physiographic features or
surficial land forms of southeastern Wisconsin
are shown on Map 14 whereas regional topography
or variation in elevation is generalized on Map 15.
There is evidence of four major stages of glacia
tion in the Region, the last and most influential
in terms of present physiography and topography
was the Wisconsin stage which is believed to have
ended about 11, 000 years ago.

The dominant physiographic and topographic fea
ture is the Kettle Moraine, an interlobate glacial
deposit, or moraine, formed between the Green
Bay and Lake Michigan tongues, or lobes, of the
continental glacier which moved in a generally
southerly direction from its point of origin in
what is now Canada. Topographically high points
in the Kettle Moraine include areas around Lake
Geneva in Walworth County, areas in southwestern
Waukesha County north of Eagle, areas in central
Waukesha County around Lapham Peak, and areas
around Holy Hill and Hartford in southwestern and
western Washington County. The Kettle Moraine,
which is oriented in a general northeast-southwest
direction across western Washington, Waukesha,
and Walworth Counties, is a complex system of
kames, or crudely stratified conical hills; kettle
holes marking the site of glacial ice blocks that
became separated from the ice mass and melted
to form depressions; and eskers, consisting of
long, narrow ridges of drift deposited in aban
doned drainageways. It forms some of the most
attractive and interesting landscapes within the
Region as well as being the area of the highest
elevation and the area of greatest local elevation
difference, or relief, within southeastern Wis
consin. The Kettle Moraine of Wisconsin, much
of which lies within the Region, is considered
as one of the finest examples of a glacial inter
lobate moraine in the world. Because of its
still predominantly rural character and its excep
tional natural beauty, the Kettle Moraine and
surrounding area is and may be expected to con
tinue to be subjected to increasing pressure for
urban development.

The remainder of the Region is covered by a
variety of glacial land forms and features includ
ing kames, ground moraine or heterogeneous
material deposited beneath the ice, recessional
moraines consisting of material deposited at the
forward margins of the ice sheet, lacustrine
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Map I It

PHYSIOGRAPHIC FEATURES
OF THE REGION

o 2 3 " ~ 6 ""LES
~_::E::--=,,_3

~~OOOFEET

Physiographic features, or surficial land forms, throughout southeastern Wisconsin were deter
mined largely by repeated stages of glaciation, thelast of which, the Wisconsin stage, is believed
to have ended about 10,000 years ago. Included in the great variety of interesting and attrac
tive glacial land forms covering the Region are ground and recessional moraines, abandoned lake
basins, outwash plains, kames, eskers, and druml ins. The dominant feature is the Kettle Moraine,
an interlobate moraine lying in a northeasterly-southwesterly direction within the western part
of the Region and formed by and between the Green Bay and Lake Michigan lobes of the contin
ental glacier.
Source: SEWRPC.
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The topography, or relative elevation of the land surface throughout the Region, is determined
by the configuration of the bedrock geology in combination with overlying glacial deposits. Ele
vations within southeastern Wisconsin range from a low of about S80 feet MSL on the lake Michigan
shore to a high of 1,320 feet MSL at Holy Hill in southwestern Washington County. Topographic
highs and some of the most attractive landscapes and scenic vistas in the Region are coincident
with the interlobate Kettle Moraine area in the western portion of the Region.

Source: SE»'RPC.
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basins or former lake sites, outwash plains
formed by the action of flowing glacial meltwater,
eskers, or elongated meandering ridges of rudely
stratified water-lain sand and gravel deposits,
and drumlins, or elongated mOWlds of drift molded
by and parallel to the advancing glacier,

Glacial land forms are of economic significance
because some are prime sources for sand and
gravel for highway and other construction pur
poses. Many of the larger topographic depres
sions of the Region, including the kettle holes,
have developed into the numerous lakes which dot
large areas of western Washington, Waukesha,
and Walworth Counties and which are becoming
increasingly popular both as recreational areas
and as residential centers.

Topography is important to sanitary sewerage
system planning since it influences the route,
size, and slope of trunk sewers, as well as the
need for, location and capacity of pumping and lift
stations. As a result of the Commission's con
tinuing mapping program, large-scale mapping
(1" ~ 100' and 1" = 200' scale, 2-foot and 4-foot
contour interval) prepared to National Map Accu
racy Standards is available for 502 square miles,
or 21 percent of the total area of the Region."
This topographic mapping, together with 1" = 400'
scale aerial pbotographs available for the entire
Region, will be most valuable for detailed sewer
age system design during implementation of the
regional sanitary sewerage system plan.

Surface Drainsge
Surface drainage is poorly developed but highly
diverse within the planning Region due to the
effects of the relatively recent glaciation. The
land surface, as a result of being covered by
glacial drift, is complex, containing thousands of
closed depressions that range in size from mere
pits to large areas. Significant areas of the Region
are covered by wetlands, and many streams are
mere threads of water through these wetlands.
The cleven major watersheds of southeastern
Wisconsin are depicted on Map 16 along with the
surface drainage pattern of the major perennial
stream system.

6Dnta as of January 1, 1973. Refer to the most recent

SEJm'PC Annual Report for an index map showing topo

~raphic mapping and control survey coverage in the
Southeastern Wisconsin Re~ion.

A major subcontinental divide, oriented in a
generally northwesterly-southeasterly direction,
approximately bisects the Region so that about
1,685 square miles, or 63 percent of the Region
lying west of the divide, drains to the Mississippi
River, while the remaining 1,004 square miles,
or 37 percent, is tributary to the Great Lakes-St.
Lawrence River drainage basin. The subconti-

Map 16

WATERSKEDS AND SURFACE WATER
RESOURCES OF TKE REGION
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A subcontinental divide traverses the Southeastern Wis
consin Region. TIIat lIart of the Region lying east of this
divide is tributary to the Great lakes-St. lawrence River
drainage systell, whl18 that part of the Region I ying west
of this divide is tributary to the Mississippi River
drainlloge system. This subcontinental divide has certain
Important implications for water resources planning and
.anagellent, since aajor diversions of water across this
divide are restricted by law and interstate and inter
national COllpacts. The general I y dendri tic surface water
drainage pattern of the Region, whicll is the result of
tile glacial land forms and features, divides the Region
Into II indIvidual watersheds, three of whicl'l--the Des
Plaines, FOll, and Rock River watersheds--I ie west of the
subcontinental divide. In addition to the II watersheds,
there are numerous small catchment areaS along the Lake
Michigan shoreline that drain directly to the lake, which
areas together lllay be considered to comprise a twelfth
watershed.

SOCIrce: S~RI'C.
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nental divide not only exerts a major physical
influence on the gross drainage pattern of the
Region, but also carries with it certain legal con
straints on the diversion of water across. the
divide, and thereby constitutes an important con
sideration in sewerage system planning.

The surface water drainage pattern of southeast
ern Wisconsin may be further subdivided so as to
identify 11 major watersheds, five of which, the
Root River, Menomonee River, Kinnickinnic River,
Oak Creek, and Pike River watersheds, are wholly
contained within the Region. In addition to these
11 major watersheds, there are numerous small
catchment areas contiguous to Lake Michigan that
drain directly to the lake by local natural water
courses and artificial drainageways, and these
areas together may be considered as comprising
a twelfth watershed. 7 The drainage in the Region
tends to exhibit a disordered dendritic pattern
except for a small area of trellised or rectangular
drainage evident in the Des Plaines River water
shed and in the Racine County portion of the Root
River watershed. The Fox River watershed and
the headwaters of the Rock River and Des Plaines
River watersheds drain to the south and southwest
towards their confluences with the lllinois River,
a tributary of the Mississippi River. The remain
der of the Region drains in a generally easterly
direction towards Lake Michigan by way of the
Milwaukee, Menomonee, Root, andother drainages.

The surface drainage pattern and the location of
watershed boundaries are pertinent to preparation
of the regional sanitary sewerage system plan,
since emphasis on in-watershed solutions is one
of the five basic principles governing sewerage
system planning formulated under the regional
sanitary sewerage system planning program. Fur
thermore, sanitary sewerage systems within that
portion of southeastern Wisconsin tributary to

7The Commission has completed comprehensive watershed

studies for the 197 square mile Root River watershed;

the 939 square mile Fox River watershed; and the

694 square mile Milwaukee River watershed, 430 square

miles of which lies in the Region. Comprehensive

watershed studies have, therefore, been completed for

1,566 square miles, or 58 perce~t, of the 2,689 square

mile seven-county Region. The Commission is currently

(1973) conducting a comprehensive planning program

for the 136 square mile Menomonee River watershed

which, upon completion, will increase the portion of

the Region included in watershed studies to 1,702
square miles, or 63 percent, of the total area of

the Region.
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Lake Michigan are subject to certain water pollu
tion abatement recommendations made by the
Federal Lake Michigan Enforcement Conference.
This conference, originally convened by the Sec
retary of the U. S. Department of the Interior at
Chicago, illinois, in 1968, formulated and jointly
agreed to 26 recommendations dealing with water
pollution control efforts in the Lake Michigan
basin. Of particular significance to the regional
sanitary sewerage system planning program are
recommendations that waste treatment be pro
vided by all municipalities in the basin to achieve
at least 80 percent reduction of total phosphorus, 8

that continuous disinfection be provided throughout
the year for all municipal waste treatment plant
effluent, that industries not connected to municipal
sewerage systems provide sewage treatment so
as to meet the water quality standards for Lake
Michigan, that unified sewage collection systems
serving contiguous areas be encouraged, and that
pollution from combined sewer areas be con
trolled either through separation or through other
techniques by July 1977.

GEOLOGY

Bedrock
The bedrock formations underlying the unconsoli
dated surficial deposits of southeastern Wisconsin
consist of Cambrian through Devonian Period
rocks of the Paleozoic Era that attain a thickness
in excess of 1,500 feet along the eastern limits of
the Region, which are in turn underlain by older,
predominantly crystalline rocks of the Precam
brian Era. The bedrock geology of the Region is
depicted on Figure 17 by means of a map of the
surface of the bedrock supplemented with a repre
sentative vertical section.

A stratigraphic column including a description of
the lithologic characteristics of bedrock forma
tions beginning with those dating back to the Ordo
vician Period and of glacial deposits is presented
in Table 16. Bedrock formations in the Region dip
gently down toward the east at an average slope of
about 20 feet per mile with the result that the bed
rock lying immediately beneath the unconsolidated
surficial deposits in the western extremities of the
Region are older rocks of the Ordovician Period
whereas, in the east along Lake Michigan, younger

8See Chapter VII of this report for a discussion of

the implementation of the phosphorus removal require

ment in Wisconsin.
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I Figure 17

MAP AND CROSS SECTION OF BEDROCK GEOLOGY IN THE REGION
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I Table 16

STRATIGRAPHIC COLUMN OF BEOROCK AND GLACIAL DEPOSITS IN THE REGION

I
I
I
I
I
I

System Series Formahon Lithologic DeScriptIOn
Quaternary Recent Deposits SOils. muck. peat. alluvium, beach salld alld gravel. 0 to 5 feet thick

Pleistocene DepOSits Till and outwash sand and gravel. 0 to 430 feet thick.
Kenwood Shale, black. carbonaceous. Fossiliferous. No outcrops. Found in City of Milwaukee Intake tunnel - lake Michigan Ap·

pro~imately 55 feet thick
Devonian Milwaukee Shale, shaly limestone: lower 1/3 dolomite. FossIliferous. Appro~lmately 130 feet thIck

Middle Erian Thiensville Dolomite, thIck to thill-bedded. Some fossils. Small amounts of bitumen ApprOXimately 65 feet thick
lake Church Dolomite. thick to thin-bedded FOSSiliferous. Pyribc III places. ApprOXimately 27 feet thick.

Slluflan Cayugan Waubakee Dolomite, thlll·bedded. hard and brittle. Fossils scarce. ApprOXimately 30 leet thick

Racine DolorMe, hne to coarsely crystalline. Thick to thin-bedded Barren to fossiliferous. ApprOXImately 100 feet thick
Niagaran Mallls!lQue Oolornlte - lower part lhln-bedded FOSSils. Upper· !alfly thill-bedded. cherty. Many corals. ApprOXimately 150 feet thiCk.

Burnt Bluff Dolomite, lhlck bedded or thill-bedded. Lower parI. a few fOSSils. Upper part. semihthographlc. No fOSSils ApprOXimately
lID leet thick.

A!elilndllan MayvIlle Dolomite, thick bedded. compact to coarsely crystalline. BreCCIated tn places, cherty, many reel structures ApprOXI-
mately 175 leet thiCk.

OrdOVICian Ned, Red·brown oolitIC iron are and nonooll11c ore. MISSlllg III Racllle, Milwaukee, Ozaukee. Door and Dodge counties. In lenses
ClnClllnatJan up to approximately 55 leet thick.

Maquoketa Shale, dolomitiC and heds of dolomite. FOSSIliferous 90 to 225 feet thJClc•.
Champlainian Galena Dolomite, thick to thlll·bedded, fille to coarsely crystalline. Cherty. Shaly and sandy in places; some fOSSils, Approxi'

mately 221 feet thICk.
Source. SfWRPC.
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rocks of the Silurian and Devonian Periods lie
immediately beneath the surficial deposits.

Surficial Deposits
The bedrock of the Region is, for the most part,
covered by deep, unconsolidated glacial deposits,
attaining a thickness in excess of 500 feet in some
buried, preglacial valleys. Bedrock lies within
20 feet of the ground surface within areas of the
Region which together total only about 150 square
miles in extent, and a few localized areas exist
where the bedrock is actually exposed at the
surface. These shallow drift areas and rock
outdrops tend to occur in Washington and Wauke
sha Counties along a northeasterly-southwesterly
alignment generally paralleling the interlobate
Kettle Moraine and reflect the presence of a
preglacial ridge.

Map 17 depicts the spatial variation of the thick
ness of surficial deposits overlying the bedrock
that may be generally expected within the Region.
The outcrop areas, as well as those portions of
the Region having less than twenty feet of uncon
solidated surface material, are an important con
sideration in the design and construction of onsite
sewage disposal systems, sanitary sewerage sys
tems, and various public works projects that
are dependent on soil characteristics or involve
extensive tunneling, trenching, and excavation.
Outcrops and shallow drift areas also serve to
identify those portions of the planning Region that
are especially susceptible to pollution of the
groundwater as a result of malfunctioning septic
systems or exfiltration from sanitary sewers.

The characteristics of surficial deposits and the
nature of the bedrock constitute the two geologic
factors that establish, in combination with certain
hydrologic, surface, and cultural considerations,
the potential for land disposal of liquid was tes in
a particular rural area. Surficial deposits pro
vide favorable conditions for land disposal of
liquid wastes if those deposits have moderate
rates of permeability in their upper layers coupled
with good filtration characteristics so as to pre
vent bacterial or chemical contamination of the
underlying aquifers. Underlying bedrock should
be dense and free of extensive fractures so as to
inhibit rapid downward and lateral movement of
waste water and possible aquifer pollution.

Map 18 shows the Region's variable suitability for
liqUid waste disposal based primarily on the
aforementioned geologic conditions. 9 It should be
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emphasized that the map is based primarily on
geologic factors and does not reflect a detailed
evaluation of important hydrologic factors, such
as local and regional groundwater flow systems;
surface conditions, such as topography and cover
crop; and cultural considerations such as distance
from roads, wells, and surface water and soil
compaction and soil breakdown attributable to
man's activities. Map 18 is thus explicitly
intended to constitute a preliminary guide to be
used in the analysis of the potential for land dis
posal of liquid wastes on an areawide basis in
connection with the regional sanitary sewerage
system planning effort.

Bedrock conditions and the nature of surficial
deposits in the seven-county planning Region, as
shown on Map 18, are such that, at most, only
a relatively small portion of the Region, consist
ing of the western half of Ozaukee County and
scattered areas comprising about one-half of
Washington County, is well suited for the land

. disposal of liquid wastes on a scale sufficient to
meet municipal needs. Other areas in the Region
suitable for land disposal of liquid waste consists
of the undeveloped areas of Milwaukee County and
the eastern two-thirds of Racine and Kenosha
Counties. The latter areas are not covered by
surficial deposits which have the most favorable
characteristics for liquid waste disposal, but,
nevertheless, have some potential for such dis
posal because very few groundwater supplies are
taken from aquifers within 150 feet of the ground
surface, thereby minimizing the groundwater pol
lution potential.

In summary, then, based primarily on the two
critical geologic factors-the nature of surficial
deposits and the characteristics of bedrock-only
a relatively small portion of the Southeastern
Wisconsin Region is well suited for land disposal
of liquid wastes. It is likely that these areas with
good potential for liquid waste disposal would be
reduced even further in size upon more detailed
investigation involving consideration of hydrologic
conditions, surface conditions, and cultural con
siderations' particularly existing land use.

9For a detailed discussion of the development of

Map 18 and the limitations of that map, and for a com
plete discussion of criteria recommended for use in
determining suitability for liquid waste disposal see:·
Ketelle, Martha J., "Hydrogeologic Considerations in
Liquid Waste Disposal, With a Case Study in South
eastern Wisconsin," SEWRPC Technical Record, Vol. 3,
No.3, September 1971.
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Map 17

THICKNESS OF GLACIAL DEPOSITS
AND THE LOCATION OF BEDROCK

OUTCROPS IN THE REG ION
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Most of the Region is covered by unconsolidated glacial drift deposited by continental glaciers.
This drift attains a thickness in excess of 500 feet in some preglacial 'Ialleys. Dolomitic bed
rock lies within 20 feet of the surface or is actually exposed as outcrops in areas totaling
about 150 square mi le5. The northeasterly·southwesterly al ignment of the rock outcrop sites
indicates the presence of a buried preglacial bedrock ridge which is an important consideration
in planning for and construction of septic tank systems. public sewerage systems. and other
public works projects that involve extensive trenching and excavation.

Source: T. o. Friz, Man and the Materials of Construction, How They Interrelate in the Seven Counties of South·
eastern K~sconsin, Ph.D. Dissertation, University of Wisconsin, Madison, Wisconsin, 1969.
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Map 18
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SUITA81LITY FOR LANO DISPOSAL OF LlqUIO WASTE IN THE
REGION BASED ON GEOLOGICAL CONDITIONS

"0>

the Southeastern Wisconsin planning Region are such that only
western half of Ozaukee County and scattered areas comprising
for the land disposal of 1 iquid waste. The extent of these

more detailed consideration of hydrologic conditions. surface

Bedrock conditions and the nature of surficial deposits in
a relatively small portion of the Region, consisting of the
approximately one-half of Washington County, is well suited
well-suited areas would probably be reduced, moreover, upon
conditions, and cultural factors.

Source: Martha J. KeteJle, "Hydrolleolollic Considerations in Liquid Waste Disposal.
eastern Wisconsin," SEWRPC Technical Record. Vol. 3, No.3, Septerlber 1971.
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MINERAL AND ORGANIC RESOURCES

Sand and gravel, dolomite building stonc, and
organic material are the three principal mineral
and organic resources in the Region that have
significant commercial value as a result of thcir
quantity, quality, and location. The commercial
utilization of the Region's mineral resources,
which is limited to the mining of nonmetal
deposits, is primarily directed toward supplying
the construction materials needcd for the con
tinuing development of southeastern Wisconsin.

Sand and Gravel
Thc Region as a whole has an abundant supply of
sand and gravel deposits as a result of its glacial
history, with the highcst quality deposits being
found in glacial outwash areas, particularly near
the interlobate Kettle Moraine, where the washing
aotion of flowing meltwaters has sorted the uncon
solidated material so as to form more or less
homogeneous and therefore commercially attrac
tive deposits.

Deposits of sand and gravel are, as shown on Map
19, scattered throughout the Region. The grcatest
concentration of commercial strip mining activity,
however, occurs in Waukesha County because
sand and gravel in that arca has the most favor
able quantity and quality charactcristics. Sand
and gravel deposits are important sources of
concrete aggregatc, gravel for road subgrade and
surfacing, sand for mortar, and molding sand.
Depending on the nature of the deposits, particu
larly their depth and areal extent, and grain size
of the particles, and the depth to the water table,
sand and gravel deposits may seriously hamper
tunneling, trenching, and excavation work, and
therefore detailcd field investigations should be
conducted in areas of known or expected deposits
prior to initiation of sanitary sewerage system
construction.

Stone Quarries
Niagara dolomite, which lies immediately below
the glacial deposits throughout most of the Region
(see Figure 17), has commercial value where it
is found relatively close to the ground surface,
both as a dimensional building stone and, when
crushed, as an aggregate for construction or
as a fertilizer for agricultural purposes. The
dolomite is mined in open quarries, and all
the Regional commerical operations that produce
stone for building purposes are located in Wau
kesha County, where they are concentrated in

Map 19

SAND AND GRAVEL PITS IN THE REGION
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An abundant supply of sand and gravel deposits
are scattered throughout southeastern Wis
consin. withthe highest quality sources being
found in glacial outwash areas where flowing
melt waters tended to sort the sand and
gravel so as to form more or less homogene
ous, and therefore commercially attractive,
deposits. Sand and gravel deposits, which
are commercially mined by strip mining tech
n iques, constitute a very important raw
material for construction and certain indus
trial activities in the Region in that they
provide concrete aggregate, gravel for road
subgrades and surfacing, sand for mortar, and
molding sand.

Source: Wisconsin Geological and Natural History
Survey and SE\mPC.

rock outcrop areas (see Map 17) in the northeast
ern portion of the county. Waukesha County
quarries yield thinly bedded, compact, and fine
grained dolomite well suited for the mining and
production of dimensional building stone. Although
it is in fact dolomite-that is, primarily calcium
magnesium carbonate-the high quality dimen
sional building stone commercially mined and
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produced in Waukesha County is commonly known
or referred to as limestone-that is, primarily
calcium carbonate-or lannon stone. Crushed
limestone is produced not only in Waukesha County
but also at other quarries located throughout the
Region. The presence of quarrying operations in
an area indicates relatively thin glacial deposits
and close proximity of bedrock to the ground
surface and is, therefore, an important consid
eration in the planning and conduct of construc
tion projects such as sanitary sewerage systems,
that entail extensive tunneling, trenching, and
excavation.

Organic Deposits
Organic deposits are widely distributed throughout
southeastern Wisconsin in small, scattered, low
lying, poorly drained areas. At these locations,
excessive moisture inhibits oxidation and decay of
the residues of water-tolerant plants producing
organic peat deposits and muck soils with sig
nificant resulting fertilization potential. These
organic deposits overlay the glacial drift of the
Region and exhibit variable depths ranging from
less than a foot to many feet.

Organic deposits have environmental value, often
covering areas suitable for certain kinds of wild
life habitat and recreation areas, and have com
mercial value in their ability to support field
crops such as corn or soybeans, specialized crops
such as vegetables, and sod farming and peat
mining, the last of which is excavated from open
pits and marketed as an additive to improve soils
for potted plants, gardens, and greenhouse nur
series. Agricultural use of organic deposits is
contingent upon sufficient depth so that artificial
drainage can be developed and maintained.

Organic deposits generally serve to identify those
areas of southeastern Wisconsin that are least
suited for extensive urbanization and attendant
major construction activity. The presence of
organic deposits may constitute a serious problem
for the development of onsite sewage disposal
systems, primarily because of the inherent mois
ture problem and resultant poor drainage charac
teristics, and may also prevent or complicate
the construction of sanitary sewerage systems
because of the difficulty of operating heaving
equipment on, and of working with, organic depos
its; because of the poor foundation characteristics
of such deposits; and because of the potential
infiltration problems through sewer pipe joints,
attributable to the high moisture content of such
deposits.
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SOILS

The nature of soils within southeastern Wisconsin
has been determined primarily by the interaction
of the parent glacial deposits covering the Region,
and by topography, climate, plants, animals, and
time. Within each soil profile the effects of these
soil-forming factors are reflected in the transfor
mation of soil material in place, chemical removal
of soil components by leaching or physical removal
by wind or water erosion, additions by chemical
precipitation or by physical deposition, and trans
fer of some soil components from one part of the
soil profile to another.

Soil Diversity and the Regional Soil Survey
Soil forming factors, particularly topography and
the nature of the parent glacial materials, exhibit
wide spatial variations in southeastern Wisconsin;
and therefore hundreds of different soil types have
developed within the Region. In order. to assess
the significance of these unusually diverse soil
types to sound regional development, the Com
mission in 1963 negotiated a cooperative agree
ment with the U. S. Soil Conservation Service
under which detailed operational soil surveys
were completed for the entire planning Region.
The results of the soil surveys have been pub
lished in SEWRPC Planning Report No.8, Soils
of Southeastern Wisconsin. The regional soil
survey has not only resulted in the mapping of the
soils within the Region in great detail, and pro
vided data on the physical, chemical, and biologi
cal properties of the soils, but has also provided
interpretations of the soil properties for planning,
engineering, agricultural, and resource conser
vation purposes.

Soil Characteristics and Properties
Soil characteristics, resulting from the inter
action of soil-forming factors and processes, are
important to the prediction of soil properties, the
making of soil interpretations, and the classifica
tion of soils. The principal soil characteristics
used in the regional soil survey to describe and
interpret soils are soil texture, structure, color,
consistence, reaction, slope, and position.

Soil texture is an expression of the proportion of
sand, silt, and clay-sized particles in the soil
mass. Soil texture is one of the more important
soil characteristics because of the number of
properties and interpretations that are affected by
it, including soil permeability or, the relative ease
with which water passes through the soil, which is
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a critical factor in the proper operation of on
site sewage disposal systems; available moisture
capacity and fertility holding capacity, soil erodi
bility, and bearing capacity.

The shape and stability of soil particles in the
soil mass is a characteristic expressed as soil
structure. This soil characteristic influences, to
some degree, the aforementioned soil permea
bility and erodibility properties of the soil. Soil
color is a characteristic used as an indicator of
the relative organic matter content and the quality
of soil drainage. Consistence is described in
terms that indicate resistence to change of form
or rupture and is an expression of the adhesion
between soil particles comprising the soil mass,
and is an important consideration in the design of
public works projects involving extensive trench
ing, tunneling, and excavation.

Soil reaction, expressed as the soil's position
within the acid through alkaline range, indicates
soil crop suitability or type and degree of treat
ment necessary to develop agricultural potential.
Because metal corrodes more rapidly in alkaline
soils and concrete in acid soils, the alkaline or
acid reaction of a soil mass is valuable in select
ing materials such as concrete, vitrified clay, or
metal for use in underground pipeline construc
tion, such as for sanitary sewerage systems.

Soil slope is a primary determinant of the amount
of runoff that occurs and of the rate at which it
occurs and therefore slope is a measure of eros
sion susceptibility. Slope is also a limiting factor
in construction activity and in the development and
operation of onsite sewage disposal systems. Soil
position relative to the surrounding topography is
the principal controlling factor in determining the
quality of drainage and therefore also has impor
tant implications for the construction and opera
tion of public sanitary sewerage systems as well
as private septic tank systems.

Findings of the Regional Soil Survey
Regional soils were mapped, their characteristics
and properties as noted above were identified and,
most important, the data were interpreted so as
to provide a detailed description on a consistent,
areawide basis of the soil resources of southeast
ern Wisconsin. The usefulness of generalized soil
maps for definitive planning purposes within the
Region is severely limited because of the wide
range of soil diversity resulting from the Region's
glacial history, and therefore one of the primary

values of the operational soil surveys lies in their
detail. Any generalization of the findings of the
soil surveys can only be meaningful in light of
a full understanding of the complexity of the soil
relationships in the Region and of the fact that
such a generalization, while useful to a broad
identification of general areawide development
problems relating to soils, cannot be used in plan
preparation and implementation.

Generalized Soil Suitability Interpretations: Map
20 shows, in very generalized form, the major
soil relationships existing within the Region,
based upon seven broad suitability associations.
The soils designated on this map as Group "A, l!

which cover about 29 percent of the Region, are
generally well suited for both agricultural use and
urban development. These soils are not only very
productive as cropland but have good drainage and
foundation characteristics for all types of urban
development. This soils group occurs generally
in a belt lying between the present westerly limits
of intensive urban development and the easterly
limits of the Kettle Moraine. It is interesting to
note that this broad soils group does not occur
at all in Milwaukee County and occurs to only
a very limited extent in Ozaukee, Kenosha, and
Racine Counties.

The soils designated as Group "B" generally have
a sandy-gravelly subsurface and are well suited to
both agricultural use and urban development with
septic tank sewage disposal systems. Approxi
mately 14 percent of the Region is covered by this
general soils' group, which occurs in the Kettle
Moraine and the Recessional Moraine areas of the
Region and to a limited extent along the Lake
Michigan shore.

The soils designated as Group "C" are fair to
poorly suited for agricultural use. Their suita
bility for urban development is limited by charac
teristically steep slopes. These soils are suited
for very large lot residential development which
does not disturb the natural topography. Approxi
mately 8 percent of the Region is covered by this
soils group, which is prevalent in the Kettle
Moraine and the Recessional Moraine areas of
the Region.

The soils designated as Group "D" are generally
well suited for agricultural use but generally
unsuited for urban development requiring the use
of onsite septic tank sewage disposal systems.
Urban development on these soils generally re-
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Map 20

GENERALIZED SOIL ASSOCIATION
GROUPS IN THE REGION

LEGEND-GRouP A

~
GROUP B
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CJ ",,,"» ,

CJ =~ ,

GROUP G

As shown on this generalized soil map of the seven-county Southeastern Wisconsin Region, nearly
one-half of the 2,689 square mile Region is covered by soils in groups D, £, F, or G which are
generally poorly suited for development with onsite soil absorption sewage disposal systems. The
detailed soil survey completed for the Region in 1966 provides more definitive soils data for use
in local, as well as regional, planning and development.

Source: U. S. Soil Conservation service and SEWRPC.
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quires a high level of municipal improvements and
careful attention to storm water drainage. Nearly
31 percent of the Region is covered by this gen
eral soils group, which occurs primarily between
the Lake Michigan shore and the westerly limits
of present urban development. Much of the exist
ing urban development in the Region has occurred
on the soils in this group.

The soils designated as Group "E" are generally
not well suited for either cropland or urban
development. Bedrock normally occurs within
four feet of the :::lUrface, and bedrock outcrops are
common. Good gravel and rock deposits, which
are suitable for commercial development, occur
in this group. Approximately 1 percent of the
Region is covered by this group, which occurs pri
marily in isolated pockets throughout the Region.

The soils designated as Group "F" are generally
poorly drained, have a high water table, and are
interspersed with areas of peat, muck, and other
organic soils. Approximately 11 percent of the
Region is covered by this group, which generally
occurs along streams and watercourses of the
Region; and for this reason the soils in this group
are commonly subject to flooding. These charac
teristics generally preclude their use for nearly
all forms of development except limited agricul
tural, wetland, forest, wildlife conservation, and
recreational uses.

The soils designated as Group "G" are peat and
muck soils generally unsuited for urban develop
ment of any kind. These areas, when left in a
natural state, are ideally suited for wildlife habi
tat and if properly drained are suitable for certain
types of agricultural use. Approximately 6 per
cent of the Region is covered by this soils group,
which occurs in scattered corridors and pockets
throughout the Region.

It is important to note that, irrespective of the
generalized groupings described above, analysis
of the detailed soil survey data to date indicates
that soils having questionable characteristics for
onsite sewage disposal are widespread throughout
the Region. Approximately 40 percent of the esti
mated 125 soils series 10 occurring within the
Region have been found to be troublesome in

lOA soil series is defined as a group of soils devel

oped from a common parent material and having horizons

with similar characteristics, except for the texture

of the surface soil.

this respect. Urban development undertaken in
disregard of these soil conditions has actually
created severe environmental problems within the
Region, with the result that the state health
authorities have placed restrictions on the devel
opment of new subdivision plats in certain areas of
the Region and has issued orders for the installa
tion of public sanitary sewer facilities in other
areas originally developed with onsite soil absorp
tion sewage disposal systems. It should also be
noted that soils poorly suited or unsuited for urban
development, even if served by public sewer, are
also widespread throughout the Region. These
include generally wet soils which either have a
high water table, a high water holding capacity,
or are poorly drained. Urban development on
these soil types is not only expensive to construct
initially but expensive to maintain. Again, it
should be stressed that the widespread occurrence
of soils having questionable characteristics for
certain types of urban development, coupled with
the highly complex soil relationships, indicates
the need for basing regional and local development
plans on the results of the detailed soil surveys
rather than on any generalized soils data.

Detailed Soil Suitability Interpretations: Particu
1arly important to utility planning are the soil
suitability interpretations for specified types of
urban development. These are: residential devel
opment with public sanitary sewer service, resi
dential development without public sanitary sewer
service on lots smaller than one acre in size, and
residential development without public sanitary
sewer service on lots one acre or larger in size.
Some of the more important considerations in
determining soil suitability for urban development
include depth to bedrock, depth of water table,
likelihood of flooding, soil permeability, and slope.

On the basis of the detailed soil surveys, it is
evident that much of the Southeastern Wisconsin
Region exhibits severe or very severe limitations
for specific types of urban development. As illus
trated by Map 21, approximately 716 square miles,
or about 27 percent of the area of the Region, are
covered by soils which are poorly suited for resi
dential development with public sanitary sewer
service, or stated differently, poorly suited for
residential development of any kind. Approxi
mately 1,637 square miles, or about G1 percent of
the area of the Region, are, as shown on Map 22,
covered by soils which are poorly suited for resi
dential development without public sanitary sewer
service on lots smaller than one acre in size. As
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Map 21
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AREAS COVERED BY SOILS HAVING
SEVERE OR VIERY SI::VERE LIMITATIONS
FO'" RESIDENTIAL DEVELOPMENT WITH
PUBLIC SANITARY SEWER SEAVICE

LEGEND

o

SUITABILITY OF SOl LS IN THE REGION
FOR RESIDENTIAL DEVELOPMENT WITH

PUBLIC SANITARY SEWER SERVICE

A recognition of the I imitations inherent in the soil resource base is essential to the sound
urban and rural development of the Region. About 716 square mi les, or 27 percent of the area of
the Region, are covered with soils which are pOl.lrly suited for residential development with
public sanitary sewer service, or, more precisely, residential development of any kind. These
soils, which include wet soils having a high water table or poor drainage, organic soils which
are poorly drained and provide poor foundation support, and soils which have a flood hazard, are
especially prevalent in the riverine areas of the Region.
Source: U. S. Soil COnservation Service and SEWRAC.
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AREAS COVERED BY SOILS HAVING
SEVERE OR VERY SEVERE l.-IMITATIONS
FOR RESIDENTIAL DEVELOPMENT WITH
SEPTIC TANK SEWAGE DISPOSAL ON
LOTS LESS THAN ONE ACRE IN SIZE
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SUITABILITY OF SOILS IN TNE REGION
FOR SMALL LOT RESIDENTIAL DEVELOPMENT
WITHOUT PUBLIC SANITARY SEWER SERVICE

Map 22
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Approximately 1,637 square miles, or about 61 percent of the area of the Region, are covered by
soils poorly suited for residential development on lots having an area smaller than one acre and
not served by pub] ic sanitary sewerage facil dies. Rel lance on septic tank sewage disposal systems
in these areas, which are covered by relatively impervious soils or are subject to seasonally
high water tables, can only result in eventual malfunctioning of such systems and the consequent
intensification of water pollution and publ ic health problems in the Region.

Source: U. S. Soil Conservation Service and SEWRPC.
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illustrated by Map 23, approximately 1,181 square
miles, or about 44 percent of the area of the
Region, are covered by soils poorly suited for
residential development without public sanitary
sewer service on lots one acre or larger in size.
It should be noted that the use suitability ratings
on which these maps are based are empirical,
being based upon the performance of similar soils
elsewhere for the specified uses as well as upon
such physically observed conditions as high water
table, slow permeability, high shrink·-swell poten
tial, low bearing capacity, frost heave, and fre
quent flood overflow. Figure 18 summarizes
the soil suitability situation within the Region
with respect to the construction of sanitary sew
erage systems and the use of onsite sewage dis
posal systems.

It is useful to interpret the soil suitability data
presented in Figure 18 in light of the Commis
sion's 1990 regional land use plan. Whereas urban
land uses currently (1970) encompass about
397 square miles, or 15 percent of the total area
of the Region, the 1990 plan would accommodate
increases in urban population by converting an
additional 123 square miles of rural land to urban
land use, with that incremental urban development

occurring primarily in compact, concentric rings
around existing urban centers. Most of the incre
mental 123 square miles of urban development is,
pursuant to the regional land use development
objectives upon which the regional land use plan is
based, to be served by sanitary sewers. Figure 18
indicates that soils will in no way inhibit such
planned urban development since about 1,973
square miles, or about 73 percent of the area of
the Region, is covered by soils suitable for the
construction of sanitary sewers. Even if all of the
present 397 square miles of urban development
were conservatively assumed to lie within that
73 percent of the seven-county Region, it is
apparent that more than a sufficient amount of
land with favorable soil conditions is available to
accommodate forecast 1990 urban expansion.

Approximately 694 square miles, or about 26 per
cent of the area of the Region, is classified as
prime agricultural land. The extent and spatial
distribution of these areas are shown on Map 24.
It is important to note that in addition to having
soils particularly well suited for agricultural use,
the delineation of these prime agricultural lands
are based upon the size and extent of the area
farmed; the historic capability of the area to con-

Figure 18

SUMMARY OF SOIL SUITABILITY RATINGS WITH RESPECT
TO SEWERAGE SYSTEMS IN THE REGION

LEGEND

SEVERE LI MfTATrONS FOR THE CONSTRUCTION
OF SANITARY SEWERS (716 SQUARE MILES
OR 26.6 PERCENT OF THE REGION,
RESIDENTIAL I)

NOTE: EACH COMPLETE CIRCLE REPRESENTS THE
TOTAL 2689 SQUARE MILE AREA OF THE
SOUTHEASTERN WISCONSIN REGION

Source: ~.
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- SEVERE LIMITATIONS FOR UTILIZATION OF
ON-SITE WASTE DISPOSAL SYSTEMS ON
SMALL LOTS, THAT IS, LOTS SMALLER
THAN ONE ACRE (1637 SQUARE MILES OR
60.9 PERCENT OF THE REGION,
RESIDENTIAL II)

-SEVERE LIMITATIONS FOR UTILIZATION OF
ON - SITE WASTE DISPOSAL. SYSTEMS ON
LARGE LOTS, THAT IS, LOTS LARGER THAN
ONE ACRE (1181 SQUARE MILES OR 43.9
PERCENT OF THE REGION, RESIDENTIAL m)



Map 23

AREAS COVERED BY SOILS HAVING
SEIIERE OR VERY SEVERE LIMITATIONS
FOR RESIDENTIAL DEVELOPMENT WITH
SEPTIC TANK SEWAGE DISPOSAL ON
LOTS ONE ACRE OR MOAE IN SIZE
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SUITABILITY OF SOILS IN THE REGION
FOR LARGE LOT RESIDENTIAL DEVELOPMENT
WITHOUT PUBLIC SANITARY SEWER SERVICE
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Approximately 1,18! square miles, or about 44- percent of the area of the Region, are covered by

soils poorly suited for residential development on lots having an area of one acre or more and
not served by public sanitary sewerage facilities. The inherent limitations of these soils for
septic tank sewage disposal systems cannot be overcome simply by the provision of larger lots,
and the use of such systems on these soils which cannot absorb the sewage effluent ultimately
results in surface ponding and runoff of partially treated wastes into nearby watercourses.

Source: U. S. Soil Conservation Service and SEWRPC.
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PRIME AGRICULTURAL AREAS IN THE REGIOk

About 694 square mi 1e5, or nearl y 26 percent
of the area of 'the Region, have been identi
fied in regional planning analyses as prime
agricultural lands. The preservation of these
lands in agricultural use will contribute
significantly to the maintenance of a healthy
ecological balance within the Region; provide
for the production of certain food commodi
ties within close proximity to the urban
centers of the Region; pravi de open space to
give form and structure to urban development;
and contribute to the charm and beauty of the
Region. To the extent practicable, sanitary
sewer service should be planned so as to dis

courage urban development in these prime
agricultural areas.

Source.. &.9tRPC.

sistently produce better than average crop yields;
and the relationship of such lands to important
high value recreational, cultural, or scientific
reSource areas.

VEGETATION

Prescttlcmcnt Vegetation
Historically, vegetational patterns in the Region
were influenced by climate, glacial deposits, soil,
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fire, topography, and natural drainage character
istics. Historical records, including the original·
U. S. Public Land Survey carried out within the
Region in 1836, indicate that frequent fires set by
the Indians or initiated by natural causes main
tained large portions of southeastern Wisconsin
either as open level plains containing orchard-like
stands of oak or as prairies dominated by big
bluestem gTass and colorful prairie forbs. Other
portions of the Region that were protected from
fire by the drainage pattern or local relief devel
oped into mixed hardwood forests. The upland
timber for the most part consisted of the hard
wood species: sugar maple, oak, elm, ash, hick
ory I beech, linden, walnut, and ironwood; and
one coniferous species, white pine. Common spe
cies found in the lowland forests included black
ash, elm, willow, cedar, tamarack, aspen, and
soft maple.

Woodlands
An inventory of all woodland areas in the plan
ning Region having an area of 20 acres or more
was carried out cooperatively by the Wisconsin
Department of Natural Resources (formerly the
Wisconsin Conservation Commission) and the
Commission in 1963. At that time woodlands
covered approximately 133,000 acres, or 8 per
cent of the Region, as shown on Map 25, with
99,200 acres, or 75 percent of that total, located
in Waukesha, Walworth, and Washington Counties,
which contained 35,700,34,500, and 29,000 acres,
respectively. Primarily located on ridges and
slopes, along lakes and streams, and in wetlands,
these remaining woodlands provide an attractive
natural resource of immeasurabl,e value. Not only
is the beauty of the lakes, streams, and glacial
land forms of the Region accentuated by the wood
lands, but these woodlands are essential to the
maintenance of the overall environmental quality
of southeastern Wisconsin.

Classified in accordance with their primary val
ues, woodlands fall into two specific groups:
aesthetic and commercial. Aesthetic woodlands
comprised 51 percent of the regional forest
resource; and commercial woodlands, the remain
ing 49 percent. It should be noted that, under the
inventory methodology, woodlands classified as
commercial timber may also have aesthetic value
whereas woodlands classified as aesthetic would
not have commercial woodland value. Six forest
types are recognized within the Region: central
hardwoods, northern hardwoods, oak, upland coni
fers, wetland conifers, and hardwoods, and lowland



Map 25

WOODLANDS IN THE REGION: 1963
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As of 1963, woodlands in the Region covered
a total combined area of about 133,000 acres,
or approximately 8 percent of the total
southeaster~ Wisconsin area. These woodlands
assist in maintaining a unique natural rela
tionship between plants and animals; reduce
storm water runoff: contribute to atmospheric
oxygen and water supply; aid in reducing soil
erosion and stream sedimentation; provide the
resource base for the forest product indus
tries; and provide valuable recreat ional
opportunities, as well as a desirable aesthe
tic setting for attractive rural and planned
urban development. Woodlands within the
Region are presentty being lost at the rate
of approximately 600 acres per year.
Source: Wi~consin Department of Natural Resources

and SEWRPC.

hardwoods. The central and northern hardwoods
and oak types are the most common in the Region.
The three hardwood types are most utilized for
production of commercial forest products.

Natural stands of trees within the Region consist
largely of even-aged mature or nearly mature
specimens with insufficient reproduction and sap-

lings to maintain the stands when the old trees are
harvested or die of disease or age. This lack of
young growth is an unnatural condition brought
about by mismanagement and associated with
many years of excessive grazing by livestock.

Woodiands within the Region are present only in
areas wherc the pressures for conversion to agri
cultural or urban usc have been such as to permit
the continued existence of the woodland. More
over, woodlands within thc Region are presently
being lost at the rate of approximately 600 acres
per year. These losses are due primarily to con
version to urban land uses through land clearing,
highway construction, and development of sanitary
sewer systems and other public utilities, although
some losses arc due to the drainage of wetlands
and to neglect. These forces of destruction will
rapidly and appreciably reduce the woodland acre
age unless corrective measures arc taken. The
present rate of loss may be expected to accelerate
rapidly in the foreseeable future unless balanced
use and sustained yield management are applied.

Woodlands in the Region even in their present
condition have much value beyond monetary return
for their forest products. Under good management
they can serve a variety of uses compatible with
other benefits. It is becoming morc apparent that
the interaction between man and his environment
is intensifying and becoming critical. The quality
of life within an area is greatly influenced by the
overall quality of the environment, as measured
in terms of clean air 1 clean water, s~enic beauty,
and diversity. In addition to contributing to clean
air and water, the maintenance of woodlands
within the Region can contribute to the mainte
nance of a divcrsity of plant and animal life in
association with human life. The existing wood
lands of the Rcgion, which required a century or
more to develop, can be destroyed through mis
management within a comparatively short period
of time. The deforestation of hillsides contributes
to the siltation of lakes and strcams and the
destruction of wildlife habitat. Woodlands can
and should be maintained for their total values:
scenic, wildlife, open space, education, recrea
tion, and watershed protection, as well as for
their forest products. Under balanced use and
sustained yield management, woodlands can serve
many of these benefits at the same time. Clearly,
sanitary sewerage systems should be planned,
designed, and constructed so as to encourage the
preservation of the remaining woodlands of the
Region, particularly all those woodlands having
significant environmental value.
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Map 26

WETLAHD AHD WATER AREAS
IH THE REGIOH: 1963

Hearly 179,000 acres, or approximately
10 percent of the area of the Region, were
covered by water and wetlands in 1963. These
wetlands constitute a valuable recreational
resource; support a wide variety of desirable
forms of plant and animal I ife; and assist
in reducing storm water runoff, stabil izing
streamflows, and enhancing stream water
quality by functioning as nutrient and sedi
ment traps. Wetlands within the Region are
presently being lost at the rate of 120 acres
per year.

Source: Wisconsin Department of Natural Resources
and SEWRPC.

square miles, or 179,000 acres, or about 10 per
cent of this total area of the Region, with 28
percent of the regional total being located in
Waukesha County. Thc drier types of wetlands
greatly predominate over the wetter types in
southeastern Wisconsin. The drier types include
meadows, shrub swamps, and timber swamps,
while the wet types include the shallow and deep
marshes, potholes, and bogs.

Wctlands
Wetlands reprcscnt a variety of stagcs in the
natural filling of lake and pond basins, as well as
floodplain areas. Wetlands are considered herein
as areas which have the water table at or ncar the
land surface and are generally unsuited or poorly
suitcd for most agricultural or urban development
purposes. In the context of the regional scwerage
study, wetland areas present severe limitations
to the development of both public sanitary sewcr
age systems and private onsite wastc disposal
systems. \Vetlands, however, also have important
ecological value in a natural state. Wetlands
contribute to control of floods and stream puri
fication, since such areas naturally serve to
temporarily store excess runoff and thereby tend
to reduce peak flood flows. It has also been
found that except during exceptional periods of
high runoff following prolonged drought, con
centrations of nutrients in waters leaving such
areas are considerably lower than in water enter
ing the wetlands.

The wetlands with standing water are well suited
for waterfowl and marsh furbearers, while drier
types support upland game due to the protection
afforded by the vegetative cover. Shallow-water
wetlands are subject to winter freeze and summer
drought and therefore are considered to be lower
in value than the deep-water types of wetlands.

Wetlands within Wisconsin have been classified by
the Wisconsin Department of Natural Resources
according to the national wetland classification
system." Under this system seven major classes
of wetlands are recognized, including potholes,
fresh meadows, shallow marshes, deep marshes,
shrub swamps, timber swamps, and bogs.

An inventory of all wetland areas 50 acres or
more in size, termed wetland units, within the
planning Region was carried out cooperativcly by
the Wisconsin Department of Natural Resources
and Lhe Commission in 1963. Smaller areas were
inventoried if they were considered to have a
particularly high recreation or wildlife habitat
value. Small noncontiguous wetland areas were
also inventoried if such areas enhanced a lake,
stream, or other nearby recreation area. Wetland
and water arcas are shown on Map 26 as they
existed in 1963, when they covered about 280

11 Classification of Wetlands in the United States,
Special Scientific Report: Wildlife No. 20. Fish and
Wildlife Service, 1953.
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Wetlands within the Region are presently being
lost at a rate of approximately 120 acres per
year. Most of the loss in wetland area has
been the result of conversion to agricultural
use through extensive drainage improvements,
although some wetland areas have been lost to
urban use. There has been increased public inter
est in the recreational use of more desirable
open-water wetlands in recent years, a.nd as a
result a slight increase has occurred in the acre
age of open-water wetlands that are subject to
public control. Recognizing the many environ
mental attributes of wetland areas and also the
severe limitations they present for both public
sanitary sewerage systems and onsite waste dis
posal systems, sanitary sewerage system plan
ning and design should seek to protect the best
remaining wetlands in the planning Region by
discouraging costly (both in monetary and envi
ronmental terms) wetland draining, filling, and
urbanization.

Aquatic Vegetation
An aquatic plant survey involving 67 of the major
lakes of the Southeastern Wisconsin Planning
Region has been conducted by the Wisconsin
Department of Natural Resources, with the coop
eration of the Southeastern Wisconsin Regional
Planning Commission as a part of the Commis
sion's Milwaukee and Fox River watershed plan
ning programs. The primary purpose of the
aquatic plant survey was to determine the distri
bution and abundance of aquatic plants, to identify
some of the factors affecting distribution and
abundance, and to establish a record of the pres
ent status of aquatic plants for future reference.12

These aquatic plant surveys indicated that the
lakes in the planning Region may be expected to
have moderate to abundant vegetation in areas
extending from the shore zone to depths as great
as 20 to 30 feet. Higher densities of aquatic vege
tation generally occur in lakes having extensive
shallow areas, clear water, and muck bottoms,
whereas lower aquatic vegetation densities are
associated with lakes having limited shallow
areas, turbid or tea-colored water and marl,
sand, gravel, or suspended-ooze bottoms. South-

12 See Aquatic Plant Survey of Major Lakes in the fox

River Watershed, Research Report No. 39, ~isconsin

Depart'!'ent of Natural Resources, 1969, and Aquatic

Plant Survey of Milwaukee River Watershed Lakes,

Research Report No. 52, Wisconsin Department of Natural

Resources, 1970.

ern Wisconsin lakes contain 300 to 2,500 times as
much plant material per unit of area as lakes in
northern Wisconsin, the greater plant production
of the former being partly attributable to their
very hard, alkaline nature coupled with their
relatively high dissolved mineral and nutrient
content conducive to aquatic plant growth.

Some of the lakes within the planning Region were
found to display unusually rank aquatic plant
growth resulting from those effects of urbaniza
tion that serve to artificially enrich the nutri
ent content of lakes above the natural levels.
These effects include malfunctioning or improp
erly placedonsite sewage disposal systems, inade
quate operation of waste treatment facilities,
careless agricultural practices, and inadequate
soil conservation practices. An overabundance of
nutrients transforms desirable, bemlficial levels
of plant growth into a noxious and unsightly con
dition. Future nutrient control and the manage
ment of aquatic vegetation is in part dependent on
the preparation and implementation of a compre
hensive regional sanitary sewerage system plan.

WATER RESOURCES

Surface water resources, consisting of lakes,
streams, and associated floodlands, form the sin
gularly most important element of the natural
resource base of the Region. Their contribution
to the economic development of the Region, to
recreational activity, and to the aesthetic quality
of the Region is immeasurable. The groundwater
resources of southeastern Wisconsin are closely
interrelated with the surface water resources,
inasmuch as they sustain lake levels and pro
vide the base flow of streams. The groundwater
resources, along with Lake Michigan, constitute
the major sources of supply for domestic, munic
ipal, and industrial water users.

Surface Water Resources
Lakes and streams constitute an extremely valu
able part of the natural resource base of south
eastern Wisconsin, inasmuch as they are focal
points for water-related recreational activities
popular with the inhabitants of the Region, they
provide extremely attractive sites for properly
planned residential development, and, when viewed
in the context of open-space areas, they greatly
enhance the aesthetic aspect of the environment.
In addition to being valued highly by the urban and
rural population of the Region, it is important to
note that lakes and streams are extremely sus-
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ceptible to deterioration through the activities of
that population. Water quality can degenerate as
a result of excessive nutrient loads from mal
functioning or improperly placed septic systems,
inadequate operation of waste treatment facilities,
careless agricultural practices, and inadequate
soil conservation practices. Lakes and streams
are also adversely affected by the excessive
development of lakeshore and riverine areas in
combination with the filling of peripheral wet
lands, which processes remove valuable nutrient
and sediment traps while adding nutrient and
sediment sources. The regional surface water
resources must be properly managed to adjust
man's uses to the quantity and quality of surface
waters that are available and to achieve a reason
able balance between public and private use and
enjoyment of those surface water resources. Lake
and stream water quality, therefore, constitutes
one of the most important considerations in the
regional sanitary sewerage system planning effort,
since the future condition, potential uses, and
aesthetic quality of the surface waters of south
eastern Wisconsin will be largely determined by
regional land use policies, and in particular by
sewerage system planning, design, construction,
and operation.13

Lakes: Major lakes are defined herein as those
having 50 acres or more of surface water area,
a size capable of supporting reasonable recrea
tional use with relatively little degradation of the
resource. There are 100 major lakes within the
Region, the location and relative sizes of which
are shown on Map 16. A tabular summary,14 by
county, of the surface water resources of south
eas tern Wisconsin is presented in Table 17. Major
lakes in the planning Region have a combined sur
face water area of 57 square miles or about 2 per-

13 For definitions of water quality parameters used in

this chapter and for discussions of the significance

of each, refer to Appendix C of this report, "!Vater

Quality Parameters--Definitions and Significance."

14See Awendix C of SEWRPC Planning Guide No.5, Flood

land and Shoreland Development Guide, for a detailed

tabulation, by county, of lakes and ponds in south

eastern Wisconsin, which indicates the location of
each lake and pond and also summarizes pertinent mor

phometric parameters such as surface area, maximum

depth, and shoreline length. Some of the morphometric

parameters for major lakes have been revised under the

Commission's Fox and Milwaukee River watershed studies

published as SEWRPC Planning Report No. 12, A Compre

hensive Plan for the Fox River Watershed, Volumes 1

and 2, and SEWRPC Planning Report No. 13, A Compre

hensive Plan for the Milwaukee River Watershed,

Volumes 1 and 2.
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cent of the area of the Region, and provide a total
of 448 miles of shoreline. The number of major
lakes per county ranges from none in Milwaukee
County to 33 in Waukesha County. The remaining
five counties of Walworth, Kenosha, Washington,
Racine, and Ozaukee each contain, respectively,
25, 15, 15, 10, and 2 major lakes. Lake Geneva
is by far the largest lake in southeastern Wis
consin, having a surface area of 5,262 acres, and
is 2.1 times as large as Pewaukee Lake, which,
with an area of 2,493 acres, is the second largest
lake in the Region.

The lakes of southeastern Wisconsin are almost
exclusively of glacial origin, being formed by
depressions in outwash deposits, terminal and
interlobate moraines, and ground moraines. Some
lakes, such as Green Lake in northeastern Wash
ington County or Browns Lake in southwestern
Racine County, owe their origins to kettles, that
is, depressions formed in the glacial drift as a
result of the melting of ice blocks that became
separated from the melting continental ice sheet,
and the subsequent subsidence of sand and gravel
contained on and within those blocks. By virtue of
their origin, glacially formed lakes are fairly
regular in shape, with their deepest points located
predictably near the center of the basin, or near
the center of each of several connected basins.
The beaches are characteristically gravel or sand
on the wind-swept north, east, and south shores,
while fine sediments and encroaching vegetation
are common on the protected west shores and
in the bays.

There are 228 lakes and ponds in the Region of
less than 50 acres of surface water area, which
are considered in this report as minor lakes.
These minor lakes, the regional distribution of
which is summarized in Table 17, have a com
bined surface water area of 4 square miles or
about O. 15 percent of the area of the Region, and
provide 141 miles of shoreline. These small
lakes generally have few riparian owners and
only marginal fisheries. In most cases, the value
of the minor lakes is primarily aesthetic, and
these lakes are incapable of retaining even this
value with any degree of related, improper shore
land development.

The foregoing discussion of lakes has concen
trated on the quantity of this portion of the surface
water resources, but it is also important to con
sider the present overall quality of the lakes in
southeastern Wisconsin. The 694 square mile
Milwaukee River watershed, 430 square miles of



Tab 1e 17

LAKES AND STREAMS IN THE REGION BY COUNTY

Lakes

Major2 Minor3 Total Major Streams4

Total Total Total Total
County Surface Area

Total
Surface Area

Total
Surface Area

Total
Surface Area

Area Percent Shoreline
Largest Lake Percent Shoreline Percent Shoreline Total Percent

(Square Square of Length Area Square of Length Square of Length
Numberl

Length Square of
Name Miles) Number Miles County (Miles) Name (Acres) Number Miles County (Miles) Number Miles County (Miles) (Miles) Miles County

Kenosha .. 278.28 15 5.06 1.82 48.62 Elizabefh Lake 637.80 9 0.27 0.10 5.85 24 5.33 1.92 54.47 19 106.40 0.73 0.03
Milwaukee .. 242.19 -- -- -- -- -- -- 40 0.26 0.11 1499 40 0.26 0.11 14.99 15 102.99 0.62 003
Ozaukee .. 234.49 2 0.47 0.20 4.75 Mud Lake 245.40 36 0.63 0.27 25.40 38 1.10 0.47 30.15 29 112.20 1.25 0.05
Racine ... 339.87 10 5.48 1.61 59.52 Wind Lake 936.20 7 0.17 0.05 4.59 17 5.65 1.66 64.11 14 100.55 0.96 0.01
Walworth ... 578.08 25 19.52 338 131.40 Lake Geneva 5,262.40 9 0.35 0.06 9.10 34 19.87 3.44 14050 29 173.00 058 001
Washington .. 435.50 15 4.22 0.97 4059 Big Cedar 93200 43 0.70 0.16 24.32 58 4.92 1.13 64.91 38 21980 1.03 0.02
Waukesha .. 580.66 33 22.07 3.80 162.89 Pewaukee 2,493.00 84 1.62 0.28 57.08 117 2369 4.08 219.97 50 333.30 1.31 0.02

Region .. 2,689.07 100 5682 2.11 447.77 -- 10,506.80 228 400 0.15 141.33 328 6082 2.26 589.10 194 1,148.24 6.48 0.02

'Appendices 8, C, and D to SEWRPC Ptanning Guide No.5, Floodtand and Shoretand Development
~ contain detailed tabulations, by county, of all streams, lakes, and ponds in the Southeastern
Wisconsin Region. These appendices indicate the location of each stream, lake, and pond and sum
marize pertinent morphometric parameters. Surface areas and shoreline lengths for some of the
major fakes have been revised under the Commission Fox and Milwaukee River watershed studies,
documented in SEWRPC Planning Report No. 12, A Comprehensive Plan for the Fox River Water
shed, Volumes 1 and 2, and SEWRPC Planning Report No. 13, A Comprehensive ptan for the Milwau
kee River Watershed, Volumes 1 and 2. Entries in this table reffect the revised figures for major
lakes.

Source: Wisconsin Department of Natural Resources and SEWRPC.

which lies in southeastern Wisconsin, has 21
major lakes; and the 942 square mile Fox River
watershed, which has 45 major lakes, was the
subject of recently completed SEWRPC compre
hensive watershed studies which included the col
lection, collation, and analysis of extensive lake
water quality data for the purpose of assessing
pollution problems in the major lakes and of
developing plan elements to solve those problems.
Since these two watershed studies were completed
recently, so that the water quality data may be
considered current, and since the in-Region por
tions of these watersheds comprise just over
50 percent of the 2,689 square mile area of the
Region and contain 57 of the 100 major lakes in
southeastern Wisconsin, the quality character
istics of the major lakes in the Milwaukee and
Fox River watersheds, as determined in the Com
mission's watershed studies, may be taken as
representative of regional lake water quality con
ditions and trends.

At least 13 of the 57 major regional lakes in these
two watersheds were found to be in advanced
stages of eutrophication as indicated by high phos
phorus concentrations, low dissolved oxygen con
tents, and excessive growths of algae and aquatic
weeds. Many other major lakes within the Fox
and Milwaukee River watersheds were found to be
receiving nutrients at rates such that nuisance
growths of algae and aquatic weeds may be
expected in the near future. In general, some
indication of over-fertilization was found in all

2A major fake is defined as one having 50 acres or more of surface water area.

3A minor lake is defined as one having less than 50 acres of surface water area.

4A major stream is defined as one which maintains, at a minimum, a small, continuous flow through·
out the year except for unusual drought conditions.

major lakes in the Fox and Milwaukee River
watersheds.

Domestic sewage pollution, as indicated by mea
sured coliform levels and chloride concentrations,
was found to constitute a health hazard in sev
eral of the lakes, including Little Cedar Lake
in the Milwaukee River watershed and Little
Muskego Lake in the Fox River watershed. High
pesticide levels were encountered in the two
watersheds, indicating another form of surface
water contamination.

It is therefore apparent that many of the major
lakes of southeastern Wisconsin are being de
graded as a result of man's activities to the point
where they now have, or soon will have, little or
no value for recreational purposes, as desirable
locations for properly planned and controlled
lake-oriented residential development, or even as
aesthetic assets in the Region.

Streams: As discussed earlier and as shown on
Map 16, the surface drainage system of south
eastern Wisconsin may be viewed as existing
within 11 individual watersheds, five of which, the
Root River, Menomonee River, Kinnickinnic River,
Oak Creek, and Pike River watersheds, are con
tained entirely within the Region. In addition to
the 11 watersheds, numerous small catchment
areas immediately adjacent to the Lake Michigan
shoreline drain directly to the lake via local natu
ral streams and artificial drainageways, and these
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tributary areas together may be considered to
comprise a twelfth watershed. The Region con
tains only a very small part of the Wisconsin
portion of the large Rock River watershed, the
streams of that watershed within the Region being
limited to the headwater portions of such tribu
taries to the Rock as the Bark and Oconomowoc
Rivers and Turtle Creek.

Three of the twelve watersheds contained wholly
or partly in southeastern Wisconsin-the Fox,
Rock, and Des Plaines River watersheds-which
have a combined area of 1,685 square miles, or
63 percent of the area of the Region, lie west of
the subcontinental divide and as a result, the
rivers and streams within these catchment areas
flow in a generally south and southwesterly direc
tion and are a part of the Mississippi River drain
age system. The rivers and streams in the nine
watersheds comprising the remainder of south
eastern Wisconsin, which have a combined area
of 1,004 square miles, or 37 percent of the area
of the Region, flow in an easterly direction and
discharge into Lake Michigan and are a part of
the Great Lakes-St. Lawrence River drainage
system. A tabular summary of watershed charac
teristics for southeastern Wisconsin is presented
in Table 18 and a graphical representation of the
range of watershed sizes appears as Figure 19.

One of the most interesting, variable, and occa
sionally unpredictable features of each water
shed is its river and stream system in its
ever changing, sometimes widely fluctuating, dis
charges and stages. The stream systems of
the Region receive a relatively uniform flow of
groundwater from the shallow aquifer underlying
the Region. This groundwater discharge con
stitutes the baseflow of the streams. The streams
also periodically intercept surface water runoff
from rainfall and snowmelt, which runoff is
superimposed on the baseflow and sometimes
causes the streams to leave their channels and
occupy the adjacent floodlands. The volume of
water drained annually from southeastern Wis
consin by the stream system is equivalent to
seven-to-eight inches of water spread over the
seven-county Region, a volume of runoff which
amounts to about one-fourth of the average annual
precipitation.

Major streams are defined herein as perennial
streams which maintain, at a minimum, a small,
continuous flow throughout the year except under
unusual drought conditions. Within the Region,
there are approximately 1, 148 lineal miles of
such major streams, as summarized by county in
Table 17. The length of major streams per county
ranges from a low of 100 lineal miles in Racine

Table 18

WATERSHEDS IN THE REGION BY COUNTY

County Total
Kenosha Milwaukee Ozaukee Racine Walworth Washington Waukesha Watershed

Area Percent Area Percent Area Percent Area Percent Area Percent Area Percent Area Percent Area Within Percent

(Square of [Square of (Square of (Square of (Square of (Square of (Square of Region of

Watershed' Miles) Watershed Miles) Watershed Miles) Watershed Miles) Watershed Milesl Watershed Miles) Watershed Milesl Watershed (Square Miles) Region

Fox River4 .~ .... 96.46 1028 0.47 005 - - - - 164.44 17.52 34146 3637 031 003 335.59 3575 93873 34.91
Rock River4 .... - - - - - - - - - - - - - - - - 236.62 3864 17991 2938 19584 3198 61237 2277
Milwaukee River~..~.... - - - - 56.97 1324 150.54 34.99 - - - - - - - - 222.76 5177 - - - - 43027 1600
Root River3..~.? ... 219 III 5883 29.80 - - - - 123.41 6251 - - - - - - - - !loo 6.58 197.43 734
Menomonee River~..~ ... - - - - 5575 40.97 1158 851 - - - - - - - - 32.52 2390 3623 26.62 136.08 506
Des Plaines

River' ... 122.85 9196 - - - - - - - - 1074 8.04 - - - - - - - - - - - - 133.59 4.97
Minor Tributaries to

Lake Michigan3 .~ .•.... 26.99 28.87 1822 19.49 27.44 2935 2084 2229 - - - - - - - - - - - - 93.49 348
Pike River3 .~.... 2979 5931 - - - - - - - - 20.44 4069 - - - - - - - - - - - - 50.23 187
Sauk CreekS .. - - - - - - - - 3372 100.00 - - - - - - - - - - - - - - - - 3372 125
Oak Creek'..s..... - - - - 26.29 100.0 - - - - - - - - - - - - - - - - - - - - 2629 0.98
Kinnickinnic River.~ ..5... - - - - 25.66 100.0 - - - - - - - - - - - - - - - - - - - - 25.66 0.95
Sheboygan Rivers. - - - - - - - - 1121 100.0 - - - - - - - - - - - - - - - - 11.21 0.42

Total 278.28 - - 24219 - - 234.49 - - 339.87 - - 57808 - - 43550 - - 580.66 - - 2,689.07 100.00

I Includes only that area 01 each watershed that lies within the seven-county Southeastern Wisconsin lIeglOn
2Watersheds are listed in order of decreasing size within the Region.

'Indicates watershed wholly contained within the lIeglon.

'Indicates watershed west of the subcontinental divide that is tributary to the MiSSissippi lI,ver basin_ Three watersheds having a combined area of 1,684.69 square miles, or 621 percent of the lIegion, are
in thiS category.

sindicates watershed east of the subcontinental diVide that IS tributary to the Great lakes-Sf. lawrence lIiver basin. Nine watersheds having a combined area of 1,004.38 square miles, or 37.3 percent of the
Region, are m thIS category.

'Indicates watersheds for which comprehensive watershed plans have been prepared and adopted by the Southeastern Wisconsin lIegional Planning Commission.
Source: SEWIIPC.
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Source: SE1tRR;.

Figure 19

SIZE AHD DISTRIBUTIOH OF WATERSHEDS
IH THE REOIOH BY COUHTY

During a 14-month period extending from Janu
ary 1964 through February 1965. the Commission
conducted an extensive stream water quality Sam
pling program during which 3,933 water samples
were collected at 87 sampling stations established
on 43 streams in the Region. The samples were
analyzed for 32 chemical, physical, biochemical,
and bacteriological water quality indicators for
the purpose of assessing the then existing condi
tion of stream water quality in relation to pollution
sources, land use, and population distribution and
concentration. Data developed during this regional
stream water quallty study were used to forecast
probable future stream water quality conditions.
Regional stream water quality data as of 1964 and
1965, interpretations of that data, and forecasts
of future stream water quality conditions were
published in 1966 in SEWRPC Technical Report
No.4, Water Quality and the Flow of Streams in
Southeastern Wisconsin.

required to meet established water use objectives
and supporting waler quality standards. Forecast
1990 stream low flow estimates, treatment plant
average hydraulic def'ign capacities, and dilution
ratios at municipal sewage treatment plant sites
are presented in Chapter XI of this report, along
with necessary treatment levels .

In addition to delineating the arcas drained by the
major streams of the Region; delineating thc
length, general orientation, and location of lhe
streams themselves; and determining the low flow
characteristics of the streams, it is necessary to
consider in any sound sewerage system planning
effort the overall water quality characteristics of
the streams. The status of stream water quality in
the Region has been established through a number
of Commission studies and documented in pub
llshed reports.

The study found that the original naturally high
quality of the streams in the Region had been
markedly detcriorated by the activities of man,
as indicated by such key indicators of pollution
as chlorides, dissolved solids, dissolved oxygen,
and coliform bacteria. This deterioration may be
attributed to the failure to properly adjust both
rural and urban development within the Region to
the capability of streams and watercourses to
assimilate thc pollution loadings attendant to such
development. Evidence of occasional or persis
tently Severe stream pollution was found in all of
the 12 watersheds contained wholly or partly in
the seven-county planning Region. The regional
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County to a high of 333 lineal miles in Waukesha
County. Thc latter county also has the largest
number of major lakes and is, therefore, particu
larly well endowed with surface water resources.
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Low flow characteristics of the Region IS streams
relative to the forecast 1990 rate of discharge of
sewage treatment plant effluent to those strcams
is of particular importance to regional sanitary
sewerage system planning. For the purposes of
this report, low flows are defined as the lowest
average flow for any period of seven consecutive
days in the most recent ten years. Such low flows
for the major streams of the Region under exist
ing conditions are shown on Map 27. The proce
dures used to develop those flows are described
in Chapter IX of this report. The dilution poten
tialof the Region's streams, as measured by the
dilution ratio-that is, the ratio of low streamflow
to municipal sewage treatment plant hydraulic
design capacity-is generally very limited and,
therefore, high levels of treatment are apt to be
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ElillSTING SEWAGE TREATMENT P1.ANTS

SELECTED LOW STREAMFLOWS
IN THE REGION UNDE~

EXISTING CONDITIONS: 1970

....
The low flow characteristics of streams receiving discharge frommunicipal sewage treatment plants
are a primary factor in establishing the level of treatment to be provided by those facilities.
The dilution potential of southeastern Wisconsin's streams, as measured by the ratio of low
streamflow to municipal sewage treatment plant average hydraulic design capacity, is generally
very 1 imited and therefore high levels of treatment will be needed to achieve establ ished str~am

use objectives and supporting water Qual ity standards.

Source: SEImIC.
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stream water quality study also revealed that not
only has stream water quality markedly deterio
rated as a result of man's activities, but that the
deteriorated stream water quality has, in turn,
impaired or prohibited the very aesthetic and
recreational uses sought by the expanding urban
population of the Region. Of the 43 streams in the
Region, 21 were found to be unsuitable for the
preservation and enhancement of aquatic life, with
33 found to be unsuitable for any recreational
activities in all or portions of the stream.

The primary source of region-wide stream pollu
tion was found to be municipal sewage treatment
plants. This does not necessarily mean, how
ever, that the existing waste water treatment
facilities were defective or operating below design
efficiency. Sewage treatment plants providing
secondary treatment are not designed to remove
nutrients from sanitary sewage and, therefore,
stream enrichment may be expected to occur
regardless of how efficiently the treatment facili
ties are operated. Furthermore, the Region's
streams, because of the low natural base flow,
have relatively little capacity to assimilate and
dilute nutrients and organic, oxygen-demanding
materials as discharged by most sewage treat
ment plants.

In 1967 the Commission undertook a comprehen
sive study of the Fox River watershed, including
a determination of existing stream water quality
conditions in the watershed and the development of
a stream water quality simulation model to be
used as a tool in the construction of a compre
hensive watershed development plan having as
a major element thereof a stream water quality
management plan. Because this study was com
pleted soon after the region-wide water quality
study, and because the Wisconsin Department of
Natural Resources had conducted additional sam
pling efforts as part of a stream basin survey,
no major additional data collection efforts with
respect to stream water quality were mounted
in the study. The existing data were, however,
thoroughly analyzed and utilized in the develop
ment and calibration of a stream water quality
simulation model for the Fox River watershed.
Primary emphasis in the study was given to eight
parameters of particular importance to the stream
water quality management plan. These eight para
meters were: dissolved oxygen, carbonaceous bio
chemical oxygen demand, coliform bacteria,
chloride, nitrogen, phosphorus, temperature, and
aquatic organisms. In general, the findings of this

study indicated that stream water pollution was
very evident in most areas of the upper Fox River
watershed and was forecast to increase as the
urbanization of this upper watershed area pro
ceeded. Municipal sewage treatment plant dis
charges were found to be by far the most signifi
cant cause of water pollution in the Fox River and
its tributaries. The discharge of treated wastes
from sewage treatment plants in the watershed
was found to result in depressed oxygen levels
and high coliform concentrations below some of
the effluent outfalls and was further found to
stimulate the growth of algae and other aquatic
plants in many areas. The study concluded that
pollution in the Fox River watershed rendered
four of the 13 major streams unsuitable for the
preservation and enhancement of aquatic life, with
the remaining 9 unsuitable for any recreational
activities either in some sections of the stream or
throughout the entire stream.

In 1968 the Commission undertook a comprehen
sive study of the Milwaukee River watershed.
In addition to all of the stream water quality
data previously collected as part of the regional
stream water quality study in 1964 and 1965,
a special stream water quality sampling program
was mounted in the Milwaukee River watershed
study in order to provide definitive data to permit
a more thorough analysis of the existing stream
water quality conditions in the watershed and
the development and calibration of a stream
water quality simulation model. Seventy-two hour
sampling programs were conducted at 30 stations
throughout the watershed in both the spring, when
flows were high, and late summer, when flows
were low. Eight specific parameters were sam
pled: dissolved oxygen, carbonaceous biochemical
oxygen demand, dissolved phosphorus, total phos
phorus, ammonia, nitrate, pH, and temperature.
The data collected from the previous regional
stream water quality study together with the addi
tional data collected under the Milwaukee River
watershed study indicated that, although water
quality conditions varied greatly from the upper to
the lower reaches of the watershed, pathogenic
concentrations and nutrient pollution, as indicated
by coliform count and phosphorus concentration,
are serious problems throughout almost all of the
watershed. Organic pollution, as indicated by
dissolved oxygen levels, was not found to be as
serious a problem in the Milwaukee River water
shed as in the Fox River watershed. Nevertheless,
relatively long reaches of the Milwaukee River
were found to exist in which dissolved oxygen
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levels fell below the mlllimum levels required to
sustain fish life. Aesthetic pollution was clearly
found, particularly in the lower reaches of the
watershed. Municipal sewage treatment plant dis
charges were found to constitute the major cause
of water pollution in the middle and upper reaches
of the Milwaukee River watershed, while sanitary
and combined sewer overflows were found to be
the major cause in the lower reaches of the
watershed. Over 84 miles of the main stem of
the Milwaukee River, or about 85 percent of its
total length, was found not to meet the standards
for the established stream water use objectives.
About 20 percent of the total length of the
29 major tributaries of the Milwaukee River, or
about 44 miles, similarly did not meet the stan
dards for the established water use objectives.
In general, the Milwaukee River and its tribu
taries in the lower reaches were considered to be
grossly polluted.

Also in 1968 the Commission entered into a coop
erative agreement with the Wisconsin Department
of Natural Resources whereby that department and
the Commission undertook a continuing stream
water quality monitoring program within the
Region. The objective of the program was to build
upon the bench mark water quality ~ata initially
collected under the regional stream water quality
study and the Milwaukee River watershed study by
providing, on a continuous basis, the water quality
information necessary to permit assessment of
the long-term trends in stream water quality
within the Region. Initially, this continuing pro
gram called for stream water samples to be
collected twice yearly during periods of high
stream flow in the spring and low stream flow in
late summer or early autumn. Such samples were
to be collected at the 87 sampling stations pre
viously established by the Commission. Each
sample was to be analyzed for nine key water
quality indicators: dissolved oxygen, tempera
ture, fecal and total coliform, nitrate, nitrite,
dissolved phosphorus, pH, chloride, and speci
fic conductance. In an effort to provide addi
tional information on the diurnal fluctuations of
the stream water quality in the Region, the con
tinuing stream water quality monitoring program
was revised in 1970 to provide for the collection
of six stream water samples over a 24-hour
period once yearly during a period of low stream
flow at each sampling station, each sample being
analyzed for the following five parameters: tem
perature, pH, dissolved oxygen, chloride, and
specific conductance. In addition, once during the
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24-hour period the following parameters would be
analyzed: dissolved phosphorus, nitrate, nitrite,
and fecal coliform. The yearly samplings in the
spring during periods of high stream flow were
deleted from the program.

Although the stream water quality data collected
under this continuing program has not to date been
analyzed in detail, review of the data on a selected
basis indicates that no significant, long term
changes in stream water quality conditions within
the Region are as yet apparent. Consequently,
although localized changes in water quality condi
tions have undoubtedly occurred since the initial
1964-1965 sampling period, the general conclu
sions of the Commission's regional stream water
quality survey remain essentially valid and pro
vide, together with the findings of the stream
water quality analyses conducted under the Com
mission's watershed studies, a basic framework
upon which a regional sanitary sewerage system
plan can be constructed.

In general, it is, then, apparent from all of the
Commission's stream water quality to date that
many miles of major streams in southeastern
Wisconsin are being degraded as a result of exist
ing waste water treatment and disposal practices
such that they are unsafe for most recreational
activities and have a greatly reduced aesthetic
value. All of the aforementioned Commission
studies also clearly demonstrate the very basic
interrelationship between land use and stream
water quality, and thereby emphasize the need
for concurrent areawide planning of land use and
water quality control measures.

Floodlands
The floodplain of a river is a wide, relatively flat
area contiguous with and usually lying on both
sides of the channel. The floodplain, which is
bounded on its outer fringes by even higher topo
graphy, is gradually formed over a long period of
time by the river during flood stage as that river
meanders in the floodplain continuously eroding
material from concave banks of meander loops
while depositing it on the convex banks. A river
or stream may be expected to occupy and flow
on its floodplain on the average of approximately
once every two years, and therefore the flood
plain should be considered as an integral part of
a natural stream system.

The location of the floodplains of southeastern
Wisconsin is important to sanitary sewerage sys
tem planning primarily for two reasons. First,



floodplain areas are generally not well suited to
urban development because of flood hazards, high
water tables, and inadequate soils. But they are,
in < contrast, generally prime locations for much
needed park and open-space areas and therefore,
within the context of regional land use planning and
development policies and practices with respect to
public utilities and services in general and sani
tary sewerage systems in particular, should be
such as to discourage indiscriminant urban devel
opment in floodplains while encouraging open
space uses. Second, floodplain soil conditions and
high water tables generally may be expected to
result in significantly higher construction, opera
tion, and maintenance costs for sanitary sewerage
systems and therefore, in the interest of achieving
construction and operation economies in public
utilities and services in general, and sanitary
sewerage systems in particular, floodplain devel
opment should be minimized.

For planning and regulatory purposes in south
eastern Wisconsin, the floodplain has been identi
fied as that area, excluding the ch::umel, that
would be inundated by a 100-year recurrence
interval flood. Under the Commission's compre
hensive studies of the Root, Fox, and Milwaukee
River watersheds, digital computer flood flow
simulation techniques were used to compute 100
year recurrence interval flood stages which were
in turn used to delineate the 100-year floodplain
for a total of 538 miles of major stream channel
in the three watersheds. The resulting flood
plains are shown on Map 28 and were found to
encompass, along with the stream channels, about
7 percent of the total area of the watershed, a
figure which must be taken as a lower limit for
the three watersheds since the floodplains were
delineated only for the major perrenial streams
in the three watersheds. The Corps of Engineers,
at the request of the Southeastern Wisconsin
Regional Planning Commission, extended its Des
Plaines River floodplain investigation15 into the
Region. The resulting 100-year floodplain cor
responding to 20 miles of major stream channel
in that portion of the Des Plaines River water
shed lying within southeastern Wisconsin is also
shown on Map 28. That floodplain encompasses
an area of 8.4 square miles, or 6.3 percent of
the area of the watershed within the Region. If
floodlands-that is, the area within the 100-year

15Floodplain Information Report on the Des Plaines

~iver-Illinois and Wisconsin, Department of the Army,

Chicago District, Corps of Engineers, March 1966.

recurrence interval flood hazard lines and the
stream channel-are assumed to encompass at
least 7 percent of the area of any given watershed,
then a minimum of 188 square miles of south
eastern Wisconsin may be expected to lie within
the 100-year flood inundation lines of the Region's
major streams.

Groundwater Resources
The seven-county Southeastern Wisconsin Region
is richly endowed with groundwater resources.
Continuous, relatively uniform discharge from
groundwater storage provides for the base flow
of the major streams within the Region. As of
1970, groundwater is the source of water supply
for 46 public water utilities, or 69 percent of
the 67 public water utilities within the Region.
Together these 46 utilities serve a resident popu
lation of about 190,000 persons, or about 11 per
cent of the total resident population of the Region
and 14 percent of the population of the Region
served by public water utilities. In addition, many
major industries within the Region utilize ground
water as a source of supply.

The rock units within the Region differ widely in
the yield of stored water. Rock units that supply
water in usable amounts to pumping wells and
in important amounts to lakes and streams are
called aquifers. The aquifers of southeastern
Wisconsin extend to great depths attaining a thick
ness in excess of 1,500 feet in the eastern por
tions of the Region. An enormous reservoir of
groundwater, therefore, lies beneath the Region.
Three major aquifers exist within the seven
county Region. In order, from land surface down
ward, they are: 1) the sand and gravel deposits
in the glacial drift; 2) the shallow dolomite strata
in the underlying bedrock; and 3) the deeper
sandstone, dolomite, siltstone, and shale strata.
Because of their relative nearness to the land
surface, and because of the hydraulic intercon
nection, the first two aquifers are commonly
referred to collectively as the "shallow aquifer,"
while the latter is referred to as the "deep aqui
fer." Wells tapping these aquifers are referred
to as shallow or deep wells, respectively. The
shallow and deep aquifers are separated by the
Maquoketa shale which forms a relatively imper
meable barrier between the two aquifers. The
spatial distribution of the unconsolidated surficial
material and the thickness and orientation of
the bedrock strata are depicted on Map 17 and
Figure 17, and lithologic descriptions of the sur
ficial deposits and the bedrock are provided in
Table 16.
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Some water is recharged to the deep sandstone
aquifer underlying the Region by vertical move
ment through wells open to both the shallow
and deep aquifers and by some vertical move
ment downward through the Maquoketa shale~

The principal source of recharge to the deep aqui
fer, however, is precipitation percolating down
ward through glacial deposits into the deep aquifer
which, as shown in Figure 17, is exposed beneath
the glacial deposits only in the western one-half
of Walworth County and the western one-quarter
of Waukesha County. The deep aquifer recharge
area for southeastern Wisoonsin is a long narrow
zone oriented in a generally north-south direc
tion. It is bounded on the east by the Maquoketa
shale and on the west by a groundwater divide
the separation between eastward and westward
groundwater movements-that is located along the
western edge of Waukesha and Walworth Counties.
Groundwater in the deep aquifer beneath the
Region moves in a generally easterly direction
from the primary western recharge areas toward
Lake Michigan. Thus, most of the water withdrawn
from the deep sandstone aquifer by communities
and industries in the seven-county Region origi
nally entered the aquifer via the Waukesha and
Walworth County recharge areas. As a result of
groundwater withdrawal in the Region, as well as
groundwater withdrawal in the Chicago area, the
potentiometric surface 16 of the deep aquifer has
been continuously declining. Local depressions of
as much as 300 feet have occurred in the potentio
metric surface in the Milwaukee area since the
deep aquifer was first tapped by wells in the last
century. Regional sanitary sewerage system plan
ning in particular, and water disposal practices in
general, should carefully consider any potential
detrimental affects upon the deep sandstone aqui
fer. To this end, the recharge areas should be
protected against incompatible land use devtJlop
ment and waste disposal practices.

Whereas the primary source of recharge for the
deep sandstone aquifer is located partly outside of
southeastern Wisconsin, the shallow aquifer, com
posed of the glacial drift and interconnected dolo
mitic bedrock, is recharged locally by downward
percolation of precipitation and surface water.
Contrasted with the deep aquifer, the direction
of water movement in the shallow aquifer is much

16 The potentiometric surFace represents the static

head of the water in an aquiFer and is deFined by the

levels to which water will rise in wells penetrating

the aquiFer.

more variable and complex. Movement occurs
from local recharge areas toward multiple points
of discharge such as streams, lakes, marshes,
and wells. Relative to the deep aquifer, the shal
low aquifer is more susceptible to pollution by
waste water because it is nearer, both in terms of
distance and time, to potential pollution sources,
thus minimizing the potential for dilution, filtra
tion, and other natural processes that tend to re
duce the potential detrimental effects of pollutants.

The current quality of groundwater in both the
shallow and deep aquifers throughout the Region
is generally good, although it is very hard contain
ing high concentrations of calcium, magnesium,
sulfate, and other dissolved solids, and therefore,
softening is required for almost all water uses.
Localized water quality problems include hard
ness, expressed as calcium carbonate, in excess
of 500 mg/l in the deep sandstone aquifer along
much of the eastern edge of the Region with some
wells, for example in the Village of River Hills
in Milwaukee County, having measured hardnesses
exceeding 1,500 mg/l and total dissolved solids
concentrations in excess of 6,000 mg/l,

If the large quantity of groundwater underlying the
Region is to remain a valuable asset to south
eastern Wisconsin, regional development must
be managed so as to protect the quality of that
resource. It is important that public sanitary
sewerage systems, as well as private onsite
sewage disposal systems, be located, designed,
constructed, and operated with due cognizance of
the need for safeguarding groundwater quality,
since poorly located, malfunctioning public and
private systems can readily pollute the sand and
gravel aquifer and may also contaminate the dolo
mite aquifer in areas where it is creviced and
covered by thin, permeable glacial deposits.
Areas of southeastern Wisconsin with bedrock
outcrops and relatively shallow glacial deposits
are shown on Map 17 and serve to identify loca
tions of potential pollution of the dolomite aquifer.

FISH AND WILDLIFE RESOURCES

Lake and Stream Fisheries
As noted earlier in this chapter, water quality
data for 57 of the 100 major lakes in the Region
was obtained under the Commission's Fox and
Milwaukee River watershed studies. Only four of
these 57 lakes were considered incapable of sup
porting significant populations of desirable fish
under existing conditions. Assuming that the fore-
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going 57 lakes are representative of the 100 major
lakes in the Region, it follows that most of the
major lakes in southeastern Wisconsin are capable
of supporting significant fish populations under
existing oonditions.

The earlier discussion of water quality in major
lakes also noted, however, that 13 of the 57 major
regional lakes were found to be in advanced stages
of eutrophication as revealed by excessive phos
phorus concentrations, low dissolved oxygen con
tent, and excessive algae and aquatic weed growths.
Thus, while most of the 100 major lakes in the
Region are currently capable of supporting signi
ficant fish populations, a decline in water quality
in general, and fishery suitability in particular,
is occurring. This decline may be expected to
continue in the absence of a sound areawide water
quality management plan and proper implementa
tion of that plan.

Dominant fish species of lakes within the Region
in order of importance to its fishery include blue
gill, largemouth bass, northern pike, walleye,
bullhead, black crappie, yellow perch, and carp.
Other fish species existing in the lakes and
streams, but of lesser importance to the fisher
man, are pumpkinseed, warmouth, white sucker,
and green sunfish. Nearly every lake capable of
supporting a fishery has a fish population com
prised of northern pike, largemouth bass, blue
gill, and bullhead. A few of the lakes in the
Region, however, also support good walleye,
muskellunge, cisco, and trout populations.

Lake fisheries are sustained primarily by natural
spawning areas within the lakes. Presently, there
are adequate shallow weedbed areas available for
fish spawning within most major lakes. Other
factors, however, such as deteriorating water
quality, fluctuating water quality, and the lack of
adequate boating regulations to protect spawning
areas, tend to limit the effectiveness of these
areas for natural spawning. In many instances,
therefore, lake fisheries must be sustained by
fish stocking procedures. Deteriorating lake
water quality with its adverse effects on lake
fisheries is partly attributable to the direct or
indirect discharge of sanitary sewage from public
sewerage systems or private onsite waste dis
posal systems into the surface waters prior to
receiving proper treatment. The regional sani
tary sewerage system plan, therefore, should
incorporate measures to protect the lakes and
their fisheries.
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Only limited quality stream fisheries are available
within the Region. The Commission's Fox and
Milwaukee River watershed studies, for example,
found that stream fisheries were generally limited
in that only some of the relatively large streams
in these two watersheds are capable of supporting
self-sustaining populations of walleye, small
mouth bass, northern pike, or panfish. Very few
streams presently support trout populations. It is
recognized that not every stream in the Region
can, or should, be of such quality that it can sup
port walleye, smallmouth bass, or trout. These
species are, however, important indicators of
environmental quality and should be maintained or
restored in selected streams throughout the area.
Temperatures, dissolved oxygen levels, and other
water quality characteristics that determine suit
able conditions for such species will be signifi
cantly influenced by regional sewerage system
planning and development and are, therefore, con
sidered in following chapters.

Wildlife Habitat Areas
Wildlife in southeastern Wisconsin is composed
primarily of small upland game such as rabbit and
squirrel, some predators such as fox and raccoon,
game birds including water fowl, and pan and
game fish. Deer are also found in some areas,
but the herds are small when compared with other
regions of the state. The remaining wildlife habi
tat and wildlife therein provide a valuable and
much sought recreational resource, constitute
an immeasurable aesthetic asset of southeastern
Wisconsin, and contribute both directly and indi
ectly to economic activity within the Region.

An inventory of land and inland water in the plan
ning region known to be inhabited by various
forms of wildlife was carried out cooperatively by
the Wisconsin Department of Natural Resources
and the Commission in 1963. At that time, wild
life habitat covered approximately 259,000 acres,
or 15 percent of the land and inland water area of
the Region as shown on Map 29 as the best wildlife
habitat. Wildlife habitat must furnish food, cover,
and protection. Consequently, areas of the Region
having large proportions of forest, wetland, pas
ture land, cropland, and small proportions of land
devoted to urban development have the largest
areas and highest quality of the remaining wildlife
habitat. Significant concentrations of high value
wildlife habitat occur in the Kettle Moraine area
in northwestern Walworth County, western Wau
kesha and Washington Counties, and in a band
12 to 16 miles wide along the Fox River in eastern



Map 29

WILDLIFE HABITAT IN THE REGION: 1963

The remaining wildlife habitat areas and the
wildlife therein provide an important recrea
tional resource and constitute a valuable
aesthetic asset of southeastern Wisconsin.
As of 1963, approximately 259,000 acres, or
15 percent of the area of the Region, were
identified as wildlife habitat. Unless con
sciousl y protected through measures such as
the adopted regional land use plan and
a fultycoordinated regional sanitary sewerage
system plan, these areas will decrease rapidly
j n both quantity and qual ity as urbani zation
spreads over the Region! s landscape.

Source: Wisconsin Department of Natural Resources

and SEWRPC.

Walworth County and western Racine and Kenosha
Counties. It is significant that a majority of the
inland lakes within the Region also lie within these
two areas.

If the remaining wildlife habitat in the Region is to
be preserved, the forest lands, wetlands, and
related surface water, together with the proxi-

mate croplands and pasture lands, must be pro
tected from mismanagement and continued urban
encroachment. The extent and nature of urban
encroachment into wildlife habitat areas will be
significantly influenced by regional sanitary sew
erage system plans and policies.

ENVffiONMENTAL CORRIDORS

The Corridor Concept
One of the most important tasks which was com
pleted as part of the regional land use planning
effort was the identification and delineation of
those areas of the Region in which concentrations
of scenic, recreational, and historic resources
occur and which, therefore, should be preserved
and protected. SUch areas normally include one
or more of the following seven elements of the
natural resource base which are essential to the
maintenance of both the ecological balance and
natural beauty of the Region:

1. Lakes, rivers, and streams and their
associated floodlands.

2. Wetlands.

3. Forests and woodlands.

4. Wildlife habitat areas.

5. Rugged terrain and high-relief topography.

6. Significant geological formations and phys
iographic features.

7. Wet or poorly drained soils.

Although the foregoing elements comprise the
integral parts of the natural resource base, there
are four additional elements which, although not
a part of the natural resource base per se, are
closely related to or centered on that base and are
a determining factor in identifying and delineating
areas with scenic, recreational, and historic
value. These additional elements are:

1. Existing outdoor recreation sites.

2. Potential outdoor recreation and related
open-space sites.

3. Historic sites and structures.

4. Significant scenic areas and vistas.
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The delincation of these natural resource and
natural resource-related elements on a map of
the Region results in an essentially lineal pattern
encompassed in narrow, elongated areas which
have been termed II environmental corridorsll by
the Commission. Primary environmental corri
dors are defined as those areas which encompass
three or more of the aforementioned eleven envi
ronmental elements, whereas secondary environ
mental corridors are contiguous areas exhibiting
one or two of the eleven necessary elements.

Regional Environmental Corridors
The primary and secondary fi)nvironmental corri
dors of southeastern Wisconsin are shown on
Map 30. The primary environmental corridors
of southeastern Wisconsin are found to occupy
approximately 486 square miles of land and inland
water area or 18 percent of the total area of the
Region. Most of the primary environmental cor
ridors lie along major stream valleys. surround
major lakes, or are found in the Kettle Moraine
area. It is important to note that the primary
envirornnental corridors contain almost all of the
remaining high value wildlife habitat areas and
woodlands within the Region in addition to most of
thc wetlands, lakes and streams, and associated
floodlands. These corridors also contain many
of the best remaining potential parksites. The
primary environmental corridors are, in effect,
a composite of the best of the individual elements
of the natural resource base of southeastern Wis
consin. These elements have been separately
discussed in this chapter.

Recent trends within southeastern Wisconsin have
resulted in the encroachment of urban develop
ment into the primary environmental corridors.
Unfortunatcly, unplanned or poorly planned intru
sion of urban development into these corridors
not only tends to destroy the very resources and
related amenities sought by the development, but
tends to create severe environmental problems
having areawide effects.

The preservation of the primary environmental
corridors from further degradation is one of the
principal objectives of the adopted regional land
use plan upon which the regional sanitary sewer
age system plan is based. They should be con
sidered inviolate and their preservation in a
natural state or in park and related open-space
uses, including limited agricultural and country
estate type uses, will serve to maintain a high
levcl of environmental quality in the Region and
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protect its unique natural beauty. Secondary envi
ronmental corridors should be at least partiallv
retained in open space by using them as the
basis for, or by integrating them into, green
ways, drainageways, storm water retention basins,
parks, and open spaces in developing areas of the
planning region.

Map 30

PRIMARY AND SECONDARY ENVIRONMENTAL
CORRIPORS IN THE REGION: 196q

Approximately one-sixth of the Region lies
within primary environmental corridors. which
encompass almost all of the best remaining
woodlands and wetlands, the best remaining
wildlife habitat areas, almost all of the
streams and lakes and associated undeveloped
floodTands and shorelands, as well as many of
the si~nificant topographical, geological,
<'\nd hi storical features remaining in the
Region. The preservation of these corridors
in compatible open uses is essential to main
taining the overall qual ity of theenvironment
Within the Region. Sanitary sewer service
should be planned so as to discourage urban
development in these primary envi ronmental
corridors.

Source: SEWRPC.



SUMMARY

This chapter has described the natural resource
bas.e of the seven-county area served by the
Southeastern Wisconsin Regional Planning Com
mission, which base, together with the socioeco
nomic base, comprises the complex and changing
environment of this rapidly urbanizing area. Each
of the significant elements of the natural resource
base has been identified and described, the spatial
distribution and extent quantified, the quality
characterized, and relationships to sanitary sew
erage system planning identified. The importance
of considering the elements of the natural resource
base herein identified and described in sanitary
sewerage system planning cannot be overempha
sized, since sanitary sewerage system develop
ment, by its impacts on that base has the potential
to either degrade or to protect and enhance the
natural heritage and environmental quality of the
Region. Furthermore, the monetary costs atten
dant to the planning, design, construction, and
operation of sanitary sewerage systems are, in
part, a function of how well such systems are
adjusted to the supporting capabilities of the natu
ral resource base.

Certain elements of the natural resource base
have particular significance to the regional sani
tary sewerage system planning program, and
these elements, along with their importance to
the planning program, are reviewed in the follow
ing paragraphs.

The Region has a continental type climate charac
terized primarily by a continuous progression of
markedly different seasons and a large range in
annual temperature, onto which is superimposed
frequent distinct changes in weather conditions
which, particularly in the winter and spring, nor
mally occur once every two or three days. ill
addition to marked temporal weather changes, the
Region exhibits spatial weather differences, the
most significant of which is the summer cooling
attributable to Lake Michigan experienced pri
marily by areas in close proximity to the lake.

The annual temperature range, which is based on
monthly means for six geographically representa
tive observation stations, extends from a January
low of 20. 70 F to a July high of 71. OOF. Tempera
ture determines the ease with which outdoor
construction and maintenance activities can be
carried out; defines the portion of the year when
the Region's surface waters are subject to the

most intensive recreational use and the types
of such use; affects the amount of heat energy
needed for sludge digestion at sewage treatment
plants; and, because of freezing problems, places
restrictions on those sewage treatment plant
effluent disposal methods which involve applica
tion to the soil in lieu of discharge to surface
waters. More importantly, however, temperature
markedly affects the reaction rates of aerobic and
anaerobic processes which are fundamental to the
operation of conventional activated sludge and
trickling filter sewage treatment processes as
well as self-purification processes occurring
naturally in lakes and streams. Aerobic bio
chemical processes in sewage treatment plants
and natural waters are also influenced by tern..,
perature in that these processes require an ample
supply of oxygen, the solubility of which decreases
markedly with increasing temperatures. .

Precipitation within the planning region occurs as
rain, sleet, hail, and snow, and precipitation
events range in intensity, duration, and signifi
cance from gentle showers to destructive thunder
storms and a major rainfall or rainfall-snowmelt
events resulting in property and crop damage,
inundation of poorly drained areas, and stream
flooding. The annual total precipitation, based on
six geographically representative observation sta
tions, is 30.3 inches expressed as water equiva
lent, with monthly averages ranging from a
February low of 1. 32 inches to a high of 3. 86
inches in June. The principal snowfall months
are December, January, February, and March,
during which time 89 percent of the 43.2-inch
average annual snowfall occurs. Relative to total
annual precipitation, annual snowfall quantities
are extremely variable as demonstrated by his
torical records at Milwaukee, which indicate that
snowfall ranged from a low of 11. 0 inches during
the winter of 1884-85 to a high of 109 inches
during the winter of 1885-86. The maximum 24
hour precipitation recorded in the Region was
7.58 inches in the West Bend area on August 4,
1924, and the greatest 24-hour snowfall recorded
was 30" 0 inches at Racine in February 1898.
Precipitation is relevant to the development and
operation of sanitary sewerage systems primarily
because it is a major causative factor in combined
sewer and separate sanitary sewer overflows and
sewage treatment plant bypasses which, as typi
fied by the operation of the existing inadequate
combined and separate sewerage system in the
Milwaukee metropolitan area, can cause serious
pollution of the surface water resources.
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Snow cover is most likely in southeastern Wis
consin during the months of December, January,
and February, there being at least a 0.40 proba
bility of having one inch or more of snow cover
during that period and at least a 0.25 probability
of five inches or more snow cover during January
and the first half of February. Snow cover is of
importance primarily because the insulating capa
bility of accumulated snow significantly influences
the depth and duration of frozen ground which, in
turn, directly influences the planning and conduct
of sanitary sewerage system construction and
maintenance activities.

A minimum of six or more inches of frozen
ground normally exists throughout southeastern
Wisconsin during January, February, and the first
half of March, and frost depths in excess of four
feet have been reported. The ease of outdoor
construction and maintenance activities is affected
by frost conditions, and, more importantly, the
design of structural foundations as well as the
design of subsurface utilities, such as sanitary
sewers, must incorporate either adequate drain
age or sufficient depth provisions in order to
prevent costly and disruptive frost heave damage.

The annual evaporation in the Region is about
28 inches and is approximately equal, both annu
ally and seasonally, to the precipitation. There
fore, the evaporation process should not be
considered the principal dewatering mechanism
for sludge handling.

Prevailing winds follow a clockwise pattern in
terms of the prevailing direction over the seasons
of the year, being northwesterly in the late fall
and in winter, northeasterly in the spring, and
southwesterly in the summer and early fall. Bene
ficial effects of wind include the increased rate
of oxygen absorption that occurs in lakes and
streams, as well as waste water treatment units
open to the atmosphere and accelerated evapora
tion from sludge-drying beds. Potential undesir
able wind effects include transmission of odorous
gases into urban areas and the concentration of
treatment plant effluent along certain downwind
lakeshore areas, resulting in excessive concen
trations of floating and rooted aquatic plant growth.

Data on the variation in the time of sunrise and
sunset and the daily hours of sunlight are of
some value in planning outdoor work and may
affect observed diurnal changes in surface water
quality. Daylight hours range from a minimum
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of 9. 0 hours on about December 22 to a maximum
of 15.4 hours on about June 21. The smallest
amount of sky cover occurs during the July through
October period when the mean monthly daytime
sky cover is approximately 0.5, whereas a sky
cover of about O. 7 may be expected during the
November through March period.

The 2, 689 square mile Southeastern Wisconsin
Region was once subjected to the influence of
several stages of continental glaciation, the last
of which, the Wisconsin stage, terminated about
11,000 years ago and largely determined the
physiographic and topographic features of the
entire Region. That glaciation provided south
eastern Wisconsin with an interesting, varied, and
attractive landscape exemplified by the Kettle
Moraine area that is still very much in evidence
because of the predominantly rural as opposed to
urban and therefore altered nature of the existing
land use pattern. Protection of the aesthetic
quality as well as the educational and recreational
value of the Region's glacial landscape is largely
dependent on future public policy with regard
to the development and extension of public sani
tary sewerage systems and private onsite sewage
disposal systems.

Topography affects the routing, slzmg, and slope
of trunk sewers and the location and capacity of
pumping and lift stations. As a result of efforts
by the Commission and the local units of govern
ment, large-scale topographic maps prepared to
National Map Accuracy Standards and based upon
a monumented control survey network are avail
able for about 21 percent of the total area of
the Region.

Regional surface drainage is characterized by a
disordered dendritic pattern, primarily because
of the hetergeneous nature of the glacial drift.
There is a preponderance of ponds and lakes,
and much of the Region is covered by wetlands
with many streams being mere threads of water
through those wetlands. A major subcontinental
divide, which bisects the planning region such that
1, 685 square miles or 63 percent of the Region
drains toward the Mississippi River, while 1,004
square miles or 37 percent of the Region are tri
butary to the Great Lakes-st. Lawrence River
drainage basin, determines the gross surface
water drainage pattern and also creates certain
legal and water use problems. For example, sani
tary sewerage systems within the 1,004 square
mile portion of the seven-county area that is



tributary to Lake Michigan are subject to the
federal Lake Michigan Enforcement Conference
convened at Chicago in 1968 by the Secretary of
the U. S. Department of the Interior. The con
ference recommended that waste treatment be
provided by all municipalities in the Region to
achieve at least 80 percent reduction of total
phosphorus, that continuous disinfection be pro
vided throughout the year for all municipal waste
treatment plant effluent, that industries not con
nected to municipal sewerage systems provide
sewage treatment so as to meet the water quality
standards for Lake Michigan, that unified sewage
collection systems serving contiguous areas be
encouraged, and that pollution from combined
sewer areas be controlled either through separa
tion or through other techniques by July 1977.

The surface water drainage pattern of southeast
ern Wisconsin may be further subdivided so as to
identify 11 individual watersheds, five of which
the Root River, Menomonee River, Kinnickinnic
River, Oak Creek, and Pike River watersheds
are wholly contained within the Region. In addition
to the 11 watersheds, there are numerous small
catchment areas contiguous with Lake Michigan
that are drained directly to the lake by local
natural streams and artificial drainageways; and
these areas may be considered as comprising a
twelfth watershed. The surface drainage pattern
and location of watershed boundaries are perti
nent to the regional sanitary sewerage system
plan since emphasis on in-watershed solutions
is one of the five basic principles formulated
under the regional sanitary sewerage system
planning program.

The glacial drift of southeastern Wisconsin is
underlain by bedrock formations of the Cambrian
through Devonian Periods that dip gently down
toward the east at a slope on the order of 20 feet
per mile, and attain a thickness in excess of
1,500 feet beneath the eastern boundary of the
Region. The bedrock of the seven-county planning
region is, for the most part, covered by uncon
solidated glacial deposits that are over 500 feet
thick in some buried preglacial valleys. In con
trast, there are approximately 150 square miles
of southeastern Wisconsin, generally east of and
parallel to the Kettle Moraine area, where bed
rock lies within 20 feet of the ground surface and
a few localized areas where bedrock is actually
exposed. Outcrop areas and those portions of the
Region having less than 20 feet of glacial drift
overlying the bedrock constitute an important con-

sideration in the design and construction of private
onsite sewage disposal systems and public sani
tary sewerage systems, since the operation of the
former is dependent on favorable soil character
istics while the latter involves extensive trenching
and excavation. Outcrops and shallow drift areas
also serve to identify those portions of the plan
ning region that are particularly susceptible to
pollution of both the sand and gravel aquifer
and the underlying dolomite aquifer as a result
of malfunctioning septic systems and exfiltration
from sanitary sewers.

The nature of surficial deposits and the charac
teristics of the bedrock are the two important
geologic factors that determine, in conjunction
with selected hydrologic and cultural considera
tions, the potential for land disposal of liquid
wastes on a large scale. Geologic conditions
within the Region are such that only a relatively
small portion of the Region, consisting of the
western one-half of Ozaukee County and scattered
areas comprising about one-half of Washington
County are well suited for the land disposal of
treated sewage effluent.

Sand and gravel, dolomite building stone known
locally as lannon stone or limestone, and organic
material are the three primary mineral and
organic resources of southeastern Wisconsin that
have commercial value as a result of their quan
tity, quality, and location. As a result of its
glacial history, the Region has an abundant supply
of sand and gravel deposits, the most productive
of which are concentrated in the Kettle Moraine
area and are important sources of concrete
aggregate and of gravel for general construction
purposes. Depending on the nature of the deposits,
particularly their depth and areal extent and the
size of the gravel and rocks, sand and gravel
deposits may seriously hamper trenching, exca
vation, and tunneling work. Niagara dolomite is
mined in open quarries, most of which are located
in Waukesha County, and supplies high quality
dimensional building stone and, when crushed,
concrete aggregate and gravel for construction
purposes. The presence of a quarrying operation
in an area indicates relatively thin glacial deposits
and close proximity of bedrock to the ground sur
face and is, therefore, an important consideration
in the planning and conduct of construction proj
ects, such as sanitary sewerage system, that
entail extensive trenching and excavation.

Organic deposits are widely distributed throughout
the Region in small, scattered, low-lying, poorly
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drained areas, and form the basis for some
wildlife, for wetland and recreation areas, and
because of the fertilization potential have com
mercial value in their ability to support certain
field and specialized crops as well as sod farming
and peat mining. Organic deposits identify areas
having severe limitations for development of onsite
sewage disposal systems because of poor drainage
characteristics, and because of potential infiltra
tion problems through sewer pipe joints and
cracks. They also complicate the construction of
sanitary sewerage systems because of the diffi
culty of operating heavy equipment on, and of
working with, organic deposits.

A wide variety of soil types have developed in
southeastern Wisconsin as a result of the inter
action of parent glacial deposits covering the
Region, of topography, climate, plants, animals,
and time. As a result of a detailed soil survey,
all the diverse soil types of southeastern Wis
consin have been mapped; their physical, chemi
cal, and biological properties identified; and
interpretations have been made for planning pur
poses. Soil survey data and interpretations reveal
that approximately 716 square mi'les, or about
27 percent of the Region, are covered by soils
that are poorly suited for residential development
with public sanitary sewer service; approximately
1,637 square miles, or about 61 percent of the
Region, are poorly suited for residential develop
ment without sanitary sewer service on lots
smaller than one acre in size; and about 1,181
square miles, or approximately 44 percent of the
Region, are poorly suited for residential develop
ment without public sanitary sewer service on lots
one acre or larger in size.

Historically, vegetational patterns in southeastern
Wisconsin were determined by natural factors
such as climate, glacial deposits, soil type, fire,
topography, and drainage characteristics, but
man, since his settlement of the Region, has
increasingly influenced the quantity and quality
of woodlands, wetlands, and aquatic vegetation.
Woodlands comprised 133,000 acres or approxi
mately 8 percent of the regional land area in 1963,
and in addition to commercial value have signifi
cant aesthetic value when viewed in conjunction
with the beauty of the Region's lakes, streams,
and glacial land forms. Wetlands, which covered
about 179,000 acres or about 10 percent of the
seven-county planning region in 1963, attenuate
peak flood flows, protect stream water quality
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by serving as nutrient and sediment traps, and
provide necessary wildlife habitat.

The proper planning and development of public
sanitary sewerage systems, combined with con
trol of private onsite sewage disposal systems,
is necessary if the best remaining woodlands and
wetlands are to be protected and managed.

Lakes, streams and their floodlands, and ground
water, which comprise the water resources of
southeastern Wisconsin, constitute the most im
portant single natural resource category because
of their multi-faceted functions including support
of numerous, popular water-oriented recreation
activities; habitat for fish and wildlife; desirable
sites for vacation homes and permanent residen
tial developments; and provision of water for
domestic, municipal, and industrial water users.
The Region contains 1,148 lineal miles of major
streams and 100 major lakes, the latter having
a total surface area of 57 square miles, or about
2 percent of the area of the Region, and a total
shoreline length of 448 miles.

These surface water resources are very vulner
able to man's activities in that their quality can
easily degenerate as a result of excessive nutrient
and organic loads from malfunctioning or improp
erly placed private onsite sewage disposal sys
tems, combined sewer and separate sanitary
sewer overflows, inadequate waste treatment
facilities, and careless agricultural fertilization
practices. Furthermore, lakeshore and riverine
development may adversely affect lake and stream
water quality by increasing pollution loadings
while, at the same time, removing wetlands which
serve as valuable nutrient and sediment traps.
Many of the streams in the Region are particularly
vulnerable to pollution because the low flows are
small relative to forecast municipal treatment
plant discharges.

Commission studies indicate that many of the
major lakes and many miles of major streams
in the planning Region are being degraded as
a result of man's activities to the point where
they now have, or soon will have, little or no
value for recreational purposes, as desirable
locations for controlled water-oriented residen
tial development, or as aesthetic assets of south
eastern Wisconsin. Of the 43 major streams
in the Region, 21 are unsuitable for the preser
vation and enhancement of aquatic life, with
33 unsuitable for recreational activities. In gen-



eral, the surface waters of the :Region may be
characterized as being highly polluted. Surface
water degradation is primarily attributable to
mismanagement of human wastes, and therefore
the regional sanitary sewerage system planning
pr-ogram has the potential to protect the Region's
surface water resources.

At least 7 percent, or 188 square miles,of south
eastern Wisconsin, is estimated to lie within the
inundation limits of a 100-year recurrence inter
val flood event. The 100-year floodplain has been
delineated for 558 lineal miles of major stream
channel in the Root, Fox, Milwaukee, and Des
Plaines River watersheds within the seven-county
planning region. This floodplain serves to identify
those portions of the Region poorly suited for
urban development because of flood hazards, high
water tables, inadequate soils, and high cost for
public utilities and services such as sanitary
sewerage systems; while at the same time identi
fying areas well suited for much needed open
space uses. Regional land use policies in general,
and sanitary sewerage system planning and devel
opment policies in particular, should direct urban
development to more suitable areas outside of the
floodplains, thereby reserving the floodplains for
open-space uses consistent with the underlying
natural resource base.

Groundwater is the principal source of water
supply for about two-thirds of the water utilities
operating within the Region, for about 14 per
cent of the resident population of the Region
served by such utilities, and for many industries.
Groundwater also sustains lake levels and pro
vides the base flow of streams. The aquifers
lying beneath the Region, which attain a com
bined thickness in excess of 1,500 feet in the
east, may be subdivided so as to identify three
distinct groundwater sources. In order from the
land surface downward they are the sand and
gravel deposits in glacial drift, the shallow dolo
mite strata in the underlying bedrock, and the
deeper Cambrian and Ordovician Period strata
composed of sandstone, dolomite, siltstone, and
shale. Regional groundwater quality is generally
good, although it is very hard so that softening is
required for most uses. Regional development
must be managed to protect the valuable ground-

water resources, with particular emphasis on
public sanitary sewerage systems and private
onsite sewage disposal systems, since these sys
tems may easily contaminate the surficial sand
and gravel aquifer and also have the potential to
pollute the underlying dolomite aquifer in areas
where it is creviced and covered by thin, perme
able, glacial deposits.

The lakes and streams within the seven-county
planning region are capable of supporting a limited
fishery relative to heavy fishing demand that is
placed on them. A 1963 wildlife habitat inventory
revealed that 259,000 acres, or 15 percent of the
Region, contained high quality wildlife habitat
furnishing food and cover for small upland game,
larger predators, game birds, and fish. Wildlife
habitat areas constitute both a valuable recreation
resource and an aesthetic asset, the protection of
which is strongly dependent on rational land use,
especially policies pertaining to the extension of
sanitary sewerage systems.

The delineation of selected natural resource and
natural resource-related elements on a regional
map produces an essentially lineal pattern encom
passed in narrow, elongated areas which have
been termed "environmental corridors" by the
Southeastern Wisconsin Regional Planning Com
mission. Primary environmental corridors occupy
approximately 486 square miles or 18 percent of
the planning region, and contain almost all of the
remaining high value wildlife habitat areas and
woodlands within southeastern Wisconsin; most of
the wetlands, lakes and streams, and associated
floodlands; as well as many significant physio
graphic features and historic sites. The primary
environmental corridors are a composite of the
best of the individual elements comprising the
natural resource base of southeastern Wisconsin.
The preservation of these primary environmental
corridors in a natural state or in park and related
open-space uses included limited agricultural and
country estate type use, is essential to maintain
ing a high level of environmental quality in the
Region and to the protection of its natural beauty,
and as such is one of the principal objectives of
the adopted regional land use plan upon which the
regional sanitary sewerage system plan is based.
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Chapter V

EXISTING SANITARY SEWERAGE SYSTEMS

INTRODUCTION

A large network of sanitary sewers consisting of
many individual systems presently exists within
the Region to serve existing urban land use devel
opment. This network has been under continuous
development for about 125 years, ever since con
struction of the first sewer within the Region was
begun within the City of Milwaukee in the late
1840s. In the 1850s and 1860s small networks of
combined sanitary and storm sewers were con
structed to serve the Cities of Milwaukee, Racine,
and Kenosha. By the mid-1920s the last exten
sions of these combined sewer systems were
made, and since then all sewers constructed to
serve developing areas of the Region have been
constructed as separate sewers. Any sanitary
sewerage system planning program must include
an evaluation of this existing network through an
inventory of the location, capacity, and service
areas of the existing sanitary sewerage facilities.
The capabilities of these existing systems to be
expanded and thereby meet future needs, as well
as any deficiencies in these existing systems to
meet present needs, may thereby be identified and
an important step toward plan synthesis achieved.
Accordingly, one of the initial steps in the regional
sanitary sewerage system planning program was
an inventory of all existing sanitary and combined
sewerage systems within the Region, whether
publicly or privately 0wned.

This chapter presents the results of this inventory
of the existing public sanitary sewerage systems
and of an inventory of locally prepared sanitary
sewerage system plans and engineering reports.
Included in this chapter are descriptive analyses
of all existing public sanitary and combined sew
erage sys tems and of all other sewage treatment
facilities serving industrial, commercial, insti
tutional, or recreational land use development
within the Region. In addition, significant concen
trations of existing urban development not cur
rently served by public sanitary sewerage facili
ties are identified and described. Finally, known
point sources of waste water other than sewage
treatment plants are identified.

The inventory data presented in this chapter have
been organized on a county-by-county basis rather

than on a watershed basis. This method of organi
zation is thought to be more convenient for the
presentation and use of information pertaining to
a particular sanitary sewerage system, since
'most local officials and interested citizens are
more familiar with county boundaries than with
watershed boundaries. Since stream and lake
water quality management problems are, however,
largely determined by waste discharges to natural
drainage systems from sewage treatment facili
ties, the alternative plan elements and the recom
mended plan presented in later chapters of this
report are. presented on a subregional rather than
a county basis, with the subregions approxi
mating natural watershed boundaries but recog
nizing other factors such as the location and
extent of existing and probable future urban land
use development.

Inventory Procedures
Two separate but related inventories were con
ducted under the regional sanitary sewerage
system planning program: an existing sanitary
sewerage facilities inventory and a local sanitary
sewerage system plans inventory. The inven
tory of exis ting sanitary sewerage facilities was
designed to update a 1964 inventory of such facili
ties conducted by the Commission under its initial
public utilities study. In that 1964 inventory, all
existing sanitary sewerage systems were mapped
on a uniform basis by county, at a scale of
1 II = 2000 '. The sizes of all trunk sewers 1 and of
all combined sewers were recorded on the maps;

lUnder the 1964 Commission inventory of sanitary

sewerage facilities, trunk sewers were defined as

follows: for a community up to 5,000 population,

10" diameter minimum; for a community of 5,000 to

50,000 population, 12" diameter minimum; and for com

munities over 50,000 population, 15" diameter minimum,

In addition, smaller size lines were regarded as trunk

sewers if they provided trunk service to unserviced

portions of the same or adjacent communities. The

1970 update of this inventory utilized the same cri

teria for recording and mapping the trunk sewers,

although the capacity analyses conducted under the

regional sanitary sewerage system planning program

were limited to those trunk sewers through which other

sewer service areas might be connected to a sewage

treatment facility as part of an areawide sanitary

sewerage system.
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and, where available from local records, sewer
slopes and invert elevations were shown at criti
cal points in the system. In addition, existing and
committed future service areas were determined
and mapped along with combined sewer service
areas. Individual subsystem plans were also
acquired at various larger map scales from the
individual cities, villages, and sanitary and utility
districts in the Region. These subsystem maps
indicate the location of all existing sanitary
sewers, sewage pumping and lift stations, and
sewage treatment plants, together with pertinent
invert slopes and elevations.

In addition to the mapped sewerage system data,
certain additional data pertaining to the exis ting
sewerage systems were acquired and tabulated in
the 1964 inventory. These data included name
of operating agency, communities served, area
served in square miles, treatment levels pro
vided, location of disposal of treatment plant
effluent, date of original construction of sewage
treatment plant and of major additions, treat
ment plant design capacities and loadings, popula
tion presently served, average per capita flow,
total population equivalent presently served, and
reserve hydraulic capacity of the sewage treat
ment plant. These data were all updated to the
base year 1970 under the regional sanitary sew
erage system planning program. In addition, data
were collected on the following: location of known
sewage overflow points and the location and capa
city of sewage pumping and lift stations.

Both the 1964 Commission inventory of sanitary
sewerage systems and the 1970 update of that
inventory were designed to make full use of all
existing and available surveys, studies, reports,
and other pertinent data. Additional data collec
tion activities were limited to those essential to
developing the information base necessary to the
preparation of a sound regional sanitary sewerage
system plan.

While the sheer magnitude and complexity of the
foregoing data preclude full presentation in pub
lished form for each individual sanitary sewerage
system in the Region, the descriptive analyses
presented in this chapter do include the following:

L The location, configuration, and capacity
of selected major trunk sewers serving
a given area through which other service
areas may be connected to a treatment
facility to form an areawide system, and
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the location and capacity of appurtenant
pumping and lift stations.

2. The location of all known points of sani
tary sewage flow relief, including relief
pumping stations, portable pumping sta
tions, crossovers, bypasses, and combined
sewer outfalls.

3. The location, type and level of treatment,
capacity, existing loading, and means of
effluent disposal for all sewage treatment
plants serving centralized public sanitary
sewerage systems.

4. The location, owner, type of treatment,
capacity, and me ans of effluent disposal
for all sewage treatment plants serv
ing isolated land use enclaves, including
isolated residential, recreational, com
mercial, industrial, and institutional land
use concentrations.

5. The size and extent of the existing and
commi tted sewer service areas and the
estimated population served in each exist
ing service area. The population estimates
are based on U. S. Public Land Survey
quarter section approximations of the ser
vice areas.

6. All known existing point sources of wastes
other than sewage treatment plants, con
sisting primarily of industrial cooling and
wash water outfalls but including some
industrial wastes.

7. The administrative structure and financing
arrangements of each municipal sanitary
sewerage system, together with estimated
1970 expenditures for capital improve
ments and operation and maintenance.

The inventory of existing sanitary sewerage facili
ties was conducted by the SE\YRPC staff and
consisted of site visits to the location of each
individual sanitary sewerage sys tem in order to
obtain system maps and other data and to obtain
from the operators and administrators of each
system information on existing points of sewage
overflow and existing, committed, and proposed
service areas. In addition, certain data were
obtained from the files of the Wisconsin Depart
ment of Natural Resources and the Wisconsin
Public Service Commission.



The inventory of locally prepared sanitary sewer
age system plans was conducted by contacting
each municipality in the Region and requesting
that copies of such plans be provided to the Com
mission. It should be understood in this connec
tion that, in many cases, local sanitary sewerage
system plans consist of engineering reports pre
pared by consulting engineers and submitted to the
governing body of the municipality. As such, these
reports are rarely formally adopted by either
a local plan commission or a local governing body.
In most cases, however, such reports do repre
sent at least the informal long-range plan for
sanitary sewerage system deve lopment for a given
municipality. If a community did not have a for
mally documented plan or engineering report
available, it was assumed that no long-range
sanitary sewerage sys tem plan exis ted for the
area. Subsequent to the 1970 inventory of such
locally prepared sanitary sewerage system plans,
the Commission received a number of locally
proposed sanitary sewerage system improvement
projects under its areawide planning review and
clearinghouse function carried out pursuant to
U. S. Office of Management and Budget Circular
A-95. While these projects were submitted during
1971 and 1972, and thus reflect local sewerage
system planning carried out subsequent to the base
year of the regional sanitary sewerage system
plan, the system plans on which these projects
are based have been included in this chapter
because of the obvious need to consider the pro
posed projects in the development of a regional
sanitary sewerage system plan.

Definition of Terms
Before presenting the findings of the inventories
of existing sanitary sewerage systems and local
sanitary sewerage system plans in the Region, it
is necessary to define the terms used in the dis
cussion in order to provide a common frame of
reference. Accordingly, the following are the
definitions of all sanitary sewerage related terms,
with the exception of water quality indicators,
adopted for use in presenting the inventories,
analyses, alternative plans, and recommended
plan in this report. Definitions of water quality
indicators are set forth in Appendix C of this
report.

Activated Sludge Process-A biological waste
treatment process in which a mixture of
sewage and activated sludge is agitated and
aerated in a tank to clarify and oxidize the
sewage. The activated sludge, which consists

of a growth of zoogleal organisms, is subse
quently separated from the treated sewage by
sedimentation and wasted or returned to the
process as needed.

Aeration, Extended-A modification of the
activated sludge process which provides for
aerobic sludge digestion within the aera
tion system.

Aeration, Step-A procedure for adding incre
ments of settled sewage along the line of flow
in the aeration tanks of an activated sludge
sewage treatment plant.

Appurtenances-Appliances or auxiliary struc
tures comprising an integral part of the sew
erage system, such as manholes, manhole
covers, ladders, frames, and screens to pro
vide for ventilation, inspection, and mainte
nance of the sewerage system, as well as
specialized structures for conveying sewage,
such as depressed siphons and junctions.

Bypass-A flow relief device by which sani
tary sewers entering a lift station, pumping
station, or sewage treatment plant can dis
charge a portion or all of their flow, by
gravity, directly into a receiving body of sur
face water to alleviate sewer surcharge; also
a flow relief device by which intercepting or
main sewers can discharge a portion or all
of their flow, by gravity, into a receiving body
of surface water to alleviate surcharging of
intercepting or main sewers.

Chlorination-The application of chlorine to
sewage, generally for disinfection.

Contact Stabilization Process -A modification
of the activated sludge process in which raw
sewage is aerated with a high eoncentration of
activated sludge for a relatively short period
of time to obtain CBOD removal by absorption,
the solids being subsequently removed by
sedimentation, and transferred to a stabiliza
tion tank where aeration is continued to fur
ther oxidize and condition the sludge before
reintroduction to the raw sewage flow.

Crossover-A flow relief device by which
sanitary sewers discharge a portion of their
flow, by gravity, into storm sewers during
periods of sanitary sewer surcharge or by
which combined sewers discharge a por-
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tion of their f1'Jw, by gravity, into storm
sewers to alleviate sanitary or combined
sewer surcharge.

Design Capacity, Average Hydraulic-The
average influent sewage flow at which a sew
age treatment plant will operate at design
pollutant removal efficiencies.

Design Capacity, Organic-The average bio
chemical oxygen demand of the influent sew
age, expressed as pounds of CBOD5 per day,
which the sewage treatment plant is designed
to treat.

Design Capacity, Peak Hydraulic-The maxi
mum influent sewage flow for which the plant
is designed to operate without flooding; pollu
tant removal is still performed under this
flow condition but at a much lower efficiency
than the design efficiency.

Digestion, Aerobic-The decomposition of
organic matter in the presence of elemental
oxygen.

Digestion, Anaerobic-The decomposition of
organic matter resulting in gasification, liqui
fication, and mineralization through the action
of microorganisms in the absence of ele
mental oxygen.

Flash Mixer-A device for quickly dispersing
chemicals uniformly throughout a liquid.

Force Main-A pipeline joining the discharge
of a pumping station with a point of gravity
flow designed to transmit sewage under pres
sure flow throughout its length.

Grit Chamber-A detention chamber designed
to reduce the velocity of the influent sewage
to permit the removal of coarse minerals
from organic solids by differential sedimen
tation.

Intercepting Structure-A structure designed
to intercept all dry-weather sanitary sewage
flow in a combined sewer and a proportionate
amount of the mixed storm water and sanitary
sewage flow during periods of rainfall or
snowmelt and discharge such flows to an
intercepting sewer.

Loading, Average Hydraulic-The arithmetic
average of the total metered daily flow at a
sewage treatment plant for any selected year.

Loading, Peak Hydraulic-The greatest total
daily sewage flow received by a treatment
plant in any selected year.

Microstrainer-An extremely fine rotating
screen for the removal of very small sus
pended solids in sewage.

Package Plant-A relatively small, usually
prefabricated, sewage treatment plant.

population Equivalent-The existing or design
organic loading to a sewage treatment plan t
expressed in population and based on an
avera~e normal domestic sewage strength
and flow. 2

Pretreatment-The conditioning of a waste at
its source before discharge to remove or to
neutralize substances injurious to sewers and
treatment processes or to effect a partial
reduction in load on the treatment process.
Within the content of this report, the term
generally applies to the conditioning of indus
trial wastes before discharge to municipal
sewerage systems.

Private Sanitary Sewerage System-A waste
water disposal system providing conveyance,
treatment, and final disposal for wastes from
users who have agreed-upon rights to the
benefits of the facility which is owned and
operated by an individual owner, either a pri
vate business or a public institution.

2 In the regional sanitary sewerage system planning

program the average sewage strength is assumed to be

200 mg/l of CBODS and the average domestic sewage flow

is assumed to be 12S gallons per capita per day. This

concentration and daily per capita flow are equivalent

to 0.21 pound of CBODS/capita/day. The population

equivalent is computed for either the existing or

design loading by dividing the daily CBODS loading in

pounds by 0.21 pound of CBODS/capita/day. The compu

tation of equivalent population can also be based on

suspended solids by dividing the daily suspended
solids loading in pounds by 0.21 pound suspended
solids/capita/day.



Public Sanitary Sewerage System-A waste
water disposal system providing conveyance,
treatment, and final disposal for wastes from
users who all have equal rights to the benefits
of the utility which is owned and operated by
a legally established governmental body.

Screening-The removal of floating and sus
pended solids in sewage by straining through
racks or screens.

Sedimentation-The process of subsidence and
deposition of the suspended matter in sewage
by gravity, usually accomplished by reducing
the velocity of the sewage below the point at
which it can carry suspended matter. Pri
mary sedimentation occurs in a complete
sewage treatment process before biological
or chemical treatment; secondary sedimenta
tion occurs after such treatment.

Septic Tank-A settling tank in which the
settled sludge is in immediate contact with
sewage flowing through the tank, and the
organic solids in the sewage are settled
out and decomposed by anaerobic bacterial
action. The treated sewage is then discharged
to the groundwater reservoir by underground
tile lines.

Sewage-the spent water of a community con
sisting of a combination of liquid and water
carried wastes from residences, commercial
buildings, industrial plants, and institutions,
together with any groundwater, surface water,
or storm water which may be unintentionally
present.

Sewage Lagoon-A shallow body of water con
taining partially treated sewage in which
aerobic stabilization occurs.

Sewage Treatment Plant-An arrangement of
devices and structures for treating sewage in
order to remove or alter its objectionable
constituents and thus render it less offensive
or dangerous.

Sewage Treatment Plant Efficiency-The ratio
of the amount of pollutant removed by the
sewage treatment plant to the amount of pol
lutant in the influent sewage expressed in
percent. (For example, the CBOD5 removal
efficiency of a sewage treatment plant is cal
cula~ed as the ratio of the CBOD

5
of the influ

ent sewage minus the CBOD5 of the effluent to

the CBOD5 of the influent sewage expressed
in percent. )

Sewer-A pipe or conduit, generally closed
but not normally flOWing under pressure, for
carrying sewage.

Sewer, Branch-A common sewer receiving
sewage from two or more lateral sewers
serving relatively small tributary drainage
areas.

Sewer, Building-A private sewer conveying
sewage from a single building to a common
sewer; also called house connection.

Sewer, Combined-A common sewer intended
to carry sanitary sewage, with component
domestic, commercial, and industrial wastes,
at all times, and which, during periods of
rainfall or snowmelt, is intended to also
carry storm water runoff from streets and
other sources.

Sewer, Common-A sewer in which all abutters
have equal rights; also called public sewer.

Sewer, Intercepting-A common sewer that
receives dry-weather sanitary sewage flows
from a combined sewer system and predeter
mined proportionate amounts of the mixed
storm water and sanitary sewage flows during
periods of rainfall or snowmelt and conducts
these flows to apoint of treatment or disposal.

Sewer, Lateral-A common sewer discharging
into a branch or other common sewer and
having no other common sewer tributary to it.

S3wer, Main-A common sewer which receives
flows from many lateral and branch sewers
serving relatively large tributary drainage
areas for conveyance to a treatment plant;
also called trunk sewer.

Sewer, Outfall-A sewer that receives flows
from a collection system or from a treatment
plant and conveys the untreated or treated
waste flows to a point of discharge into
a receiving body of surface water.

Sewer, Relief-A common sewer built to
carry the flows in excess of the capacity of
an existing sewer, thus relieving surcharging
of the latter.
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Sewer, Sanitary-A common seWer which car
ries sewage flows from residences, com
mercial buildings, and institutions, certain
types of liquid wastes from industrial plants,
together with minor amounts of storm, sur
face, and ground waters that are not inten
tionally admitted.

Sewer, Storm-A common sewer which car
ries surface water and storm water runoff
from open areas, rooftops, s tree ts, and other
sources, including street wash and other wash
waters, but from which sanitary sewage or
industrial wastes are specifically excluded.

Station, Lift-A relatively small sewage pump
ing installation designed to lift sewage from
a gravity flow sewer to a higher elevation
when the continuance of the gravity flow sewer
would involve excessive depths of trench, or
designed to lift sewage from areas too low to
drain into available sewers. Lift stations
normally discharge through relatively short
force mains to gravity flow points located at
or very near the lift station.

Station, Portable Pumping-A point of flow
relief at which flows from surcharged sani
tary sewers are discharged into storm sewers
or directly into a receiving body of surface
water through the use of portable pumping
units.

Station, Pumping-A relatively large sewage
pumping installation designed not only to lift
sewage to a higher elevation but also to
convey it through force mains to gravity flow
points located relatively long distances from
the pumping station.

Station, Relief Pumping-A flow relief device
by which flows from surcharged main sewers
are discharged into storm sewers or directly
into a receiving body of surface water through
the use of permanent lift or pumping stations.

Treatment, Advanced-This may be defined as
additional physical and chemical treatment to
provide removal of additional constituents,
particulary phosphorus and nitrogen com
pounds, by such means as chemical coagula
tion, sedimentation, charcoal filtration, and
aeration. Although advanced treatment is
traditionally conceived of as following secon
dary treatment or as combined with tertiary

treatment, it can be performed followin.;, Dri
mary treatment or as an integral part of
secondary treatment. Advanced treatment
may remove 90 percent or more of the raw
influent phosphorus and may remove up to
90 percent of the raw influent nitrogen, or
effect up to 95 percent reduction in the oxygen
demand of ammonia in the sewage treatment
plant influent by coverting the ammonia com
pounds to nitrates.

Treatment, Auxiliary-This may be defined as
a treatment measure used in combination with
all other treatment methods, and includes, for
example, effluent aeration and disinfection
by chlorination.

Treatment, Primary-This may be defined as
physical treatment of raw sewage in which
the coarser floating and settleable solids
are removed by screening and sedimentation.
Primary treatment normally provides 50 to
60 percent reduction of the influent suspended
matter and 25 to 35 percent reduction of
the influent carbonaceous biochemical oxygen
demanding organic matter (CB0Dult). It re
moves little or no colloidal and dissolved
matter.

Treatment, Secondary-This may be defined as
biological treatment of the effluent from pri
mary treatment, in which additional oxygen
demanding organic matter is removed by
trickling filters or activated sludge tanks and
additional sedimentation. Secondary treat
ment normally provides up to 90 percent
removal of the raw influent suspended matter
and 75 to 95 percent removal of the raw influ
ent CBODult. Secondary treatment facilities
can be designed and operated to also remove
30 to 50 percent of the raw influent nitrogen
ous biochemical oxygen demand (NB0Dult)
and 30 to 40 percent of the raw influent phos
phorus content of the influent sewage.

Treatment, Tertiary-This may be defined as
physical and biological treatment of the efflu
ent from secondary treatment, in which addi
tional oxygen-demanding matter is removed
by use of shallow detention ponds to provide
additional biochemical treatment and settling
of solids or filtration using sand or mechani
cal filters. Tertiary treatment normally pro
vides up to 99 percent removal of the raw
influent suspended matter and 95 to 97 percent
of the raw influent CB0Dult.
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Trickling Filter Process-A biclogical waste
treatment process in which sewage is applied
in spray form from nozzles or other distribu
tion devices over a filter consisting of an
artificial bed of coarse material, such as
broken stone, through which the sewage
trickles to underdrains, giving opportunity
for the formation of zoogleal slimes which
clarify and oxidize the sewage.

Vacuum Filter-A filter consisting of a cylin
drical metal drum covered with cloth or other
media revolving on a horizontal axis with par
tial submergence in liquid sludge. A vacuum
is maintained under the media to extract
mositure from the sludge which adheres to
the cloth or media and is scraped off con
tinuously for disposal.

INVENTORY FINDINGS-KENOSHA COUNTY

Existing Public Sanitary Sewerage Systems
There are a total of 15 existing public sanitary
sewerage Systems in Kenosha County which pro
vide centralized sanitary sewer service to sub
areas of the county. These include the systems
operated by the City of Kenosha; the Villages of

Paddock Lake, Silver Lake, and Twin Lakes; the
Town of Bristol Utility District No.1; the Town
of Pleasant Prairie Sewer Utility Districts Nos.
1 and 2 and A, B, C, and D; the Pleasant Park
Utility Company, Inc., located in the Town of
Pleasant Prairie; the Town of Salem Sewer Utility
District No.1; and the Town of Somers Sanitary
Districts Nos. 1 and 2. Together these systems
serve a total area of about 24 square miles, or
about 9 percent of the total area of the county,
and a total population of about 94,000, or about
80 percent of the total population of the county.
Each of these public sanitary sewerage systems is
described in the following paragraphs. Pertinent
characteristics of each system are presented in
Tables 19 and 20.

City of Kenosha: The existing service area of
the City of Kenosha sanitary sewerage system
is shown on Map 31. This area totals about
18.4 square miles and has a resident population
of about 80,900 persons. In addition, the City of
Kenosha provides on a contract basis sewage
treatment for sewage generated in the Town of
Pleasant Prairie Sewer Utility Districts Nos. 1
and 2 and A, B, and C and the Town of Somers
Sanitary District No. 1. The sewer service area

I
I
I
I
I
I
I
I
I

AREA AND POPULATION SERVED BY EXISTING AND LOCALLY PROPOSED
SANITARY SEWERAGE SYSTEMS IN KENOSHA COUNTY: 1970

Estimated Service Area
Existing Proposed' Estimated

S~Yare S~uare Population Treatment of Sewage
Name of Public Sanitary Sewerage System Acres iles Acres iles Served' (See Table 20)

Existing Systems
City of KenQsha ........................................................... 11,749 18.39 18,546 29.00 80,900 Operates a Facility
Village of Paddock Lake ............................................. 503 0.7~ - - - - 1,500 Operates a Facility
Village Of Silver Lake .................................................. 251 0.39 942 1.41 1,200 Operates a Facility
Village of Twin Lakes ..........................:....................... 513 0.80 1,859 2.90 1,700 Operates a Facility
Town of Bristol Utility District No.1 ......................... 124 0.19 683 1.07 500 Operates a Facility
Town of Pleasant Prairie

Sewer Utility District No.1 .................................... 274 0.43 - - - - 1,400 Contracts with City of Kenosha
Sewer Utility District No.2 .................................... 176 0.28 -- - - 600 Contlllcts with City of Kenosha
Sewer Utility District A........................................... 118 0.18 - - - - 400 Contracts with City of Kenosha
Sewer Utility District B .......................................... 43 0.07 - - -- 900 Contracts with City of Kenosha
Sewer Utility District C........................................... 53 0.08 - - -- 400 Contracts with Ci~ of Kenosha
Sewer Util~ District D .......................................... 376 0.59 924 1.44 800 Operates a acility

Pleasant Park liIity Co., Inc..................................... 137 0.21 - - - - 800 Operates aFacility
Town of Salem Sewer Utility District No.1 .............. 240 0.38 1.156 1.81 800 Operates aFacility
Town of Somers

Sanitary District No.1 ........................................... 573 0.89 - - - - 1,700 Contracts with Ci~ of Kenosha
Sanitary District No.2 ........................................... 102 0.16 142 0.22 400 Operates a acility

Pr~osed Systems
own of Bristol - Proposed Utility District ............... - - - - 555 0.87 - - - -

Town of Salem Sewer Utility District No.2 .............. - - - - 8,433 13.18 - - - -

County Total ..................................................................... 15,232 23.83 33,240 51.96 94,000 - -

lAs identified in locally prepared plans and engineering reports.
2Based upon an approximation of the existing sewer service area by U. S.
Public Land Survey quarter section.

Source: SEWRPC.
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SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE
TREATMENT FACILITIES IN KENOSHA COUNTY: 1970

Sewage Strength Parameters Industrial Overall Plant Efficiency
Existing Loading - 1970 in Influent Sewage Flows Percent Removals

Average Reserve Design Estimated Number of Days in
Name of Average Average Peak Organic Hydraulic Suspended Total Organic Ammonia Average Daily Flow CBOD, Suspended Total 1970 Plant Flow

Public Sewa~~ Hydraulic Per Capita Hydraulic (Pounds Capacity CBOD, Solids Phosphorus Nitrogen-N Nitrogen-N Daily Flow 1970 Solids Phosphorus (P) Exceeded Plant
Treatment Facillty (MGD) (GPD) (MGD) CBOO,/Day) (MGD) (mg/l) (mg/ll (mg/l) (mg/l) (mg/l) (MGD) (MGD) (Percent) (Percent) (Percent) Meter Capacity

City of Kenosha .............. 16.26 188 29.15 12,700 1.74 94 123 N/A N/A N/A N/A 4.50 82 64 N/A N/A
Village of Paddock Lake 0.15 100 N/A N/A 025 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Silver Lake 0.14 117 N/A N/A 0.16 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Twin Lakes 022 129 N/A N/A 0.60 N/A N/A NA N/A N/A N/A N/A N/A N/A N/A N/A
Town of Bristol

To~~il~7 ~~~t~~~t ~~ai~ie
0.06 120 N/A N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Sewer Utility District D . 0.09 113 N/A N/A 0.04 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pleasant Park

To~~il~7 s~1e~nsew·e·r··utiiity··· 0.05 63 N/A N/A 001 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

District No.1 ................ 005 63 N/A N/A 025 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Town of Somers Sanitary

District NO.2. 0.03 75 N/A N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Design Capacity

Date of
Estimated Estimated Original Average

Name of Total Total Construction Type of Level of Average Peak Organic
Public Sewage Area Served POfe~~:~n and Major Treatment Treatment Disposal of Hydraulic Hydraulic (Pounds Population

Treatment Facility (Square Miles) Modification Provided Provided Effluent Population l (MGD) (MGDI CBDD,/DaYI Equivalentl

City of Kenosha. 20.32' 86,300' 1941, 1967 Activated Sludge Secondary lake Michigan N/A 18.00 4D.DD 78,DDO 372,ODO
Village of Paddock lake. 0.79 1,500 1958,1967 Activated Sludge Secondary Marsh Drained by Brighton Creek 3,250 0.40 0.80 553 2,600
Village of Silver lake. 0.39 1,200 1966 Activated Sludge Secondary Fox River 3,000 0.30 0.50 510 2,400
Village of Twin Lakes . 0.80 1,700 1958,1970 Trickling Filter and Secondary Basset Creek 8,200 0.82 1.64 1,390 6,600

Activated Sludge
Town of Bristol Utility District No.1. 0.19 500 1965 Activated Sludge Secondary Ditch Tributary to Des Plaines River 600 0.06 0.12 102 500
Town of Pleasant Prairie

Sewer Utility District 0 0.59 800 1966 Activated Sludge Secondary Des Plaines River 1,200 0.13 025 213 1,000
Pleasant Park Utility Co., Inc. 021· 800 1960 Activated Sludge Secondary Ditch Tributary to Lake Michigan 600 006 N/A 126' 600
Town of Salem Sewer Utility District No.1 038 800 1968 Activated Sludge Secondary Brighton Creek 3,000 0.30 0.60 510 2,400
Town of Somers Sanitary District No.2. 0.16 400 1963 Activated Sludge Secondary Pike River N/A 0.03 0.05 240 1,100

I

I

I

I

I

I

I

I

I

I
I

I

I
I

I

I

I

2lnc1udes the City of Kenosha; the Town of ~/easant Prairie Sewer Utility Districts Nos. 1 and 2 and
A, 8, and C; and the Town of Somers Sanitary District No.1 (see Table 19).

3CBODs loading for this plant estimated by multiplying the design population of 0.21 pounds of CBODs
per capita per day.

In 1970 the City of Kenosha undertook a sewerage
improvement program to effect a greater degree
of separation within the combined sewer system.
This program is scheduled to be completed by
1976 at an approximate cost of $20 million. It
is not anticipated, however, that the program will
result in the complete s"1paration of the existing

of Kenosha sewage treatment plant, which was
constructed in 1941. During periods of heavy rain
fall, overflow devices discharge a portion of the
combined sanitary-storm water flow, untreated,
directly to Lake Michigan. There are six known
combined sewer outfalls in the Kenosha area
(see Map 31). A recent engineering report pre
pared for the City of Kenosha has estimated that
such combined sewer overflows occurred about
70 times during 1970.3

3 See "Report on Kenosha Water Pollution Control

Plant, Phosphorus Removal and Oil, Grease Sludge
Disposal--1971," Alvord, Burdick, and Howson, Engi
neers, Chicago, Illinois.

NOTE: NfA indicates data not available.
lThe population design capacity for a given sewage treatment facility w~s obtaine~ .directly from engi·
neerlng reports prepared by or for the local unit of government operating the facility and reflects as·
sumpt!on.s made by the design engineer. The populat!on ~quivalent design capacity was estimated by the
Commission staff by dividing the de~ign CBODs loading In pounds per day, as set forth In the ~ngineer-

~!e;ef:s~~:J ;ndi;,~~~~e~t;l~~;f'~~~::~t~~~::~buti~nO'~1t388~, ~~;B~~tl~:i~nd%J~:~eentdd~~~nenf;:
pacity wI/I differ from the population deSign capacity shown in the Table.

Source: Wisconsin Department of Natural Resources and SEWRPC.

of these special-purpose districts connected to the
City of Kenosha sanitary sewerage system totals
about 1. 9 square miles and has a total resident
population of about 5,400 persons. Thus, the
City of Kenosha sewage treatment facility serves
a total sewer service area of about 20.3 square
miles and a total resident population of about
86,300 persons.

As noted above, the sanitary sewerage system
for the City of Kenosha serves an area of about
18.4 square miles. Of this total, about 16.8 square
miles, or about 91 percent, are served by a sepa
rate sewer system and about 1. 6 square miles,
or about 9 percent, are served by a combined
sewer system. Until the early 1940s, almost all
urban development in the Kenosha area was served
by combined sewers which discharged untreated
sewage directly to Lake Michigan. Intercepting
sewers were subsequently constructed to intercept
the normal dry weather flow of sanitary wastes
in combined sewers, as well as a portion of the
storm flows, and convey these flows to the City

118

I



Map 31
EXISTING AND LOCALLY PROPOSED PUBLIC SANITARY SEWERAGE SYSTEMS

AND OTHER SEWAGE TREATMENT FACILITIES IN KENOSHA COUNTY
1970
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combined sewer system or eliminate all overflows
or bypassing during periods of wet weather: In
an attempt to find alternative soiutions to the
combined sewer overflow problem, the City of
Kenosha, in cooperation with the U. S. Envi
ronmental Protection Agency, recently began
a demonstration project to determine the feasi
bility of using a biological absorption process to
treat up to 20 mgd of combined sewer flows at
the site of the existing sewage treatment facility.
This project will enable a thorough evaluation of
the economic as well as the physical feasibility
of the process selected, and may offer a viable
alternative to complete separation of the combined
sewer system in the City of Kenosha.

The area committed to future sanitary sewer ser
vice in local plans, totaling about 29 square miles,
is also shown on Map 31. This area is bounded
generally by the subcontinental divide on the west,
the Racine-Kenosha County line on the north, Lake
Michigan on the east, and the Wisconsin-Illinois

4Ibid ., pp. 24 and 36.

state line on the south. This recommended future
sanitary sewer service area was initially pro
posed in a 1966 engineering report prepared for
the city' and was included in the comprehensive
plan for the Kenosha Planning District prepared
jointly for the City of Kenosha and the Towns
of Somers and Pleasant Prairie in 1967 by the
Regional Planning Commission:~

The Kenosha sewage treatment facility, an acti
vated sludge type, is located on the Lake Michigan
shoreline adjacent to Southport Park (see Figure
20). The plant has a site area of about 24 acres,
of which about 15 acres are currently utilized,
leaving nine acres available for future use. The
plant site is bounded by public park lands on the
east, residential development on the north and

'See "Relief, Extension and Conversion of Sewer

Faci Ii ties," Consoer, Townsend, and Associates. Con

sultin~ En~ineers, Chica~o, Illinois, 1966.

6See SEWRPC Plannin~ Report No. 10, Volumes One and
Two, A Comprehensive Plan for the Kenosha Plannin~
District, 1967.

Figure 20

CITY OF KENOSHA SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.
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west, and open lands on the south. The plant
was constructed in 1941 with an initial average
hydraulic design capacity of 10 mgd and a primary
level of sewage treatment. In 1967 the plant was
expanded to an average hydraulic design capacity
of 18 mgd with a secondary level of treatment.
The peak hydraulic design capacity of the plant
is 40 mgd. Effluent disposal is via a 1,200-foot
outfall sewer to Lake Michigan.

As noted above, the City of Kenosha has begun
a demonstration project to determine the feasi
bility of using a biological absorption process to
treat combined sewer overflows at the site of
the existing sewage treatment plant rather than
bypass such overflows directly to Lake Michigan.
A 20 mgd design capacity auxiliary treatment unit
to demonstrate the feasibility of this system was
put into operation in 1971. The unit provides for
high-rate biological treatment of combined sewage
through the utilization of activated sludge, clari
fication, and disinfection. Sludge is stored in
a biosolids reservoir, and a contact tank and
a solids stabilization tank are maintained in an
empty and ready condition. During a rainfall
event, sewage which normally is bypassed to Lake
Michigan is directed to the contact tank and acti
vated sludge is proportionately introduced. The
tank has a 15- to 30-minute contact time. The
flow is directed from the contact tank to a clari
fier for solids separation. The effluent is then
disinfected and discharged to Lake Michigan, with
solids returned to the solids stabilization tank and
thus reused or, in the alternative, was ted to the
dige5ters. If this demonstration project should
prove successful, the city would propose to con
struct a large intercepting sewer to eliminate all
combined sewer overflows at the six outfall points
along tlle Lake Michigan shoreline and convey
such overflows to the auxiliary treatment unit,
thus hopefully providing a less expensive alterna
tive to the costly and disruptive process of com
plete separation of the combined sewer system.

In 1970 the average hydraulic loading on the Keno
sha sewage treatment f ~ility was 16.26 mgd, with
a peak hydraulic loading of 29. 15 mgd and a mini
mum hydraulic loading of 9.80 mgd. The peak
hydraulic loading on the plant, however, does not
include unmeasured flows bypassed either at flow
relief points in the separate sewer system, at
the six combined sewer outfall locations on Lake
Michigan, or at the sewage treatment plant itself.
The peak loadings occur during heavy rainfall
periods and when industrial contributions to the
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sewerage system are high. The existing 18 mgd
capacity is sufficient to adequately treat the aver
age hydraulic loading. The biochemical oxygen
demand (CBOD5) loadings during 1970 ranged from
about 18,700 to about 5,840 pounds per day, with
an average loading of about 12,700 pounds per
day. Suspended solids loadings averaged about
16,700 pounds per day, with a maximum of 55,400
and a minimum of 9,240 pounds per day. During
1970 an average of 64 percent of the suspended
solids and 82 percent of the CBOD5 were removed
in the treatment process.

The location, configuration, and approximate
capacities of all major trunk sewers comprising
the City of Kenosha sanitary sewerage system are
shown on Map 31. The known flow relief devices
in the City of Kenosha sewerage system, consist
ing of six combined sewer outfalls, 20 points of
crossover from the sanitary sewer system to the
storm sewer system, and a bypass at the sewage
treatment plant, are also shown on Map 31. The
major trunk sewer extensions into the proposed
future sewer service area, as documented in the
previously referenced 1966 Consoer, Townsend,
and Associates engineering report and the adopted
comprehensive plan for the Kenosha Planning Dis
trict, are also shown on Map 31.

Management of the City of Kenosha sanitary sew
erage system is under the direction of the City of
Kenosha Water Utility and the City Council. The
Utility is governed by a six-member Board of
Water Commissioners appointed by the Mayor and
subject to confirmation by the City Council. In
practice, all of the members of the Board of
Water Commissioners are also aldermen and con
currently serve as the Public Works Committee of
the Kenosha City Council. Day-to-dayadministra
tion of the sanitary sewerage system is provided
by the staff of the Water Pollution Control Division
of the Kenosha Water Utility and the City Public
Works Department.

Local financing of the City of Kenosha sanitary
sewerage system is provided through a sewer
service charge based upon water consumption.
Water consumers currently pay a monthly sewer
service charge equal to 45 percent of the monthly
water charge. The contractual agreement between
the Kenosha Water utility and the Town of Somers
Sanitary District No. 1 provides for a metered
rate. In 1970 this rate was $150 per million
gallons. By 1972 this charge had increased to
$210 per million gallons. Contracts between the



Kenosha Water Utility and the Town of Pleasant
Prairie Sewer Utility .Districts NOs. 1 and 2 and
A, B, and C provide for an annual fee payment
per sewer connection. In 1970 this fee was
$24 annually. By 1972 this fee had increased to
$40 annually. Each of the special districts con
tracting for sewage treatment with the City of
Kenosha Water Utility is responsible for the
operation and maintenance of its local collection
sewer system. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the City of
Kenosha sanitary sewerage system approximated
$966,668, or about $12 per capita. Of this total,
$378,494, or about $5 per capita, was expended
for operation and maintenance and $588,174, or
about $7 per capita, was expended for capital
improvements.

Village of Paddock Lake: The exis ting service
area of the Village of Paddock Lake sanitary Sew
erage system is shown on Map 31. This area
totals about O. 79 square mile and has a resident
population of about 1,500 persons. The entire area
is served by a separate sanitary Sewer system.

Sewage from the Village of Paddock Lake is
treated in an activated sludge type sewage treat
ment plant located at the northeastern village
limits (see Figure 21). The plant has a site area
of about six acres, of which about two acres are
currently utilized, leaving nearly four acres
available for fulure use. The remaining acreage,
however, is within a natural wetland area. The
plant site is bounded by residential development
on the west and by agricullural and open lands on
the north, south, and east. The effluent from the
plant is discharged to a marsh which is drained by
Brighton Creek, a tributary of the Des Plaines
River. The plant was constructed in 1958 as a pri
vate utility facility by L. B. Harris and Sons, Inc. ,
Chicago, Illinois, to serve the Paddock Lake Dells
Subdivision. In 1967 ownership of the plant was
assumed by the Village of Paddock Lake and the
plant was expanded to provide sufficient capacity
to serve the enLire village. The average hydraulic
design capacity of the plant is 0.40 mgd, with
a peak hydraulic design capacity of 0.80 mgd.
The average hydraulic loading on the planL in 1970
was estimated at 0.15 mgd, indicating Lhat the
plant has adequate capacity to treat the average
daily flow from the existing Sewer service area.
The treatment processes prOVided at the plant are
claSSified as secondary level.

The location and configuration of the single major
trunk sewer serving the Village of Paddock Lake
is shown on Map 31. There are two known points
of sewage flow relief in the system-both of which
are bypasses including one at the sewage treat
ment plant. The inventory revealed that the vil
lage had no documented plan for the extension of
trunk sewers to provide service to additional
areas. Thus, no locally proposed service area or
trunk sewers are shown on Map 31.

Management of the Village of Paddock Lake sani
tary sewerage system is under the direction of
ihe Village Board. Day-to-day administration of
the system is provided by the Village President
and the Sewer Committee of the Village Board.
Operation and maintenance of the system are
financed through a monthly service charge of
$7 per sewer connection and a connection charge
for new residences. Data pertaining to expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the Village of Paddock Lake sanitary sewerage
system were not made available by the village.

Figure 21

VILLAGE OF PADOOCK LAKE
SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton,
and Mark W. Sheets.
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Management of the Village of Silver Lake sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration
of the system is provided by the Deputy Viliage
Clerk. Operation and main.tenance of the system
is financed through a monthly service charge of
$5 per residential sewer connection, with the
monthly charge for nonresidential connections

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains comprising the Viliage of Silver Lake
sanitary sewerage system are shown on Map 31.
There are no known points of sewer overflow or
bypassing in the system. The inventory revealed
that the village had a documented plan for the pro
vision of sewer service to an additional 1.5 square
mile area, which area is shown on Map 31. How
ever, no locally proposed trunk sewers were found
in the inventory.

Village of Silver Lake: The existing service area
of the Village of Silver Lake sanitary sewerage
system is shown on Map 31, This area totals
about 0.39 square mile and has a resident popula
tion of about 1,200 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Silver Lake is treated
in an activated sludge type sewage treatment plant
located near the southern village iimits on the
Fox River, to which effluent is discharged (see
Figure 22). The plant has a site area of about
Seven acres, of which about two acres are cur
rently utilized, leaving nearly five acres available
for future uSe. The plant site is bounded by the
Fox River and park lands on the west and by agri
cultural and open lands on the north, south, and
east. The plant was constructed in 1966 and has
an average hydrauiic design capacity of 0.30 mgd,
with an estimated peak hydraulic design capacity
of 0.5 mgd. The average hydraulic loading on
the plant in 1970 was estimated at 0.14 mgd,
indicating that the plant has adequate capacity to
treat the average daily flow from the existing

sewer service area.
provided at the plant
dary level.

The treatment processes
are classified as secan-

Figure 22

VILLAGE OF SILVER LAKE SEWAGE TREATMENT PLANT

Photo by Michael a. Darn, Charles L. Hamilton, and Mark W. Sheets.
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negotiated on a case-by-case basis. Total expen
ditures during 1970 for operation, maintenance,
and capital improvements, including debt retire
ment, for the Village of Silver Lake sanitary
sewerage system approximated $80,700, or about
$67 per capita. Of this total $14,944, or about
$12 per capita, was expended for operation and
maintenance and $65,756, or about $55 per capita,
was expended for capital improvements.

Village of Twin Lakes: The existing service area
of the Village of Twin Lakes sanitary sewerage
system is shown on Map 31. This area totals
about 0.80 square mile and has a resident popula
tion of about 1,700 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Twin Lakes is treated
at two parallel treatment facilities located at the
northeastern village limits on Basset Creek, a tri
butaryof the Fox River, to which effluent is dis
charged (see Figure 23). The plant has a site
area of about 10 acres, of which about two acres
are currently utilized, leaving eight acres avail
able for future use. The plant site is bounded on
the south by a golf course and residential develop
ment and on the east, west, and north by agricul
tural and open lands. The first plant, a trickling
filter type, was constructed in 1958. The second
plant, an activated sludge type, was constructed

Figure 23

VILLAGE OF TWIN LAKES SEWAGE TREATMENT PLANT

Photo by Ro~er R. Ross and Joseph C. Ruys.

in 1970. The combined average hydraulic design
capacity of the two plants is 0.82 mgd, with
a combined peak hydraulic design capacity of
1. 64 mgd. The average hydraulic loading on the
combined plant in 1970 was estimated at 0.22 mgd,
indicating that the plant has adequate capacity to
treat the average daily flow from the existing
sewer service area. The treatment processes
provided by both the trickling filter and the
activated sludge plants are classified as secon
dary level.

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Twin Lakes
sanitary sewerage system are shown on Map 31.
Except for a bypass located at the 1958 trickling
filter plant, there are no known points of sewer
overflow or bypassing in the system. The inven
tory revealed that the village had a documented
plan for the provision of sewer service to an addi
tional 2.9 square mile area, which area is shown
on Map 31. Locally proposed trunk sewers to
serve this additional area are also shown on
Map 31.

Management of the Village of Twin Lakes sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Sewer Committee of the
Village Board. Operation and maintenance of the
system are financed through a monthly service
charge of $6.50 per residential sewer connection,
with a monthly charge for nonresidential connec
tions negotiated on a case-by-case basis. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Village of Twin Lakes sanitary
sewerage system approximated $44,651, or about
$26 per capita. Of this total $15,651, or about
$9 per capita, was expended for operation and
maintenance and $29,000, or about $17 per capita,
was expended for capital improvements.

Town of Bristol utility District NO.1: The exist
ing service area of the Town of Bristol Utility
District No. 1 sanitary sewerage system is shown
on Map 31. This area totals 0.19 square mile and
has a resident population of about 500 persons.
The entire area is served by a separate sanitary
sewer system.

Sewage from the Town of Bristol Utility District
No. 1 is treated in an activated sludge type sewage
treatment plant located at the northeastern dis-
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trict limits (see Figure 24). The plant has a site
area of about three acres, of which about two
acres are currently utilized, leaving one acre
available for future use. Tbe plant site is bounded
on the west and south by residential development
and on the east and north by agricultural and open
lands. The effluent from the plant is discharged
to an unnamed tributary of the Des Plaines River.
The .plant was constructed in 1965 and has an
average hydraulic design capacity of 0.06 mgd,
with a peak hydraulic design capacity of O. 12 mgd.
The average hydraulic loading on the plant in
1970 was estimated at 0.06 mgd, indicating that
the plant is currently operating at the average
hydraulic design capacity. The treatment proces
ses provided at the plant are classified as secon
dary level.

The location and configuration of the major trunk
sewer, pumping station, and force main serving
the Town of Bristol Utility District No. 1 are
shown on Map 31. Except for a bypass located at
the sewage treatment plant, there are no known
points of Sewer overflow or bypassing in the

Fig u re 24-

TOWN OF BRISTOL UTILITY DISTRICT NO. I
SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton,
and Mark W. Sheets.
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system. The inventory revealed that the district
had a documented plan for the provision of sewer
service to an additional 1. 07 square mUe area,
which area includes the urban development encom
passing George Lake and which is shown on
Map 31. The proposed trunk sewers, pumping
stations, and related force mains designed to
serve this additional area are also shown on
Map 31. To provide the capacity to serve this
additional area, the district has proposed to con
struel an addition to the existing treatment facility
in order to add an additional average hydraulic
design capacity of O. 10 mgd, thus increasing the
total average hydraulic design capacity of the
plant to 0.16 mgd.'

Management of the Town of Bristol Utility Dis
trict No. 1 sanitary sewerage system is under the
direction of a three-member commission. At the
present time, this commission is comprised of
the members of the Bristol Town Board. Day-to
day administration of the system is provided by
the Chairman of the oommission. Operation and
maintenance of the system is financed through
a monthly service charge of $8 per residential
sewer connection, with industrial users charged
on the basis of $8 per month for each 25 employees
and schools charged on the basis of $8 per month
for each 25 pupils. Total expenditures during
1970 for operation, maintenance, and capital
improvements I including debt retirement, for the
Town of Bristol Utility District No. 1 sanitary
sewerage system approximated $66,081, or about
$132 per capita. Of this total $4,744, or about
$9 per capita, was expended for operation and
maintenance and $61,337, or about $123 per
capita, was expended for capital improvements.

Town of Pleasant Prairie Sewer Utility Districts
Nos. 1 and 2 and A, B, and C: The existing ser
vice areaS of the sanitary sewerage systems
serving the Town of Pleasant Prairie Sewer
Utility Districts Nos. 1 and 2 and A, B, and Care
shown on Map 31. As noted above under the dis
cussion of the City of Kenosha sanitary sewerage
system, these five districts contract with the
Kenosha Water Utility for sewage treatment.
Taken together, the service areas of these five
districts iotal about 1. 04 square miles and have
a resident population of about 3,700 persons. All

7 This addition to the Town of Bristol Utility District
No. 1 sewage treatment plant was completed and put
into operation in 1972.



five areas are served by separate sanitary sewer
systems. There are no known points of sewer
overflow or bypassing in these systems.

Management of the five utility districts is under
the direction of the Town Board. Contracts
between the Kenosha Water Utility and these five
districts provide for an annual flat fee payment
per sewer connection. In 1970 this fee was
$24 annually. By 1972 this fee had increased to
$40 annually. In addition, an annual charge per
sewer connection to cover the cost of the mainte
nance of the local collection Sewer systems within
the five districts is added to the above fee. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the sanitary sewerage systems
serving the Town of Pleasant Prairie Sewer
Utility Districts Nos. 1 and 2 and A, B, and C
approximated $86, 183, or about $23 per capita.
Of this total $34,418, or about $9 per capita,
was expended for operation and maintenance and
$51,765, or about $14 per capita, was expended
for capital improvements.

Town of Pleasant Prairie Sewer Utility District D:
The existing service area of the Town of Pleasant
Prairie Sewer Utility District D sanitary sewerage
system is shown on Map 31. This area iotals

about O. 59 square mile and has a resident popula
tion of about 800 persons. The entire area is
serviced by a separate sanitary sewer system.

Sewage from the Town of Pleasant Prairie Sewer
utility District D is treated in an activated sludge
type sewage treatmen t plan t located in the south
eastern portion of the district (see Figure 25).
The plant has a site area of about nine acres, of
which about seven acres are currently utilized,
leaving two acres available for future use. The
plant site is bounded on the north by residential
development and on the west, south, and east by
agricultural and open lands. The effluent from
the plant is discharged to an unnamed tributary of
the Des Plaines River. The plant was constructed
in 1966 and has an average hydraulic design capa
city of 0.13 mgd, with a peak hydraulic design
capacity of 0.25 mgd. The average hydraulic
loading on the plant in 1970 was 0.09 mgd, indi
cating that the plant has adequate capacity to treat
the average daily flow from the existing sewer
service area. The treatment processes provided
at the plant are classified as secondary level.

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains comprising the Town of Pleasant
Prairie Sewer Utility District D sanitary sewerage

Figure 25

TOWN OF PLEASANT PRAIRIE SEWER UTILITY DISTRICT D SEWAGE TREATMENT PLANT

Photo by Michael G. Darn, Charles L. Hamilton, and Mark W. Sheets.
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system are shown on Map 31. Except for a bypass
located at the sewage treatment plant, there are
no known points of sewer overflow or bypassing
in the system. The area proposed for expan
sion by 1990 in the comprehensive plan for the
Kenosha Planning District within this special
purpose utility district is shown on Map 31. This
fulure sanitary Sewer service area totals about
1. 44 square miles. The comprehensive plan for
the Kenosha Planning District, however, contains
no proposed new trunk sewers to serve this
expanded area.

Management of the Town of Pleasant Prairie
Sewer Utility District D sanitary sewerage system
is under the direction of the Town Board. Day-to
day administration of the system is prOVided by
the Town Clerk. Operation and maintenance of the
system is financed through a monthly service
charge of $6 per residential sewer connection,
with industrial users charged on the basis of
$6 per month for each 10 employees. Total
expendiwres during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Town of Pleasant Prairie
Sewer Utility District D sanitary sewerage system
approximated $45,315, or about $57 per capita.
Of this lotal $10,071, or about $13 per capita,
was expended for operation and maintenance and
$35,244, or about $44 per capita, was expended
for capital improvements.

Pleasant park Utility Company, Inc.: The Pleas
ant Park Utility Company, Inc. is a privately
owned and operated sanitary sewerage utility. Not
unlike a town sanitary district, it serves a signifi
cant concentration of urban development in the
Town of Pleasant Prairie and for inventory pur
poses has been regarded herein as a public
system. The existing service area of the Pleasant
Park utility Company, Inc. sanitary sewerage
system is shown on Map 31. This area totals
about 0.21 square mile and has a resident popula
tion of about 800 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Pleasant Park utility Company,
loc. is treated in an activated sludge type sewage
treatment plant located at the southeastern limits
of the service area (sea Figure 26). The plant has
a site area of about 19 acres, of which about two
acres are currently utilized. The plant site is
bounded on the north by residential development
and on the east, west, and south by agricultural
and open lands. The effluent from the plant is dis
charged to an unnamed stream draining directly
to Lake Michigan. The plant was constructed in
1960 and has an average hydraulic design capa
city of O. 06 mgd. No data for the peak hydrau
lic design capacity are available. The average
hydraulic loading on the plant in 1970 was esti
mated at 0.05 mgd, indicating that the plant is
currently operating near the average hydraulic

Figure 26

PLEASANT PARK UTILITY COMPAHY, IHC. SEWAGE TREATMEHT PLANT

Photo by Michael G. Dorn. Charles L. Hamilton, and Mark W. Sheets.
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design capacity. The treatment processes pro
vided at the plant are classified as secondary
level. The comprehensive plan for the Kenosha
Planning District recommends that this sewage
treatment facility be ultimately abandoned as
trunk sewer service is extended from the Ci ty of
Kenosha sanitary sewerage system.

The location and configuration of the single trunk
sewer serving the Pleasant Park Utility Company,
Inc. sanitary sewerage system are shown on
Map 31. There are no data available to determine
whether or not there are any points of sewage flow
relief in this system. Records of the Wisconsin
Department of Natural Resources, however, do
indicate a significant clear water problem in the
system. Since the service area of the Pleasant
Park Utility Company, Inc. is completely encom
passed by the future service area of the Kenosha
sanitary sewerage system, no future service area
or proposed trunk sewers for the Pleasant Park
Utility Company, Inc. are shown on Map 31.

Management of the Pleasant Park Utility Com
pany, Inc. is provided by the officers of the
private corporation. Day-to-d.ay adminis tration
of the system is provided by the president of the
corporation. Operation and maintenance of the
system are financed through a monthly service
charge of $3 per residential sewer connection.
Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the Pleasant Park Utility
Company, Inc. sanitary sewerage system approxi
mated $3,865, or about $5 per capita. Of this
total $2,230, or about $3 per capita, was expended
for operation and maintenance and $1,635, or
about $2 per capita, was expended for capital
improvements.

Town of Salem Sewer Utility District No.1: The
existing service area of the Town of Salem Sewer
Utility District No. 1 sanitary sewerage system is
shown on Map 31. This area, which nearly encom
passes Hooker Lake, totals about 0.38 square
mile and has a resident population of about
800 persons. The entire area is served by
a separate sanitary sewer system.

Sewage from the Town of Salem Sewer Utility Dis
trict No. 1 is treatli,!d in an activated sludge type
'sewage treatment plant located near the north
eastern district limits (see Figure 27). The plant
has a site area of about 14 acres, all of which are
currently utilized. The plant site is bounded on

the south by residential development and on the
east, west, and north by agricultural and open
lands. The effluent from the plant is discharged
to the Salem Branch of Brighton Creek, a tribu
tary of the Des Plaines River. The plant was
constructed in 1968 and has an average hydraulic
design capacity of 0.30 mgd, with a peak hydraulic
design capacity of 0.60 mgd. The average hydrau
lic loading on the plant in 1970 was estimated at
0.05 mgd, indicating that the plant has adequate
capacity to treat the average daily flow from the
existing sewer service area. The treatment proc
esses provided at the plant are classified as
secondary level.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Town of Salem Sewer
Utility District No. 1 sanitary sewerage system
are shown on Map 31. There are no known points
of sewer overflow or bypassing in the system. The
inventory revealed that the district had a docu
mented plan for the provision of sewer service to
an additional 1. 8 square mi.le area, which includes
the urban development encompassing Montgomery
Lake, and which is shown on Map 31. However,
no locally proposed trunk sewers were found in
the inventory.

Management of the Town of Salem Sewer Utility
District No. 1 sanitary sewerage system is under
the direction of a three-member commission. At
the present time, this commission is comprised
of the members of the Salem Town Board. Day
to-day administration of the system is also pro
vided directly by the Town Board. Operation and
maintenance of the system is financed through
a monthly service charge of $10 per residential
sewer connection and $20 per commercial sewer
connection. Data pertaining to expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Town of Salem Sewer Utility District No. 1 sani
tary sewerage system were not made available by
the district.

Town of Somers Sanitary District No.1: The
existing service area of the Town of Somers Sani
tary District No. 1 sanitary sewerage system
is shown on Map 31. This area totals about
O. 89 square mile and has a resident population of
about 1,700 persons. The entire area is served
by a separate sanitary sewer system. As noted
above under the discussion of the City of Kenosha
sanitary sewer system, the Town of Somers Sani-
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Figure 27

TOWN OF SALEM SEWER UTILITY DISTRICT NO. I SEWAGE TREATMENT PLANT

photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.

tary District No. 1 contracts with the Kenosha
Water utility for sewage treatment. There are
no known points of sewer overflow or bypassing
within the system.

Management of the Town of Somers Sanitary Dis
trict No. 1 sanitary sewerage system is under the
direction of a three-member commission. The
contract between the Kenosha Water Utility and
the district provides for a metered rate. In 1970
this rate was $150 per million gallons. By 1972
this charge had increased to $210 per million
gallons. The district itself is responsible for the
operation and maintenance of the local collection
sewer system within the district. Financing of the
Town of Somers Sanitary District No. 1 sanilary
sewerage system is provided in part through
a sewer service charge and in part through the
local property tax. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Town of
Somers Sanitary District No. 1 sanitary sewerage
system approximated $59,257, or about $35 per
capita. Gf this total $22,894, or about $13 per
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capita, was expended for operation and mainte
nance and $36,363, or about $22 per capita, was
expended for capital improvements.

Town of Somers Sanitary District NO.2: The
existing service area of the Town of Somers Sani
tary District No. 2 sanitary sewerage system
is shown on Map 31. This area totals about
0.16 square mile and has a resident population
of about 400 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the Town of Somers Sanitary District
No.2 is treated in an activated sludge type sewage
treatment plant located at the northeastern dis
trict limits (see Figure 28). The plant has a site
area of about 1. 5 acres, of which about one acre
is currently utilized. The plant site is bounded
on the south by residential development and on
the north, east, and west by agricultural and open
lands. The effluent from the plant is discharged
to the Somers Branch of the Pike River. The plant
was constructed in 1963 and has an average
hydraulic design capacity of O. 03 mgd, with a peak



Figure 28

TOWN OF SOMERS SANITARY DISTRICT NO.2
SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L, Hamilton.
and Mark W. Sheets.

hydraulic design capacity of 0.05 mgd. The aver
age hydraulic loading on the plant in 1970 was
estimated at 0.03 mgd, indicating that the plant
is currently operating at the average hydraulic
design capacity. The treatment processes pro
vided at the plant are classified as secondary
level. The comprehensive plan for the Kenosha
Planning District recommends that this sewage
treatment facility be abandoned and its sewer
service area connected to the City of Kenosha
sanitary sewerage system as trunk sewer service
becomes available.

The location and configuration of the single major
trunk sewer serving the Town of Somers Sanitary
District No. 2 are shown on Map 31. Except for
a bypass located at the sewage treatment plant,
there are 00 known points of sewer overflow or
bypassing in the system. Since the comprehensive
plan for the Kenosha Planning District recom
mends the eventual abandonment of this plant,
there is 1'10 future service area or proposed trunk
sewers shown on Map 31, other than that area and

those sewers proposed for expansion of the City
of Kenosha sanitary sewerage system.

Management of the Town of Somers Sanitary Dis
trict No. 2 sanitary sewerage system is under the
direction of a three-member commission. Day
to-day administration of the system is also pro
vided directly by the commissioners. Operation
and maintenance of the system is financed in part
through a monthly service charge of $6 per resi
dential sewer connection and in part through the
property tax. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Town of
Somers Sanitary District No.2 sanitary sewerage
system approximated $9,094, or about $23 per
capita. Of this total $3,318, or about $8 per
capita, was expended for operation and mainte
nance and $5,776, or about $15 per capita, was
expended for capital improve ments.

Proposed Publlc Sanitary Sewerage Systems
The inventory revealed that as of 1970 there were
two proposed public sanitary sewerage systems in
Kenosha County which would provide centralized
sanitary sewer service to subareas of the county.
These two proposed systems include a utility dis
trict to serve a portion of the Town of Bristol and
a utility district to serve a portion of the Town of
Salem. Together these two proposed systems
would serve a total area of about 14.0 square
miles, or about 5 percent of the total area of the
county, and a total existing population of about
3,900, or about 3 percent of the total population
of the county. Each of these two proposed public
sanitary sewerage systems is described in the
following paragraphs.

Town of Bristol Proposed Utility District: The
pro}X>sed service area of a second sewer utility
district in the Town of Bristol is shown on Map 31.
This area totals about O. 9 square mile and
has a current resident population of less than
100 persons. The proposed system would serve
existing and proposed urban land uses along IH 94
from STH 50 to CTH C, including an existing
motel and restaurant complex, gasoline service
stations, and a major truck terminal facility. At
the present time, the motel and restaurant com
plex and one of the gasoline service stations are
served by a private sewage treatment facility.

The treatment plant to serve this proposed sewer
utility district in the Town of Bristol is proposed
to be located on a site adjacent to the Des Plaines
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River, to which it would discharge sewage effluent.
The proposed sewage treatment facility would have
an average hydraulic design capacity of 0.21 mgd
and a peak hydraulic design capacity of about
0.5 mgd, and would be an activated sludge type
sewage treatment plant providing a secondary
level of treatment. This proposal includes the
establishment of a new Town of Bristol sewer
utility district to provide management, adminis
tration, and financing for this proposed public
sanitary sewerage system.

Town of Salem Sewer Utility District No.2:
A second sewer utility district has been formed in
the Town of Salem for the purpose of providing
sanitary sewer service to existing and proposed
urban development in the town, including urban
development on the shores of Camp Lake, Center
Lake, Rock Lake, Cross Lake, Bennett Lake,
Voltz Lake, and Shangrila Lake and in the unincor
porated place of Wilmot. This proposed service
area totals about 13.2 square miles and would
serve an existing resident population of about
3,800 persons.

The proposed sewage treatment facility would be
located on a site southwest of Camp Lake and
would discharge its effluent into the Fox River
below Wilmot. The plant would be an activated
sludge type and would provide a secondary level
of treatment. Detailed design data for the plant
are not yet available. This proposal represents
a locally proposed expansion of the recommenda
tion contained in the Fox River watershed plan
to provide sanitary sewer service to the urban
development located along shores of Camp and
Center Lakes.

Other Sewage Treatment Facilities
In addition to the 15 public sanitary sewerage sys
tems discussed above, there are a total of six
sewage treatment facilities in Kenosha County
which serve, in most cases, a single isolated land
use enclave. These six sewage treatment facili
ties serve the Howard Johnson Motor Lodge at the
intersection of IH 94 and STH 50 in the Town of
Bristol; the Paramski Mobile Home Park located
near the intersection of STH 45 and the Wisconsin
Illinois state line in the Town of Bristol; the
Siennadale Motherhouse located near the unincor
porated place of South Kenosha in the Town of
Pleasant Prairie; the Wisconsin Tourist Informa
tion Center located at the intersection of IH 94
and CTH V in the Town of Pleal'lant Prairie;
the American Motors Corporation truck service
facility located at the intersection of STH 158
and STH 192 in the Town of Somers; and the
Brightondale County Park located on a portion of
the abandoned Bong Air Force Base in the Town
of Brighton. Pertinent characteristics pertaining
to each of these six sewage treatment facilities
are presented in Table 21.

It should be noted that of the foregoing six sewage
treatment facilities serving single land uses,
two-the Siennadale Motherhouse and the American
Motors Corporation truck service facility-lie
within the planned service area of the City of
Kenosha sanitary sewerage system and one-the
Howard Johnson Motor Lodge facility-lies within
the proposed service area of the Town of Bristol
Utility District, and are subject to future aban...
donment upon completion of the necessary trunk
sewer extensions.

Table 21

SELECTED CHARACTERISTICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN KENOSHA COUNTY: f970

Average

Civil Type of
Hydraulic

Type of Design Disposal
Division Land Use Treatment Capacity of

Name Location Served Provided (Galions/DaYI Effluent

American Motors Corporation
Truck Service Facility .. Town of Somers Industrial Activated Sludge and Sand Filter 2,000 Soil Absorption

Brightondale County Park' .. Town of Brighton Recreational Activated Sludge and Flow·through Lagoon 10,000 Brighton Creek
Howard Johnson Motor Lodge .. Town of Bristol Commercial Activated Sludge and Flow-through Lagoon 18,300 Des Plaines River
Paramski Mobile Home Park .. Town of Bristol Residential Activated Sludge and Seepage Lagoon 40,000 Soil Absorption
Sienadale Motherhouse .. Town of Pleasant Prairie Institutional Activated Sludge and Seepage Lagoon 3,200 Soil Absorption
Wisconsin Tourist Information Center ... Town of Pleasant Prairie Institutional Imhoff Tank and Flow-through Lagoon 9,950 Des Plaines River

'ThiS factllty constructed since 1970.
Source: Wisconsin Department of Natural Resources and SEWRPC.
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Table 22

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAN
SEWAGE TREATMENT PLANTS IN KENOSHA COUNTY: 1970

Point Source l Civil
D,vISIOn Known Recelvl::5

Numbe,2 Name Location Type of Waste Pretreatment Water B y

1 Amencan Motors CorporatIOn ....................... City or Kenosha Industrial and Cooling Waler - - Pike Creek
1 Amencan Motors Cor~rabon ........... City of Kenosha Industrial and Coolln~Waler - - Lake Michigan
3 Anaconda Amencan tass Company ...... City of Kenosha Rinse and Cooling ater Copper Ion Removal Lake Michigan
4 Kenosha Waler Treatment Plant. City 01 Kenosha Waste Water Sludge Sedimentation lake MichIgan
5 Pilgrim Farms. Town of Somers Cartning Wastes lagoons Pike River

'As Identified in Wisconsin Department of Natural Resources river basin
survey reports and pollution abatement orders and by selected municipal
public works departments; does not include mdustflal waste sources dls
chargmg 10 municipal simitary sewerage systems.

'See Map 32.
Source: SfWRPC.

Map 32

EXI STI NG URBAN DEVELOPMENT NOT SERVEO BY
PUBLIC SANITARY SEWERS ANO EXISTING POINT

SOURCES OF WASTEWATER OTHER THAN SEWAGE
TREATMENT PLANTS IN KENOSHA COUNTY: 1970

Significant concentrations of unsewered urban
development in Kenosha County, as shown on this
map, are of two types, The first type consists
of noncontiguous residential land subdivisions
located in the Towns of Pleasant Prairie and
Somers representing '"I eapfrog n urban development
in the Kenosha urban area. The second type con
sists of both seasonal and year-round recreation
oriented homes in the western portion of the
county located primarily along lakeshores. It is
interesting to note that the Town of Paris has no
significant concentrations of unsewered urban
development. Th i s map al so shows the 1ocat ion of
the five additional known point sources of sur
face water poll ut ion other tlian sewage treatment
plants in Kenosha County, all of which are located
east of IH 9ij.
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Existing Urban Development
Not Served by Public Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Kenosha County serve a total area of about
24 square miles, or about 9 percent of the total
area of the county, and a total population of about
94,000, or about 80 percent of the total population
of the county. An inventory was conducted in the
study to determine lhe approximate amount of
urban development, and the population residing

Other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm Sewers
tributary to such streams and watercourses. The
secondary sources consulted included river baSin
survey reports and pollution abatement orders of
the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. Five such known point sources of indus
trial waste water were identified in Kenosha
County. The name, civil division location, type
of waste, known pretreatment, and receiving water
body of these five waste sources are identified in
Table 22. The location of these five poinl sources
is shown on Map 32.
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Table 23

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS IN KENOSHA COUNTY

BY MAJOR URBAN CONCENTRATION: 1970

Concluding Remarks-Kenosha County
Inventories conducted under the regional sanitary
sewerage system planning program revealed that
in 1970 there existed in Kenosha County a total

The nonsewered urban development areas identi
fied in Kenosha County are shown on Map 32.
Together these areas total about 5. 6 square
miles, or 2 percent of the total area of the county,
and contain a total population of about 11,800,
or 10 percent of the total population of the
county. For analysis purposes, the existing non
sewered urban development has been combined
into 14 named major urban concentrations. The
estimated population and urban development areas
in each of these major concentrations are shown
in Table 23,

INVENTORY FINDINGS-MILWAUKEE COUNTY

Existing Public Sanitary Sewerage Systems
Sanitary sewer service in Milwaukee County is
provided by a combination of a metropolitan and
a number of local sewerage systems. There are
22 systems, including those operated by the Met
ropolitan Sewerage Commission of the County of
Milwaukee and the Sewerage Commission of the
City of Milwaukee; the Cities of Cudahy, Franklin,
Glendale, Greenfield, Milwaukee, Oak Creek, South
Milwaukee, St. Francis, Wauwatosa, and West
Allis; the Villages of Bayside, Brown Deer, Fox
Point, Greendale, Hales Corners, River Hills,
Shorewood, West Milwaukee, and Whitefish Bay;
the Mission Hills Water and Sewer Trust in the
City of Franklin; and the Rawson Homes Sewer
and Water Trust in the City of Franklin. Together,
these systems serve a total area of about 179
square miles, or about 74 percent of the total area
of the county, and a total population of about 1. 03
million, or about 98 percent of the total population
of the county. Each of these public sanitary sew
erage systems is described in the following para
graphs. Pertinent characteristics of each system
are presented in Tables 24, 25, and 26.

of 15 public sanitary sewerage systems which
together served a total area of about 24 square
miles, or about 9 percent of the total area of the
county, and a total population of about 94,000, or
about 80 percent of the total population of the
county. Nine sewage treatment facilities provide
treatment for sewage generated in these 15 public
sanitary sewerage systems. Six of the 15 systems
are operated by small special-purpose districts
in the Towns of Somers and Pleasant Prairie
which contract with the City of Kenosha for sewage
treatment service. In addition to the 15 public
sanitary sewerage systems, an additional six
sewage treatment facilities serving primarily
single land uses, such as motels and institu
tions, were found in the inventory. The inventory
revealed that as of 1970 there were two proposed
public sanitary sewerage sys terns, one each in the
Town of Bristol and the Town of Salem. Finally,
in 1970 there were an estimated 11,800 persons
residing in urban areas in Kenosha County not
served by public sanitary sewer service. Together
these areas totaled about 5.6 square miles.

Estimated
Srt"ae~oK;e~Resident

Population (Acres)

700 417
800 306
300 88

1,600 604
400 65

1,000 300
300 92

4,100 1,137
1,100 217

300 13
300 126
100 38
200 20
600 190

11,800 3,613'

Major Urban Concentration'
Name

Powers, Tombeau, Benedict Lake Area .
~'iage of Twin Lakes ..

Imot.. ..

~~~~L~~~ X~~:e~..L.ake.~r~~ .. :::::::::::::::::::::::::::::::::::::::::::::
Voltz, Cross, and Shrangila Lake Area .
George Lake .
Town of Pleasant Prairie ..
Town of Somers ..
Town of Brighton - Section 12 .
Lilly Lake .
New Munster ..
Town of Wheatland - Section 25 ..
Oakwood Shores Area ..

Kenosha County Total .

1
2
3
4
5
6
7
8
9

10
11
12
13
14

Number'

therein, in Kenosha County not served in 1970 by
public sanitary sewer service. Each U. S. Public
Land Survey quarter section not having develop
ment served by centralized sanitary sewerage
system was examined to determine if a significant
amount of urban development was present in 1970.
Any quarter section with at least 32 housing units,
or an average of one housing unit per five gross
acres, was deemed to be urban. The major pur
pose in identifying such concentrations of urban
development was to provide a basis for analyzing
the potential of providing public sanitary sewer
service to such areas in accordance with recom
mendations contained in the adopted regional land
use plan.

'Urban development 's defined in this context as concentrations of urban land uses within any
g,ven U. S. .Public Land .survey quarter sect,on that has at least 32 housing units, or an average
of one hOUSing umt per f,ve gross acres, and is not served by public sanitary sewers

'See Map 32.
'Equal to 5.6 square miles.
Source: SEWRPC.

Milwaukee-Metropolitan Sewerage Commissions:
The Sewerage Commission of the City of Milwau
kee, which was established pursuant to Chapter
608, Laws of Wisconsin 1913, and the Metropoli-
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Table 2~

AREA AND POPULATION SERVED BY EXISTING AND LOCALLY PROPOSED PUBLIC
SANITARY SEWERAGE SYSTEMS IN MILWAUKEE COUNTY: 1970

Estimated Service Area
Existing Proposed l

Estimated
S~uare S~uare Population Treatment of Sewage

Name of Public Sanitary Sewerage System Acres iles Acres iles Served2 (See Table 251

Existing Systems
City of Cudahy ............................................................. 3,053 4.77 - - - - 22,000 Part of Milwaukee-Metropolitan Sewerage District
City of Franklin ............................................................ 4,917 7.68 12,794 19.99 2,600 Part of Milwaukee-Metropolitan Sewerage District
City of Glendale ........................................................... 3,795 5.93 - - - - 18,700 Part of Milwaukee-Metropolitan Sewerage District
City of Greenfield ........................................................ 5,102 7.97 2,630 4.11 21,800 Part of Milwaukee-Metropolitan Sewerage District
City of Milwaukee ........................................................ 56,205 87.82 5,207 8.14 703,700 Part of Milwaukee-Metropolitan Sewerage District
City of Oak Creek

Area Connected to Metropolitan Oistrict ............. 4,363 6.82 13,658 21.34 9,800 Part of Milwaukee-Metropolitan Sewerage District
Oak View Subdivision ............................................. 156 0.25 - - - - 800 Operates aTemporary Facility

City of South Milwaukee ............................................ 2,992 4.68 - - - - 23,300 Operates aFacility
City olSI. Francis ........................................................ 1,638 2.56 - - - - 11,200 Part of Milwaukee-Metropolitan Sewerage District
City of Wauwatosa ....................................................... 8,467 13.23 - - - - 59,500 Part of Milwaukee-Metropolitan Sewerage District
City of West Allis ......................................................... 7,219 11.28 61 0.10 78,200 Part of Milwaukee-Metropolitan Sewerage District
Village of Bayside ........................................................ 1,478' 2.31 - - - - 3,900 Part of Milwaukee-Metropolitan Sewerage District
Village of Brown Deer ................................................. 2,797 4.37 - - - - 12,500 Part of Milwaukee-Metropolitan Sewerage District
Village of Fox Point ..................................................... 1,837 2.87 - - - - 8,600 Part of Milwaukee-Metropolitan Sewerage District
Village of Greendale .................................................... 2,429 3.80 1.120 1.75 14,700 Part of Milwaukee-Metropolitan Sewerage District
Village of Hales Corners ............................................. 1,232 1.92 826 1.29 7,300 Part of Milwaukee-Metropolitan Sewerage District
Village of River Hi!ls ................................................... 3,405 5.32 - - - - 1,900 Part of Milwaukee-Metropolitan Sewerage District
Village of Shorewood .................................................. 1,011 1.58 - - - - 12,600 Part of Milwaukee-Metropolitan Sewerage District
Village of West Milwaukee ......................................... 710 1.11 - - - - 5,600 Part of Milwaukee-Metropolitan Sewerage District
Village of Whitefish Bay ............................................. 1,357 2.12 - - - - 14,900 Part of Milwaukee-Metropolitan Sewerage District
MiSSion Hills Water and Sewer Trust ........................ 306 0.48 - - - - 500 Operates aFacility
Rawson Homes Sewer and Water Trust ................... 80 0.13 - - - - 600 Operates aFacility

Pr~osed Systems
one - - - - - - - - - - - -

County Total ..................................................................... 114,549 179.00 36,296 56.72 1,034,700 - -

lAs identified in locally prepared plans and engineering reports.
2Based upon an approximation of the existing sewer service area by U.S.
Public Land Survey quarter section.

'Does not include 58 acres located in Ozaukee County.
Source: SEWRPC.

tan Sewerage Commission of the County of Mil
waukee, which was established pursuant to the
provisions of Section 59. 96 of the Wisconsin
statutes, together act as agents for the Metro
politan Sewerage District of the County of Mil
waukee.8 This District, as a special purpose
areawide unit of government, was established
pursuant to and operates under the provisions of
Section 59. 96 of the Wisconsin Statutes. The
Metropolitan Sewerage Commission has the power
to plan and construct main sewers; pumping and
temporary disposal facilities for the collection
and transmission of domestic, industrial, and
other sanitary sewage to and into the intercepting
sewers of the District; and may improve any
watercourse within the District by deepending,
widening, or otherwise changing the same where,
in the judgment of the Commission, it may be

8 For a brief summary of the historical development of

the Milwaukee-Metropolitan sewerage system, see SEWRPC
Planning Report No. 13, A Comprehensive Plan for the
Milwaukee River Watershed, Volume Ohe, Inventory Find
ings and Forecasts, December 1970, pp. 215-218.

necessary in order to carry off surface or drain
age waters. The Metropolitan Sewerage Commis
sion, however, may only exercise its powers
within the District and outside of the City of Mil
waukee. The Sewerage Commission of the City of
Milwaukee, on the other hand, is empowered to
construct, operate, and maintain treatment facili
ties and main and intercepting sewers within
its jurisdictional area, which is the City of Mil
waukee. The Sewerage Commission of the City of
Milwaukee also may improve watercourses within
the City of Milwaukee.

In order to coordinate the activities of the two
Commissions, the Wisconsin Statutes provide that
the Metropolitan Sewerage Commission must se
cure the approval of the Sewerage Commission of
the City of Milwaukee before it is empowered to
engage in any work and, when it has completed the
work it proposes to do, it then conveys title to the
facilities to the Sewerage Commission of the City
of Milwaukee for operation and maintenance. In
addition, the Rules of the Sewerage Commissions
adopted pursuant to state statutes further require
that all towns, cities, and villages lying within the
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Table 25

SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE TREATMENT
FACILITIES IN MILWAUKEE COUNTY: 1970

Design Capacity

Date of
Estimated Estimated Original Average

Name of Total Total Construction Type of Level of Average Peak Organic
Public Sewage Area Served Population and Major Treatment Treatment Hydraulic Hydraulic {Pounds Population

Treatment Facility (Square Miles) Served Modification Provided Provided Disposal of Effluent Population l (MGD) (MGDj CBOOs/Oay) Equivalent!

Milwaukee-Metropolitan
Sewerage Commissions

1925, 1935,
Jones Island Plant 192.53 1,033,900 1969,1970 Activated Sludge Advanced Lake Michigan N/A 200.00 300.00 422,000 2,000,000
South Shore Plant ... 1969 Sedimentation Primary Lake Michigan N/A 120.00 320.00 N/A N/A
Hales Corners Plant 1.92 7,300 1941, 1958 Trickling Filter Secondary Root River 8,000 0.90 N/A 1,333 6,350

City of Oak Creek
(Oakview Subdivislon)2 0.25 800 1955 Stabilization Pond Secondary Minor Tributary to Lake Michigan 1,500 020 N/A N/A N/A

City of South Milwaukee 4.68 23,300 1937,1950, Sedimentation Primary Lake Michigan 18,000 300 6.00 N/A N/A
1962

Mission Hills Water
and Sewer Trust ............. 0,48 500 1968 Activated Sludge Secondary Minor Tributary to Root River N/A 0.33 N/A 118 560

Rawson Homes Sewer and
Water Trust 0.13 600 1954 Activated Sludge Secondary Minor Tributary to Root River 402 0.04 N/A 67 320

Sewage Strength Parameters Industrial Overall Plant Efficiency
Existing Loading - 1970 in Influent Sewage Flows Percent Removals

Avoerage Reserve Design Estimated Number of Days in
Nameof Average Average Peak Organic Hydraulic Suspended Total Organic Ammonia Average Daily Flow caoos Suspended Total 1970 Plant Flow

Public Sewage Hydraulic Per Capita Hydraulic (Pounds Capacity CBOO s Solids Phosphorus Nitrogen-N Nitrogen-N Daily Flow 1970 Solids Phosphorus (P) Exceeded Plant
Treatment Facility (MGO) (GPO) (MGOj CBOOs/Oay) (MGO) (mg/lj (mg/l) (mg/lj (mg/lj (mg/lj (MGO) (MGOj (Percentj (Percent) {Percentj Meter Capacity

Milwaukee-Metropolitan
Sewerage Commissions

Jones Island Plant .. 169.60 183 223 296,300 30.40 209 207 8.2 N/A N/A N/A N/A 93 90 87 N/A
South Shore Plant ....... 19.30 25 57,400 100.70 3623 4943 N/A N/A N/A N/A 53 423 753 N/A None
Hales Corners Plant. 080 110 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

City of Oak Creek
(Oakview Subdivision)2 .. N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

City of South Milwaukee . 380 163 5,4 N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Mission Hills Water and

Sewer Trust ..................... 0.04 80 N/A N/A 0.29 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Rawson Homes Sewer and

Water Trust . N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

NOTE: N/A indicates data not available.
!The population design capacity for a given sewage treatment facility was obtained directly from engi
neerm¥ reports prepared by or fo~ the local unit of government operating the facility and reflects as·

9~~~:·~~i~nm;g~/t/~7v~~~1~h~n~::,;~ lZbB;~~~~f~; ~q~~~~eJst g:~i~~/a:sa;~r f~~~ ~;tin~te:n:!n::r~
~le;efis~~:J ;nd7ft~~~~e~/iI~ ~~fi~~%i~~t~~~:;f;ug~nO·~1 cgoB~, %~Bp~~tlf:;~nda/qu~~~~entd~~f~nen!::
pacity will differ from the population design capacity shown in the Table.

Source: Wisconsin Department of Natural Resources and SEWRPC.

District or under service agreements with the
District submit local sewerage system and con
struction plans for approval to the Sewerage Com
mission of the City of Milwaukee before they may
connect to the main and intercepting sewers owned
by the District. The two Commissions have the
power to promulgate and enforce reasonable rules
for the supervision, protection, management, and
utilization of the entire sewerage system. For the
purposes of this report, the Sewerage Commission
of the City of Milwaukee and the Metropolitan
Sewerage Commission of the County of Milwaukee
will be hereinafter referred to as the "Milwaukee
Metropolitan Sewerage Commissions," and the
Metropolitan Sewerage District of the County of
Milwaukee will be referred to as the "Milwaukee
Metropolitan Sewerage District. rr

As noted above, the Milwaukee-Metropolitan Sew
erage Commissions jointly act as agent for the
special purpose unit of government lmown as the
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2This plant was abandoned in November 1971 and its tributary service area connected to the Milwaukee
metropolitan sewerage system.

3Digester supernatant is added to the influent sewage prior to sampling.

Metropolitan Sewerage District of the County of
Milwaukee. This District at the present time
includes all of the area of Milwaukee County
except the City of South Milwaukee, which has
elected not to become part of the District. The
District, through the Milwaukee-Metropolitan Sew
erage Commissions, may enter into contracts
with municipalities in the same general drainage
area and adjacent to the District to accept sewage
for transmission and treatment from those munic
ipalities. The term "same general drainage area"
has been defined by the Milwaukee-Metropolitan
Sewerage Commissions to include all of the
Kinnickinnic, Menomonee, and Milwaukee River
watersheds, the Oak Creek watershed, and those
portions of the Root River watershed draining into
Milwaukee County.

The centralized sanitary sewerage system devel
oped and operated by the Milwaukee-Metropolitan
Sewerage Commissions is by far the largest



Tab 1e 26

SERVICE AREA, POPULATION, AND SEWAGE FLOW CHARACTERISTICS OF THE
MILWAUKEE-METROPOLITAN SEWERAGE SYSTEM BY CIVIL DIVISION: 1970

Area Currently Served Average Hydraulic Loading (MGD

Total Area Planned (Square Miles) Population Currently Served I On the
For Service By By Milwaukee·

B~~~l~zr By Milwaukee· By Other Milwaukee· On Other Area Locally
Milwaukee·Metropolitan Metropolitan Metropolitan Public Metropolitan Public Proposed for

Civil Division
Sewerage System Sewerage Sewerage Sewerage Sewerage Sewerage Sewerage Sewer Service2

(Square Milesl System Systems Total System Systems Total System Systems Total (Square Miles)

In Metropolitan Sewerage District
of the County of Milwaukee

City of Cudahy .. 4.77 4.77 - - 4.77 22,000 - - 22,000 5.5 - - 5.5 - -
City of Franklin .. 34.63 7.68 0.61 8.29 2,600 1.100 3,700 0.1 N/A 0.1 19.99
City of Glendale ..... 5.93 5.93 - - 593 18,700 -- 18,700 2.9 - - 2.9 - -
City of Greenfield ...... 1208 7.97 - - 7.97 21,800 - - 21,800 2.0 - - 2.0 4.11
City of Milwaukee .. 95.96 87.82 - - 87.82 703,700 - - 703,700 134.0 - - 134.0 8.14
City of Oak Creek .. 28.41 6.82 025 7.07 9,800 800 10,600 10 N/A 10 21.34
City of St.Francis ..... 2.56 2.56 - - 2.56 11,200 - - lJ.200 2.1 - - 2.1 - -
City of Wauwatosa . 13.23 13.23 - - 13.23 59,500 - - 59,500 7.1 - - 7.1 - -
City of West Allis .... 11.38 11.28 - - 1128 78,200 - - 78,200 103 - - 103 0.10
Village of Bayside ........... 231 231 -- 2.31 3,900 - - 3,900 0.6 - - 0.6 - -
Village of Brown Deer .. 437 437 -- 4.37 12,500 - - 12,500 11 - - 11 - -
Village of Fox Point .... 2.87 2.87 - - 2.87 8,600 - - 8,600 12 - - 12 - -
Village of Greendale ........... 5.55 3.80 - - 3.80 14,700 - - 14,700 1.3 - - 1.3 1.75
Village of Hales Corners .. 3.21 192 - - 192 7,300 - - 7,300 08 - - 0.8 129
Village of River Hills ... 532 532 - - 532 1,900 - - 1,900 0.5 - - 05 - -
Village of Shorewood .............. 158 158 - - 158 12,600 - - 12,600 2.1 - - 2.1 - -
Village of West Milwaukee .. III III - - III 5,600 - - 5,600 45 - - 4.5 - -
Village of Whitefish Bay .. 212 2.12 - - 2.12 14,900 - - 14,900 1.7 - - 1.7 - -

Subtotal. 23739 173.46 086 17432 1,009,500 1,900 1.011,400 178.8 N/A 178.8 56.72

In Existing Contract Service Area

City of Brookfield .. 14.20 3.70 - - 3.70 8,500 - - 8,500 15 - - 15 10.50
City of Mequon ... 46.88 8.79 - - 8.79 6,600 - - 6,600 09 - - 0.9 16.56
City of Muskego ..... 28.80 - - 180 180 - - 4,500 4,500 - - 0.4 0.4 14.55
City of New Berlin .... 2530 4.38 0.21 4.59 7,900 800 8,700 10 0.7 1.7 20.71
Village of Bayside. 0,09 009 - - 0.09 - -' - - - - - - - - - - - -
Village of Butler ........ 0.78 0.78 - - 0.78 2,100 - - 2,100 0.4 - - 0.4 --
Village of Elm Grove ................. 3.25 325 - - 3.25 6,600 - - 6,600 0.9 - - 0.9 --
Village of Menomonee Falls .. 1830 - - 3.77 3.77 - - 17AOO 17,400 - - 2.4 2.4 14.53

Subtotal. 137.60 20,99 5.78 26.77 31.700 22,700 54AOO 4.7 3.5 8.2 76.85

In Proposed Contract Service Area

City of Milwaukee ............. 0.02 - - - - - - - - - - - - - - - - - - 0.02
Village of Germantown .. 34.31 - - 0,56 0.56 - - 2,400 2AOO - - 0.4 0.4 11.35
Village ofThiensvilie . 103 -- 0.99 0,99 - - 3,600 3,600 - - 0.7 0.7 0.04
Town of Caledonia .... 0.50 -- 0.18 0.18 - - 1.200 1,200 - - 0.1 0.1 0.32
Town of Raymond .. 420 - - - - - - - - - - - - - - - - - - 4.20

Subtotal. 40.06 -- 1.73 1.73 - - 7,200 7,200 - - 12 12 15.93

Total. 415.05 194.45 8.37 202.82 1,04l.400 31.800 1.073,000 183.5' 4.7 1882 149.50

NOTE: NIA mdlcates data not available.

'Based upon an approximation of the existing sewer service area by U. S. Public Land
Survey quarter section.

'As identified in locally prepared plans and engineering reports. These areas, when sum
med With the existing sewer service areas, do not necessarily correspond to the total
areas planned for service by the Milwaukee-Metropolitan Sewerage Commissions, since
some commumtles do not plan to serve all the area permitted to be served under con
tracts with the joint Commissions.

'The population residing in this area is included in the estimated population served for
that porfion of the Village ot Bayside in Milwaukee County

Source: SEWRPC.

sewerage system in the Southeastern Wisconsin
Region.9 As shown on Map 33, the existing ser
vice area of this system is comprised of portions
of the Milwaukee-Metropolitan Sewerage District
and portions of the existing contract service area
in Ozaukee and Waukesha Counties outside of the
District. This area totals about 194 square miles,
of which 173 square miles reprel3ent the area now
served within the Metropolitan Sewerage District

9 The statutes authorizing the creation of the Metro

politan Sewerage District of the County of Milwaukee

and granting it authority to contract with municipali

ties outside of the District for sewage treatment

'The average hydraulic loading during 1970 on the three sewage treatment facilities op
erated by the Milwaukee·Metropolitan Sewerage District - Jones Island, South Shore, and
Hales Corners - was 189.9 mgd. In addition to the 183.5 mgdderived from the munici
palities in the Milwaukee-Metropolitan Sewerage District and in the existing contract
service area, an additional 6.4 mgd was processed through the plants from miscellane
ous sources, including hauled sewage from holdmg tanks; sewage from federaf govern
ment installations and county parks; and, most Significantly, plant coofing and wash water

apply only to counties in Wisconsin having a popula

tion of 500,000 or more. Since, at the present time,

no other county even approaches this population size,

this legislation is, as a practical matter, uniquely

designed for Milwaukee County. There are, however,

other areawide sanitary sewerage systems in the Region,

as described in other sections of this chapter. One
other formal metropolitan sewerage district--the

Western Racine County Sewerage District--exists in the

Region. In addition, other cities, such as the City

of Kenosha and the City of Racine, operate sanitary

sewerage systems which, while not organized under
statutes specifically creating special-purpose dis

tricts, are through the operation of intergovernmental

contracts and agreements in fact areawide or metro

politan sewerage system.
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and 21 square miles represent the area now
served within the existing contract service area.
About 1,041,200 persons are now served by the
Milwaukee-Metropolitan sanitary sewerage sys
tem, including 1,009,500 persons who reside
within the Metropolitan Sewerage District and
31,700 persons who reside within the existing
contract service area. In addition, it should be
noted that about 6.6 square miles and about
24, 600 persons who reside within either the Met
ropolitan Sewerage District or the existing con
tract service area are currently provided with
public sanitary sewer service, with sewage treat
ment for such areas provided by temporary sew
age treatment facilities pending connection to the
centralized system. With respect to the District,
these areas lie within the Cities of Franklin and
Oak Creek; with respect to the existing contract
service area, these areas lie within the Cities
of Muskego and New Berlin and the Village of
Menomonee Falls (see Map 33). All of these
service areas will eventually be connected to
the Milwaukee-Metropolitan centralized sewerage
system as trunk sewer service and capacity
become available. The service area and popula
tioncharacteristics of the Milwaukee-Metropolitan
sewerage system are summarized in Table 26.

The area committed to future sanitary sewer ser
vice in the plans of the Milwaukee-Metropolitan
Sewerage Commissions and the communities which
contract or have agreed to contract with the Com
missions for sewage treatment service are also
shown on Map 33. This area includes all of the
currently unserved area within the Milwaukee
Metropolitan Sewerage District, which area totals
about 63 square miles. In addition, this area
includes all of the areas currently under contract
for future sanitary sewer service in Ozaukee and
Waukesha Counties, such areas lying within the
Cities of Brookfield, Mequon, Muskego, and New
Berlin and the Village of Menomonee Falls, and
totaling about 101 square miles. Finally, this
area includes proposed future contract service
areas within the Villages of Germantown and
Thiensville and the Towns of Caledonia and Ray
mond, totaling about 40 square miles. The fore
going planned future sewer service areas, totaling
about 204 square miles, reflect the total area
planned for ultimate service by the Milwaukee
Metropolitan Sewerage Commissions. Of this
total, about 150 square miles are actually planned
for sewer service within the next 20 years by the
local communities served by the metropolitan
system (see Map 33 and Table 26). It should be
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noted, in this respect, that proVlsIOn of sewer
service to portions of the Towns of Caledonia and
Raymond was recommended in the Root River
watershed plan and to the Village of Thiensville in
the Milwaukee River watershed plan, as such
plans were prepared and adopted by the South
eastern Wisconsin Regional Planning Commission.
Concomitantly, the plans recommend the abandon
ment of the existing Caddy Vista sewage treatment
plant in the Town of Caledonia and the existing
Village of Thiensville sewage treatment plant.

The location and configuration of all existing and
locally proposed major trunk, relief, and inter
cepting sewers and pumping and lift stations and
related force mains comprising the Milwaukee
Metropolitan centralized sewerage system are
shown on Map 33. This major sewer system
serves both the combined sewer areas in parts of
the City of Milwaukee and the Village of Shore
wood and the separate sewer areas in the remain
der of the District and the existing contract areas.

There are 45 known sewer relief discharge points
on the Milwaukee-Metropolitan sewerage system,
including 15 crossovers, 22 bypasses, and 10
relief pumping stations which discharge raw sew
age to surface watercourses (see Map 34). The
intercepting sewers contained in the Milwaukee
Metropolitan sewerage system are designed to
carry all the dry weather sanitary flow from the
combined sewers and, through control devices, a
portion of the wet weather flow, with the remain
ing wet weather flow discharged directly to the
streams in the District or to Lake Michigan. Such
outfalls are a part of the City of Milwaukee local
sewerage system and are described later in
this chapter.

Proposed additions to the major trunk, relief, and
intercepting sewer system in the Milwaukee
Metropolitan Sewerage District are shown on
Map 33. These proposed system additions are
part of a long-range trunk and relief sewer con
struction plan adopted by the Milwaukee-Metro
politan Sewerage Commissions in 1959. It is
anticipated that, according to 'current construction
schedules, all of the proposed new trunk and relief
sewers will be completed by 2005.

Sewage from the Milwaukee-Metropolitan central
ized sewerage system is treated at two large
permanent sewage treatment plants and one small
interim sewage treatment plant. The older of the
two permanent plants, known as the Jones Island
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sewage treatment plant, was put into operation in
1925. It is located in the City of Milwaukee on the
Lake Michigan shoreline just south of the Mil
waukee harbor entrance (see Figure 29). Major
expansions to this plant were completed in 1935,
1969, and 1970. The plant now has an average
hydraulic design capacity of 200 mgd, with a peak
hydraulic design capacity of 300 mgd, the latter
being based upon the capacity of the primary units
of the total plant. The primary treatment accorded,
however, includes only coarse and fine screening
and grit removal. In addition post-chlorination is
provided. In 1970 the average hydraulic loading
on the Jones Island sewage treatment facility was
170 mgd, with a peak hydraulic loading of 223 mgd
and a minimum hydraulic loading of 116 mgd. The
peak hydraulic loadings on the plant, which occur
during periods of wet weather, however, do not
include unmeasured flows bypassed either at flow
relief points throughout the system or at the sew
age treatment plant itself, nor flows exceeding the
capacity of the flow meters installed at the plant.
The existing 200 mgd average hydraulic design
capacity is sufficient to adequately treat the aver-

age daily flow. The biochemical oxygen demand
(CBOD5) loadings ranged during 1970 from about
93,600 to about 510,400 pounds per day, with an
average daily loading of about 296,300 pounds
per day. Suspended solids loadings averaged
about 293,500 pounds per day, with a maximum
of 516,100 and a minimum of 137,500 pounds
per day. Phosphorus loadings averaged about
11,600 pounds per day, with a maximum of
19,300 and a minimum of 4,500 pounds per day.'o

10Estimates of pounds/day loadings were computed by
using the high, low, and average daily concentrations
as listed in EPA publication 11010FLQ0371 entitled
"Phosphorus Removal With Pickle Liquor in an Activated
Sludge Plant" and the average daily sewage flow for

1970.

Example
Lowest average day CBOOS loading in 1970 66 mgll
Highest average day CBODS loading in 1970 360 mg/l
Average daily sewage flow for 1970 170 MGD

Low 1970 CBODS loading: 66 mAIl x 170 MaD x 8.34
pounds/(MGD mg/l) = 93,600 pounds/day

Hi~he$t 1970 CBaD5 loadjn~: 360 mg/l x 170 MUD x 8.34
pounds/(MGD m~/l) = 510,400 pounds/day.

Figure 29

MILWAUKEE-METROPOLITAN SEWERAGE COMMISSIONS JONES ISLANO SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Chin~-Chi Wu.
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During 1970 an average of 90 percent of the
suspended solids, 93 percent of the CBOD5, and
87 percent of the phosphorus were removed in
the treatment process. The plant is an activated
sludge type sewage treatment plant and the treat
ment process provided at the plant is classified
as advanced level since it provides phosphorus
removal. Effluent disposal is directly to the Mil
waukee Harbor at the plant site. The Jones lsland
plant has a site area of about 60 acres, all of
which are currently utilized. The plant site is
bounded by the Kinnickinnic River and the Ferry
Terminal of the Chesapeak and Ohio Railroad on
the west; by the Milwaukee harbor entrance on the
north; the outer harbor on the east; and by rall
road yards, petroleum products storage areas,
and related port facilities on the south.

The second of the two permanent plants, known as
South Shore sewage treatment plant, is located on
the Lake Michigan shoreline in the City of Oak
Creek and was put into operation in 1968 (see
Figure 30). At the present time the plant provides

only a primary level of treatment with chlorination
of effluent. The plant has an average hydraulic
design capacity of 120 mgd, with a peak hydraulic
design capacity of 320 mgd. Construction of sec
ondary and advanced treatment capacity at the
South Shore treatmenL planL is currently underway.
Upon completion of these facilities at the South
Shore sewage treatment plant, the rated aver
age hydraulic design capacity will remaln at
120 mgd, since no physical alterations will be
made to the existing primary treatment facilities.
In 1970 the average hydraulic loading on the South
Shore sewage treatment facility was 19 mgd, with
a peak hydraulic loading of 25 mgd and a minimum
hydraulic loading of 15 mgd. The existing 120 mgd
average hydraulic design capacity is sufficient to
adequately treat the average daily flow. During
1970 an average of 75 percent of the suspended
solids and 42 percent of the CBOD5 were removed
in the treatment process. Effluent disposal is via
aI, 930-foot outfall sewer to Lake Michigan. The
South Shore plant has a site area of about 150
acres, of which about 90 acres are currently

Figure 30

MILWAUKEE-METROPOLITAN SEWERAGE COMMISSIONS SOUTH SHORE SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn. Charles L. Hamilton. and Mark W. Sheets.
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utilized, leaving about 60 acres available for
future use. The plant site is bounded by Lake
Michigan on the east, residential development on
the north, industrial development on the south,
and by 5th Avenue and residential development on
the west.

The temporary treatment facility operated by the
Milwaukee-Metropolitan Sewerage Commissions
serves only the Village of Hales Corners. This
facility, a trickling filter type, discharges its
effluent to the Root River (see Figure 31), and is
scheduled to be abandoned upon completion of a
metropolitan trunk sewer in 1974. The plant,
constructed in 1941, has an average hydraulic
design capacity of 0.9 mgd. The average hydrau
lic loading on the plant in 1970 was estimated at
O. 8 mgd. The treatment processes provided at
the plant are classified as secondary level.

The plans of the Milwaukee-Metropolitan Sewer
age Commissions indicate that, with the comple
tion of the trunk and relief sewer construction
program noted above and the addition of secondary
and advanced treatment capacity at the South
Shore plant, the plant should be capable of treat
ing sewage flows from all of the existing and pro-

Fig u re 3 I

MILWAUKEE-METROPOLITAN SEWERAGE COMMI SSIONS
HALES CORNERS SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Chin~-Chi Wu.

posed service area lying generally west of 60th
street, east of the subcontinental divide which
forms the westerly boundary of the service area,
and south of W. Howard Avenue. At that time the
loading on the Jones Island plant and the fre
quency of bypassing at the Jones Island plant
during wet weather periods would be greatly
reduced. The sewers at junction points of old
sewers and the new trunk sewers are being
designed to permit selective routing of sewage
from most points in the metropolitan system to
either the Jones Island or the South Shore plants,
thus utilizing the full capacity of the plants at all
critical times.

Management of the Milwaukee-Metropolitan sew
erage system is, as noted above, under the direc
tion of both the Sewerage Commission of the City
of Milwaukee and the Metropolitan Sewerage Com
mission of the County of Milwaukee. These two
Commissions act jointly in all matters affecting
the Milwaukee-Metropolitan Sewerage District.
The Sewerage Commission of the City of Milwau
kee consists of five members who are appointed
by the Mayor, subject to confinnation by the Com
mon Council. The Metropolitan Sewerage Com
mission of the County of Milwaukee consists of
three members all appointed by the Governor.
One member is certified to the Governor by the
Sewerage Commission of the City of Milwaukee
and one member is certified to the Governor by
the Wisconsin Department of Natural Resources.
The Governor must appoint to the Commission
those persons certified. The Governor appoints
the third member on his own motion, with the
limitation that the member be a resident within
the drainage area of Milwaukee County but outside
of the City of Milwaukee. Day-to-day administra
tion of the Milwaukee-Metropolitan sanitary sew
erage system is provided by a joint staff headed
by a Chief Engineer and General Manager.

The capital improvements budget for the Mil
waukee-Metropolitan Sewerage District is adopted
on an annual basis jointly by the Sewerage Com
mission of the City of Milwaukee and the Metro
politan Sewerage Commission of the County of
Milwaukee. The budget is then forwarded to the
Milwaukee County Board of Supervisors. The
Board then determines the amount of the proposed
budget which will be raised by the selling of gen
eral obligation bonds for the forthcoming year and
the amount which will be raised by a tax levy upon
all taxable property within the District. Thus, all
capital improvements, including sewage treatment
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facilities, main sewers, relief sewers, intercept
ing sewers, and appurtenant facilities that are
part of the Milwaukee-Metropolitan sewerage sys
tem, whether these facilities are constructed
within the City of Milwaukee or within any of the
other 17 municipalities in Milwaukee County which
belong to the Milwaukee-Metropolitan Sewerage
District, are paid for by the taxpayers of the
entire District.

The cost of operating and maintaining the Mil
waukee-Metropolitan sewerage system is based
upon the relative amount of sewage each of the
18 municipalities in the District contributes to the
total sewage flow. This cost is determined each
year and the 18 communities in effect receive a
bill directly from the Sewerage Commission of the
City of Milwaukee for operation and maintenance
services. Each local governing body then must
levy a tax against all taxable property in the local
unit of government in an amount sufficient to pro
vide for the billed amount.

The communities within the contract service area
outside of the Milwaukee-Metropolitan Sewerage
District are billed each year by the Milwaukee
Metropolitan Sewerage Commissions on a fixed
charge per million gallons of metered sewage.
Such fixed charge is adjusted at five-year inter
vals. Currently, each of the service contracts
provides that the fixed service charge, which
currently is $244 per million gallons of sewage,
be based on the following three components:

1. A depreciation component based on 2 per
cent of the total investment for permanent
assets.

2. A fair-return-on-capital component based
on 6 percent of the depreciated value of the
system components.

3. An annual operations and maintenance com
ponent based on metered sewage flow.

The total expenditures in 1970 for operation,
maintenance, and capital improvements, includ
ing debt retirement, for the Milwaukee-Metro
politan sanitary sewerage system approximated
$14,870,892, or about $14 per capita, the per
capita cost being based upon the total estimated
population served of 1,041,200. Of this total cost,
$5,352,340, or about $5 per capita, was expended
for operation and maintenance, and $9,518,552, or
about $9 per capita, was expended for capital
improvements. The foregoing expenditure data
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include all costs associated with the operation and
maintenance of the Jones Island, South Shore, and
Hales Corners sewage treatment plants; with main
tenance of the Milwaukee-Metropolitan trunk sewer
and storm water drainage systems; and with capi
tal improvements to the entire system-treatment
plants, trunk sewers, and watercourse improve
ments-attributable to the year 1970. Because
most of the capital cost attributable to 1970 con
sists of debt retirement on bonds sold in previous
years to finance both sanitary sewer and storm
water drainage improvements, it was not possible
to determine precisely how much of the total 1970
capital improvement cost was due to sanitary
sewerage improvements and how much was due to
watercourse improvements. A review of 10 years
of capital budgets prepared and adopted by the
joint Milwaukee-Metropolitan Sewerage Commis
sions reveals, however, that an average of about
15 percent of capital expenditures are directed at
watercourse improvements, with the remaining
85 percent directed at sanitary sewerage improve
ments. The foregoing cost estimate for capital
investment contains a relatively small increment
for watercourse improvements. The estimate for
operation and maintenance also includes costs
attributable to the maintenance of storm water
drainage channels. These costs, however, are
negligible and do not affect the validity of com
paring the per capita operation and maintenance
cost of the Milwaukee-Metropolitan sewerage sys
tem with other systems.

The total expenditures noted above for the Mil
waukee-Metropolitan sanitary sewerage system
during 1970 have been apportioned back to the
18 municipalities in the Metropolitan Sewerage
District in the ensuing portion of this chapter in
order that such costs may be summed with any
applicable local sewerage expenditures to effect
the true per capita cost of providing sewer ser
vice within each community in the District. The
capital improvement costs have been prorated
back to the communities based upon equalized
assessed valuation. The operation and mainte
nance costs have been prorat~d back to the com
munities based upon sewage flow. Thus, any total
and per capita costs attributed to communities
in the Milwaukee-Metropolitan Sewerage District
include that community's share of constructing,
operating, and maintaining the metropolitan sew
erage system. Such prorated costs are, however,
subject to the same qualification noted above
relating to the inclusion of certain relatively
minor storm water drainage improvements in the
capital cost component.



City of Cudahy: The existing service area of the
City of Cudahy sanitary sewerage system, which
area encompasses the entire city, is shown on
Map 33. This area totals about 4.8 square miles
and has a resident population of about 22, 000
persons. The entire area is now served by a
separate sanitary sewer system, the city having
completed in 1966 a program of separating all
existing combined sewers.

Since the City of Cudahy is part of the Milwaukee
Metropolitan Sewerage District, sewage from the
city is treated in the South Shore and Jones Island
sewage treatment plants operated by the Mil
waukee-Metropolitan Sewerage Commissions. The
average daily flow from the City of Cudahy in 1970
was 5.5 mgd. There are 18 known points of
sewage flow relief in the City of Cudahy sanitary
sewerage system, including 13 crossovers and
five bypasse~ (see Map 34).

Management of the City of Cudahy sanitary sewer
age system is under the direction of a 10-member
Board of Public Works. This Board is composed
of all 10 aldermen. Day-to-dayadministration of
the system is provided by the Director of Public
Works. Financing of the system is provided
through the general property tax. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the City of Cudahy sanitary sewerage system,
including its share of the costs of constructing,
operating, and maintaining the metropolitan sew
erage system, approximated $536,254, or about
$24 per capita. Of this total, $183, 161, or about
$8 per capita, was expended for operation and
maintenance and $353,093, or about $16 per capita,
was expended for capital improvements.

City of Franklin: The existing service area of the
City of Franklin sanitary sewerage system is
shown on Map 33. This area totals about 7. 68
square miles and has a resident population of
about 2,600 persons. The entire area is served
by a separate sanitary sewer system. This area
does not include portions of the City of Franklin
served by private water and sewer trusts, which
trusts are described later in this chapter.

Since the City of Franklin is part of the Mil
waukee-Metropolitan Sewerage District, sewage
from the city is treated in the South Shore sew
age treatment plant operated by the Milwaukee
Metropolitan Sewerage Commissions. The average
daily flow from the City of Franklin in 1970 was

O. 1 mgd. There are no known points of sewage
flow relief in the City of Franklin sanitary sewer
age system. The city proposes to provide sewer
service to the entire developable area within
the city.

Management of the City of Franklin sanitary
sewerage system is under the direction of the
Committee of the Whole of the City Council. Day
to-day administration of the system is provided by
the City Engineer. Financing of the system is
provided through a sewer service charge. Cur
rently, this charge is $6 per quarter per residen
tial sewer connection, with special flat fees and
quantity-of-flow charges for nonresidential con
nections. Total expenditures during 1970 for
operation, maintenance, and capital improvements,
including debt retirement, for the City of Franklin
sanitary sewerage system, including its share of
the costs of constructing, operating, and main
taining the metropolitan sewerage system, approx
imated $1,203,591, or about $463 per capita.
Of this total, $2,402, or about $1 per capita,
was expended for operation and maintenance and
$1,201,189, or about $462 per capita, was ex
pended for capital improvements.

City of Glendale: The existing service area of the
City of Glendale sanitary sewerage system, which
area encompasses the entire city, is shown on
Map 33. This area totals about 5.93 square miles
and has a resident population of about 18,700
persons. The entire area is served by a separate
sanitary sewer system.

Since the City of Glendale is part of the Mil
waukee-Metropolitan Sewerage District, sewage
from the city is treated in the Jones Island sewage
treatment plant ope]:'ated by the Milwaukee-Metro
politan Sewerage Commissions. The average daily
flow from the City of Glendale in 1970 was
2. 9 mgd. There are no known points of sewage
flow relief in the City of Glendale sanitary sew
erage system.

Management of the City of Glendale sanitary sew
erage system is under the direction of the City
Council. Day-to-day administration of the sys
tem is provided by the City Engineer. Financing
of the system is provided through the general
property tax. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the City of
Glendale sanitary sewerage system, including its
share of the costs of constructing, operating, and
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maintaining the metropolitan sewerage system,
approximated $485,213, or about $26 per capita.
Of this total, $96,322, or about $5 per capita,
was expended for operation and maintenance and
$388,891, or about $21 per capita, was expended
for capital improvements.

City of Greenfield: The existing service area of
the City of Greenfield sanitary sewerage system
is shown on Map 33. This area totals about 7. 97
square miles and has a resident population of
about 21,800 persons. The entire area is served
by a separate sanitary sewer system.

Since the City of Greenfield is a part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the city is treated in the Jones Island
and South Shore sewage treatment plants operated
by the Milwaukee-Metropolitan Sewerage Com
missions. The average daily flow from the City
of Greenfield in 1970 was 2.0 mgd. There is one
known point of sewage flow relief in the City of
Greenfield sanitary sewerage system-a relief
pumping station (see Map 34). The city plans to
extend sanitary sewer service to all areas of the
city not now served.

Management of the City of Greenfield sanitary
sewerage system is under the direction of the City
Council. Day-to-day administration of the system
is provided by the Superintendent of Public Works.
Financing of the system is provided through the
general property tax. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
City of Greenfield sanitary sewerage system,
including its share of the costs of constructing,
operating, and maintaining the metropolitan sew
erage systems, approximated $253,204, or about
$12 per capita. Of this total, $58,913, or about
$3 per capita, was expended for operation and
maintenance and $194,291, or about $9 per capita,
was expended for capital improvements.

City of Milwaukee: The existing service area of
the City of Milwaukee sanitary sewerage system
is shown on Map 33. This area totals about 87. 82
square miles and has a resident population of
about 703,700 persons. About 61. 72 square miles
containing about 337,700 persons, or about 70
percent of the area served and 48 percent of the
population served in the city, are served by a
separate sewer system, and about 26.10 square
miles containing about 366,000 persons, or about
30 percent of the area served and 52 percent of
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the population served, are served by a combined
sewer system.

Since the City of Milwaukee is part of the Mil
waukee-Metropolitan Sewerage District, sewage
from the city is treated at both the Jones Island
and South Shore sewage treatment plants operated
by the Milwaukee-Metropolitan Sewerage Com
missions. Since sewage is metered from all
other municipalities contributing sewage to the
Milwaukee-Metropolitan sewerage system, sewage
from the City of Milwaukee is estimated as the
residual after subtracting all of the measured
sewage from the total sewage treated. The aver
age daily flow from the City of Milwaukee in 1970
was estimated at 134. 0 mgd.

There are 239 known points of sewage flow relief
in the City of Milwaukee sanitary sewerage sys
tem, including 90 crossovers, 37 portable pumping
stations, and 112 combined sewer outfalls. As
noted earlier in this chapter, the intercepting
sewers of the Milwaukee-Metropolitan sewerage
system convey all of the dry weather sewage flow
and a portion of the wet weather sewage flow from
the combined sewer area of the City of Milwaukee
to the sewage treatment plants. The remaining
wet weather flow for the combined sewer area is
discharged directly to the streams in the city or
to Lake Michigan. The location of these 112 known
combined sewer outfalls, as well as the 90 cross
overs and 37 portable pumping stations, in the
City of Milwaukee is shown on Map 34.

The city intends to provide sewer service to the
remaining areas of the city not now served. As
shown on Map 33, these areas are concentrated in
the northwestern portion of the city in the former
Town of Granville.

Management of the City of Milwaukee sanitary
sewerage system is under the direction of the
Water and Sewerage Control Policy Board, a sub
committee of the Public Improvements Committee
of the Common Council. Day-to-day administra
tion of the system is provided by the Commis
sioner of Public Works. Financing of the system
is provided through the general property tax.
Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the City of Milwaukee sani
tary sewerage system, including its share of the
costs of constructing, operating, and maintaining
the metropolitan sewerage system, apprOXimated
$16.8 million, or about $24 per capita. Of this



total, $4.4 million, or about $6 per capita, was
expended for operation and maintenance and $12.4
million, or about $18 per capita, was expended
for capital improvements.

City of Oak Creek: The existing service area of
the City of Oak Creek sanitary sewerage system
is shown on Map 33. This area totals about 7. 07
square miles and has a resident population of
about 10,600 persons. The entire area is served
by a separate sanitary sewer system. Of this
total, about 6. 82 square miles having a resident
population of about 9,800 persons are served
through the Milwaukee-Metropolitan sewerage sys
tem, and about 0.25 square mile having a resident
population of about 800 persons is served directly
by the City of Oak Creek through a small sewage

treatment facility located in the extreme south
easterly portion of the city."

Since the City of Oak Creek is part of the Mil
waukee-Metropolitan Sewerage District, all sew
age from the city, except that treated at the small
flow-through stabilization pond serving the Oak
View SJ.bdivision noted above, is treated at the
South Shore sewage treatment plant operated by
the Milwaukee-Metropolitan Sewerage Commis
sions. The average dally flow from the City
of Oak Creek into the Milwaukee-Metropolitan

11 This sewa~e treatment facility, known as the Oak
View Stabilization Pond. was abandoned in November
1971 and its tributary service area connected to the
Milwaukee-Metropolitan sewera~e system.

CITY OF OAK CREEK, OAKVIEW SUBDIVISION SEWAGE TREATMENT PLANT
(ABANDONED 1971)

Photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.
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sewerage system during 1970 was 1. 0 mgd}2 The
average daily flow at the treatment facility serv
ing the Oak View Subdivision during 1970 was not
available. There is one lmown point of sewage
flow relief in the City of Oak Creek sanitary sew
erage system-a crossover (see Map 34). The
city proposes to provide sewer service to the
entire area within the city.

Management of the City of Oak Creek sewerage
system is under the direction of a five-member
Board of Water Works and Sewer Commissioners,
which Board is appointed by the Mayor, subject to
confirmation by the Common Council. Day-to-day
administration of the system is provided by the
City Engineer. Financing of the system is pro
vided through the general property tax. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the City of Oak Creek sanitary
sewerage system, including its share of the costs
of constructing, operating, and maintaining the
metropolitan sewerage system, approximated $2.7
million, or about $251 per capita. Of this total,
$103, 000, or about $10 per capita, was expended
for operation and maintenance and $2.6 mil
lion, or about $241 per capita, was expended for
capital improvements.

City of South Milwaukee: The existing service
area of the City of South Milwaukee sanitary sew
erage system, which area includes all but a very
small portion of the entire city, is shown on Map
33. The area served totals about 4. 68 square
miles and has a resident population of about
23,300 persons. The entire area is served by
a separate sanitary sewer system.

As noted earlier in this chapter, the City of South
Milwaukee is the only municipality in Milwaukee
County which has elected not to become part of the
Milwaukee-Metropolitan Sewerage District. Sew
age from the City of South Milwaukee is treated
at a sewage treatment plant located on the Lake
Michigan shoreline about one mile north of the
South Shore sewage treatment plant operated by
the Milwaukee-Metropolitan Sewerage Commis
sions (see Figure 32). The plant has a site area
of about 10 acres, of which six acres are cur-

12 It should be noted that a major step increase in the

average daily flow from the City of oak Creek to the

metropolitan sewerage system occurred in 1971 due to

the connection of certain industrial land uses. In

1971 the average daily flow from the city was 5.5 mgd.
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rently utilized leaving four acres available for
future use. The plant site is bounded by industrial
land uses on the north, Lake Michigan on the east,
vacant lands on the south, and residential land
uses on the west. This plant was initially placed
into operation in 1937 and had major modifications
in 1950 and 1962. The average hydraulic design
capacity of the plant is 3. 0 mgd, with a peak
hydraulic design capacity of 6. 0 mgd. The aver
age hydraulic loading on the plant in 1970 was
estimated at 3. 8 mgd, indicating the plant was
operating over the average hydraulic design
capacity. In 1970 the treatment process provided
at the plant was classified as primary level. In
1971 the City of South Milwaukee began construc
tion of additions to the sewage treatment plant
designed to result in the provision of a secondary
level of treatment for an average hydraulic design
capacity of 6.0 mgd.

The location and configuration of all trunk sewers
and lift and pumping stations and related force
mains comprising the City of South Milwaukee
sanitary sewerage system are shown on Map 33.
There are six lmown points of sewage flow relief
in the City of South Milwaukee sanitary sewerage
system, including four bypasses and two portable
pumping stations (see Map 34).

Management of the City of South Milwaukee sani
tary sewerage system is under the direction of
a five-member Sewerage Commission elected by
the City Council. Day-to-day administration of
the system is provided by the 5U.perintendent of
the sewage treatment plant. Financing of the sys
tem is provided through the general property tax.
Total expenditures during 1970 for operation,
maintenance, and capital improvement, including
debt retirement, for the City of South Milwaukee
sanitary sewerage system approximated $306,752,
or about $13 per capita. Of this total, $92,883,
or about $4 per capita, was expended for opera
tion and maintenance and $213,869, or about $9 per
capita, was expanded for capital improvements.

City of St. Francis: The existing service area of
the City of St. Francis sanitary sewerage system,
which area encompasses the entire city, is shown
on Map 33. This area totals about 2. 6 square
miles and has a resident population of about
11, 200 persons. The entire area is served by a
separate sanitary sewer system.

Since the City of St. Francis is a part of the
Milwaukee-Metropolitan Sewerage District, sew-



Figure 32

CITY OF SOUTH MILWAUKEE SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.

age from the city is treated in the Jones Island
and South Shore sewage treatment plants operated
by the Milwaukee-Metropolitan Sewerage Com
missions. The average daily flow from the City
of St. Francis in 1970 was 2.1 mgd. There are
no lmown points of sewage flow relief in the City
of St. Francis sanitary sewerage system.

Management of the City of St. Francfs sanitary
sewerage system is under the direetfon of the City
Council. Day-to-day administration of the system
is provided by the City Engineer. Financing of the
system is provided through the general property
tax. Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the City of St. Francis sani
tary sewerage system, including its share of the
costs of constructing, operating, and maintaining
the metropolitan sewerage system, approximated
$125,136, or about $11 per capita. Of this total,
$61,734, or about $5 per capita, was expended
for operation and maintenance and $63,402, or
about $6 per capita, was expended for capital
improvements.

City of Wauwatosa: The existing service area of
the City of Wauwatosa sanitary sewerage system,
which area encompasses the entire city, is shown
on Map 33. This area totals about 13. 2 square
miles and has a resident population of about
59,500 persons. The entire area is served by
a separate sanitary sewer system.

Since the City of Wauwatosa is part of the Mil
waukee-Metropolitan Sewerage District, sewage
from the City is treated in the Jones Island and
South Shore sewage treatment plants operated by
the MilwauJ.me-Metropolitan sewerage Commis
sions. The average daily flow from the City of
Wauwatosa in 1970 was 7.1 mgd. There are 34
lmown points of sewage flow relief in the City of
Wauwatosa sanitary sewerage system, all of which
are crossovers (see Map 34).

Management of the City of Wauwatosa sanitary
sewerage system is under the direction of a Board
of Public Works. Day-to-day administration of
the system is provided by the operations Adminis
trator of the Public Works Department. Financing
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of the system is provided through the general
property tax. Total expenditures during 1970 for
operation, maintenance, and capital improvements,
including debt retirement, for the City of Wau
watosa sanitary sewerage system, including its
share of the costs of constructing, operating, and
maintaining the metropolitan sewerage system,
approximated $1,045,980, or about $18 per capita.
Of this total, $234, 524, or about $4 per capita,
was expended for operation and maintenance, and
$811,456, or about $14 per capita, was expended
for capital improvements.

City of West Allis: The existing service area of
the City of West Allis sanitary sewerage system,
which area encompasses the entire city, is shown
on Map 33. This area totals about 11. 3 square
miles and has a resident population of about
78,200 persons. The entire area is served by
a separate sanitary sewer system.

Since the City of West Allis is part of the Mil
waukee-Metropolitan Sewerage District, sewage
from the city is treated in the Jones Island and
South Shore sewage treatment plants operated by
the Milwaukee-Metropolitan sewerage Commis
sions. The average daily flow from the City of
West Allis in 1970 was 10.3 mgd. There are 17
known points of sewage flow relief in the City of
West Allis sanitary sewerage system, including
nine crossovers, four portable pumping stations,
and four 'relief pumping stations (see Map 34).

Management of the City of West Allis sanitary
,sewerage system is under the direction of a Board
of Public Works. Day-to-day administration of
the system is provided by the Superintendent of
Public Works. Financing of the system is pro
vided through the general property tax. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the City of West Allis sanitary
sewerage system, including its share of the
costs of constructing, operating, and maintaining
the metropolitan sewerage system, approximated
$2,053,307, or about $26 per capita. Of this
total, $303,037, or about $4 per capita, was
expended for operation and maintenance and
$1,750,270, or about $22 per capita, was expended
for capital improvements.

Village of Bayside: The existing service area of
the Village of Bayside sanitary sewerage system,
which area encompasses the entire village, is
shown on Map 33. This area totals about 2.3
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square miles and has a resident population of
about 3,900 persons. The entire area is served
by a separate sanitary sewer system.

The Village of Bayside is located partly within the
Milwaukee-Metropolitan Sewerage District, and
partly within the contract service area. All of the
sewage from the village, however, is treated in
the Jones Island sewage treatment plant operated
by the Milwaukee-Metropolitan Sewerage Com
missions. The average daily flow from the Village
of Bayside in 1970 was 0.6 mgd. There is one
lmown point of sewage flow relief in the Village of
Bayside sanitary sewerage system-a bypass (see
Map 34).

Management of the Village of Bayside sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Manager.
Financing of the system is provided through the
general property tax. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Bayside sanitary sewerage system,
including its share of the costs of constructing,
operating, and maintaining the metropolitan sew
erage system, approximated $89,885, or about
$23 per capita. Of this total, $28,601, or about
$7 per capita, was expended for operation and
maintenance and $61,284, or about $16 per capita,
was expended for capital improvements.

Village of Brown Deer: The existing service area
of the Village of Brown Deer sanitary sewerage
system, which area encompasses the entire vil
lage, is shown on Map 33. This area totals about
4. 4 square miles and has a resident population of
about 12,500 persons. The entire area is served
by a separate sanitary sewer system.

Since the Village of Brown Deer is part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the Village is treated in the Jones Island
sewage treatment plant operated by the Milwaukee
Metropolitan Sewerage Commissions. The aver
age daily flow from the Village of Brown Deer in
1970 was 1.1 mgd. There are two known points of
sewage flow relief in the Village of Brown Deer
sanitary sewerage system, both of which are
portable pumping stations (see Map 34).

Management of the Village of Brown Deer sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of



the system is provided by the Village Manager.
Financing of the system is provided through the
general property tax. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Brown Deer sanitary sewerage system,
including its share of the costs of constructing,
operating, and maintaining the metropolitan sew
erage systems, approximated $303,700, or about
$24 per capita. Of this total, $43,496, or about
$3 per capita, was expended for operation and
maintenance and $260,204, or about $21 per capita,
was expended for capital improvements.

Village of Fox Point: The existing service area of
the Village of Fox Point sanitary sewerage sys
tem, which area encompasses the entire village,
is shown on Map 33. This area totals about 2. 9
square miles and has a resident population of
about 8, 600 persons. The entire area is served
by a separate sanitary sewer system.

Since the Village of Fox Point is part of the Mil
waukee-Metropolitan Sewerage District, sewage
from the village is treated in the Jones Island
sewage treatment plant operated by the Mil
waukee-Metropolitan Sewerage Commissions. The
average daily flow from the Village of Fox Point
in 1970 was 1. 2 mgd. There are 11 known points
of sewage flow relief in the Village of Fox Point
sanitary sewerage system, including eight cross
overs, one bypass, and two relief pumping stations
(see Map 34).

Management of the Village of Fox Point sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Village Manager.
Financing of the system is provided through the
general property tax. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Fox Point sanitary sewerage system,
including its share of the costs of constructing,
operating, and maintaining the metropolitan sew
age systems, approximated $160,764, or about
$19 per capita. Of this total, $34, 869, or about
$4 per capita, was expended for operation and
maintenance and $125,895, or about $15 per capita,
was expended for capital improvements.

Village of Greendale: The existing service area of
the Village of Greendale sanitary sewerage sys
tem is shown on Map 33. This area totals about
3.8 square miles and has a resident population of

about 14,700 persons. The entire area is served
by a separate sanitary sewer system.

Since the Village of Greendale is part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the village is treated at the South Shore
sewage treatment plant operated by the Milwaukee
Metropolitan Sewerage Commissions. The aver
age daily flow from the Village of Greendale in
1970 was 1. 3 mgd. There are no known points of
sewage flow relief in the Village of Greendale
sanitary sewerage system.

Management of the Village of Greendale sanitary
sewerage system is under the direction of the
Sewerage Committee of the Village Board. Day
to-day administration of the system is provided by
the Village Manager. Financing of the system is
provided through the general property tax and a
sewer service charge equal to 48 percent of
the water bill. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Village
of Greendale sanitary sewerage system, including
its share of the costs of constructing, operating,
and maintaining the metropolitan sewerage sys
tems, approximated $306,603, or about $21 per
capita. Of this total, $92,323, or about $6 per
capita, was expended for operation and mainte
nance and $214,280, or about $15 per capita, was
expended for capital improvements.

Village of Hales Corners: The existing service
area of the Village of Hales Corners sanitary
sewerage system is shown on Map 33. This
area totals about 1. 9 square miles and has a
resident population of about 7,300 persons. The
entire area is served by a separate sanitary
sewer system.

As noted earlier in this chapter, all sewage from
the Village of Hales Corners is treated at a tem
porary facility operated by the Milwaukee-Metro
politan Sewerage Commissions. The average daily
flow from the Village of Hales Corners in 1970
was O. 8 mgd. There are five known points of
sewage flow relief in the Village of Hales Corners
sanitary sewerage system, including four bypasses
and one portable pumping station (see Map 34).

Management of the Village of Hales Corners sani
tary sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Superintendent of Public
Works. Day-to-day administration of the system
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is provided through special assessments, the
general tax, and a sewer service charge of
$7. 50 per quarter per residence. Total expen
ditures during 1970 for operation, maintenance,
and capital improvements, including debt retire
ment, for the Village of Hales Corners sanitary
sewerage system, including its share of the costs
of constructing, operating, and maintaining the
metropolitan sewerage systems, approximated
$239, 806, or about $33 per capita. Of this total,
$59,395, or about $8 per capita, was expended
for operation and maintenance and $180,411, or
about $25 per capita, was expended for capital
improvements.

Village of River Hills: The existing service area
of the Village of River Hills sanitary sewerage
system, which area encompasses the entire vil
lage, is shown on Map 33. This area totals about
5. 3 square miles and has a resident population of
about 1,900 persons. The entire area is served
by a separate sanitary sewer system.

Since the Village of River Hills is a part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the village is treated in the Jones Island
sewage treatment plant operated by the Milwau
kee-Metropolitan Sewerage Commissions. The
average daily flow from the Village of. River Hills
in 1970 was 0.5 mgd. There are no known points
of sewage flow relief in the Village of River Hills
sanitary sewerage system.

Management of the Village of River Hills sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Village Manager.
Financing of the system is provided through the
general property tax and sewer service charge of
$5 per month per residential connection. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Village of River Hills sanitary
sewerage system, including its share of the costs
of constructing, operating, and maintaining the
metropolitan sewerage systems, approximated
$73,618, or about $39 per capita. Of this total,
$17, 620, or about $9 per capita, was expended
for operation and maintenance and $55, 998, or
about $30 per capita, was expended for capital
improvements.

Village of Shorewood: The existing service area of
the Village of Shorewood sanitary sewerage sys
tem is shown on Map 33. This area totals about
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1. 6 square miles and has a resident population of
about 12,600 persons. About 0.7 square mile
containing about 4,300 persons, or about 44 per
cent of the area served and 34 percent of the
population served in the village, are served by
a separate sewer system, and about O. 9 square
mile containing about 8,300 persons, or about
56 percent of the area served and about 66 percent
of the population served, are served by a com
bined sewer system.

Since the Village of Shorewood is part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the village is treated at the Jones Island
sewage treatment plant operated by the Milwau
kee-Metropolitan Sewerage Commissions. The
average daily flow from the Village of Shorewood
in 1970 was 2.1 mgd.

There are 11 known points of sewage flow relief in
the Village of Shorewood sanitary sewerage sys
tem, including 10 crossovers and one combined
sewer outfall (see Map 34). As noted earlier in
this chapter, the intercepting sewers of the Mil
waukee-Metropolitan sewerage system convey all
of the dry weather sewage flow and a portion of
the wet weather sewage flow from the combined
sewer area of the Village of Shorewood to the sew
age treatment plant. The remaining wet weather
flow for the combined sewer area is discharged
directly to the Milwaukee River.

Management of the Village of Shorewood sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Village Manager.
Financing of the system is pro',..;d8d through the
general property tax and a sewer service charge
based on water consumption. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the Village of Shorewood sanitary sewerage sys
tem, including its share of the costs of construct
ing, operating, and maintaining the metropolitan
sewerage systems, approximated $213,876, or
about $17 per capita. Of this total, $61,629, or
about $5 per capita, was expended for operation
and maintenance and $152,247, or about $12 per
capita, was expended for capital improvements.

Village of West Milwaukee: The existing service
area of the Village of West Milwaukee sanitary
sewerage system, which area encompasses the
entire village, is shown on Map 33. This area
totals about 1. 1 square miles and has a resident



population of about 5,600 persons. The entire area
is served by a separate sanitary sewer system.

Since the Village of West Milwaukee is part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the village is treated in the Jones Island
sewage treatment plant operated by the Milwau
kee-Metropolitan Sewerage Commissions. The
average daily flow from the Village of West Mil
waukee in 1970 was 4.5 mgd. There are no known
points of sewage flow relief in the Village of West
Milwaukee sanitary sewerage system.

Management of the Village of West Milwaukee
sanitary sewerage system is under the direction
of the Village Board. Day-to-day administration
of the system is provided by the Superintendent of
Public Works. Financing of the system is pro
vided through the general property tax. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Village of West Milwaukee
sanitary sewerage system, including its share of
the costs of constructing, operating, and maintain
ing the metropolitan sewerage systems, approxi
mated $334,260 or about $60 per capita. Of
this total, $124,915, or about $22 per capita,
was expended for operation and maintenance and
$209,345, or about $38 per capita, was expended
for capital improvements.

Village of Whitefish Bay: The existing service
area of the Village of Whitefish Bay .sanitary
sewerage system, which area encompasses the
entire village, is shown on Map 33. This area
totals about 2.12 square miles and has a resi
dent population of about 14, 900 persons. The
entire area is served by a separate sanitary
sewer system.

Since the Village of Whitefish Bay is part of the
Milwaukee-Metropolitan Sewerage District, sew
age from the village is treated in the Jones Island
sewage treatment plant operated by the Milwau
kee-Metropolitan Sewerage Commissions. The
average daily flow from the Village of Whitefish
Bay in 1970 was 1. 7 mgd. There are 35 known
points of sewage flow relief in the Village of
Whitefish Bay sanitary sewerage system, all of
which are crossovers (see Map 34).

Management of the Village of Whitefish Bay sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Village Manager.

Financing of the system is provided through the
general property tax. Total expenditures during
1970 for operation, maintenance, and capital im
provements, including debt retirement, for the
Village of Whitefish Bay sanitary sewerage sys
tem, including its share of the costs of construct
ing, operating, and maintaining the metropolitan
sewerage systems, approximated $258, 560, or
about $17 per capita. Of this total, $71,556, or
about $5 per capita, was expended for operation
and maintenance and $187,004, or about $12 per
capita, was expended for capital improvements.

Mission Hills Water and Sewer Trust: The existing
service area of the Mission Hills Water and Sewer
Trust sanitary sewerage system in the City of
Franklin is shown on Map 33. This area totals
about 0.5 square mile and has a resident popula
tion of about 500 persons. This area includes the
Mission Hills Subdivision and nearby institutional
land uses.

Sewage from the Mission Hills Water and Sewer
Trust service area is treated in an activated
sludge type sewage treatment plant constructed in
1968 (see Figure 33). The effluent from the plant
is discharged to an unnamed tributary of the Root
River. The average hydraulic design capacity of
the plant is 0.33 mgd. The average hydraulic
loading on the plant in 1970 was estimated at
O. 04 mgd. The treatment processes provided at
the plant are classified as secondary level. This
plant was constructed as a temporary sewage
treatment facility and is scheduled to be abandoned
late in 1973 as local trunk sewer service from the
City of Franklin is made available.

Management of the Mission Hills Water and Sewer
Trust sanitary sewerage system is provided by
a five-member Board of Trustees. Day-to-day
administration of the system is provided by the
President of the Board. Financing of the system
is provided through a sewer service charge of
$12 per month per residential connection. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Mission Hills sanitary sewer
age system approximated $10,429, or about $21
per capita. Of this total, $3, 829, or about $8 per
capita, was expended for operation and mainte
nance and $6, 600, or about $13 per capita, was
expended for capital improvements.

Rawson Homes Sewer and Water Trust: TIle exist
ing sewer service area of the Rawsoh Homes
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Figure 33

MISSION HILLS WATER AND SEWER TRUST SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.

I
I

Scwcr and Water Trust sanitary sewerage system
in the City of Franklin is shown on Map 33. This
area totals about 0.1 square mile and has a resi
dent population of about 600 pcrsons. Thc systcm
serves thc Rawson Homes Subdivision located in
thc northeasterly portion of the City of Franklin.

Sewage from the Rawson Homes Sewer and Water
Trust service area is treated in an activatcd
sludge type sewage treatment plant discharging
its effluent to a tributary of the Root River (see
Figure 34). The plant was constructed in 1954
and has an average hydraulic design capacity of
0.04 mgd. The average hydraulic loading on the
plant in 1970 was not available. The trcatmcnt
processes provided at the plant are classified as
secondary level. The plant was constructed as
a tcmporary sewagc trcatmcnt facility and is
scheduled to be abandoned as soon as local trunk
sewer service from the City of Franklin is
madc availablc.

Management of the Rawson Homes Sewer and
Watcr Trust is under the direction of a 10-mcmber
Board of Trustees. Day-to-day administration
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Figure 3ij

RAWSON HOMES SEWER AND WATER TRUST
SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. llamilton,
and Mark W. Sheets.



of the system is provided by the President of the
Board. Financing of the system is provided
through a sewer service charge of $8 per month
per residential connection. Total expenditures
during 1970 for operation and maintenance of the
Rawson Homes sanitary sewerage system approx
imated $3,550, or about $6 per capita.

Proposed Public Sanitary Sewerage Systems
The inventory revealed that as of 1970 there were
no new proposed public sanitary sewerage sys
tems for Milwaukee County. All areas of the
county not now provided with public sanitary
sewer service are scheduled to be provided with
such service through the orderly extension of
the trunk sewer systems of both the local com
munities and the Milwaukee-Metropolitan Sewer
age Commissions.

other Sewage Treatment Facilities
In addition to the 22 public sanitary sewerage sys
tems discussed above, there are a total of five
sewage treatment facilities in Milwaukee County
which serve, in most cases, a single isolated land
use enclave. These five sewage treatment facili
ties serve the Highway 100 Drive-In Theatre in the
City of Franklin; the Pure Oil truck stop in the
City of Franklin; the Wisconsin Electric Power
Company in the City of Oak Creek; the S. K. Wil
liams Company in the City of Wauwatosa; and
the yards of the Chicago, Milwaukee, st. Paul,
and Pacific Railroad Company in the City of Mil
waukee. Pertinent characteristics pertaining to
each of these sewage treatment facilities are
presented in Table 27.

Of the foregoing five facilities, three-the Wis
consin Electric Power Company facility, the
S. K. Williams Company facility, and the Mil-

waukee Railroad facility-are specialized types of
sewage treatment facilities and constitute perma
nent facilities. The remaining two facilities could
be abandoned at such time as local trunk sewer
service becomes available.

other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
tributary to such streams and watercourses. The
secondary sources consulted included river basin
survey reports and pollution abatement orders of
the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. A total of 87 such known point sources of
industrial waste water were identified in Milwau
kee County. The name, civil division location,
type of waste, known pretreatment, and receiving
water body of these 87 waste sources are identi
fied in Table 28. The locations of these 87 point
sources are shown on Map 35.

Existing Urban Development Not Served
by Public Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Milwaukee County serve a total area of

Table 27

SELECTED CHARACTERISTICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN MILWAUKEE COUNTY: 1970

Average

Type 01
HydraulIC

Civil Type of Design Disposal
Division Land Use Treatment Capaclly 01

Name Location Served PrOVided (Gallons/Day) Effluent

Chicago, Milwaukee, St Paul and
PacifiC Railroad Company City 01 Milwaukee TransportatIOn Oil Separation 1,000,000' Menomonee River

Highway 100 Drive In Theater City of Franklin Commercial Clarifiers, Sand Filler, and 6,000 Root River
Flow·through Lagoon

Pure Oil Truck Stop City of Franklin Commercial Activated Sludge 10,000 Root River
S. K. Williams Company City of Wauwatosa Industricl Chemical 400,000' Menomonee River
Wisconsin Electric Power Company City 01 Oak Creek Utility Activated Sludge 40,000 Lake Michigan

1Based on discharge pump capacJly.
'Estimate by S. K. Williams personnel.

Source: Wisconsin Department of Natural Resources and SEWRPC.
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Table 28

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAN
SEWAGE TREATMENT PLANTS IN MILWAUKEE COUNTY: 1970

Point Source! Civil
Division Known Receivin9

Number2 Name location Type of Waste Pretreatment Water Bo y

1 Badger Meter Company ................................ Village of Brown Deer Cooling Waters - - Milwaukee River
2 City of Cudahy

Water Treatment Plant .............................. City of Cudahy Waste Water Sludge Sedimentation Lake Michigan
3 ladish Company ............................................. City of Cudahy Cooling Water; Rinse Water Lagoon Kinnickinnic River
4 Packard Avenue Sunoco Car Wash .............. City of Cudahy Inorganic Solids Settling Basin Kinnickinnic River
5 Willow Car Wash ............................................. City of Greenfield Car Washing Waters Settling Basin Kinnickinnic River
6 A. O. Smith Corporation ................................. City of Milwaukee Cooling Waters Catch Basin Milwaukee River
7 American Can Company ................................ City of Milwaukee Cooling Waters - - Milwaukee River
8 American Motors Corporation ....................... City of Milwaukee Cooling Waters - - Milwaukee River
9 Automatic Auto Wash .................................... City of Milwaukee Car Washing Waters Settling Basin Milwaukee River

10 City of Milwaukee Asphalt Plant ................... City of Milwaukee Inorganic Solids Settling Basin Menomonee River
11 Ci~ of Milwaukee

ureau of Electric Service ....................... City of Milwaukee Floor Washing Waters Catch Basin Milwaukee River
12 Ci~ of Milwaukee

th District Police Station ......................... City of Milwaukee Garage Waters Catch Basin Milwaukee River
13 Cit~/f Milwaukee Howard Avenue

ater Treatment Plant .............................. City of Milwaukee Waste Water Sludge Sedimentation lake Michigan
14 City of Milwaukee Linwood Avenue

Water Treatment Plant .............................. City of Milwaukee Waste Water Sludge Sedimentation lake Michigan
15 Commerce St Power Plant,

Wisconsin Electric Co................................ City of Milwaukee Cooling Waters - - Milwaukee River
16 Continental Can Company, Inc..................... City of Milwaukee Cooling Waters Catch Basin Milwaukee River
17 Cornell Paperboard Plant, Division

of St Regis Paper Company ..................... City of Milwaukee Cooling waters from
Power House - - Milwaukee River

18 Crucible Steel Casting Company .................. City of Milwaukee Rotoclone Wastes Settling Pond Kinnickinnic River
19 Delta Oil Products Corporation,

Ricketson Color DiVision ........................... City of Milwaukee Oily Wastes - - Milwaukee River
20 Dickten and .Masch Manufacturing Co........ City of Milwaukee Cooling Waters - - Milwaukee River
21 Edison Street Power Plant,

Wisconsin Electric Company .................... City of Milwaukee Cooling Waters; Lime-
Milwaukee RiverSoftening Wastes - -

22 Evinrude Motors Division,
Outboard Marine Corg.............................. City of Milwaukee Oilvrastes Oil Separator Milwaukee River

23 Harley-DaVidson Motor ompany ................ City of Milwaukee Cooling ater, Oily &
Greasy Wastes Grease Trap Menomonee River

24 Hercules Power Company, Inc..................... City of Milwaukee coolin~ Waters -- Milwaukee River
25 Interstate Drop Forge Company ................... City of Milwaukee Oily Wastes, ooling Waters Oil and Grease Separator Milwaukee River
26 Joseph Schlitz Brewinr Company ................ City of Milwaukee Cooling Waters - - Milwaukee River
27

MaC~s~:~gEt~~~~;r ..................................... City of Milwaukee Oily Wastes, Rotoclone Oil Separators and Kinnickinnic River
Wastes, Quench Waters Settling Basin

28 Miller Brewing Company ............................... City of Milwaukee Pasteurizer Water and
Cooling Waters - - Menomonee River

29 Milwaukee County Park Commission,
Holler Park ................................................. City of Milwaukee Swimming Pool Water - - Kinnickinnic River

30 Milwaukee County Zoo .................................. City of Milwaukee Surface Runoff Water - - Menomonee River
31 Milwaukee Marble Company ........................ City of Milwaukee Inorganic Grinding Solids Settling Basin Menomonee River
32 Milwaukee School Board,

Marshall High School ................................ City of Milwaukee Pool Drainage - - Milwaukee River
33 Modern Car Wash, Inc................................... City of Milwaukee Car Washin~Waters Settling Basin Milwaukee River
34 Moss American Company .............................. City of Milwaukee Industrial astes Gravity Separation Coke Little

Filter Menomonee River
35 Paul J. Schmidt Trucking .............................. City of Milwaukee Inorganic Grinding Solids Settling Ponds Milwaukee River
36 Penny-Wise Car Wash Systems -

Mitchell Field ............................................. City of Milwaukee Car Washin~Waters Settling Basin Kinnickinnic River
37 Pelton Steel Casting Company ...................... City of Milwaukee Rotoclone astes lagoon Kinnickinnic River
38 Perfex Corporation ......................................... City of Milwaukee Cooling Waters - - Kinnickinnic River
39 Pure Oil Capitol Court Auto Wash ................ City of Milwaukee Car Washing Waters Settling Basin Milwaukee River
40 Pure Oil Car Wash .......................................... City of Milwaukee Car Washing Waters Settling Basin Milwaukee River
41 Sealtest Foods, Division of Dairy

Products, Kraftco Corporation ................. City of Milwaukee loading Dock Washing Catch Basin Milwaukee River
(loading Dock Waste from

42 Solvay Coke Company ...................................
SPilla~e)

~uench Tanks Kinnickinnic RiverCity of Milwaukee Quench aters
43 Suburban Car Wash ....................................... City of Milwaukee Car Washi'W Waters ettling Basin Menomonee River
44 The Falk Corporation ..................................... City of Milwaukee Cooling aters - - Menomonee River
45 The Heil Com pa ny .......................................... City of Milwaukee Cooling Waters Catch Basins Kinnickinnic River
46 White Construction Company ....................... City of Milwaukee Inorganic Solids Settling Basins Menomonee River
47 WISCO 99 Car Wash ...................................... City of Milwaukee Car Washi'W Waters Settling Basin Milwaukee River
48 Wisconsin Electric Power Company ............. City of Milwaukee Cooling aters - - Menomonee River
49 Wisconsin Gas Company,

North Service Center ................................ City of Milwaukee Auto and Truck Washing
Waters Settling Basin Milwaukee River

50 Wisconsin Gas Company,
South Service Center ................................ City of Milwaukee Auto and Truck Washing

Waters Settling Basin Kinnickinnic River
51 Peter Cooper Corporation .............................. City of Oak Creek Backwash Water & Sludge - - lake Michigan
52 Wisconsin Electric Power Company ............. City of Oak Creek Industrial Waste Water

& Cooling Waters Sedimentation lake Michigan
53 A& PWarehouse (Meat Building) ............... City of Wauwatosa Cooling Waters - - Menomonee River
54 Blue Crest Motel ............................................. City of Wauwatosa Sand Filter Backwash Water

& Pool Drainage -- Menomonee River
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Table 28 (continued)

Point Source' Civil
Division Known Receiving

Number2 Name location Type of Waste Pretreatment Water Body

55 City of Wauwatosa, Municipal Garage ......... City of Wauwatosa Garage Waste Waters Catch Basin Menomonee River
56 Stroh Die Casting Company, Inc.................. City of Wauwatosa Cooling Waters - - Menomonee River
57 Tews lime and Cement Company,

Butler Plant ................................................ City of Wauwatosa Inorganic Solids Settling Basin Menomonee River
58 ~aeu~~lt~~~~~h~~ilo~oard·; ..·..........·................ City of Wauwatosa Cooling Waters - - Menomonee River
59

Whitman Junior High ................................ City of Wauwatosa Sand Filter Backwash
Water & Pool Drainage - - Menomonee River

60 Allied Smelting Corporation .......................... City of West Allis Cooling Waters - - Kinnickinnic River
61 Allis Chalmers Manufacturing Corp............. City of West Allis Cooling Waters PondinJ, & Recirculation Menomonee River
62 Benlo Chemicals ............................................. City of West Allis Floor Washings & Possible eutralizing

Sulfuric Acid Spills Basin Menomonee River
63 Bordens, Incorporated .................................. City of West Allis Cooling Waters Gravity Separator Underwood Creek
64 Briggs and Stratton Corporation .................. City of West Allis Cooling Waters Neutralizin~ Basin Kinnickinnic River
65 City of West Allis Incinerator Plant .............. City of West Allis Cooling Waters Settling asin Kinnickinnic River
66 Crestwood Bakery .......................................... City of West Allis Cooling Waters - - Menomonee River
67 Fruehauf Trailer ............................................. City of West Allis Trailer Washing Waters Catch Basin Menomonee River
68 Hansen laboratories, Incorporated ............. City of West Allis Cooling Waters - - Honey Creek
69 Kearney and Trecker Corporation ................ City of West Allis Cooling Waters - - Menomonee River
70 King Car Wash ................................................ City of West Allis Car Washing Waters Settling Basin Menomonee River
71 Midwest Trucking ........................................... City of West Allis Gara~e Washing Waters Catch Basin Kinnickinnic River
72 Motor Castings Corporation .......................... City of West Allis ooling Waters -- Kinnickinnic River
73 Oilgear Company ............................................ City of West Allis Oily Waste Water Oil Separator Kinnickinnic River
74 Pressed Steel Tank Company ....................... City of West Allis Coolin~Waters Oil Separator Menomonee River
75 Seven-Up Bottling Company ......................... City of West Allis Cooling & inse Water - - Menomonee River
76 Theim Products .............................................. City of West Allis Cooling Waters - - Underwood Creek
77 Unit Drop Forge Corporation ........................ City of West Allis Cooling Waters Oil Separator Kinnickinnic River
78 Wehr Steel Company ..................................... City of West Allis Foundry Wastes lagoon-Settling Ponds Kinnickinnic River
79 Wisconsin Electric Power Company ............. City of West Allis Cooling Waters -- Menomonee River

80
(Bluemound Sub·station)

Wisconsin Grey Iron Foundry ....................... City of West Allis Cooling Waters - - Honey Creek
81 Wisconsin Motors Corporation ...................... City of West Allis Cooling Waters - - Menomonee River
82 General Electric X-Ray Corp......................... Village of West Milwaukee Cooling Waters - - Kinnickinnic River
83 Harnischfeger Corporation ............................ Village of West Milwaukee Cooling Waters Settling Tanks Menomonee River
84 Hotpoint Division of General

Electric Company ...................................... Village of West Milwaukee Cooling Waters Oil Reclaiming Kinnickinnic River
85 Kurth Malting Company ................................ Village of West Milwaukee Cooling Waters - - Menomonee River
86 Nordberg Com~any ........................................ Village of West Milwaukee Cooling Waters Settling Waters Menomonee River
87

Ci~~:e~oTur~at~~~~~~;~t .............................. City of South Milwaukee Waste Water Sludge Sedimentation Oak Creek

lAs identified in Wisconsin Department of Natural Resources river basin
survey reports and pollution abatement orders and by selected municipal
public works departments; does not include industrial waste sources dis
charging to municipal sanitary sewerage systems.

2See Map 35.
Source: SEWRPC.

about 179 square miles, or about 74 percent of the
total area of the county, and a total population of
about 1. 03 million, or about 98 percent of the total
population of the county. An inventory was con
ducted in the study to determine the approximate
amount of urban development, and the population
residing therein, in Milwaukee County not served
in 1970 by public sanitary sewer service. Each
U. S. Public Land Survey quarter section not
having development served by a centralized sani
tary sewerage system was examined to determine
if a significant amount of urban development was
present in 1970. Any quarter section with at least
32 housing units, or an average of one housing
unit per five gross acres, was deemed to be urban.
The major purpose in identifying such concentra
tions of urban development was to provide a basis
for analyzing the potential of providing public
sanitary sewer service to such areas in accor
dance with recommendations contained in the
adopted regional land use plan.

The nonsewered urban development areas identi
fied in Milwaukee County are shown on Map 35.
Together these areas total about 4.5 square miles,
or 2 percent of the total area of the county, and
contain a total population of about 12, 700, or
1 percent of the total population of the county.
For analysis purposes, the existing nonsewered
urban development has been combined into 10
named major urban concentrations. The estimated
population and urban development areas in each of
these major concentrations are shown in Table 29.

Concluding Remarks-Milwaukee County
Inventories conducted under the regional sanitary
sewerage system planning program revealed that
in 1970 there existed in Milwaukee County a total
of 22 public sanitary sewerage systems which
together served a total area of about 179 square
miles, or about 74 percent of the total area of the
county, and a total population of about 1. 03 mil
lion, or about 98 percent of the total population of
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Map 35 Table 29

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS AND EXISTING POINT

SOURCES OF WASTEWATER OTHER THAN SEWAGE
TREATMENT PLANTS IN MI LWAUKEE COUNTY: 1970

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS IN MILWAUKEE COUNTY

BY MAJOR URBAN CONCENTRATION: 1970

B ~g~~E~~'::~~O:~~ ':e:&i°r"ul-£ 211Z. ~~~~~''':A:f~''~T:~~''~~:''Of''
SeWAGe T"[ATME"" ~I-A"T__
S~l uel-t: ZII

135
927
125
97
89

636
219
"2

72
289

2.881'12,700Milwaukee County Total . .__._..

I City of Milwaukee - Northwest .~. .•~ 700
2 Ctty of Greenfield - West ~._._ _._.~••M.M..M ....M _.... 3,500
3 CIty 01 Greenliekl - SwIll _._.__ _ ~ 1,000
4 Vilfage of Hales Corner~ _... 400

~ ~;~Itf:r~~~~e:e~da~~ ..::... 2,~
7 Mission Hills Area .... 1,300
8 Rawson Homes Area. 1.000
9 Oakwood Park Area ~ _ M.... 300

10 City 01 Oak Creek 1,800

IUrNn ihvefopmtllf is rkfiMJd in tlus context ~s concentratlOlls 01 lIr~n land uses witllln any
grm'I U. S. Public land Survey quarter section thJt has ~f ~st 32 hocning units, Of ~n image
of one Ilousm, umt per five gross acres, and is not~ by pubRt sanitary sewers.

'See Map 35.
Jfquill to 4.5 sqUil'e miles.
Source: SEWRPC.

Corners facility is scheduled to be abandoned in
the very ncar future as trunk sewer service
becomes available. Other sewage treatment facil
ities are operated by the City of South Milwaukee,
the City of Oak Creek, the Mission Hills Water
and Sewer Trust in the City of Franklin, and the
Rawson Homes Sewer and Water Trust in the City
of Franklin. Of thcse latter four facilitics, all
but the sewage treatment facility operated by the
City of South Milwaukee are scheduled to be
abandoned as trunk sewers constructed by the
local communities and the Milwaukee-Metropolitan
Sewerage Commissions become available. In
addition to the 22 public sanitary sewerage sys
tems, five sewage treatment facilities were found
to exist in the county which primarily serve a
single land usc. Finally, in 1970 there were an
estimated 12) 700 persons residing in urban areas
in Milwaukee County not served by public sanitary
sewer service. Together, these areas totaled
about 4. 5 square miles.

INVENTORY FmnmOS-OZAUKEE COUNTY

.'Ior Urban ConcentratlOf11 E$tim.Jtedr.c==__-===='ii::::-'-"- ---jResident
Numberl Name Populabon

::~~~~j"'l."; • .. I> 00 .. "'.000 ••n

u 5 "'Ufol-IC I-&NO SUIt\l['r
OUA'-T[1t 5~C~'ON "A"'''G &T
I-£AST S~ "OUSING u.. ,TS ANO
NO" tUIt\lEO BY ~ue\.'c
'ANITAItY S£WI!:ItS

LEGEND

o

",
li.. ... ••.. .•. ... I, \

As shown on this map, significant concentrations of
unsewered urban development in Milwaukee County are
found within the Cities of Franklin, Greenfield,
and Oak Creek in the southern portion of the county
and the former Town of Granville area in the City
of Milwaukee in the northwest portion of the
county. Such areas are repres~ntat ive of both
typical septic tank subdivision development of the
1950s and earl y 1960s and older, establ ished,
unincorporated places, such as the St. Hartins
area in the City of Frankl in. A number of these
unsewered urban areas have been provided with sani
tary sewer service since 1970. This map also shows
the 87 known point sources of wastewater other
than sewage treatment plants in the county. Such
waste sources occur almost exclusively in the
industr ial land use concentrat ions of the major
cities in the county.

the county. Sevcn sewage trcatment facilities
provide treatment for sewage gcncrated in thcse
22 public sanitary sewcrage systcms. Thrcc of
these facilities-the Joncs Island, South Shore,
and Hales Corners sewage treatment plants-are
operated by the Milwaukee-Metropolitan Sewerage
Commissions and serve, in addition to 18 munici
palities within Milwaukee County, six civil divi
sions lying in areas outside of the county which
contract v.rith the Milwaukee-Metropolitan Sewer
age District for sewage treatment. The Hales

Source: Wisconsjn Department of Natural

Resources and SEWRPC.
Existing Public Sanitary Sewerage Systems
There are a total of eight existing public sanitary
sewerage systems in Ozaukee County which pro
vide centralized sanitary sewer service to sub
areas of the county.13 These include the systems

12Small portions of two addjtional public sanitary

sewerage systems extend into OZilukee County. These
include the Village of Bayside system (0.09 square
mi Ie in Ozaukee County) descr ibed in the jli l .....aukee

County port ion of this chapter and the Newburg Sani

tary District (less than 0.01) square mile served jn
OZiJukcc County) described in the Washjngton County
portion of this chapter.
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Table 30

I
I
I
I

operated by the Cities of Cedarburg, Mequon, and
Port. Washington; and the Villages of Belgium,
Fredonia, Grafton, Saukville, and Thiensville.
The City of Mequon system is connected to the
larger Milwaukee-Metropolitan sewerage system
described earlier in this chapter. Together,
these eight systems serve a total area of about

17.3 square miles, or about 7 percent of the total
area of the county, and a total population of about
36,300 people, or about 66 percent of the total
population of the county. Each of these public
sanitary sewerage systems is described in the
following paragraphs. Pertinent characteristics
of each system are presented in Tables 30 and 31.

I AREA AND POPULATION SERVED BY EXISTING AND LOCALLY PROPOSED
SANITARY SEWERAGE SYSTEMS IN OZAUKEE COUNTY: 1970

I
I
I
I

Name of Public Sanitary Sewerage System

Ex~~~fSt~~a~~urg ..
City of Mequon ..
City of Port Washington .
Village of Belgium .
Village of Fredonia ..
Village of Grafton ..
Village of Saukville ..
Village of Thiensville ..

Proposed Systems
Town of Belgium

County Total .

Estimated Service Area
Existing Proposed I

s~uare s~uare
Acres iles Acres iles

1,499 2.34 1,679 2.62
5,623 8.79 10,600 16.56
1,289 2.01 4,500 7.02

167 0.26
453 0.71

1,200 1.87 1,840 2.87
199 0.31 - - - -
634 0.99 25 0.04

4,136 6.46

11,064 17.28 22,780 35.57

Population
Served'

8,000
6,600
8,800

800
1,000
6,400
1,100
3,600

36,300

Estimated
Treatment of Sewage

(See Table 31)

Operates aFacility
Contracts with Milwaukee-Metropolitan Sewerage Commissions

Operates aFacility
Operates aFacility
Operates a Facility
Operates aFacility
Operates aFacility
Operates aFacility

I
'As identified in locally prepared plans and engineering reports.
'Based upon an approximation of the existing sewer service area
Public Land Survey quarter section.

Source: SEWRPC.

by U.S.

I
I
I
I
I
I

Table 31

SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE
TREATMENT FACILITIES IN OZAUKEE COUNTY: 1970

I Design Capacity
Date at

Estimated Estimated Original Average
Name of Total Tolal Construction Type of level of Average Peak Organic

Public Sewage Area Served POfeur~~~on and Major Treatment Treatment Hydraulic Hydraulic (Pounds Population
Treatment Facility (Square Miles) Modification Provided Provided Disposal of Effluent Population! (MGD) (MGD) CBOD,/Day) Equivalent!

City of Cedarburg .............. 2.34 8.000 1925,1961 Trickling filter Secondary Cedar Creek N/A 0.90 1.40 1,500 7,150
City of Port Washington . 2.01 8.800 1956 Sedimentation Primary lake Michigan 10,000 1.00 2.55 N/A N/A
Village of Belgium ........ 0.26 800 1949.1970 Activated Sludge Secondary Unnamed Tributary of the Onion River 1,200 0.07 0.10 N/A N/A
Village of Fredonia .. 0.71 1.000 1939.1962 Activated Sludge Secondary Milwaukee River 1,206 0.12 025 201 955
Village of Grafton .... 1.87 6,400 1934.1959 Activated Sludge Secondary Milwaukee River 4,500 0.45 0.65 900 4,300
Village of Saukville ....... 0.31 1,100 1960 Trickling Filter Secondary Milwaukee River N/A 0.32 0.56 267 1,270
Village of Thiensville . 0.99 3.600 1951. 1963 Activated Sludge Secondary Milwaukee River 3.000 0.24 0.36 N/A N/A

Sewage Strength Parameters Industrial Overall Plant Efficiency
Existing Loading - 1970 in Influent Sewage Flows Percent Removals

Average Reserve Design Estimated Number of Days in
Name of Average Average Peak Organic Hydraulic Suspended Total Organic Ammonia Average Daily Flow Suspended Total 1970 Plant Flow

Public Sewage Hydraulic Per Capita Hydraulic (Pounds Capacity CBOD, Solids Phosphorus Nitrogen-N Nitrogen-N Di~G~)w 1970 CBOD, Solids Phosphorus (PI Exceeded Plant
Treatment Facility (MGD) (GPD) (MGD) CBOD,/Day) (MGDI (mglll (mgll) (mgl1) (mgll) (mgll) (MGD) (Percent) (Percent) (Percent) Meter Capacity

City of cedarburg ............... 1.26 158 N/A N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
City of Port Washington . 1.05 119 N/A N/A None 130' 125' 15.5' 11.2' 12.6' N/A N/A N/A 40' 10' N/A
Vill.goof Belgium . 0.06 75 N/A N/A 0.01 220' 160' 16.0' 14.2' 25.6' N/A N/A 75' 57' lO' N/A
Village of Fredonia 0.10 100 N/A N/A 0.02 200' 160' 9.0' 12.9' N/A N/A N/A 75' 72' 5' N/A
Village of Grafton ..... 0.80 125 N/A N/A None 46' 34' 7.2' 46' 9.6' N/A N/A 40' 20' 5' N/A
Village of Saukville ........ 025 227 N/A N/A 0.07 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Thiensville . 0.70 194 N/A N/A None 161' 136' N/A N/A N/A N/A N/A 87' N/A N/A N/A

I
I
I

NOTE: N/A indicates data not available.

lfhe population design capacity for a given sew~ge treatment facility was obtained directly from engi
neerm reports prepared by.or for the local umt of g~vernment operating the facility and reflects as-

. . capacity was estimated by
. . in pounds per day, as set forth in the en-
gm~rmg reports,. . . .. 0.21 pound of CHODs per day. If the design
engmeer assumed a dIfferent dally per capita con~"butlOn of CRODs, the populatIOn equivalent design
capacity will differ from the population design capacity shown in the Table.

Source: Wisconsin Department of Natural Resources and SEWRPC.

2Data obtained from a 24·hour composite sample by the Wisconsin Department of Natural Resources in
June 1969.

3Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources
in September 1969. . . .

4Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources
in September 1971.

5Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources
in September 1966.

6Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources
in September 1966.
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City of Cedarburg: The existing service area of
the City of Cedarburg sanitary sewerage system
is shown on Map 36. This area totals about
2.3 square miles and has a resident population of
about 8,000 persons. The entire area is served
by a separate sanitary Sewer system.

Sewage from the City of Cedarburg is treated at
a sewage treatment plant located at the eastern
city limits On Cedar Creek, a tributary of the
Milwaukee River, to which effluent is discharged
(see Figure 35). The plant has a site area of about
three acres, all of which are currently utilized.
The plant site is bounded by residential develop
ment on the northwesl and northeast, by cemetery
lands on the southwest, and by agricultural and
open lands On the southeast. The plant, a trickling
filter type, was initially constructed in 1925 and

underwent extensive modifications in 1961. The
average hydraulic design capacity of the plant is
0.9 mgd, with an estimated peak hydraulic design
capacity of 1. 4 mgd. The average hydraulic load
ing on the plant in 1970 was estimated al 1, 3 mgel,
indicating that the plant did not have adequate
capacity to treat the average daily flow from the
existing sewer service area. The treatment proc
esses provided by the plant are classified as
secondary level. It should be noted that during
1972 the City of Cedarburg placed into operation
a significant expansion of its sewage treatment
facility, so that the plant now has an average
hydraulic design capacity of 3.0 mgd. The new
facility is designed to provide for 95 percent
removal of CBOD5 and 85 percent removal of
phosphorus, as well as disinfection by chlorin
ation, and thus provide an advanced level of
waste treatment.

I
I
I
I
I
I
I

Figure 35

CITY OF CEDARBURO SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert, and Kenneth E. Johnson.
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Map 36
EXISTING AND LOCALLY PROPOSED PUBLIC SANITARY SEWERAGE SYSTEMS

AND OTHER SEWAGE TREATMENT FACILITIES IN OZAUKEE COUNTY
1970
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The location and configuration of the major trunk
sewers serving the City of Cedarburg are shown
on Map 36. There are three known points of sewer
overflow or bypassing in the City of Cedarburg
sanitary sewerage system, all of which are
bypasses including one located at the sewage
treatment plant. The inventory revealed that the
city had a documented plan for the provision of
sewer service to an additional 2.6 square mile
area, which area is shown on Map 36. However,
no locally proposed trunk sewers were found in
the inventory.

Management of the City of Cedarburg sanitary
sewerage system is under the direction of a five
member Board of Public Works. Day-to-day
administration of the system is provided by the
City Engineer. Financing of the system is pro
vided through a sewer service charge equal to the
quarterly water charge during the winter quarter.
Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the City of Cedarburg sani
tary sewerage system approximated $62,500, or
about $8 per capita. Of this total, $37,500, or
about $5 per capita, was expended for operation
and maintenance and $25,000, or about $3 per
capita, was expended for capital improvements.

City of Mequon: The existing service area of the
City of Mequon sanitary sewerage system is shown
on Map 36. This area totals about 8.8 square
miles and has a resident population of about
6,600 persons. The entire area is served by
a separate sanitary sewer system.

The City of Mequon contracts with the Milwaukee
Metropolitan Sewerage Commissions for sewage
treatment. The sewage from the city is treated in
the Jones Island sewage treatment plant operated
by the Milwaukee-Metropolitan Sewerage Com
missions. The average daily flow from the City of
Mequon in 1970 was O. 9 mgd.

The location and configuration of the major trunk
sewers serving the City of Mequon are shown on
Map 36. There is one known point of sewage flow
relief in the City of Mequon sanitary sewerage
system-a portable relief pumping station. The
planned future service area in the City of Mequon,
totaling about 16. 5 square miles, is shown on
Map 36. No locally proposed trunk sewers were
found in the inventory.

Management of the City of Mequon sanitary sew
erage system is under the direction of the City
Council. Day-to-day administration of this system
is provided by the Director of Public Works.
Financing of the system is provided through
a sewer service charge of $6 per month per con
nection. Total expenditures during 1970 for opera
tion, maintenance, and capital improvements,
including debt retirement, for thc City of Mequon
sanitary sewerage system approximated $646,057,
or about $98 per capita. Of this total, $47,849, or
about $7 per capita, was expended for operation
and maintenance and $598,208, or about $91 per
capita, was expended for capital improvements.

City of Port Washington: The existing service
area of the City of Port Washington sanitary sew
erage system is shown on Map 36. This area
totals about two square miles and has a resident
population of about 8,800 persons. The entire area
is served by a separate sanitary sewer system.14

Sewage from the City of Port Washington is
treated in a sewage treatment plant located on the
Lake Michigan shoreline just north of the City of
Port Washington Harbor (see Figure 36). The
plant has a site area of about one acre, all of
which is currently utilized. The plant site is
bounded on the east by Lake Michigan and on the
south, west, and north by park and other munici
pal lands. Effluent disposal is via an 18-inch
outfall sewer to the Port Washington harbor. The
plant, which provides only a primary level of
treatment, was constructed in 1956. The plant
has an average hydraulic design capacity of
1.00 mgd, with a peak hydraulic design capacity
of 2. 55 mgd. The average hydraulic loading on
the plant in 1970 was 1. 05 mgd, indicating that
the plant is operating over the design capacity.
It should be noted that the City of Port Washing
ton has currently under construction additional
sewage treatment facilities designed to provide
secondary and advanced levels of treatment, with
a new average hydraulic design capacity of
1. 25 mgd and a peak hydraulic design capacity of
2.55 mgd.

14 At the time of the inventory for the regional

sanitary sewerage system p,lanning program, City of Port

Washington officials indicated that the last few

remaining combined sewer service areas were in the

process of being separated. For the purposes of this

report, therefore, the entire city has been classified

as a separate sewer service area. City officials

expect to complete the separation process in early

1974.

163



Figure 36

CITY OF PORT WASHINGTON
SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael C. Dorn,
Jean A. Hervert, and Kenneth E. Johnson.

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains comprising the City of Port Wash
ington sanitary sewerage system are shown on
Map 36. There are six known points of sewage
flow relief in the City of Port Washington sanitary
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sewerage system, all of which are bypasses,
including one at the sewage treatment plant. The
inventory revealed that lbe city had a documented
plan for the provision of sewer service to an addi
liona I seven square mile areal which area is
shown on Map 36. Locally proposed trunk sewers
to serve this future service area are also shown
on Map 36.

Management of the City of Port Washington sani
tary sewerag-e system is under the direction of the
Board of Public Works, a committee of the City
Council. Day-to-day administration of the system
is provided by the Director of Public Works.
Financing of the system in 1970 was provided
through the general property tax. In July 1972 the
city instituted a sewer service charge equal to
80 percent of a consumer's water bill. Total
expenditures during 1970 for operation I mainte
nance. and capital improvements I including debt
retirement, for the City of Port Washington sani
tary sewerage system approximated $182,827, or
about $21 per capita. Of this total, $24,952, or
about $3 per capita, was expended for operation
and maintenance and $157,875, or about $18 per
capils, was expended for capital improve men ts.

Village of Belgium: The existing service area of
the Village of Belgium sanitary sewerage system
is shown on Map 36. This area totals about
0.26 square mile and has a resident populalion of
about 800 persons. The entire area is served by
a separate sanitary sewer system. Sewage from
the Village of Belgium is treated in an activated
sludge type sewage treatment plant located at the
northern village limits on the Onion River, to
which effluent is discharged (see Figure 37). The
plant has a site area of about 0.5 acre, all of
which is currently utilized. The plant sile is
bounded by commercial land use development on
the east and north , a public street on the south,
and agricultural land on the wesl. The plant was
constructed in 1949 and has an average hydraulic
design capacity of 0.07 mgd, with a peak hydraulic
design capacity of O. 10 mgd. The average hydrau
lic loading on the plant in 1970 was estimated at
0.06 mgd, indicating that the plant has adequate
capacity to treat the average daily flow from the
existing sewer service area. Treatment proc
esses provided at the plant are classified as
secondary level.

The location and configuration of the major trunk
sewer serving the Village of Belgiu m is shown on
Map 36. There is one known point of sewage flow



Figure 37

VILLAGE OF BELGIUM SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer. Michael G. Dorn. Jean A. Hervert. and Kenneth E. Johnson.

relief in the system, a bypass at the sewage treat
ment plant. The inventory revealed that the villagc
had no documented plan for the expansion of its
sewer service area; however I the village has
participated in preliminary discussions wlth the
Town of Belgium relative to the provision of
sanitary sewer service to existing development
localed in the Lake Church area and along the
Lake Michigan shoreline and to the Harrington
Beach State Park. This proposed system in the
Town of Belgium is discussed later in this chapter.

Management of the Village of Belgium sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by thc sewage planloperator.
Financing of the system is provided through the
general property tax and a sewer service charge
of $6 per quarter pcr connection. Total expendt
tures during 1970 for operation, maintenance, and

capital improvements, including debt retirement,
for the Village of Belgium sanitary sewerage
system approximated $13,120, or about $16 per
capita. Gf this total, $8,082, or about $10 per
capita, was expended for operation and mainte
nance and $5,038, or about $6 per capita, was
expended for capital improvements.

Village of Fredonia: The existing service area of
the Village of Fredonia sanitary sewcragc system
is shown on Map 36. This area totals about 0.71
square mile and has a resident population of about
1,000 pcrsons. Thc cntire area is served by a
separate sanitary sewer system.

Sewage from the Vi llage of Fredonia is treated in
an activated sludge type sewage treatment plant
located at the southwesterly village limits on the
Milwaukee River, to which effluent is discharged
(sce Figure 38). Thc plant has a site area of about
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Figure 38

VILLAGE OF FREOONIA SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer. Michael G. Darn, Jean A. Hervert, and Kenneth E. Johnson.

three acres, of which about one acre is currently
utilized, leaving two acres available for future
use. The plant site is bounded by agTicultural and.
open lands on all sides. The plant was constructed
in 1939 and was extenSively modified in 1962. The
plant has an average hydraulic design capacity of
0.12 mg<!, with a peak hydraulic design capacity
of 0.25 mgd. The average hydraulic loading on
the plant in 1970 was estimated at 0.10 mgd, indi
cating that the plant is operating near the design
capacity. The treatment processes provided at
the plant are classified as secondary level.

The location and configuration of the major trunk
sewers serving the Village of Fredonia are shown
on Map 36. The only known point of sewage flow
relief in the Village of Fredonia sani tary sewerage
system is a bypass located at the sewage treat
ment plant. The inventory revealed that the village
had no documented plan for the extension of trunk
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sewers to provide service to additional areas.
Thus, no locally proposed service area or trunk
sewers are shown on Map 36.

Management of the Village of Fredonia sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of this
system is provided by the Clerk of the Sewer and
Water Commission. Financing of the system is
provided through the general property tax and
a sewer service charge equal to 100 percent of
a consumer's waLer bill. Data pertaining to
expenditures during 1970 for operation, mainte
nance, and capital improvements for the Village
of Fredonia sanitary sewerage system were not
made available by the village.

Village of Grafton: The existing service area of
the Village of Grafton sanitary sewerage system
is shown on Map 36. This area totals about



1. 9 square miles and has a resident population of
about 6,400 persons. The entire area is served
by a scparate sanitary Sewer system.

Sewage from the Village of Grafton is treated in
an activated sludge type sewage treatment plant
located at the southern village limits on the Mil
waukee River, to which effluent is discharged (see
Figure 39). The plant has a site area of about
two acres, both of which are currently utilized.
The plant site is bounded by open and wooded
lands on. the south, railroad right-of-way on the
west, commercial land use on the north, and
Green Bay Road on the east. The plant was con
structed in 1959 and replaced an earlier plant
constructed in 1934. The plant has an average
hydraulic design capacity of 0.45 mgd, with a peak
hydraulic deSign capacity of 0.65 mgd. The aver
age hydraulic loading on the plant in 1970 was
estimated at 0.8 mgd, indicating that the plant
was operating over the design capacity. The
treatment processes provided at the plant are
classified as secondary level. It should be noted
that the Village of Grafton placed into operation

during 1972 additions to its treatment plant to
provide for a total average hydraulic design capa
city of 1. 0 mgd, a total peak hydraulic capacity
of 2.5 mgd, and advanced waste treatment.

The location and configuration of the major trunk
sewers serving the Village of Grafton are shown
on Map 36. There are three known points of
sewage flow relief in the system, all of which
are bypasses, including one at the sewage treat
ment plant. The inventory revealed that the vil
lage had a documented plan for the provision of
sewer service to an additional 2.9 square mile
area, which area is shown on Map 36. No locally
proposed trunk sewers to serve this area were,
however, found in the inventory.

Management of the Village of Grafton sanitary
sewerage system is under the direction of a five
member Sewer and Water Commission. Day-to
day administration of this system is provided by
the staff of the Commission. Financing of the
system is provided through a sewer service
charge. Total expenditures during 1970 for opera-

FIgure 39

VILLAGE OF GRAFTOH SEWAGE TREATMEHT PLAHT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert. and Kenneth E. Johnson.
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tion, maintenance, and capital improvements,
including debt retirement, for the Village of
Grafton sanitary sewerage system approximated
$136,895, or about $21 per capita. Of this total,
$15,055, or about $2 per capita, was expended
for operation and maintenance and $121,840, or
about $19 per capita, was expended for capital
improvements.

Village of Saukville: The existing service area of
the Village of Saukville sanitary sewerage system
is shown on Map 36. This area totals about
O. 3 square mile and has a resident population of
about 1,100 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the Village of Saukville is treated
in a trickling filter type sewage treatment plant
located at the southeasterly village limitS on the
Milwaukee River, to which effluent is discharged

(see Figure 40). The plant has a site area of about
three acres, of which about two acres are cur
rently utilized, leaVing about one acre available
for future use. The plant site is bounded by the
Milwaukee River on the west and by agricultural
and open lands on the north, south, and east. The
plant was constructed in 1960 and has an average
hydraulic design capacity of 0.32 mgd, with a peak
hydraulic design capacity of 0.56 mgd. The aver
age hydraulic loading on the plant in 1970 was
estimated at 0.25 mgd, indicating that the plant
was operating near the design capacity. The
treatment processes provided at the plant are
classified as secondary level.

The location and configuration of the major trunk
sewers serving the Village of Saukville are shown
on Map 36. There is one known point of sewage
flow relief in the system, a relief pumping station
located just ahead of the sewage treatment plant.

Figure ~O

VILLAGE OF SAUKVILLE SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert, and Kenneth E. Johnson.

168



The inventory revealed that the viliage had no
documented plan for the extension of trunk sewers
to provide service to additional areas. Thus, no
locally proposed service area or trunk sewers
are shown on Map 36.

Management of the Village of Saukville sanitary
sewerage system is under the direction of the Vil
lage Board. Day-to-day administration of the
system is provided hy the Utility Committee of
the Board and the Commissioner of Public Works.
Financing of the system is provided through
a sewer service charge equal to 80 percent of
a consumer's waler bill. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the Village of Saukville sanitary sewerage system
approximated $26,150, or about $24 per capita.
Of this total, $17,045, or about $16 per capita,
was expended for operation and maintenance and

$9,105, or about $8 per capita, was expended for
capital improvements.

Village of Thiensville: The existing service area
of the Village of Thiensvilie sanitary sewerage
system, which area encompasses nearly the entire
village, is shown on Map 36. This area totals
about one square mile and has a residenl popula
tion of about 3,600 persons. The entire area is
served by a separate sanitary Se'Wl3 r system.

Sewage from the Viliage of Thiensville is treated
in an activated sludge type sewage treatment plant
located at the northwesterly viliage limits on
Pigeon Creek, a tributary of the Milwaukee River,
into which effluent is discharged (see Figure 41).
The plant has a site area of about three acres.
The plant was initially constructed in 1951 and
was extensively modified in 1963. The plant has
an average hydraulic design capacity of 0.24 mgd,

Figure 4.1

VILLAGE OF THIENSVILLE SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert. and Kenneth E. Johnson.
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with a peak hydraulic design capacity of 0.36 mgd.
The average hydraulic loading on the plant in 1970
was estimated at 0.7 mgd, indicating that the
plant was operating substantially over the design
capacity. Treatment processes provided at the
plant are classified as secondary level. The vil
lage is experiencing extensive clear water inflow
problems in the operation of this system. The
Milwaukee River watershed plan, as adopted by
the Commission, recommends that this treatment
plant be abandoned and its service area connected
to the Milwaukee-Metropolitan sewerage system.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Thiensville
sanitary sewerage system are shown on Map 36.
There are three known points of sewage flow relief
in the Village of Thiensville sanitary sewerage
system, one bypass, one portable pumping station,
and one relief pumping station which permits
bypassing of the sewage treatment plant.

Management of the Village of Thiensville sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Administrator.
Financing of the system is provided through the
general property tax and a sewer service charge
of $3 per month per connection. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the Village of Thiensville sanitary sewerage
system approximated $99,898, or about $28 per
capita. Of this total, $28,778, or about $8 per
capita, was expended for operation and mainte
nance and $71,120, or about $20 per capita, was
expended for capital improvements.

Proposed Public Sanitary Sewerage Systems
The inventory revealed that as of 1970 there was
one proposed new public sanitary sewerage system
to serve urban development in Ozaukee County.
This system is currently under consideration by
the Town of Belgium and involves the provision
of public sanitary sewer service to a 6. 5 square
mile area of the town. This area" as shown on
Map 36, is located along the Lake Michigan shore
line and extends west to include the unincorporated
place of Lake Church. The area also includes the
newly established Harrington Beach State Park on
the Lake Michigan shoreline. At the present time,
the Town of Belgium is considering two alterna
tive methods of providing sewage treatment for
this area, including the establishment of a new
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sewage treatment facility which would discharge
its effluent to a minor tributary to Lake Michigan
and the connection of the area to the existing
Village of Belgium sanitary sewerage system
with the concomitant expansion of the Village of
Belgium sewage treatment plant at a new site.

Other Sewage Treatment Facilities
In addition to the eight public sanitary sewerage
systems discussed above, there are a total of
seven sewage treatment facilities in Ozaukee
County which serve, in most cases, a single
isolated land use enclave. These Seven sewage
treatment facilities serve the Chalet-on-the-Lake
Restaurant in the City of Mequon; the Sisters of
Notre Dame Academy in the City of Mequon; the
Federal Foods Company in the City of Mequon;
the Krier Preserving Company in the Town of
Belgium; the Justro Feed Corporation in the
Town of Cedarburg; the Hillers Cheese Factory
in the Town of Fredonia; and the River Road
Cheese Factory in the Town of Saukville. Perti
nent characteristics pertaining to each of these
seven sewage treatment facilities are presented
in Table 32.

It should be noted that of the foregoing seven
sewage treatment facilities serving single land
uses, two-the Chalet-on-the-Lake and the Sisters
of Notre Dame Academy-lie within the planned
service area of the City of Mequon sanitary sew
erage system. The remaining five facilities serve
agriculturally-oriented industries in locations
beyond existing or planned municipal sewer ser
vice areas.

Other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
tributary to such streams and watercourses. The
secondary sources consulted included river basin
survey reportsand pollution abatement orders of



the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. Four such known point sources of indus
trial waste water were identified in Ozaukee
County. The name, civil division location, type
of waste, known pretreatment, and receiving water
body of these four waste sources are identified
in Table 33. The location of these four point
sources is shown on Map 37.

Existing Urban Development Not Served
By Publi'c Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Ozaukee County serve a total area of
about 17. 3 square miles, or about 7 percent of
the total area of the county, and a total population
of about 36,300, or about 66 percent of the total
population of the county. An inventory was con
ducted in the study to determine the approximate
amount of urban development, and the population
residing therein, in Ozaukee County not served
in 1970 by public sanitary sewer service. Each

U. S. Public Land Survey quarter section not
having development served by a centralized sani
tary sewerage system was examined to determine
if a significant amount of urban development was
present in 1970. Any quarter section with at least
32 housing units, or an average of one housing
unit per five gross acres, was deemed to be
urban. The major purpose in identifying such
concentrations of urban development was to pro
vide a basis for analyzing the potential of provid
ing public sanitary sewer service to such areas
in accordance with recommendations contained in
the adopted regional land use plan.

The nonsewered urban development areas identi
fied in Ozaukee County are shown on Map 37.
Together these areas total about 2.5 square
miles, or 1 percent of the total area of the county,
and contain a total population of about 4,900, or
9 percent of the total population of the county. For
analysis purposes, the existing nonsewered urban
development has been combined into six named

Tab 1e 32

SELECTED CHARACTERI STICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN OZAUKEE COUNTY: 1970

Average

Civil Type of
Hydraulic

Type of Design Disposal
Division Land Use Treatment Capacity of

Name Location Served Provided (Galions/DaYI Effluent

Chalet·on·the-Lake Restaurant City of Mequon Commercial Sedimentation 25,000 Lake Michigan
Federal Foods Company ............................ City of Mequon Industrial Aerated Lagoon 1,400 Soil Absorption
Hillers Cheese Factory ..... ............" ............................ Town of Fredonia Industrial Flow·through Lagoon N/A Sauk Creek
Justro Feed Corporation ...................... Town of Cedarburg Industrial Seepage Lagoon N/A Soil Absorption
Krier Preserving Company ..................................... Town of Belgium Industrial Flow·through Lagoon and Spray Irrigation 30,000 • Soil Absorption
River Road Cheese Factory ................................................ Town of Saukville Industrial Septic Tank and Seepage Lagoon N/A Soil Absorption
Sisters of Notre Dame·Academy ................... City of Mequon Institutional Activated Sludge 30,000 Lake Michigan

NOTE: N/A indicates data not available.
Source: Wisconsin Department of Natural Resources and SEWRPC.

Tab 1e 33

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAN
SEWAGE TREATMENT PLANTS IN OZAUKEE COUNTY: 1970

Point Sourcel Civil
Division Known Receivin3

Number' Name Location Type of Waste Pretreatment Water 80 y

1 Kickhaefer Corporation
(Western Avenue) ...................................... City of Cedarburg Outboard Engine Testing Wastes Gravity Oil Separators Cedar Creek

2 Kickhaefer Corporation
(4th Street) ................................................. City of Cedarburg Cooling Water -- Cedar Creek

3 Port Washington Water
Treatment Plant ......................................... City of Port Washington Waste Water Sludge Sedimentation Lake Michigan

4 Wisconsin Electric Power Company ............. City of Port Washington Cooling Water Sedimentation Lake Michigan

lAs identified in Wisconsin Department of Natural Resources river basin
survey reports and pollution abatement orders and by selected municipal
public works departments; does not include industrial waste sources dis
charging to municipal sanitary sewerage.systems.

'See Map 37.
Source: SEWRPC.
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Map 37 Tab 1e 34-

EXISTING URBAN DEVELOPMENT NOT SERVED BY PUBLIC
SANITARY SEWERS AND EXISTING POINT SOURCES

OF WASTEWATER OTHER THAN SEWAGE TREATMENT
PLANTS IN OZAUKEE COUNTY: 1970

As shown on this map, significant concentrations of
unsewered urban development in Ozaukee COl/flty are 8cat
tered throughout the City of Mequon and the Towns of
Cedarburg, Fredonia, Grafton, Porl Washington, and Sauk
ville. While some of this development, particularly in
the City of Mequon, occurred in the late 1950s, much of
the development in the other towns in the county occurred
in the late 1960, and Is very typical of the scattered
urban development that occurred in eastern Waukesha
County in the 19S0s--whlch development Is now In the
proceu of being aewered. It is interesting to note that
the only town in the county without 11 sign if icant concen
trat ion of unaewered urban developllent I s the Town of
BelgiulI, where town officials have taken local action to
prevent urban sprawl through the use of elclusive agri
cult!lral 1:oning. Thia .ap also shows the location of the
four known point sources of wastewater other than sewage
treatllent plants in the county, includin!i two each in the
Cities of Cedarburg and Port Washington.

Major Urban Concentratl)/ll EstJmattd 8;t:n~Resilient
NumbefJ ..... Population 1Aa"1

I Crty of Mequon - scattered Oevelopmenl ....~.___ 2.000 741
2 Town of CedarburE - scattered Develoj)mtnt _____ ',200 <07
3 Town 01 Grafton - !!uttered Development ___.._. 600 113
4 Villa~ of Saukville Area ____~___..._ ... 400 65
5 Port ashinEJon "flU _ .._ ..~____..____ 300 "6

Waubeb Area ____________ 400 123

Ouukee County Tolal ............... - 4.900 1.567J

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS IN OZAUKEE COUNTY

BY MAJOR URBAN CONCENTRATION: 1970

county. Seven sewage treatment facililies provide
treatment for sewage generated in these eight
public sanitary sewerage systems. The City of
Mequon does not operale a sewage trealment
plant but, rather, contracts with the Milwaukee
Metropolitan Sewerage Commissions for sewage
treatment purposes, In addition to the eight public
sanitary sewerage systems, an additional Seven
sewage treatment facilities serving primarily
single land uses, such as restaurants and agri
culturally related industries, were found in the
inventory, The inventory revealed that as of 1970
there was one proposed public sanitary sewerage
system, that to serve existing urban development
and the Harrington Beach State Park along the
Lake Michigan shoreline in the Town of Belgium.
Finally, in 1970 Lhere were an estimaLed 4,900
persons residing in urban areas of Ozaukee County
not served by public sanitary sewer service.
Together these areas total about 2,5 square miles.

INVENTORY FINDINGS-RACINE COUNTY

'U~n development is defined in this conteXt as concentratlOtlS 01 urlUn land uses within any
pen U. S. Public ldnd Survey quarter secJion llul has af /Nst 32 /rousiflR unlt1 or an areraI:e
Iione housint uni1 pt!r five RrllSS JCI'!$, alld is not served by pubbc Uflit~ry sewers.
~"ap37.
'Eqwl to 2.5 squal' mites.
Soun;c: SfWRPC.
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major urban concentrations. The estimated popu
lation and urban development areas in each of
these major concentrations are shown in Table 34.

Concluding Remarks-Ozaukee County
Inventories conducted under the regional sanitary
sewerage system planning program revealed that
in 1970 there existed in Ozaukee County a total
of eighL public sanitary sewerage systems which
togeLher served a toLal area of about 17.3 square
miles, or 7 percent of the Lotal area of the county,
and a total population of about 36,300 persons,
or about 66 percent of the total population of the

Source: Wisconsin Department of Natural
Resources and SEWRPC. Existing Public Sanitary Sewerage Systems

There are a total of 14 existing public sanitary
sewerage systems in Racine County which provide
centralized sanitary sewer service to subareas of
the county. These include the systems operated
by the Cities of Burlington and Racine; the Vil
lages of North Bay, Union Grove, Rochester, Stur
tevant, and Waterford; the Caddy Vista Sanitary
District in the Town of Caledonia; the Town of
Caledonia Sewer Utility District No.1; the Crest
view Sanitary District in the Town of Caledonia;
the Town of Mt. Pleasant Sewer Utility District;
the North Park Sanitary District in the Village of
Wind Point and the Town of Caledonia; the Town of
Rochester Sewer Utility District No.1; and the
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Western Racine County Sewerage District, which
district provides sewage treatment service for
sewage from the Village of Rochester, the Village
of Waterford, and the Town of Rochester Utility
District No. 1. Together these systems serve
a total area of about 29 square miles, or about
9 percent of the total area of the county, and a
total population of about 135,900, or about 78 per
cent of the total population of the county. Each
of these public sanitary sewerage systems is
described in the following paragraphs. Pertinent
characte:t;istics of each system are presented in
Tables 35 and 36.

City of Burlington: The existing service area of
the City of Burlington sanitary sewerage system
is shown on Map 38. This area totals about two
square miles and has a resident population of
about 7, 500 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the City of Burlington is treated at
a sewage treatment plant located on the Fox
River, to which effluent is discharged (see Figure
42). The plant has a site area of about four acres,

of which about two acres are currently utilized,
leaving two acres available for future use. The
plant site is bounded by railroad right-of-way on
the north and west, the Fox River on the east, and
open lands on the south. The plant, a trickling
filter type, was initially constructed in 1934 and
underwent extensive modifications in 1938 and
again in 1962. The average hydraulic design
capacity of the plant is 1. 0 mgd, with an estimated
peak hydraulic design capacity of 2.0 mgd. The
average hydraulic loading on the plant in 1970 was
estimated at 1. 2 mgd, indicating that the plant did
not have adequate capacity to treat the average
daily flow from the existing sewer service area.
The treatment processes provided by the plant are
classified as secondary level. It should be noted
that during 1972 the City of Burlington placed into
operation a significant expansion of its sewage
treatment facility, so that the plant now has an
average hydraulic design capacity of 2.5 mgd.
The plant has been modified and converted from
the existing trickling filter type to a contact
stabilization type sewage treatment plant. The
modified treatment facility will also provide a
secondary level of treatment. It should further be

I
Table 35

AREA AND POPULATION SERVED BY EXISTING AND LOCALLY PROPOSED
SANITARY SEWERAGE SYSTEMS IN RACINE COUNTY: 1970

Estimated Service Area
Existing Proposed' Estimated

Square S~uare Population Treatment of Sewage
Name of Public Sanitary Sewerage System Acres Miles Acres iles Served' (See Table 36)

Existing Systems
City of Burlington ........................................................ 1,333 2.08 2,483 3.88 7,500 Operates aFacility
City of Racine .............................................................. 8,371 13:10 1703 0.283 95,400 Operates a Facili~
Village of North Bay .................................................... 69 .11 - - - - 1,000 Contracts with City of acine
Village of lfuchester .................................................... 193 0.30 13,0734 20.424 500 Part of Western Racine County Sewerage District
Village of Sturtevant ................................................... 391 0.61 - - - - 3,200 Operates aFacility
Village of Union Grove ................................................ 470 0.74 2,29!l 3.58 2,800 Operates aFacility
Village of Waterford .................................................... 345 0.54 __4 __4

1,800 Part of Western Racine County Sewerage District
Caddy Vista Sanitary District ..................................... 114 0.18 - - - - 1,200 Operates aFacility
Caledonia Sewer Utility District No.1 ...................... 2,381 3.71 1,655 2.58 3,500 Contracts with City of Racine
Crestview Sanitary District ......................................... 223 0.35 673 1.05 1,500 Contracts with North Park Sanitary District
Mt. Pleasant Sewer Utility District ............................ 3,377 5.26 9,875 15.43 10,300 Contracts with City of Racine
North Park Sanitary DistrictS ..................................... 1,466 2.28 4,666 7.28 7,000 O~erates aFaCility
Town of Rochester Sewer Utility District No.1 ....... 149 0.23 __4 __4

200 Part of Western acine County Sewerage District

Proposed Systems
Browns lake Sanitary District ................................... - - - - 1,696 2.65 - - - -
Eagle lake Sewer Utility District ............................... - - - - 1,430 2.24 - - - -
Town of Norwa~ Sanitary District No.1 ................... - - - - 2,917 4.56 - - - -
Tichigan lake anitary District ................................. - - - - _-' _-' - - - -

County Total ..........................................................,.......... 18,882 29.49 40,928 63.95 135,900 - -

I
I
I
I
I
I
I
I
I

lAs identified in locallyprepared plans and engineering reports.
'Based· upon an approximation of the existing sewer service area by U.S.
Public Land Survey quarter section.

31ncludes only that area within the existing (1970) corporate limits of the
City of Racine and the Village of Elmwood Park.

Source: SEWRPC.

41ncludes the total area proposed for sewer service by the Western Racine
County Sewerage District, which District includes the Villages of Rochester
and Waterford and the Town of Rochester Sewer Utility District No.1. This
proposed service area also includes the Tichigan Lake Sanitary District in
the Town of Waterford.

'Includes the Village of Wind Point.
'The proposed service area of the Tichigan Lake Sanitary. District. totals
3,373 acres, or 5.27 square miles. ThiS .area has also been mclu.ded m tire
proposed service area of the Western Racme County Sewerage DIStflCt.
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Tab 1e 36

SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE
TREATMENT FACILITIES IN RACINE COUNTY: 1970

Design Capacity

Date of
Estimated Estimated Original Average

Name of Total Total Construction Type of Level of Average Peak Organic
Public Sewage Area Served Population and Major Treatment Treatment Hydraulic Hydraulic (Pounds Population

Treatment Facility {Square Miles) Ser'Jed Modification Provided Provided Disposal of Effluent Population l (MGD) (MGO) CBD05/0.y) EQuivalentl

City of Burlington .
1934, 1938,

1.00 2002.08 7,500 1962 Trickling filter Secondary Fox River 6,500 N/A N/A
City of Racine .... -< ••••• 2218' 110,200' 1938,1967 Activated Sludge Secondary Lake Michigan 120,000 23.00 40.00 42,000 200,000
Village of Sturtevant .... 0.61 3,200 1959 Trickling filter Secondary Minor Tributary of Pike River 3,000 0.30 N/A N/A N/A
Village of Union Grove ............ 0.74 2,800 1937,1962 Activated Sludge Secondary West Branch Root River Canal 3,000 0.30 N/A 510 2,400
Caddy Vista Sanitary District 0.18 1,200 1956 Trickling Filter Secondary Root River N/A 025 0.40 N/A N/A
North Park 1955,1965,

Sanitary District ......... 2.63' 8,500' 1968 Activated Sludge Secondary lake Michigan 9,000 0.90 N/A 1,530 7,300
Western Racine County

Sewerage District. 1.07" 2,500" 1968 Activated Sludge Secondary Fox River N/A 050 1.00 850 4,000

I
I
I
I
I

Sewage Strengtn Parameters Industrial Overall Plant Efficiency
Existing loading - 1970 in Influent Sewage Flows Percent Removals

Average Reserve Design Estimated Number of DalJs in
Name of Average A'IIerage Peal'. Organic Hydraulic Suspended Tot'l Organic Ammonia Average Daily Flow CB005 Suspended Total 1970 Pl,nt Flow

Public Sewage H!~G8!iC Per Capita Hydraulic (Pounds Capacity CB005 Solids Phosphorus Nitrogen-N Nitrogen·N
°i~G~'w

1970 Solids Phosphorus (P) Exceeded Plant
Treatment Facility (GPO) (MGO) CB005/0,y) (MGO) (mg/l) (mg/l) (mgll) (mgll) (mg/l) (MGO) (Percent) (Percent) (Percenl) Meter Capacity

City of Burlington 1.20 160 2.0 2,700' None 265' 170' N/A 13.0' 15.2' N/A N/A 74' 29' N/A N/A
City of Racine ............ 21.70 197 35.4 15,200 1.30 84 125 N/A N/A N/A N/A N/A 77 54 N/A N/A
Village of Sturtevant ......... 0.25 78 N/A N/A 0.05 193' 144' 14.2' 11.6' 31.6' N/A N/A 78' 72' 0.1 4 N/A
Village of Union Grove . 0.43 154 N/A N/A None 1565 1165 N/A N/A N/A N/A N/A 675 535 N/A N/A
Caddy Vista

Sanitary District 0.06 50 0.4 N/A 0.19 171' 180' N/A N/A N/A N/A N/A 59' 62' N/A N/A
North Park

Sanitary District ......... 080 94 1.8 N/A 0.10 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Western Racine County

Sewerage District . 0.24 96 1.0 N/A 0.26 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

NOTE: N/A indicates data not available.
lThe population design capacity for a given sew?ge treatment facility was obtained..directly from engi
neering reports prepared by or for the local umt of government oper~tjng the facMy an~ reflects as
sumpt!ons made by the ~esign englne.er. The populat!on equivalent deSign capacity was estImated by the
Commission staff by diVIding the de~/gn GBODs !oadmg in pounds per day, as set forth in the engineer·

~!e:ef~~~:J ;nd;t,~~~~e~f;I~ ~~f'~~%i~;t~~g:;ftug~nO'~/ t38B~, ~~~B~~~lg:i~nd%J~:~enf~~~~nenf~:
pacity wi/~ differ from the populatIOn design capacIty shown in the Table.

2Data obtamed from a 24-hour composite sample by Hoganson & Robers, Inc. in October 1968.

Source: Wisconsin Department of Natural Resources and SEWRPC.

noted that the City of Burlington in 1971 agreed to
provide sewage treatment on a contract basis for
sewage generated in the Browns Lake Sanitary
District in the Town of Burlington. This proposed
public sanitary sewerage system, now (1973) com
pleted, is discussed later in this chapter.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of Burlington
sanitary sewerage system are shown on Map 38.
There are no mown points of sewer overflow or
bypassing in the City of Burlington sanitary sew
erage system. The inventory revealed that the
city had a documented plan for the provision of
sewer service to an additional four square mile
area, not including the proposed Browns Lake
Sanitary District, which is shown on Map 38.
Locally proposed trunk sewers to serve this addi
tional area are also shown on Map 38.

Management of the City of Burlington sanitary
sewerage system is under the direction of the
Mayor and City Council. Day-to-day adminis
tration of the system is provided by the City
Engineer. Financing of the system is provided
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31ncludes the City of Racine, the Village of North Bay, the Town of Caledonia Sewer Utility District No.
I, and the Town of Mt. Pleasant Sewer Utility District (see Table 35).

40ata obtained from a 24-hoUf composite sample by the Wisconsin Department of Natural Resources in
October 1966.

SData obtained from a 24·hour composite sample by the Wisconsin Department of Natural Resources in
June 1966.

6Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources in
June 1966.
l/ndudes the Village of Wind Point, the Crestview Sanitary District, and that portion of the Town of Cal
edonia within th~ North Park Sanitary District.

8/ncludes the VIllages of Rochester and Waterf{lr~ and the Town of Rochester Sewer Utility District
No.1.

through the general property tax. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the City of Burlington sanitary sewerage sys
tem approximated $239,014, or about $32 per
capita. Of this total, $45,163, or about $6 per
capita, was expended for operation and mainte
nance and $193,851, or about $26 per capita was
expended for capital improvements.

City of Racine: The existing service area of the
City of Racine sanitary sewerage system is shown
on Map 38. This area totals about 13 square
miles and has a resident population of about
95,400 persons. In addition, the City of Racine
provides on a contract basis treatment for sewage
generated in the Village of North Bay, the Town
of Caledonia Sewer Utility District No.1, and the
Town of Mt. Pleasant Sewer Utility District. The
sewer service area of these contract areas con
nected to the City of Racine sanitary sewerage
system totals about nine square miles and has a
total resident population of about 14,800 persons.
Thus, the City of Racine sewage treatment facility
serves a total sewer service area of about 22
square miles and a total resident population of
about 110,200 persons.

I
I
I
I
I
I
I
I
I
I
I
I
I
I



Map 38
EXISTING AND LOCALLY PROPOSED PUBLIC SANITARY SEWERAGE SYSTEMS
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Figure tl-2

CITY OF BURLINGTON SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton. and Mark W. Sheets.

As noted above, the sanitary sewerage system
within the City of Racine serves an area of about
13 square miles. Of this total, about 11 square
miles, or about 85 percent, are served by a sepa
rate sewer system and about two square miles,
or about 15 percent, are served by a combined
sewer system.

Until about the early 1950s, almost all urban
development in the Racine area was served by
combined sewers, which sewers discharged un
treated sewage directly to the Root River or to
Lake Michigan. Intercepting sewers were subse
quently constructed to intercept the normal dry
weather flow of sanitary wastes in combined
sewers, as well as a portion of the storm. flows,
and convey these flows to the City of Racine
sewage treatment plant which was constructed in
1938. During periods of heavy rainfall, overflow
devices discharge a portion of the combined
sanitary-storm water flow, unlreated, directly lo

the Root River or to Lake Michigan. There are
29 known combined sewer outfalls in the Racine
area, 26 of which discharge to the Root River and
three of which discharge directly to Lake Michi
gan (see Map 38).

The City of Racine began in 1967 to undertake a
sewerage improvement program to effect a greater
degree of separation within the combined sewer
system. As a possible alternative to complete
separation of the combined sewer syslem, lhe
City of Racine, in cooperation with the Wisconsin
Department of Natural Resources and the U. S.
Environmental Protection Agency has embarked
upon a demonstration project to study the feasi
bility of providing sewage treatmenl plants at
the combined sewer outfalls. The project will
attempt to demonstrate the feasibility of utilizing
a screening-air flolation syslem of rapid sewage
treatment. The demonstration facility, now under
construction, will treat combined sewer overflows
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from seven ouUalls along the Root River, as well
as treating "pure" storm water from a separate
storm sewer outfall. If successful, this demon
stration could provide an alternate solution to
complete separation of the combined sewer sys
tem in the Racine area.

The area committed to future sanitary sewer ser
vice in the City of Racine and in the municipallties
or special purpose districts which contract with
the City of Racine for sewage transmission and
treatment is also shown on Map 38.

The Racine sewage treatment facility, an activated
sludge type, is located on the Lake Michigan
shoreline ncar the intersection of 21st and Main
Streets (see Figure 43). The plant has a site area
of about 17 acres, of which about 10 acres are
currently utilized, leaving seven acres available
for future use, assuming that structural retaining
walls would be constructed to retain earthen
embankments. The plant site is bounded by Lake
Michigan on the east, a city street on the north,
a steep embankment on the west, and the Lake
Michigan shoreline on the south. The plant was
constructed in 1938 with an initial average hydrau-

lie design capacity of 12 mgd and a primary
level of sewage treatment. In 1967 the plant
was expanded to a capacity of 23 mgd, provid
ing a primary level of treatment. The plant has
only 12 mgd, however, of secondary treatment
capacity. The expansion in 1967 was the first of
a planned three-phase expansion program to pro
vide a total average hydraulic design capacity of
30 mgd by 1972 and 36 mgd by 1980. The current
peak hydraulic design capacity of the plant has
been rated at about 40 mgd. The influent sewer
to the plant is capable of conveying about 70
mgd. Effluent disposal is via an outfall sewer
to Lake Michigan which extends 500 feet beyond
the breakwater.

In 1970 the average hydraulic loading at the
Racine sewage treatment facility was 21. 7 mgd,
with a peak hydraulic loading of 35.4 mgd and a
minimum hydraulic loading of n.4 mgd. The
peak hydraulic loading, however, docs not include
unmeasured flows bypassed either at the 29 com
bined sewer outfall locations on the Root River or
Lake Michigan or at the sewage treatment plant
itself. The 23 mgd of existing primary capacity
is sufficient to treat the average hydraulic loading.
However, flows frequently exceed 30 mgd.

Figure q3

CITY OF RACINE SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.
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Under present conditions, about 12 mgd of sewage
are sent. from the primary sedimentation tanks to
the' activated sludge tanks for secondary waste
treatment, followed by two hours detention time in
final settling tanks. The sewage from the settling
tanks is then blended with additional sewage from
the primary tanks, chlorinated, and discharged to
Lake Michigan. On a normal day, therefore, about
12 million gallons of sewage at the Racine sew
age treatment facility receive both primary and
secondary treatment and are then mixed with
nearly an equal amount of sewage that receives
primary treatment. The monthly average bio
chemical oxygen demand (CBOD5) loadings ranged
during 1970 from about 9,200 pounds to about
22,200 pounds per day, with an average loading of
about 15,200 pounds per day. Suspended solids
loadings averaged about 22,600 pounds per day
with a maximum of 29,600 and a minimum of
17,200 pounds per day. During 1970 an average
of 54 percent of the suspended solids and 77 per
cent of the CBOD5 were removed in the treat
ment process.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Racine sanitary sew
erage system are shown on Map 38. In addition to
the 29 combined sewer outfalls noted above, there
are 10 known points of sewage flow relief in the
City of Racine sanitary sewerage system, all of
which are bypasses including one at the sewage
treatment plant.

Management of the City of Racine sanitary sew
erage system is under the direction of the City
of Racine Common Council. Day-to-day adminis
tration of the system is provided by the staff of
the Water Pollution Control Department of the
City of Racine, headed by the Commissioner of
Public Works.

Local financing of the City of Racine sanitary
sewerage system is provided both through the
property tax and through funds provided under
contractual agreements with other municipalities
and special purpose districts. The contractual
agreements between the City of Racine and the
Town of Mount Pleasant and between the City of
Racine and the Town of Caledonia Sewer Utility
District No. 1 provide that the town and the dis
trict pay to the City of Racine 150 percent of the
prorated cost of treating the sewage generated in
the contract areas, an additional $40 per million
gallons to cover depreciation of the capital facili
ties already in place, and 100 percent of the cost

of additional sewer system components needed to
adequately transmit and treat the wastes. The
contractual agreement between the City of Racine
and the Village of North Bay provides for an
annual payment of the actual cost of treating the
sewage from the village plus 50 percent. Each of
the units of government contracting for sewage
treatment with the City of Racine is responsible
for the operation and maintenance of the local
collection sewer system within the contract area.
Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the City of Racine sanitary
sewerage system approximated $3,596,804, or
about $38 per capita. Of this total, $599,920, or
about $6 per capita, was expended for operation
and maintenance and $2,996,884, or about $32 per
capita, was expended for capital improvements.

Village of North Bay: The existing sewer service
area of the sanitary sewerage system serving the
Village of North Bay is shown on Map 38. As
noted above under the discussion of the City of
Racine sanitary sewerage system, the Village of
North Bay contracts with the City of Racine for
sewage treatment. The North Bay service area
totals about 0.1 square mile and has a resident
population of about 1,000 persons. The average
hydraulic loading on the Racine sewage treatment
plant from the Village of North Bay in 1970 was
estimated at 0.05 mgd. There are no known points
of sewer overflow or bypassing in the Village of
North Bay sanitary sewerage system.

Management and day-to-day administration of the
relatively small Village of North Bay sanitary
sewerage system is provided directly by the
Village Board. Data pertaining to expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the Village of North Bay sanitary sewerage sys
tem were not made available by the village.

Village of Rochester: The existing service area of
the Village of Rochester sanitary sewerage sys
tem is shown on Map 38. This area totals about
0.3 square mile and has a resident population of
about 500 persons. The entire area is served by
a separate sanitary sewer system. Sewage from
the Village of Rochester is treated at the sewage
treatment facility operated by the Western Racine
County Sewerage District, as discussed later in
this chapter. The average hydraulic loading on
the district plant from the Village of Rochester in
1970 was estimated at 0.04 mgd.
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The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains serving the Village of Rochester are
shown on Map 38. There are no known points of
sewage now relief in the Village of Rochester
sanitary sewerage system.

Management of the Village of Rochester sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village President.
Financing of the system is provided through a
sewer service charge of $6. 50 per month per
connection. This revenue is utilized to operate,
maintain, and expand the existing village system,
as well as the village's share of operating the
sewerage facilities of the Western Racine County
Sewerage District. Total expenditures during
1970 for operation, maintenance, and capital im
provements, including debt retirement, for the
Village of Rochester sanitary sewerage system

approximated $35,100, or about $70 per capita.
Of this total, $8,449, or about $17 per capita,
was expended for operation and maintenance and
$26,651, or about $53 per capita, was expended
for capital improvements.

Village of Sturtevant: The existing sewer service
area of the Village of Sturtevant sanitary sewer
age system is shown on Map 38. This area totals
about O. 6 square mile and has a resident popula
tion of about 3,200 persons. The entire area is
served by a separate sanitary sewerage system.

Sewage from the Village of Sturtevant is treated
at a sewage treatment plant located on a minor
drainage course leading to the Pike River, to
which efiluent is discharged (see Figure 44). The
plant has a site area of about four acres, of which
about two acres are currently utilized, leaving
two acres available for future use. The site is
bounded by open lands on the north, east, and

Figure 4-4-

VILLAGE OF S1URTEVANT SEWAGE TREATMENT PLANT

Photo by Michael a. Dorn. Charles L. Hamilton, and Mark W. Sheets.
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west and by a railroad right-of-way on the south.
The plant, a trickling filter type, was constructed
in 1959. The average hydraulic design capacity
of the plant is 0.3 mgd. The average hydraulic
loading at the plant in 1970 was estimated at
0.25 mgd, indicating that the plant has adequate
capacity to treat the average daily flow from the
sewer service area. Since 1970, however, the
plant has frequently experienced flows exceeding
the average hydraulic design capacity. The treat
ment processes provided at the plant are classi
fied as secondary level.

The location and configuration of all major trunk
sewers serving the Village of Sturtevant are
shown on Map 38. The only known point of sewage
flow relief in the Village of Sturtevant sanitary
sewerage system is a bypass at the treatment
plant. The inventory revealed that the village had
no documented plan for the expansion of its sew
erage system.

Management of the Village of Sturtevant sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by a Water and Sewer Com
mittee of the Board together with its staff in the
Department of Public Works. Financing of the
system is provided through a sewer service
charge. There is a minimum charge of $4. 50 per
quarter for residential and commercial users, to
which ';s added an output charge of 50 percent of
the cost of water consumption utilized in excess
of 6,000 gallons each quarter. Institutional and
industrial users are charged according to sepa
rate schedules. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Village
of sturtevant sanitary sewerage system approxi
mated $32,122, or about $10 per capita. Of this
total, $20,822, or about $6 per capita, was ex
pended for operation and maintenance and $11,300,
or about $4 per capita, was expended for capital
improvements.

Village of Union Grove: The existing service area
of the Village of Union Grove sanitary sewerage
system is shown on Map 38. This area totals
about 0.7 square mile and has a resident popula
tion of about 2,800 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Union Grove is treated
at a sewage treatment plant located on a minor
drainage course leading to the west branch of the

Root River canal, to which effluent is discharged
through a joint outfall sewer also serving the
Wisconsin Southern Colony Institution (see Figure
45). The plant has a very small site area of
about one-half acre, all of which is currently
utilized. The plant site is bounded by industrial
development on the north, residential development
on the south, USH 45 on the west, and open lands
on the east. There is virtually no room for expan
sion of the plant at its existing site. The plant, an
activated sludge type, was initially constructed in
1937 and underwent extensive modifications in
1962. The average hydraulic design capacity of
the plant is 0.3 mgd. The average hydraulic
loading at the plant in 1970 was estimated at
O. 4 mgd, indicating that the plant does not have
adequate capacity to treat the average daily flow
from the sewer service area. The treatment
processes provided by the plant are classified as
secondary level.

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Union
Grove sanitary sewerage system are shown on
Map 38. Except for a bypass located at the sewage
treatment plant, there are no known points of sew-

Figure Il-S

VILLAGE OF UNION GROVE SEWAGE TREATMENT PLANT

Photo by Michael G. Darn, Charles L. Hamilton.
and Mark W. Sheets.
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age flow relief in the Village of Union Grove sani
tary sewerage system. The inventory revealed
that the village had a documented plan for the
expansion of its sewerage system to an additional
3.6 square mile area and for the replacement of
its sewage treatment plant on a new site.

Management of the Village of Union Grove sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Director of Public
Works. Financing of the system is provided both
through the property tax and through a sewer
service charge. The charge is based upon water
consumption. Water consumers in the village
currently pay an annual sewer service charge
equal to 50 percent of the annual water charge.
Water consumers outside of the village currently
pay an annual sewer service charge equal to
70 percent of the annual water charge. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Village of Union Grove sani
tary sewerage system approximated $97,493, or
about $34 per capita. Of this total, $37,538, or
about $13 per capita, was expended for operation
and maintenance and $59,955, or about $21 per
capita, was expended for capital improvements.

Village of Waterford: The existing service area
of the Village of Waterford sanitary sewerage
system is shown on Map 38. This area totals
about 0.5 square mile and has a resident popula
tion of about 1, 800 persons. The entire area is
served by a separate sanitary sewer system.
Sewage from the Village of Waterford is treated
at the sewage treatment facility operated by the
Western Racine County Sewerage District, as dis
cussed later in this chapter. The average hydrau
lic loading on the district plant from the Village of
Waterford in 1970 was estimated at 0.18 mgd.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Water
ford sanitary sewerage system are shown on
Map 38. There are no known points of sewage
flow relief in the Village of Waterford sanitary
sewerage system.

Management of the Village of Waterford sewerage
system is under the direction of the Village
Board. Day-to-day administration of the system
is provided by the Village Clerk. Financing of
the system is provided through a sewer service
charge equal to 170 percent of the charge for
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metered water usage durfng the first quarter of
the year. This revenue is utilized to operate,
maintain, and expand the existing village system,
as well as the village's share of operating the
sewerage facilities of the Western Racine County
Sewerage District. Total expenditures during 1970
for operation, maintenance, and capital improve
m ents, including debt retirement, for the Village
of Waterford sanitary sewerage system approxi
mated $53,500, or $30 per capita, all of which
was expended for operation and maintenance.

Caddy Vista Sanitary District: The existing sewer
service area of the Caddy Vista sanitary District
in the Town of Caledonia is shown on Map 38.
This area, which consists of the Caddy Vista SUb
division, totals about 0.2 square mile and has a
resident population of about 1, 200 persons. The
entire area is served by a separate sanitary sew
erage system. It should be noted that the Caddy
Vista Sanitary District extends into the City of
Oak Creek in Milwaukee County. No development,
however, has taken place in this area.

Sewage from the Caddy Vista Sanitary District is
treated at a sewage treatment plant located on the
Root River, to which effluent is discharged (see
Figure 46). The plant has a site area of about six

Figure ~6

CADDY VISTA SANITARY DISTRICT
SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton,
and Mark W. Sheets.



acres. The site is bounded by the Root River on
the north, and by agricultural, open, and unused
lands on the south, east, and west. The plant, a
trickling filter type, was constructed in 1956. The
average hydraulic design capacity of the plant
is o. 25 mgd, with an estimated peak hydraulic
design capacity of 0.4 mgd. The average hydrau
lic loading at the plant in 1970 was estimated at
0.06 mgd, indicating that the plant has adequate
capacity to treat the average daily flow from the
sewer service area. The treatment processes
provided at the plant are classified as secondary
level. The adopted Root River watershed plan
recommends abandonment of the Caddy Vista
Plant and connection of its service area to the
Milwaukee-Metropolitan sewerage system.

The location and configuration of the trunk sewers
serving the Caddy Vista Sanitary District are
shown on Map 38. The only known point of sewage
flow relief in the Caddy Vista Sanitary District
sanitary sewerage system is a bypass located at
the treatment plant. The inventory revealed that
the sanitary district had no documented plan for
extension of the sewers into the undeveloped por
tionof the district located in the Cityof Oak Creek.

Management of the Caddy Vista Sanitary District
sanitary sewerage system is under the direc
tion of a three-member commission. Day-to-day
administration of the system is provided by the
treatment plant superintendent. Financing of the
system is provided both through a sewer service
charge of $6 per quarter per sewer connection and
through a general property tax levy. Total expen
ditures during 1970 for operation, maintenance,
and capital improvements, including debt retire
ment, for the Caddy Vista Sanitary District sani
tary sewerage system approximated $20,903, or
about $17 per capita. Of this total, $12,465, or
about $10 per capita, was expended for operation
and maintenance and $8,438, or about $7 per
capita, was expended for capital improvements.

Caledonia Sewer Utility District No.1: The exist
ing sewer service area of the sanitary sewerage
system serving the Caledonia Sewer Utility Dis
trict No. 1 in the Town of Caledonia is shown on
Map 38. As noted above under the discussion of
the City of Racine sanitary sewerage system, the
Caledonia Sewer Utility District No. 1 contracts
with the City of Racine for sewage treatment. The
Caledonia Sewer Utility District No. 1 service
area totals about 3. 7 square miles and has a
resident population of about 3,500 persons. The

average hydraulic loading on the Racine sewage
treatment plant from the Caledonia Sewer Utility
District No. 1 in 1970 was estimated at 0.5 mgd.

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains serving the Caledonia Sewer Utility
District No.1 are shown on Map 38. There are
four known points of sewage flow relief in the
system, all of which are bypasses. The inventory
revealed that the district had a documented plan
for the expansion of its sewerage system to
an additional 2.58 square mile area within the
district boundaries. No locally proposed trunk
sewers to serve this additional area were, how
ever, revealed in the inventory.

Management of the Caledonia Sewer Utility Dis
trict No. 1 sanitary sewerage system is under the
direction of a three-member utility board. Day
to-day administration of the system is prOVided by
the Treasurer of the Town of Caledonia. Financ
ing of the system is prOVided through a sewer
service charge of $20 per calendar quarter per
sewer connection. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Cal
edonia Sewer utility District No. 1 sanitary
sewerage system approximated $130,982, or about
$37 per capita. Of this total, $44,480, or about
$12 per capita, was expended .for operation and
maintenance and $86,502, or about $25 per capita,
was expended for capital improvements.

Crestview Sanitary District: The existing service
area of the Crestview Sanitary District sanitary
sewerage system in the Town of Caledonia is
shown on Map 38. This area totals about 0.35
square mile and has a resident population of about
1,500 persons. The entire area is served by a
separate sanitary sewer system. Sewage from
the Crestview Sanitary District is treated at the
sewage treatment facility operated by the North
Park Sanitary District, as discussed later in this
chapter. The average hydraulic loading on the
North Park sewage treatment plant from the
Crestview Sanitary District in 1970 was estimated
at 0.4 mgd.

The location and configuration of the major trunk
sewer serving the Crestview Sanitary District is
shown on Map 38. There are two known points of
sewage flow relief in the Crestview Sanitary Dis
trict-a bypass and a portable pumping station.
The inventory revealed that the district had a

183



documented plan for the extension of sewer ser
vice into the undeveloped portions of the district.
This additional proposed service area is also
shown on Map 38.

Management of the Crestview Sanitary District
sanitary sewerage system is under the direc
tion of a three-member commission. Day-to-day
administration of the system is provided by the
Treasurer of the Town of Caledonia. Financing of
the system is provided through a sewer service
charge of $22.40 per calendar quarter per sewer
connection and a property tax levy. Total expen
ditures during 1970 for operation, maintenance,
and capital improvements, including debt retire
ment, for the Crestview Sanitary District sanitary
sewerage system approximated $109,518, or about
$73 per capita. Of this total, $15, 518, or about
$10 per capita, was expended for operation and
maintenance and $94,000, or about $63 per capita,
was expended for capital improvements.

Mt. Pleasant Sewer Utility District: The existing
sewer service area of the sanitary sewerage sys
tem serving the Mt. Pleasant Sewer Utility Dis
trict in the Town of Mt. Pleasant is shown on
Map 38. As noted above under the discussion of
the City of Racine sanitary sewerage system, the
Mt. Pleasant Sewer Utility District contracts with
the City of Racine for sewage treatment. The
Mt. Pleasant Sewer Utility District service area
totals about 5.26 square miles and has a resident
population of about 10,300 persons. The average
hydraulic loading on the Racine sewage treatment
plant from the Mt. Pleasant Sewer Utility District
in 1970 was estimated at 2.5 mgd.

The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains serving the Mt. Pleasant Sewer
Utility District are also shown on Map 38. There
are two lmown points of sewage flow relief in the
Mt. Pleasant Sewer Utility District sanitary sew
erage system, both of which are bypasses. The
inventory revealed that the Mt. Pleasant Sewer
Utility District had documented plans for the
expansion of its sewerage system and for the
extension of trunk sewers into the proposed ser
vice area. In addition, the district has proposed
the construction of a new sewage treatment plant
on the Pike River near the Racine-Kenosha line to
serve a portion of the district and to accom
modate anticipated major industrial waste flows
primarily from the Waxdale plant of S. C. Johnson
and Sons, Inc.
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Management of the Mt. Pleasant Sewer Utility
District is under the direction of a three-member
commission. Day-to-day administration of the
system is provided by the Clerk of the Town of
Mt. Pleasant. Financing of the system is pro
vided through a sewer service charge of $20 per
calendar quarter per sewer connection. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Mt. Pleasant Sewer Utility
District sanitary sewerage system approximated
$473,124, or about $46 per capita. Of this total,
$199,700, or about $19 per capita, was expended
for operation and maintenance and $273,424, or
about $27 per capita, was expended for capital
improvements.

North Park Sanitary District: The existing sewer
service area of the North Park Sanitary District
sanitary sewerage system is shown on Map 38.
This district consists of all of the Village of Wind
Point and a portion of the Town of Caledonia. This
area totals about 2.3 square miles and has a resi
dent population of about 7,000 persons. The entire
area is served by a separate sanitary sewerage
system. As noted earlier in this chapter, the
North Park Sanitary District contracts to provide
treatment for sewage generated in the Crestview
Sanitary District.

Sewage from the North Park and Crestview Sani
tary Districts is treated at a sewage treatment
plant located near the Lake Michigan shoreline,
with an outfall sewer leading directly to the lake
shore (see Figure 47). The plant has a site area
of about seven acres, of which about five acres
are currently utilized, leaving about two acres
available for future use. The site is bounded by
agricultural and open lands on the north, south,
and east and by residential land use on the west.
The North Park plant actually consists of two
parallel treatment facilities. The first plant,
constructed in 1955 as a trickling filter type plant,
was modified and converted in 1968 to a contact
stabilization type plant. The second plant, a con
tact stabilization type plant, was constructed in
1965. The combined average hydraulic design
capacity of the two plants is O. 9 mgd, with an
estimated combined peak hydraulic design capacity
of 1. 8 mgd. The average hydraulic loading on the
combined plant in 1970 was estimated at 0.8 mgd,
indicating that the plant has adequate capacity
to treat the average daily flow from the sewer
service area. The treatment processes pro
vided at the combined plant are classified as
secondary level.



Figure 11.7

NORTH PARK SANITARY OISTRICT
SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn. Charles L. Hamilton,
and Mark W. Sheets.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains serving the North Park Sanitary Dis
trict are shown on Map 38. There are six known
points of sewage flow relief in the North Park
Sanitary District sanitary sewerage system, all of
which are bypasses. The inventory revealed that
the district had documented plans for the expan
sion of its sewerage system to an additional 7.3
square mile area. Locally proposed trunk sewers
to serve this area are shown on Map 38.

Management of the North Park Sanitary District
sanitary sewerage system is under the direc
tion of a three-member commission. Day-to-day
administration of the system is provided by the
plant superintendent. Financing of the system is
provided both through a sewer service charge and
a general property tax levy. The sewer service

charge is currently $7 per calendar quarter per
sewer connection. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the North
Park Sanitary District sanitary sewerage system
approximated $95,569, or about $14 per capita.
Of this total, $39,069, or about $16 per capita,
was expended for operation and maintenance and
$56,500, or about $8 per capita, was expended
for capital improvements.

Town of Rochester Sewer Utility District No.1:
The existing sewer service area of the Town of
Rochester Sewer utility District No. 1 sanitary
sewerage system is shown on Map 38. This area
totals about 0.23 square mile and has a resident
population of about 200 persons. The entire area
is served by a separate sanitary sewer system.
Sewage from the Town of Rochester Sewer Utility
District No. 1 is treated at the sewage treatment
facility operated by the Western Racine County
Sewerage District, as discussed later in this
chapter. The average hydranlic loading on the
Western Racine County sewage treatment plant
from the Town of Rochester Sewer Utility Dis
trict No. 1 in 1970 was estimated at 0.02 mgd.

The location and configuration of the major trunk
sewer serving the Town of Rochester Sewer
Utility District No. 1 is shown on Map 38. There
are no known points of sewer overflow or bypass
ing in the Town of Rocbester Sewer Utility Dis
trict No. 1 sanitary sewerage system.

Management of the Town of Rochester Sewer
Utility District No. 1 sanitary sewerage system is
under the direction of the Town Board. Day-to
day administration of the system is provided by
the staff of the Western Racine County Sewerage
District. Financing of the system is provided
through a sewer service charge of $7. 50 per
calendar quarter per connection. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the Town of Rochester Sewer Utility District
No. 1 sanitary sewerage system approximated
$36,724, or about $184 per capita. Of this total,
$4, 142, or about $21 per capita, was expended
for operation and maintenance and $32,582, or
about $163 per capita, was expended for capital
improvements.

Western Racine County Sewerage District: As
noted earlier in this discussion, the Western
Racine County Sewerage District provides trunk
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sewer conveyance and sewage treatment for sew
age originating in the Villages of Rochester and
Waterford and the Town of Rochester Sewer
utility District No. 1. It is the only metropolitan
sewerage district in the Southeastern Wiscon
sin Region fonned to date under the Wisconsin
Statutes, other than the Metropolitan sewerage
District of the County of Milwaukee, which is
established under unique legislation.

The existing sewer service area of the Western
Racine County sewerage District is coincident
with that of the two villages and town utility dis
trict which it serves (see Map 38). This area
totals about one square mile and has a resident
population of about 2,500 persons. The entire
area is served by a separate sanitary sewerage
system.

Sewage from the total service area of the Western
Racioe County sewerage District is treated at a
sewage treatment plant located on the Fox River,
to which effluent is discharged (see Figure 48).
The plant has a site area of about 20 acres, of
which three acres are currently utilized, leaviog
17 acres available for future use. The site is
bounded by open lands on the north, the Fox River
on the west and south, and STH 36 on the east.
The plant, an activated sludge type, was con
structed 10 1968. The average hydraulic design
capacity of the plant is 0.5 mgd, with a peak
hydraulic design capacity of 1. 0 mgd. The aver
age hydraulic loading at the plant in 1970 was
estimated at 0.24 mgd, indicating that the plant
has adequate capacity to treat the average daily
flow from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level.

Figure 1l-8

WESTERN RACINE COUNTY SEWERAGE DISTRICT SEWAGE TREATMENT PLANT

Photo by Michael G. Dorn, Charles L. Hamilton, and Mark W. Sheets.
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The location and configuration of the major trunk
sewers and pumping and lift stations and related
force mains comprising the Western Racine County
Sewerage District sanitary sewerage system are
shown on Map 38. There are no known points
of sewer overflow or bypassing in the Western
Racine County sanitary sewerage system. The
inventory revealed that the district had a docu
mented plan for the expansion of its system to
include an additional 20 square mile area, includ
ing the Tichigan Lake area discussed below.

Management of the Western Racine County sani
tary sewerage system is under the direction of
a three-member commission. Day-to-dayadmin
istration of the system is provided by the commis
sion itself. Financing of the system is provided
by the two villages and the town utility district
which contribute sewage to the district. The
metered rate charged by the district to each
of its constituent units in 1970 was $90 per mil
lion gallons.

Proposed Public Sanitary Sewerage Systems
The inventory revealed that as of 1970 there were
four proposed public sanitary sewerage systems
in Racine County which would provide centralized
sanitary sewer service to subareas of the county.
Each of the four proposed systems centers around
lake-oriented urban development, with one system
each in the Towns of Burlington, Dover, Norway,
and Waterford. Together these four proposed
systems would serve a total area of about 13. 6 15

square miles, or about 4 percent of the total area
of the county, and a total existing population of
about 11,350, or about 7 percent of the total popu
lation of the county. Each of these four proposed
public sanitary sewerage systems is described in
the following paragraphs.

Browns Lake Sanitary District: The Browns Lake
Sanitary District in the Town of Burlington was
formed in 1969 to provide sanitary sewer service
to existing urban development along the shoreline
of Browns Lake. The adopted comprehensive plan
for the Fox River watershed recommended that
such sewer service be provided and that the dis
trict contract with the City of Burlington for
sewage treatment. This recommendation has been

15 This includes 5.3 square miles also included in the

proposed sewer service area of the Western Racine

County Sewerage District.

carried out, and the district has completed con
struction of the branch and trunk sewers needed
to collect sewage and convey it to the City of
Burlington sewage treatment plant.

The proposed service area of the Browns Lake
Sanitary District is shown on Map 38. This area
totals about 2.65 square miles and has a current
resident population of about 2, 400 persons.

Management of the Browns Lake SanitaTY Dis
trict is under the direction of a three-member
commission. Day-to-day administration of the
proposed system is to be provided by the com
missioners. Operation and maintenance of the
system is to be financed through a sewer service
charge of about $10 per month per connection.

Eagle Lake Sewer utility District: The Eagle Lake
Sewer Utility District in the Town of Dover was
formed in 1970 to provide sanitary sewer service
to existing urban development along the shoreline
of Eagle Lake and adjacent urban development in
the unincorporated place of Kansasville. The
adopted comprehensive plan for the Fox River
watershed recommended that such sewer service
be provided and that the utility district construct
a sewage treatment plant near the lake outlet. The
district has proceeded to carry out this recom
mendation and has completed engineering studies
for the construction of the needed sewerage sys
tem. The district is currently awaiting action on
applications for federal and state grants-in-aid
for support of construction of such facilities.

The proposed service area of the Eagle Lake
Sewer utility District is shown on Map 38. This
area totals about 2.24 square miles and has a
current resident population of about 2,050 persons.
The district has selected a 15-acre site adjacent
to Eagle Creek to which it would discharge sewage
effluent. The proposed sewage treatment facility
would have an average hydraulic design capacity
of O. 40 mgd and a peak hydraulic design capacity
of 0.70 mgd, and would be an activated sludge
type sewage treatment plant providing a secondary
level of treatment.

Management of the Eagle Lake Sewer Utility Dis
trict is under the direction of a three-member
board. Day-to-day administration of the proposed
system is to be provided by a certified plant
operator. Operation and maintenance of the sys
tem are to be financed through a sewer service
charge of about $4.50 per month per connection.
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Town of Norway Sanitary District No.1: The Town
of Norway Sanitary District No. 1 was formed in
1969 to provide sanitary sewer service to existing
urban development along the shorelines of Wind,
Waubeesee, and Long Lakes in the Town of
Norway. The adopted comprehensive plan for the
Fox River watershed recommended that sewer
service be provided to the Wind Lake area and
that the sanitary district construct a sewage treat
ment plant near the Wind Lake outlet. The dis
trict has expanded this recommendation to include
nearby development around Waubeesee and Long
Lakes. In addition, it has been proposed that
the district be further expanded to serve urban
development around Denoon Lake in the City of
Muskego, Waukesha County. The Town of Norway
Sanitary District No. 1 has completed engineering
studies for the construction of the needed sewer
age system. The district is currently awaiting
action on applications for federal and state grants
in-aid in support of the construction of the sew
erage facilities.

The proposed service area of the Town of Norway
Sanitary District No. 1 is shown on Map 38. This
area totals about 4. 5 square miles and has a cur
rent resident population of about 4, 600 persons.
The district has proposed a 20-acre sewage treat
ment plant site adjacent to the Wind Lake canal,
to which it would discharge sewage effluent. The
proposed sewage treatment facility would have
an average hydraulic design capacity of about
0.7 mgd and a peak hydraulic design capacity of
1. 0 mgd, and would be an activated sludge type
sewage treatment plant providing an advanced
level of waste treatment.

Management of the Town of Norway Sanitary Dis
trict No. 1 is under the direction of a three
member commission. Day-to-day administration
of the proposed system is to be provided by a
certified plant operator. Operation and mainte
nance of the system is to be financed through a
sewer service charge of about $3 per month
per connection.

Tichigan Lake Sanitary District: The Tichigan
Lake Sanitary District was formed in 1972 to pro
vide sanitary sewer service to existing urban
development in the Tichigan Lake area of the
Town of Waterford. The adopted comprehensive
plan for the Fox River watershed recommended
that sewer service be provided to the immediate
area around Tichigan Lake and that a sewage
treatment facility be constructed at the southern
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end of Tichigan Lake and discharge effluent to the
Fox River. The adopted plan further recommends
that an eventual connection be made for the Tichi
gan Lake area to the Western Racine County
Sewerage District sewage treatment plant located
below Rochester. The sanitary district has begun
steps toward implementation of the plan recom
mendation and is currently examining alternative
methods of providing sewage treatment to the
area. The proposed service area of the Tichigan
Lake Sanitary District totals about 5. 3 square
miles and has a current population of about 2,300
persons. It should be noted that this proposed
service area is also included in the proposed
service area of the Western Racine County Sew
erage District.

other Sewage Treatment Facilities
In addition to the 14 public sanitary sewerage
systems discussed above, there are a total of
14 sewage treatment facilities in Racine County
which serve, in most cases, a single isolated land
use enclave. These 14 sewage treatment facili
ties serve the Packaging Corporation of America
industrial plant in the Town of Burlington; the Funk
Mobile Homes Park No.2, the Holy Redeemer
College, the Meeter Brothers Company plant, and
the Wisconsin Southern Colony Institution in the
Town of Dover; the Frank Pure Food Company
facility, the J. 1. Case Company, Clausen Works,
and the st. Bonaventure Seminary in the Town of
Mt. Pleasant; Grove Duck Farms in the Town of
Raymond; and C & D Duck Farms, Funk Mobile
Home Park No.1, Pekin Duck Farms, York Duck
Farms, and the Racine County Highway and Office
Building in the Town of Yorkville. Pertinent
characteristics pertaining to each of these 14
sewage treatment facilities are presented in Table
37. It should be noted that the adopted compre
hensive plan for the Root River watershed recom
mends that the Frank Pure Food Company facility
in the Town of Mt. Pleasant be abandoned and
connected to the City of Racine sanitary sewer
age system.

Other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through



Table 37

SELECTED CHARACTERISTICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN RACINE COUNTY: 1970

Average

Type of
Hbdraulic

DisposalCivil Type of eSlgn
Division Land Use Treatment Capacity of

Name Location Served Provided (Gallons/Day) Effluent

C& DDuck Farms ........................................... Town of'l'orkville Industrial Flow-through lagoons and Spray Irrigation N/A Soil Absorption and
West Branch Root

River Canal
Fonk Mobile Homes Park No.1 .. ............................ ....... Town of Yorkville Residential Activated Sludge 8,000 East Branch Root

River Canal
Fonk Mobile Homes Park No.2 .. ................,.... Town of Dover Res;dential Activated Sludge and Flow-through Lagoon 8,000 Minor Tributary of

Des Plaines River
Frank Pure Food Company .. ........... Town of Caledonia Industrial Flow-through Lagoons N/A Hoods Creek
Grove Duck Farms ....... .......................... ......... Town of Raymond Industrial Aerated Flow-through Lagoons N/A West Branch Root River
Holy Redeemer College .. ............. ....... ........... Town of Dover Institutional Activated Sludge and Flow-through lagoon 2,500 Minor Tributary of

Wind Lake Canal
J. I. Case Company .. ..................... ...................... ........... Town of Mt. Pleasant Industrial Chemical and Sedimentation 3,000,000 lake Michigan
Meeter Brothers Company .. ................................... Town of Dover Industrial Sedimentation and Flow-through lagoons N/A Minor Tributary to

Des Plaines River
Packaging Corporation of America •••••••• •• n •••••••••••••••••••• Town of Burlington Industrial Activated Sludge 10,ODD Fox River
Pekin Duck Farms ...... .................. ...... ...................... Town of Yorkville Industrial Flow·through Lagoons and Spray Irrigation N/A Soil AbsorPtion and

West Branch Root
River Canal

Racine County Highway and Office Building ................... Town of Yorkville Governmental Activated Sludge and Flow-through Lagoon 4,000 East Branch Root
River Canal

St. Bonaventure Seminary ................................. ............. Town of Mt. Pleasant Institutional Activated Sludge and Flow-through Lagoons 15,000 Minor Tributary of
Pike River

Wisconsin Southern Colony ............ ...... ...................... Town of Dover Institutional Activated Sludge and Flow-through Lagoons 400,000 West Branch Root
River Canal

York Duck Farms ...... ...... ................ ...... ....... Town of Yorkville Industrial Activated Sludge and Flow-through lagoons N/A West Branch Root
River Canal

NOTE: N/A indicafes data not available.
Source: Wisconsin Oepartment of Natural Resources and SEWRPC.

existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
tributary to such streams and watercourses. The
secondary sources consulted included river basin
survey reports and pollution abatement orders of
the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. A total of 31 such known point sources of
industrial waste water were identified in Racine
County. The name, civil division location, type of
waste, known pretreatment, and receiving water
body of these 31 waste sources are identified in
Table 38. The location of these 31 point sources
is shown on Map 39.

Existing Urban Development Not Served
by Public Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Racine County serve a total area of about
29 square miles, or about 9 percent of the total
area of the county, and a total population of about
135,900 persons, or about 78 percent of the total
population of the county. An inventory was con
ducted in the study to determine the approximate
amount of urban development, and the population

residing therein, in Racine County not served in
1970 by public sanitary sewer service. Each
U. s. Public Land Survey quarter section not
having development served by a centralized sani
tary sewerage system was examined to determine
if a significant amount of urban development was
present in 1970. Any quarter section with at least
32 housing units, or an average of one housing unit
per five gross acres, was deemed to be urban.
The major purpose in identifying such concentra
tions of urban development was to provide the
basis for analyzing the potential of providing
public sanitary sewer service to such areas in
accordance with recommendations contained in the
adopted regional land use plan.

The nonsewered urban development areas identi
fied in Racine County are shown on Map 39.
Together these areas total about 4.7 square miles,
or about 1. 4 percent of the total area of the
county, and contain a total population of about
11, 800 persons, or about 7 percent of the total
population of the county. For analysis purposes,
the existing nonsewered urban development has
been combined into 15 named major urban con
centrations. The estimated population and urban
development areas of each of these major con
centrations are shown in Table 39.
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Table 38

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAN
SEWAGE TREATMENT PLANTS IN RACINE COUNTY: 1970

Point Source' Civil
Division Known Receiving

Number' Name Location Type of Waste Pretreatment Water Body

1 ~cme Die Casting Corporation ...................... City of Racine Cooling Waters - - Lake Michigan
2 ~lIied Metal Treating Corporation

of Wisconsin ............................................... City of Racine Cooling Waters - - Lake Michigan
3 E. C. Styberg Engineering Company,

Incorporated .............................................. City of Racine Cooling Waters - - Lake Michigan
4 Greene Manufacturing Company ................. City of Racine Cooling Waters - - Lake Michigan
5 Horlicks Corporation ...................................... City of Racine Cooling Waters - - Lake Michigan
6 In-Sink-Erator Manufacturing Division,

Emerson Electric Company ...................... City of Racine Cooling Waters - - Lake Michigan
7 Jacobsen Manufacturing Company ............. City of Racine Cooling Waters - - Lake Michigan
8 J. I. Case Company ........................................ City of Racine Cooling Waters - - Lake Michigan
9 Modine Manufacturing Company ................. City of Racine Cooling Waters - - Lake Michigan

10 Moxness Products, Incorporated ................. City of Racine Cooling Waters - - Lake Michigan
11 Progressive Dairy Products Com~any ......... City of Racine Cooling Waters - - Lake Michigan
12 City of Racine Water Treatment lant ......... City of Racine Waste Water Sludge Sedimentation Lake Michigan
13 Racine Hydraulics, Division of

Rex Chainbelt Incorporated ..................... City of Racine Cooling Waters - - Lake Michigan
14 Racine Industrial Machinery Company ....... City of Racine Cooling Waters - - Lake Michigan
15 Racine Steel Castings Company ................... City of Racine Cooling Waters - - Lake Michigan
16 Rainfair, Incorporated ................................... City of Racine Cooling Waters - - Lake Michigan
17 S. C. Johnson and Son, Incorporated .......... City of Racine Cooling Waters - - Lake Michigan
18 Twin Disc, Incorporated ................................ City of Racine Cooling Waters - - Lake Michigan
19 Walker Forge, Incorporated .......................... City of Racine Cooling Waters - - Lake Michigan
20 Walker Manufacturing Company .................. City of Racine Cooling Waters - - Lake Michigan
21 Webster Electric Company, Incorporated ... City of Racine Cooling Waters - - Lake Michigan
22 Western Publishing Company,

Incorporated .............................................. City of Racine Cooling Waters - - Lake Michi~an
23 Bardon Rubber Products Company ............. Village of Union Grove Cooling Waters - - Des Plaines iver
24 Casey's Locker Plant ...................................... Village of Union Grove Meat Processing Wastes Septic Tank West Branch Root

River Canal
25 Meeter Brothers and Company .................... Village of Union Grove Cooling Waters - - Des Plaines River
26 Wisconsin Rubber Products Company ........ Village of Union Grove Cooling Waters - - Des Plaines River
27 Young Radiator Company ............................. Town of Caledonia Cooling Waters - - Lake Michigan
28 Pure Milk Association .................................... Town of Dover Process Wastes Seepage Lagoon Eagle Lake
29 S. C. Johnson and Son, Incorporated .......... Town of Mt. Pleasant Cooling Waters - - Pike River
30 Fohrs Meat Service ........................................ Town of Raymond Meat Processing Wastes Septic Tank Root River

Canal
31 Harry Hansen Meat Service ......................... Town of Raymond Meat Processing Wastes Septic Tank West Branch Root

River Canal

lAs identified in Wisconsin Department of Natural Resources river basin
survey reports and pollution abatement orders and by selected municipal
public works departments; does not include industrial waste sources dis
charging to municipal sanitary sewerage systems.

'See Map 39.
Source: SEWRPC.

Concluding Remarks-Racine County
Inventories conducted under the regional sanitary
sewerage system planning program revealed that
in 1970 there existed in Racine County a total
of 14 public sanitary sewerage systems which
together served a total area of about 29 square
miles, or about 9 percent of the total area of the
county, and a total population of about 135,900
persons, or about 78 percent of the total popula
tion of the county. Seven sewage treatment facili
ties provide treatment for sewage generated in
these 14 public sanitary sewerage systems. The
Village of North Bay, the Town of Caledonia Sewer
Utility District No.1, and the Town of Mt. pleas
ant Sewer Utility District contract with the City
of Racine for sewage treatment. The Crestview
Sanitary District contracts with the North Park
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Sanitary District for sewage treatment. Finally,
the Villages of Rochester and Waterford and the
Town of Rochester Sewer Utility District No. 1
together form the Western Racine County Sewer
age District for sewage treatment purposes. In
addition to the 14 public sanitary sewerage sys
tems, an additional 14 sewage treatment facilities
serving primarily single, isolated land uses were
found in the inventory. The inventory revealed
that as of 1970 there were four proposed public
sanitary sewerage systems, all of which are pro
posed to serve existing urban development along
lake shorelines. Finally, in 1970 there were an
estimated 11,800 persons residing in urban areas
in Racine County not served by public sanitary
sewer service. Together these areas totaled
about 4. 7 square miles.
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Sewage from the City of Delavan is treated at
a sewage treatment plant located on Turtle Creek,
to which effiuent is discharged (see Figure 49).
The plant has a site area of about 10 acres, of
which about three acres are currently utilized,
leaving seven acres potentialiyavailable for fuLure
uSe. The plant site is bounded on all sides by
wetlands, floodlands, and other open lands. The
plant, a high-rate trickling filter type, was con
structed in 1930 and extensively modified in 1949.
The average hydraulic design capacity of the plant
is 1.0 mgel, with an estimated peak hydraulic
design capacity of L 5 mgel. The average hydraulic
loading on the plant in 1970 was estimated at
O. 7 rogel, indicating that the plant does have
adequate capacity to treat the average daily flow
from the sewer service area. The treatmen t
processes provided by Lhe plant are classified as
secondary leve I.

systems is described in the foliowing paragraphs.
Pertinent characteristics of each system are pre
sented in Tables 40 and 41.

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS IN RACINE COUNTY

BY MAJOR URBAN CqNCENTRATION: 1970

Table 39

The location and configuration of all major trunk
sewers serving the City of Delavan are shown on

JUrNn development is defined in this context as concentratIons of ur~n land uses within an)'
liven U. S. Pubbc Land Survey quarter section that has at /fast 32 housing units, or an average
01 OIl! /lQusing unit per five uoss acres. and IS not sermJ by public sanitary sewers.
1~""ip39.
JEqlUl to 4.7 SQuare miles.
Soun:~ SEWRf'C.

City of Delavan: The existing service area of
the City of Delavan sanitary sewerage syslem
is shown on Map 40. This area totals about
2.4 square miles and has a resident population of
about 5,400 persons. The entire area is serviced
by a separate sanitary sewer system.
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Existing Public Sanitary Sewerage Systems
There are a total of 11 existing public sanilary
sewerage systems in Walworth County which pro
vide centralized sanitary sewer service to sub
areas of the county. These include the systems
operated by the Cilies of Deiavan, Elkhorn, Lake
Geneva, and Whitewater; and the Villages of
Darien, East Troy, Fontana, Genoa City, Sharon,
Walworth, and Williams Bay. Togelher, these
systems serve a total area of about 11. 8 square
miles, or about 2 percent of the total area of the
county, and a total population of "bout 35,500, or
about 56 percent of the total population of the
county. Each of these public sanilary sewerage

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS AND EXISTING POINT

SOURCES OF WASTEWATER OTHER THAN SEWAGE
TREATMENT PLANTS IN RACINE COUNTV: 1970

Source:

Significant concentrations of unsewered urban develop.
.ent in Racl oe County are of two types. The first
type consists of unsewered subdivisions in the Towns
of Caledonia and Nt. Pleasant in eastern Racine County
which represent the remnants of larger unsewered urban
areas that developed raPidly in the late 1950, and
early 1960,. Sanitary sewer service Is in the process
of being provided to nearly all of these. remaining
unsewered areas. The second type consists of lake
and river-oriented development. particularly around
Eagle, Bohner, Browns, Tlchigan, and Wind Lakes.
Central ized sanitary sewer service has been prov·ided
to the Browns Lake area since 1970, with addit ional
sewerage $yste~a being planned for the urban develop
lIent around Eagle. Tichiglln. and Wind Lakes. The
31 known point sources of wastewater other than
sewage treatment plants in Racine County are also
shown on this lIap. Such sources are primarily con
centrated in the Racine and Union Grove areas of
the county.

I

I
I

I

I

I
I
I

I
I
I

I

I

I

I

I

I

I
191



Tab I e ~O

AREA AND POPULATION SF.RVED BY EXISTING AND LOCALLY PROPOSED
SANITARY SEWERAGE SYSTEMS III WALWORTH COUIITY: 1970

Estimated Service Area
Existing Proposed l

Estimated
S~uare S~uare Population Treatment of Sewage

Name of Public Sanitary Sewerage System Acres iles Acres iles Served2 (See Table 41)

Ex~~~n~\~~:n ............................................................ 1,553 2.43 1,834 2.86 5.400 Operates a Facility
City of Elkhorn ............................................................. 1,265 1.98 1,332 2.08 4,000 Operates aFacility
City of Lake Geneva .................................................... 985 1.54 2,213 3.45 4,700 Operates aFacility
City of Whitewater ....................................................... 1,048 1.64 12,1183 18.933 12,000 Operates aFacility
Village of Darien .......................................................... 260 0.41 900 Operates aFacility
Village of East Troy ..................................................... 292 0.46 308 0.48 1,700 Operates aFacility
Village of Fontana ....................................................... 880 1.38 1,589 2.48 1,600 Operates a Facility
Village of Genoa City ................................................... 131 0.20 211 0.32 900 Operates a Facility
Village of Sharon ......................................................... 274 0.43 III 0.17 1,200 Operates a Facility
Village of Walworth ..................................................... 262 0.41 1,033 1.61 1,600 Operates a Facility
Village of Williams Bay ................................................ 615 0.96 550 0.86 1,500 Operates aFacility

Proposed Systems
Town of Lyons Sanitary District No.2 ...................... 247 0.39
Delavan Lake Sanitary District .................................. 2,475 3.87
Lake Como ................................................................... 922 1.40
Town of East Troy Sanitary District No.2 ................ 270 0.42

County Total ..................................................................... 7,565 11.84 25,213 39.32 35,500

lAs identified in locally prepared plans and enKineering reports.
2Based upon an approximation of the existmg sewer service area by U.S.
Public Land Survey quarter section.

31ncludes 960 acres (1.50 square miles) in Rock County and 4,563 acres (7.13
square miles) in Jefferson County.

Source: SEWRPC.

Tab I e ~ I

SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE
TREATMENT FACILITIES IN WALWORTH COUNTY: 1970

Design Capacity
Date of

Estimated Estimated Original Average
Name of Total Total Construction Type of level of Average Peak Organic

Public Sewage Area Served Population and Major Treatment Treatment Hydraulic Hydraulic (Pounds Population
Treatment Facility (Square Miles) Served Modification Provided Provided Disposal of Effluent Population (MGD) (MGDI CBDD,/Day) Equivalent!

City of Delavan 2.43 5,400 1930.1949 Trickling Filter Secondary Turtle Creek 10,000 10 15 N/A N/A
City of Elkhorn .......... 198 4,000 1927,1949 TTickling Filter Secondary Jackson Creek N/A 0.5 N/A 1,513 7,205
City of lake Geneva. 1.54 4,700 1930,1966

Ac~~;t~~n~l~i~~~ &
Secondary White River 9,750 1.1 N/A 1,890 9,000

City of Whitewater. 1.64 12,000 1937,1967 Secondary Whitewater Creek 35,750 2.5 3.75 6,080 2,895

Village of Darien5 ........

Trickling Filter
N/A 0.14 0.28 245 1,1670.41 900 1968 Activated Sludge Secondary Seepage lagoon

Village of East Troy . 0.46 1,700 1960 Trickling Filter Secondary Honey Creek 2,770 0.32 0.64 417 1,988
Village of Fontana ............ 1.38 1,600 1957 Trickling Filter Secondary Seepage la~oon 4,000 0.40 0.80 680 3,238
VilIage.of Genoa City . 0.20 900 1923, 1959 Trickling Filter Secondary Ni~persink reek N/A 0.12 0.24 200 952
Village of Sharon .... 0.43 1,200 1960 Trickling Filter Seco~dary haran Creek N/A 0.15 0.30 261 1,243
Village of Walworth ............. 0.41 1,600 1952, 1965 Trickling Filter Tertiary Piscasaw Creek N/A 0.15 0.30 1,480 7,048
Village of Williams Bay .... 0.96 1,500 1931,1968 Activated Sludge Secondary Seepage lagoon 6,500 0.79 1.2 1,100 5,238

Sewage Strength Parameters Industrial Overall Plant Efficiency
Existing loading -1970 in Influent Sew!!ie Flows Percent Removals

Average Reserve Design Estimated Nr9'7~epl~fn~Hg~nName of Average Average Peak Organic Hydraulic CBOD, Suspended Total Organic Ammonia Average Daily Flow CBOD, Suspended Total
Public Sewage Hydraulic Per Capita Hydraulic (Pounds Capacity Solids Phosphorus Nitrogen-N Nitrogen·N Di~G~i

1970 Solids Phosphorus (PI Exceeded Plant
Treatment Facility (MGD) (GPO) (MGD) CBOD 5 /Dayl (MGD) (mg/1) (mgll) (mg/1) (mg/1) (mg/1) (MGO) (Percenij (percent) (Percent) Metereapacity

City of Delavan 0.7 130 N/~ N/A 0.3 58' N/~ 8.0 ' N/A N/A N/A N/A 69' N/A 6' N/A
City of Elkhorn ......... 0.7 175 N/A N/A None 152' 141' N/A N/A N/A N/A N/A 97' 97' N/A N/A
City of lake Geneva .... 0.64 136 N/A N/A 0.46 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
City of Whitewater .. 1.51 126 N/A N/A 0.99 615' 298' 16.35' N/A N/A N/A 0.58' 83' 36' 7' N/A

Village of Darien5 .... -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Village of East Troy 0.18 106 N/A N/A 0.14 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Fontana ........... 0.50 312 N/A N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Genoa City . 0.076 84 N/A N/A 0.044 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Sharon .... 0.045 37 N/A N/A 0.105 N/A N/A 60 N/A N/A N/A N/A N/A N/A 0 N/A
Village at Walworth ...... 0.15 92 N/A N/A None N/A N/A 13.5 N/A 7.8 N/A N/A N/A N/A 4 N/A
Village of Williams Bay 0359 239 N/A N/A 0.431 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NOTE: N/A indicates data not available.

1The population design capacity for a given sewage treatment facility was obtained directly from engi
neerinQ reports prePDred by or fo~ the local unit o~ gover".ment oper~ting the. facility and reflects as-

~~~~i~~i~nm~~~ btyt~iv~~~:ih~nw:::;~ ~~~G:~~~:g~ fnq~~~:dl g::'~~y~a:ier f:~~ ~~tir:;,~te:n:fn:::'
i".g reporls, by an estimated ~r capita contributi~n of 0.21 pound of CBOD5 per day. If the design en
gmeer assumed a different dally per capita contnbution 0'. GBOD5, the population equivalent design ca
PDcity will differ from the population design caPDcity shown m the Table.

Source: Wisconsin DePDrlment of Natural Resources and SfWRPG.
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Map 40

EXISTING AND LOCALLY PROPOSED PUBLIC SANITARY SEWERAGE SYSTEMS
AND OTHER SEWAGE TREATMENT FACILITIES IN WALWORTH COUNTY

1970
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Figure ~9

CITY OF DELAVAN SEWAGE TREATMENT PLANT

Photo by Ro~er R. Ross and Joseph C. Ruys.

Map 40. There are no known points of sewer
overflow or bypassing in the City of Delavan sani
tary sewerage system except for a bypass located
at the sewage treatment plant. The inventory
revealed that the city had a documented plan for
the provision of sewer service to an additional
2. 9 square mile area, which area is shown on
Map 40. No locally proposed trunk sewers to
serve this additional area, however, were found
in the inventory.

Management of the City of Delavan sanitary sew
erage system is under the direction of the Mayor
and Common Council. Day-to-day administration
of the system is provided by the City Engioeer.
Financing of the system is provided through
a sewer service charge equal to 50 percent of
a consumer's water bill. Data pertaining to
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the City of Delavan sanilary Sew
erage system were not made available by the city.

City of Elkhorn: The existing service area of
the City of Elkhorn sanitary sewerage system
is shown on Map 40. This area totals about two
square miles and has a resident population of
about 4,000 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the City of Elkhorn is treated at
a sewage treatment plant located on a minor
tributary to Jackson Creek, to which effluent is
discharged (see Figure 50). The plant has a site
area of about three acres, all of which are cur
rently utilized. The plant site is bounded by resi
dential land uses on the north and by agricultural
and open lands on the east, west, and south. The
plant, a trickling filter type, was constructed in
1927 and expanded in 1949. The average hydraulic
design capacity of the plant is 0.5 mgd. The
average hydraulic loading on the plant in 1970 was
estimated at 0.7 mgd, indicating that the plant did
not have adequate capacity to treat the average
daily flow from the existing sewer service area.
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Figure 50

CITY OF ELKHORN SEWAGE TREATMENT PLANT

Photo by Roger R. Ross and Joseph C. Ruys.

In addition, it should be noted that the city is
experiencing severe problems due to extreme
amounts of clear water inflow to the sewerage
system. The city is currently under orders from
the Wisconsin Department of Natural Resources to
take steps to eliminate the extensive clear water
inflows in the sewerage system. The treatment
processes provided by the plant are classified as
secondary level.

The location and configuration of all major trunk
sewers serving the City of Elkhorn are shown on
Map 40. Other than a bypass at the treatment
plant, there are no known points of sewer overflow
or bypassing in the City of Elkhorn sanitary sew
erage system. The inventory revealed that the
city had a documented plan for the provision of
sewer service to an additional two square mile
area, wbich area is shown on Map 40. No locally
proposed trunk sewers to serve this area, how
ever, were found in the inventory.
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Management of the City of Elkhorn sanitary sew
erage sys tern is under the direction of the Mayor
and Common Council. Day-to-day administration
of the system is provided by the Street Com
missioner. Financing of the system is provided
througb a sewer service charge equal to 65 per
cent of a consumer's water bill. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the City of Elkborn sanitary sewerage system
approximated $250,426, or about $63 per capita.
Of this total, $25,843, or about $7 per capita, was
expended for operation and maintenance and
$224,583, or about $56 per capita, was expended
for capital improvements.

City of Lake Geneva: The existing service area
of the City of Lake Geneva sanitary sewerage
system is shown on Map 40. This area totals
about 1. 5 square miles and has a resident popu
lation of about 4,700 persons. The entire area is
served by a separate sanitary sewer system.



Sewage from the City of Lake Geneva is treated
at a sewage treatment plant located on the White
River, to which effluent is discharged (see Figure
51). The piant has a site area of about 15 acres,
of whicb two acres are currently utilized leaving
13 acres available for future use. The plant site
is bounded by residential land use on the west and
by open and agricultural lands on the north, south,
and east. The plant, a trickling filter type, was
originally constructed in 1930 and extensively
modified in 1966. The average hydraulic design
capacity of the plant is 1. 1 mgd. The average
hydraulic loading on the plant in 1970 was esti
mated at 0.6 mgd, indicating that the plant has
adequate capacity to treat the average daily flow
from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level.

The location and configuration of all major trunk
sewers serving the City of Lake Geneva are sbcwn
on Map 40. Except for a bypass at the sewage
treatment plant, there are no known points of
sewer overflow or bypassing in the City of Lake

Geneva sanitary sewerage system. The inventory
revealed that the city had a documented plan for
the provision of sewer service to an additional
3.5 square mile area, which area is shown on
Map 40. No locally proposed trunk sewers to
serve this additional area, however, were found
in the inventory.

Management of the City of Lake Geneva sanitary
sewerage system is under the direction of the
Mayor and Common Council. Day-to-<tay admin
istration of the system is provided by the Sewer
and Water Superintendent. Financing of the system
is provided through a sewer service charge equal
to 100 percent of a consumer's water bill. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the City of Lake Geneva sanitary
sewerage system approximated $113,153, or about
$24 per capita. Of this total, $65,153, or about
$14 per capita, was expended for operation and
maintenance and $48,000, or about $10 per capita,
was expended for capital improvements.

Figure 51

CITY OF LAKE GENEVA SEWAGE TREATMENT PLANT

Photo by Ro~eT R. Ross and Joseph C. Ruys.
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City of Whitewater: The existing service area of
the City of Whitewater sanitary sewerage system
is shown On Map 40. This area totals about
1. 6 square miles and has a reSident population of
about 12,000 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the City of Whitewater is treated at
two parallel sewage treatmeot facilities located
on Whitewater Creek, to which effluent is dis
charged (see Figure 52). The plant has a si te
area of ailout eight acres I of which about six acres
are currently utilized, leaving two acres available
for future use. The plant site is bounded by resi
dential land uSe on the south, commercial land
use on the north, agricultural land use on the
east, and Whitewater Creek on the west. The first
plant, a trickling filter type plant, was constructed
in 1937. The second plant, an activated sludge

type plant, was constructed in 1967. The com
bined average hydraulic design capacity of the
two plants is 2.5 mgd, with an estimated combined
peak hydraulic desigu capacity of 3. 75 mgd. The
average hydraulic ~oading on the combined plant
in 1970 was estimated at 1. 5 mgd, indicating
that the plant has adequate capacity to treat the
average daily flow from the existing sewer ser
vice area. The treatment processes provided by
both the trickling filter and the activated sludge
plants are classified as secondary level. It should
be noted that the city is under orders by the
Wisconsin Department of Natural Resources to
provide a more satisfactory level of sewage treat
ment at the existing plant. An engineering report
has been prepared in response to this order,
which report recommends the establishment of
a new sewage treatment facility together with
plant expansion. Special problems are posed by

Figure 52

CITY OF WHITEWATER SEWAGE TREATMENT PLANT

photo by Ro~er R, Ross and Joseph C. Ruys.
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the large volumes of waste waters contribuled to
the sewage treatment facility by the Hawthorne
Melody and Foremost Dairy industrial plants. For
example, the Hawthorne Melody Dairy contributed
about 0.5 mgd to the plant in early 1972.

The location and configuration of ali major trunk
sewers serving the City of Whitewater are shown
on Map 40. There is one known point of sewage
flow relief in the City of Whitewater sanitary
sewerage system-a gated bypass. The inven
tory revealed that the city has a documented
plan to provide sewer service to an additional
18. 9 square mile area, which area is shown on
Map 40. The locally proposed trunk sewers to
serve the additional area and to relieve existing
problems within the existing Sewer service area
are also shown on Map 40.

Management of the City of Whitewater sanitary
sewerage system is under the direction of the
Mayor and Common Council. Day-to-day admin
istration of the system is provided by the City
Manager. Financing of the system is provided
through the general property tax and a sewer ser-

vice charge equal to 100 percent of a consumer's
water bill. Total expenditures during 1970 for
operation, maintenance, and capital improvements,
including debt retirement, for the City of White
water sanitary sewerage system approximated
$135, 919, or about $11 per capita. Of this total,
$83,581, or about $7 per capita, was expended
for operation and maintenance and $52,338, or
about $4 per capita, was expended for capital
improvements.

Village of Darien: The existing service area of
the Village of Darien sanitary sewerage system
is shown on Map 40. This area totals about
0.4 square mile and has a resident population of
about 900 persons. The entire area is served by
a separate sanitary sewer system.

Sewage from the Village of Darien is treated at
a sewage treatment plant located on a minor
drainage ditch tributary to Turtle Creek, to which
overflow effluent from a seepage lagoon could be
discharged (see Figure 53); the plant has been
designed, however, to result in no discharge to
the surface water system. The plant has a site

Figure 53

VILLAGE OF DARIEN SEWAGE TREATMENT PLANT

Photo by Roger R. Ross Bnd Joseph C. Ruys.
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area of about 9. 6 acres, of which about six acres
are currently utilized, leaving 3.6 acres avail
able for future use. The plant site is bounded by
a county trunk highway on the north and agricul
tural land uses on the south, west, and east. The
plant, an activated sludge type, was constructed
in 1968 and placed into operation in late 1970. The
average hydraulic design capacity of the plant is
0.14 mgd, with an estimated peak hydraulic design
capacity of 0.28 mgd. The average hydraulic
loading on the plant in 1970 was negligible, since
house connections had not yet been completed.
The treatment processes provided at the plant are
classified as secondary level.

The location and configuration of the major trunk
sewers serving the Village of Darien are shown on
Map 40. There are no known points of sewer over
flow or bypassing in the Village of Darien sanitary
sewerage system. The inventory revealed that the
village did not have a documented plan for expan
sion of its sewerage system.

Management of the Village of Darien <sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Sewer and Water Super
intendent. Financing of the system is provided
through the general property tax and a sewer ser
vice charge of $15 per quarter per connection plus
150 percent of a consumer's water bill for all
water used above a specified amount. Data per
taining to expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the Village of Darien sanitary
sewerage system were not available.

Village of East Troy: The existing service area
of the Village of East Troy sanitary sewerage
system is shown on Map 40. This area totals
about 0.46 square mile and has a resident popu
lation of about 1,700 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of East Troy is treated at
a sewage treatment plant located on Honey Creek,
to which effluent is discharged (see Figure 54).
The plant has a site area of about 5.5 acres, of
which two acres are currently utilized leaving
3. 5 acres available for future use. The plant site
is bounded by open lands on all sides. The plant,
a trickling filter type, was constructed in 1960.
The average hydraulic design capacity of the plant
is 0.32 mgd, with a peak hydraulic design capacity
estimated to be O. 6 mgd. The average hydraulic
loading on the plant in 1970 was estimated at
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0.18 mgd, indicating that the plant has adequate
capacity to treat the average daily flow from the
sewer service area. The treatment processes
provided at the plant are classified as secon
dary level.

The location and configuration of the major trunk
sewers serving the Village of East Troy are
shown on Map 40. There is one known point of
sewer overflow or bypassing in the Village of East
Troy sanitary sewerage system-a bypass. The
inventory revealed that the village had a docu
mented plan for the provision of sewer service to
an additional 0.5 square mile area, which area
is shown on Map 40. No locally proposed trunk
sewers to serve this additional area, however,
were found in the inventory.

Management of the Village of East Troy sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Superintendent of Public
Works. Financing of the system is provided
through the general property tax. Total expendi
lures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the Village of East Troy sanitary sewerage
system approximated $35,253, or about $21 per
capita. Of this total, $11,734, or about $7 per
capita, was expended for operation and mainte
nance and $23,519, or about $14 per capita, was
expended for capital improvements.

Figure 5~

VILLAGE OF EAST TROY SEWAGE TREATMENT PLANT

Photo by Roger R. Ross and Joseph C. Ruys.



Village of Fontana-on-Geneva Lake: The existing
service area of the Village of Fontana sanitary
sewerage system is shown on Map 40. This area
totals about 1. 4 square miles and has a resident
population of about 1,600 persons. The enttre area
is served by a separate sanitary sewer system.

Sewage from the Village of Fontana is treated at
a sewage treatment plant located near the north
western corner of tbe village (see Figure 55).
Effluent from the plant is discbarged to a seepage
lagoon which has no outlet. The plant has a site
area of about 55 acres, of which 16 acres are
currently utilized, leaving 39 acres available for
future use. The plant site is bounded byagricul
tnral lands on all sides. The plant, a high-rate
trickling type, was constructed in 1957. The
average hydraulic design capacity of the plant is
O. 4 mgd, with a peak hydraulic design capacity of
O. 8 mgd. The average hydraulic loading of the
plant in 1970 was estimated at O. 5 mgd, indicating
that the plant does not have adequate capacity to
treat the average daily flow from the sewer ser
vice area. The treatment processes provided at
the plant are classified as secondary level. It
should be noted that the village placed into opera
tion in January 197.3 an addition to the sewage
treatment plant so that the plant now has an aver
age hydraulic design capacity of O. 9 mgd and a
peak hydraulic design capacity of 1. 8 mgd.

The location and configuration of all major trunk
sewers and pumping and lift stations and re lated
force mains comprising the Village of Fontana
sanitary sewerage system are shown on Map 40.

There are no known points of sewer overflow or
bypassing in the Village of Fontana sanitary Sew
erage system. The inventory revealed that the
village had a documented plan for the provision of
sewer service to an additional 2.5 square mile
area, which area is shown on Map 40. No locally
proposed trunk sewers to serve this additional
area, however, were found in the inventory_

Management of the Village of Fontana sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Water and Sewer Super
intendent. Financing of the system is provided
through a sewer service charge of $9 per quarter
per connection. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Village
of Fontana sanitary sewerage system approxi
mated $57,677, or about $36 per capita. Of this
total, $20,800, or about $13 per capita, was
expended for operation and maintenance and
$36,877, or about $23 per capita, was expended
for capital improvements.

Village of Genoa City: The existing service area
of the Village of Genoa City sanitary sewerage
system is shown on Map 40. This area totals
about O. 2 square mile and has a resident popula
tion of about 900 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Genoa City is treated
at a sewage treatment piant located on Nipper
sink Creek, to which effluent is discharged (see

Figure 5S

VILLAGE OF FONTANA SEWAGE TREATMENT PLANT

1970 SEWRPC Photo. Photo by Roger R, Ross and Joseph C. Ruys.
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Figure 56). The plant has a site area of ahout five
acres, of which four acres are currently utilized,
leaving one acre availahle for future use. The
plant site is hounded hy residential land uses on
the north and east, the Wisconsin-Illinois state
line on the south, and Nippersink Creek on the
west. The plant, a trickling filter type, was
initially constructed in 1923 and extensively modi
fied in 1959. The average hydraulic design capa
city of the plant is 0.12 mgd, with an eStimated
peak hydraulic design capacity of 0.24 mgd. The
average hydraulic loading on the plant in 1970 was
estimated at 0.08 mgd, indicating that the plant
has adequate capacity to treat the average daily
flow from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level,

The location and configuration of the major trunk
sewers serving the Village of Genoa City are
shown on Map 40. There are no known points of
sewer overflow or bypassing in the Village of
Genoa City sanitary sewerage system. The inven
tory revealed that the village had a documented
plan for the provision of sewer service to an addi
tional O. 3 square mile area, which area is shown

Figure 56

VILLAGE OF GENOA CITY SEWAGE TREATMENT PLANT

Photo by Ro~er R. Ross and Joseph C. Ruys.
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on Map 40. No locally proposed trunk sewers to
serve this additional area, however, were found
in the inventory.

Management of the Village of Genoa City sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Water and Sewer Utility
Superintendent. Financing of the system is pro
vided through the general property tax and a sewer
service charge equal to 55 percent of the con
sumer's water bill. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Genoa City sanitary sewerage system
apprOXimated $33,818, or about $38 per capita.
Of this total, $9,457, or about $11 per capita,
was expended for operation and maintenance and
$24,361, or about $27 per capita, was expended
for capital improvements.

Village of Sharon: The existing sewer service
area of the Village of Sharon sanitary sewerage
system is shown on Map 40. This area totals
about 0.4 square mile and has a resident popula
tion of about 1,200 persons. The entire area Is
served by a separate sanitary sewer system.

Sewage from the Village of Sharon is treated at
a sewage treatment plant located on Sharon Creek,
to which effluent is discharged (see Figure 57).
The plant has a site area of about two acres, of
which 0.5 acre is currently utilized, leaving
1. 5 acres available for future use. The plant site
is bounded by agricultural land uses on all sides.
The plant, a trickling filter type, was constructed
in 1960. The average hydraulic design capacity
of the plant is O. 15 mgd, with an estimated peak
hydraulic design capacity of 0.3 mgd. The aver
age hydraulic loading on the plant In 1970 was
estimated at 0.05 mgd, indicating that the plant
has adequate capacity to treat the average daily
flow from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level.

The location and configuration of the major trunk
sewers serving the Village of Sharon are shown on
Map 40. There are two known points of sewage
flow relief in the Village of Sharon sanitary sew
erage system-a bypass at the treatment plant
and a portable pumping station. The inventory
revealed that the village had a documented plan
for the extension of its sanitary sewerage system
(see Map 40).



Figure 57

VILLAGE OF SHAROH SEWAGE TREATMEHT PLANT

Photo by Roger R. Ross and Joseph C. Ruys,

Management of the Village of Sharon sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the treatment plant opera
tor. Financing of the system is provided through
a sewer service charge of $12 per quarter per
connection plus an amount equal to 75 percent of
the consumer's water bill. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, tncluding debt retirement, for
the Village of Sharon sanitary sewerage system
approximated $26,038, or about $22 per capita.
Of this total, $12,820, or about $11 per capita,
was expended for operation and maintenance and
$13,218, or about $11 per capita, was expended
for capital improvements.

Village of Walworth: The existing Sewer service
area of the Village of Waiworth sanitary sewerage
system is shown on Map 40. This area totals
about 0.4 square mile and has a resident popula
tion of ahout 1,600 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Walworth is treated at
a sewage treatment plant located at the western
village limits, with effluent piped to flow-through
lagnons for final effluent treatment located about
three miles from the treatment plant on Piscasaw
Creek, to which the final effluent is discharged
(see Figure 58). In total, the plant has a site area
of about 24 acres, of which four acres represent
the sewage treatment plant site at the western
village limits, and 20 acres represent the effluent
lagoon site located on the Piscasaw Creek. Of the
20 acres located on Piscasaw Creek, 10 acres are
currently utilized, leaving 10 acres available for
future use. The existing plant site is bounded by
agricultural land uses on all sides. The Piscasaw
Creek site is also bounded by agricultural land
uses on all sides. The plant, an Imhoff tank
trickling filter type, was initially constructed
in 1952 and extensively modified in 1965. The
lagoons located on Piscasaw Creek were also
added in 1965. The average hydraulic design
capacity of the plant is 0.15 mgd, with an esti
mated peak hydraulic design capacity of 0.3 mgd.
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Figure 58

VILLAGE OF WALWORTH SEWAGE TREATMENT PLANT

1970 SEIVRPC PIloto.

The average hydraulic loading on the plant in 1970
was estimated at 0.15 mgd, indicating that the
plant is operating at the design capacity. The
treatment processes provided at the plant are
classified as tertiary level.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Walworth
sanitary sewerage system are shown on Map 40.
Except for a bypass located at the treatmen t plant,
there are no known points of sewer overflow or
bypassing in the Village of Walworth sanitary
sewerage system. The inventory revealed that
the village had a documented plan for the provision
of sewer service to an additional 1. 6 square mife
area, which area is shown on Map 40. Locally
proposed sewers to serve this additional area are
also shown on Map 40. ill addition, it should be
noted that the village proposed in 1972 the aban
donment of the existing sewage treatment plant
site at the western limits of the village and the
construction of a new activated sludge type
advanced sewage treatment plant to be located at
the Piscasaw Creek plant site. This proposed
planL would have an average hydraulic design
capacity of 0.3 mgd, with a peak hydraulic design
capacity of 0.48 mgd.

Management of the Village of Walworth sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Water and Sewer Utility
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Photo by Roger R. Ross and Joseph C. Ruys,

Superintendent. Financing of the system is pro
vided through a sewer service charge of $6 per
month per connection plus a per gallon charge
for all water used in excess of 5,000 gallons
per month. Data pertaining to expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Walworth sanitary sewerage system
were not made available by the village.

Village of Williams Bay: The existing service
area of the Village of Williams Bay sanitary
sewerage system is shown on Map 40. This
area totals about one square mile and has a resi
dent population of about 1,500 persons. The
entire area is served by a separate sanitary
sewerage system.

Sewage from the Village of Williams Bay is
treated at a sewage treatment plant located at the
northern village limits (see Figure 59). Effluent
from the plant is discharged to a s'eepage lagoon
which has no outlet. The plant has a site area of
about 34 acres, of which 11 acres are currently
utilized, leaving 23 acres available for future
use. Since 1970 the village has purchased an
additional 80 acreS for future sewage treatment
use. The plant site is bounded by agricultural
land uses on the west and north, residential land
uses on the south, and STH 67 on the east. The
plant, an activated sludge type, was initially con
structed in 1931 and extensively modified in 1968.
The average hydraulic destgn capacity of the plant



Figure 59

VILLAGE OF WILLIAMS BAY SEWAGE TREATMENT PLANT

1970 SEWRPC Photo.

is 0.8 mgd, with a peak hydraulic design capacity
of 1.2 mgd. The average hydraulic loading on the
plant in 1970 was estimated at 0.4 mgd, indicating
that the plant has adequate capacity to treat the
average daily flow from the sewer service area.
The treatment processes provided at the plant are
classified as secondary level.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Williams
Bay sanitary sewerage system are sho'Wl1 on
Map 40. There are no known points of sewer
overflow or bypaSSing in the Village of Williams
Bay sanitary sewerage system. The inventory
revealed that the village had a documen ted plan
for the provision of sewer service to an additional
o. 9 square mile area, which area is shown on
Map 40. No locally proposed trunk Sewers to
serve this additional area, however, were found
In the Inventory.

Management of the Village of Williams Bay sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Superintendent of
Sewers. Financing of the system is proVided
through a sewer setvice charge equal to 100 per
cent of the quarterly water bill. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the Village of Williams Bay sanitary sewerage
system approximated $51,900, or about $35 per
capita. Of this total, $31,015, or about $21 per
capita, was expended for operation and mainte
nance and $20,885, or about $14 per capita, was
expended for capital improvements.

Photo by Ro~er R. Ross and Joseph C. Ruys.

Proposed Public Sanitary Sewerage Systems
The inventory revealed that as of 1970 there were
four proposed public sanitary sewerage systems
in Walworth County which would provide central
ized sanitary sewer service to subareas of the
county. These four systems would serve the Town
of Lyons Sanitary District No.2, the Delavan Lake
Sanitary District, urban development on the shore
of Lake Como, and the Town of East Troy Sanitary
District No.2. Together these four proposed
systems would serve a total area of about six
square miles, or 1 percent of the county, and
a total existing population of about 5,000, or
8 percent of the total population of the county.
Each of these four proposed public sanitary
sewerage systems is described in the follow
ing paragraphs.

Town of Lyons Sanitary District NO.2: The Town
of Lyons Sanitary District No. 2 was formed in
1970 to provide sanitary sewer service to existing
urban development in the unincorporated place of
Lyons, located on the White River about midway
between the Cities of Lake Geneva and Burlington.
The district was formed in response to a water
pollution abatement order issued to the town by
the Wisconsin Department of Natural Resources.
The district has hired a consulting engineer and
is in the process of conducting engineering studies
for the provision of sewer service in response to
the state orders.

The proposed service area of the Town of Lyons
Sanitary District No. 2 is shown on Map 40. This
area totals about 0.4 square mile and has a cur
rent resident population of about 500 persons.
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Management of the Town of Lyons Sanitary Dis
trict No. 2 is under the direction of a three
member commission. Day-to-day administration
of the proposed system is to be provided by
a certified treatment plant ope rator. Operation
and maintenance of the system is to be financed
through sewer service charges and a general
tax levy.

Delavan Lake Sanitary District: The Delavan Lake
Sanitary District in the Towns of Delavan and
Walworth was formed in 1969 to provide sanitary
sewer service to the existing urban development
along the shoreline of Delavan Lake. The forma
tion of this district followed several years of
effort on the part of local residents concerned
with the quality of the water in Delavan Lake and
with malfunctioning septic tank systems along its
lake shoreline. The district has completed engi
neering studies for the construction of a sanitary
sewerage system, including the construction of
a new sewage treatment plant located on a site
adjacent to the existing City of Delavan sewage
treatment plant on Turtle Creek. The proposed
sewage treatment facility would have an average
hydraulic design capacity of 2.0 mgd and a peak
hydraulic design capacity of 4.0 mgd, and would
be an activated sludge type sewage treatment
plant providing a secondary level of treatment.
The district is currently awaiting action on appli
cations for federal and state grants-in-aid in
support of the construction of the needed sew
erage facilities.

The proposed service area of the Delavan Lake
Sanitary District is shown on Map 40. This area
totals about 3. 9 square miles and has a current
resident population of about 2,600 persons.

Management of the Delavan Lake Sanitary District
is under the direction of a three-member com
mission. Day-to-day administration of the pro
posed system is to be provided by a certified plant
operator and superintendent. Operation and main
tenance of the system is to be financed through
a sewer service charge of about $10 per month
per connection.

Lake Como: A new sanitary sewerage system to
serve existing urban development along the shore
line of Lake Como in the Town of Geneva has been
proposed in the adopted comprehensive plan for
the Fox River watershed and has been informally
discussed by the area residents, though no formal
action has been taken to date to form a sanitary or
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a utility district to begin steps toward implemen
tation of the plan recommendation. The proposed
service area of the Lake Como sanitary sewerage
system is shown on Map 40. This area totals
about L 4 square miles and has a current resident
population of about 1,100 persons. The treatment
plant for the proposed system, as recommended
in the Fox River watershed plan, would be located
on a site near Como Creek, to which effluent
would be discharged. An alternative method of
handling the treatment of sewage from Lake Como
would involve transmission of the sewage to the
City of Lake Geneva. This interconnection poten
tial should be investigated in the regional sanitary
sewerage system planning program.

Town of East Troy Sanitary District No.2: A new
sanitary sewerage system to serve existing urban
development along the shoreline of Potters Lake
in the Town of East Troy has been proposed by
the Town of East Troy Sanitary District No.2.
Local residents living in the district have become
increasingly concerned about the quality of water
in Potters Lake and the effect upon such qual
ity caused by inoperative onsite soil absorption
sewage disposal systems. The district has com
pleted preliminary engineering studies for the
construction of a sanitary sewerage system and
has proposed that sewage be conveyed to the
Village of East Troy for sewage treatment on
a contract basis.

The proposed service area of the Town of East
Troy Sanitary District No. 2 is shown on Map 40.
This area totals about 0.4 square mile and has
a current resident population of about 800 persons.

Management of the Town of East Troy Sanitary
District No.2 is under the direction of a three
member commission. Day-to-day administration
of the proposed sewerage system will be prOVided
by a plant superintendent. Operation and main
tenance of the system is to be financed through
sewer service charges.

Other Sewage Treatment Facilities
In addition to the 11 public sanitary sewerage
systems discussed above, there are a total of
nine sewage treatment facilities in Walworth
County which serve, in most cases, a single
isolated land use enclave. These nine sewage
treatment facilities serve the Trent Tube Com
pany in the Village of East Troy; the Pasier
Produce Company and the Genoa City Cooperative
Milk Association in the Village of Genoa City; the



Libby, McNeil and Libby, Inc., canning plant in
the Town of Darien; the Lake Lawn Lodge in the
Town of Delavan; the Walworth County Institutions
and the Walworth County Correctional Center in
the Town of Geneva; the Alpine Valley Resort in
the Town of LaFayette; and the Playboy Club
Hotel in the Town of Lyons (see Map 40). Perti
nent characteristics pertaining to each of these
nine sewage treatment facilities are presented in
Table 42. It should be noted that the Lake Lawn
Lodge facility would be abandoned upon implemen
tation of fhe proposed sanitary sewerage system
for the Delavan Lake Sanitary District.

Other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge

untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
tributary to such streams and watercourses. The
secondary sources consulted included river basin
survey reports and pollution abatement orders of
the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. A total of three such known point sources
of industrial waste water were identified in Wal
worth Couny. The name, civil division location,
type of waste, known pretreatment, and receiving
water body of these three waste sources are iden
tified in Table 43. The location of these three
point sources is shown on Map 41.

Table ~2

SELECTED CHARACTERISTICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN WALWORTH COUNTY: 1970

Name

Alpine Valley Lodge .
Genoa City Cooperative Milk Association .
Lake Lawn Lodge .
Libby, McNeill and Libby, Inc .
Paiser Produce Company .
Playboy Club Hotel .
Trent Tube Company .
Walworth County Correctional Center .
Walworth County Institutions .

Average

Civil Type of Type of
Hbdraulic

DisposaleSlgn
Division Land Use Treatment Capacity of
Location Served Provided (Gallons/DaYI Effluent

Town of LaFayette Recreational Activated Sludge and Seepage Lagoon 40,000 Soil Absorption
Village of Genoa City Industrial Aeration Tank N/A Nippersink Creek

Town of Delavan Recreational Activated Sludge and Sand Filter 100,000 Jackson Creek
Town of Darien Industrial Storage Lagoons N/A Spray Irrigation

Village of Genoa City Industrial Seepage Lagoons N/A Soil Absorption
Town of Lyons Recreational Activated Sludge 500,000 White River

Village of East Troy Industrial Flow·Through Lagoons N/A Honey Creek
Town of Geneva Institutional Activated Sludge and Seepage Lagoon 34,000 Soil Absorption
Town of Geneva Institutional Activated Sludge and Flow·Through Lagoon 230,000 Minor Tributary to

Jackson. Creek

NOTE: N/A indicates data not available.
Source: Wisconsin Department of Natural Resources and SEWRPC.

Table ~3

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAW
SEWAGE TREATMENT PLANTS IN WALWORTH COUNTY: 1970

Point Source! Civil
Division Known Receivin9

Number2 Name location Type of Waste Pretreatment Water Bo y

1 Hawthorne Melody Farms Dairy ................... City of Whitewater Cooling Water - - Whitewater Creek
2 Baker laboratories ......................................... Village of East Troy Cooling Water -- Honey Creek
3 Sharon Foundry ............................................. Village of Sharon Cooling Water - - Sharon Creek

'As identified in Wisconsin Department of Natural Resources river basin
survey reports and pollution abatement orders and by selected municipal
public works departments; does not include industrial waste sources dis
charging to municipal sanitary sewerage systems.

2See Map 41.
Source: SEWRPC.
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MaP 4-1

Source: Wisconsin Department of Natural
Resources and SEWRPC.

The nonsewered urban development areas identi
fied in Walworth County are shown on Map 41.
Together these areas total about 9.8 square
miles, or 1. 7 percent of the total area of the
county, and contain a total population of about
13,500 persons, or about 21 percent of the total
population of the county. For analysis purposes,
the existing nonsewered urban development has
been combined into 31 named major urban con
centrations. The estimated population and urban
development areas of each of these major concen
trations are shown in Table 44.

about 11. 8 square miles, or about 2 percent of
the total area of the county, and a total population
of about 35,500 persons, or about 56 percent of
the total population of the county. An inventory
was conducted in the study to determine the
approximate amount of urban development, and
the population residing therein, in Walworth
County not served in 1970 by public sanitary
sewer service. Each U. S. Public Land Survey
quarter section not having development served
by a centralized sanitary sewerage system was
examined to determine if a significant amount
of urban development was present in 1970. Any
quarter section with at least 32 housing units, or
an average of one housing unit per five gross
acres, was deemed to be urban. The major pur
pose in identifying such concentrations of urban
development was to provide the basis for analyzing
the potential of providing public sanitary sewer
service to such areas in accordance with recom
mendations contained in the adopted regional land
use plan.

Concluding Remarks-Walworth County
Inventories conducted under the regional sanitary
sewerage s ys tern planning program revealed that
in 1970 there existed in Walworth County a total
of 11 public sanitary sewerage systems which
together serve a total area of about 11. 8 square
miles, or about 2 percent of the total area of the
county, and a total population of about 35,500
persons, or about 56 percent of the total popula
tion of the county. Each of the 11 sanitary sewer
age systems operates its own sewage treatment
facility. In addition to the 11 public sanitary sew
erage systems, an additional nine sewage treat
ment facilities serving primarily single, isolated
land use enclaves were found in the inventory.
The inventory revealed that as of 1970 there were
four proposed public sanitary sewerage systems
in the county. Three of the systems-those for
the Delavan Lake Sanitary District, the Town of
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Significant concentrations of unsewered urban
development in Walworth County consist primarily
of two types. The first type consists of lake
oriented urban development--both seasonal and year
round residences--which has occurred around nearly
every lake in the county. Centralized sanitary
sewerage systems have been proposed for certain of
these lake-oriented urban concentrations including
those on the shorelinel> of Como, Delavan, Geneva,
and Potters lakes. The second type consists of the
small unincorporated places in t,he county which
historically have served as service centers for the
agricultural industry. These include such places
as Troy Center, lyons, and Zenda. Thi s map al so
shows the location of the three known point sources
of wastewater other than sewage treatment plants
in the county, one each in the City of Whitewater
and the Villages of East Troy and Sharon.

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS AND EXISTING POINT

SOURCES OF WASTEWATER OTHER THAN SEWAGE
TREATMENT PLANTS IN WALWORTH COUNTY: 1970

Existing Urban Development Not
Served by Public Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Walworth County serve a total area of
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Tab 1e 4-4-

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SANITARY SEWERS IN WALWORTH COUNTY

BY MAJOR URBAN CONCENTRATION: 1970

East Troy Sanitary District No.2, and Lake
Como-would serve existing urban development
along lake shorelines. The fourth proposed new

'Urban development 's defined in this context as concentrations of urban land uses within any
given U. S. .Publ/~ Land Survey quarter section that has at least 32 housing unils, or an average
of one hOUSing Unit per five gross acres, and IS not served by public sanitary sewers.

'See Map 41.
'Equal to 9.8 squar. miles.
Source: SEWRPC.

16 The Newburg Sanitary District, while located pri
marily in the Town of Trenton, also contains a 48-acre
area in the Town of Saukville, Ozaukee County. In
addition, it should be noted that about 13 acres of
the City of Milwaukee are located in the extreme
southeastern corner of the former Town of Germantown.

system would serve existing urban development in
the unincorporated place of Lyons. Finally, in 1970
there were an estimated 13,500 persons residing
in urban areas in Walworth County not served by
public sanitary sewer service. Together these
areas totaled about 1. 7 square miles.

INVENTORY FINDINGS-WASHINGTON COUNTY

Existing Public Sanitary Sewerage Systems
There are a total of eight existing public sanitary
sewerage systems in Washington County which
provide centralized sanitary sewer service to
subareas of the county. These include the sys
tems operated by the Cities of Hartford and
West Bend; the Villages of Germantown, Jackson,
Kewaskum, and Slinger; the Allenton Sanitary
District in the Town of Addison, and the New
burg Sanitary District in the Town of Trenton.16

Together these systems serve a total area of
about 9.4 square miles, or about 2 percent of the
total area of the county, and a total population of
about 30,200, or about 47 percent of the total pop
ulation of the county. Each of these public sanitary
sewerage systems is described in the following
paragraphs. Pertinent characteristics of these
systems are presented in Tables 45 and 46.

6,271'13,500

Estimated Devel0r,:d
Resident Urban rea

Population (Acres)

100 33
100 33
200 158
600 474
500 338
300 201
'500 144

1,200 727
100 32
200 201
200 80

l.l00 724
200 127

2,300 993
100 22
200 24
400 70
300 49
500 95
100 9
300 102
300 111
200 88
600 259
200 75
500 172
500 360
100 38
200 61
700 325
700 146

Walworth County Total .

Name
Major Urban Concentration'

Aliens Grove , ..
Zenda ..
Lake Geneva - Fontana Area .
Lake Geneva - South .
Lake Geneva - Williams Bay Area .
Lake Geneva - North .
City of Lake Geneva Area .
Pell Lake Area ..
Genoa City Area ..
Powers, Tombeau, Benedict Lake Area .
Lake Ivanhoe Area .
Lake Como Area ..

r~~~gb~~~i~i~~~ B~~,.~r~~.::::::::::::::::::::::::::::::::::::::::::::::
City of Delavan Area ..
Town of Darien - Section 23 .
City of Elkhorn Area .
Springfield Area .
Lyons Area .

l~t~ LO~r~r~~~~;':ti~.n..1.. ,::::::::::::::::::::::::::::::::::::::::::::::::::
Turtle Lake Area .
North Lake Area .
Lake Wandawega Area .
Town of Spring Prairie - Section 18 ..
Whitewater Lake Area .
Lauderdale Lakes Area ..
Troy Center ..

~~~~\~~\:hAA~:a .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Potters Lake Area : ..

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Number'

Table 4-5

AREA AND POPULATION SERVED BY EXISTING AND LOCALLY PROPOSED SANITARY
SEWERAGE SYSTEMS IN WASHINGTON COUNTY: 1970

Name of Public Sanitary Sewerage System

Existing Systems
City of Hartford .
City of West Bend ..
Village of Germantown ..
Village of Jackson .
Village of Kewaskum ..
Village of Slinger .
Allenton Sanitary District .
Newburg Sanitary District ..

pr~~t~~;r~.~.s .
Green lake ..
Wallace lake ..

County Total ..

Estimated Service Area
Existing Proposed'

S~uare S~uare
Acres iles Acres iles

1,075 1.68 4,166 6.50
3,302 5.17 12,150 19.00

359 0.56 7,265 11.35
407 0.64 2,003 3.13
460 0.72 131 0.20
201 0.31
151 0.24

61 0.10

__3 __3

19 0.03_-' ~ -'

6,016 9.42 25,743 40.21

Estimated
Population

Served2

6,800
16,400
2,400

600
1,900
1.000

700
400

30,200

Treatment of Sewage
(See Table 46)

Operates aFacility
Operates aFacility

Operates Two Facilities
Operates aFacility
Operates a Facility
Operates a Facility
Operates a Facility
Operates aFacility

'As identified in locally prepared plans and engineering reports.
2Based upon an approximation of the existing sewer service area by U.S.
Public Land Surver quarter section.

'The proposed Tri- akes service area totals about 2,240 acres, or 3.5 square
miles, and has been included in the proposed service area of the City of West
Bend.

Source: SEWRPC.

'The proposed Wallace Lake service area totals about 192 acres, or 0.3
square miles, and has been included in the proposed service area of the City
of West Bend.
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Table ~6

SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE TREATMENT
FACILITIES IN WASHINGTON COUNTY: 1970

Design Capacity

Date of
Estimated Estimated Original Average

Name of Total Total Construction Type 01 Level of Average Peak Organic
Public Sewage Area Served Population and Major Treatment Treatment Hydraulic Hydraulic (Pounds Population

Treatment Facility (Square Miles) Served Modification Provided Provided Disposal of Effluent Population! {MGO) (MGO) GBOOs/Oay) Equivalent]

1924,1931,
11,930 56,800City of Hartford ... 168 6,800 1949 Trickling Filter Secondary Rubicon River N/A 0.82 150

City of West Bend 517 16.4D0 1967 Activated Sludge Secondary Milwaukee River 25,000 2.50 5.00 5,500 26,200
Village of Germantown

Menomonee River 11,000 120 290 2,385 11,400Old Village Plant ... 0.42 1,400 1956, 1969 Activated Sludge Secondary
County line Plant 014 1,000 1963 Activated Sludge Secondary Menomonee River N/A 0.05 0.10 85 400

Village of Jackson 0.64 600 1939 Trickling Filter Secondary Cedar Creek 250 0.025 0050 N/A N/A
Village of Kewaskum 0.72 1,900 1955 Activated Sludge Secondary Milwaukee River N/A 0.30 0.60 3,000 14,300
Village of Slinger 031 1,000 1950 Trickling Filter & Secondary Marshland Drained by Rubicon River 1,900 0.149 030 792 3,800

Activated Sludge
1,000 010 0.20 170 800Allenton Sanitary District 024 700 1962 Activated Sludge Secondary Rock River East Branch

Newburg Sanitary District 0.10 400 1965 Activated Sludge Secondary Milwaukee River 800 008 016 136 600

Sewerage Strength Parameters Industrial Overall Plant Efficiency
Existing loading - 1970 in Influent Sewage Flows Percent Removals

Average Reserve Design Estimated Number of Days in
Name of Average Average Peak Organic Hydraulic Suspended Total OrganiC Ammonia Average Daily Flow GBOO s Suspended Total 1970 Plant Flow

Public Sewage Hydraulic Per Capita Hydraulic {Pounds Capacity GBDOs Solids Phosphorus Nitrogen-N Nitrogen-N Daily Flow 1970 SoHds PHospHorus (PI Exceeded Plant
Treatment Facility (MGO) (GPO) MGD) GBOOs/Oay} (MGO) {mg/l) (mgll) (mg/l) (mgll) {mgll} (MGO) {MGOI (Percent) (percent) (Percent) Meter Capacity

City of Hartford "". 124 180 N/A N/A None 910' 523' N/A N/A N/A N/A 0.30' N/A N/A N/A N/A
City of West Bend .... ,.... 2.27 138 N/A N/A 0.23 185' 228' 163' 140' 7.8' N/A N/A 94' 90' 38' N/A
Village of Germantown

N/A N/A 0.84 710' 292' 13.6' 9.7' N/A N/A 0.03' 94' 85' N/A N/AOld Village Plant ......... 036 257

Vil~~~n~r J~~~s~~nt .
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

008 133 N/A N/A None lOSS 112s N/A N/A N/A N/A N/A 70S 60S N/A N/A
Village of Kewaskum . 0.49 258 N/A N/A None 265' 20J6 25,0' N/A N/A N/A N/A 40' 0' 28 N/A
Village of Slinger .. "..... ".... 0.089 89 N/A N/A 0.06 117' 90' 12.5' N/A N/A N/A N/A 49' 66' 10' N/A
Allenton Sanitary District .. , 0.058 83 N/A N/A 0.042 200' 95' 8.0' N/A N/A N/A N/A 59' 0' 5' N/A
Newburg Sanitary District , 0.044 110 N/A N/A 0.036 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

NOTE: NIA indicales data not available.
lThe population design capacity for a given sewage treatment facility was obtained directly from engi·
neering reports prepared by or for the local unit of government operating the facility and reflects as-

~~~~~~~~nm:g~/t/~rv~i~~~heen~;%i;~ l~oc~~~~aJf~~ i~q~;~~ed; g:;i~~/afsa~~r f~~~ j;tin~te:n:fn:::'
ing reports, by an estimated per capita contribution of 0.21 pound of CBODs per day. If the design en
gineer assumed a different daily per capita contribution of CBOD s, the population equivalent design ca
pacity will differ from the population design capacity shown in the Table.

2Date obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources in
Oclober 1968.

Source: Wisconsin Department of Natural Resources and SEWRPC.

City of Hartford: The existing service area of the
City of Hartford sanitary sewerage system is
shown on Map 42. This area totals about 1. 7
square miles and has a resident population of
about 6, 800 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the City of Hartford is treated at
a sewage treatment plant located on the Rubicon
River, to which effluent is discharged (see Fig
ure 60). The existing plant has a site area of
about nine acres. The plant site is bounded by
industrial land uses on the north, a city street
and park area on the east, STH 60 on the south,
and agricultural lands on the west. The plant,
a high-rate trickling filter type, was initially con
structed in 1924 and underwent extensive modifi
cations in 1949. The average hydraulic design
capacity of the plant is O. 8 mgd, with a peak
hydraulic design capacity of 1. 5 mgd. The aver
age hydraulic loading on the plant in 1970 was
estimated at 1. 2 mgd, indicating that the plant did
not have adequate capacity to treat the average
daily flow from the existing sewer service area.
Treatment processes provided by the plant are
classified as secondary level. It should be noted
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3Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources in
Seplember 1970. . . . .

4Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources In
Oclober 1967.

5Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources in
Augus11966.

6Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources in
Seplember 1969. . . . .

'Data obtained from a 24-hour composite sample, by the WIsconsin Department of Natural Resources In
Seplember 1969.

8Data obtained from a 24-hour composite sample by the Wisconsin Department of Natural Resources in
October 1968.

that during 1972 the City of Hartford began con
struction of a new sewage treatment plant located
on a 38-acre site about 0.75 mile downstream
from the existing treatment plant site. The new
plant, which will also discharge its effluent to the
Rubicon River, will have an average hydraulic
design capacity of 2. 0 mgd and a peak hydraulic
design capacity of 4. 0 mgd, and will provide an
advanced level of waste treatment. In addition,
the new plant will treat wastes from the Libby,
McNeil and Libby, Inc., canning plant now being
treated in aerated flow-through lagoons.

The location and configuration of the major trunk
sewers serving the City of Hartford are shown
on Map 42. There are no lmown points of sewer
overflow or bypassing in the City of Hartford
sanitary sewerage system. The treatment plant
has a bypass to a surge lagoon to which raw sew
age in excess of the plant capacity is diverted and
held for later treatment. The inventory revealed
that the city had a documented plan for the pro
vision of sewer service to an additional 6.5 square
mile area, which area includes the urban develop
ment around Pike Lake and the Pike Lake state
Park, as shown on Map 42.
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Figure 60

CITY OF HARTFORD SEWAGE TREATMENT PLANT

Existing Facility

Facil ity Under Construction--1973

Photos by Melissu u. Creamer, Michael G. Dorn, Jean A. Hervert, and Kenneth E. Johnson.
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Management of the City of Hartford sanitary sew
erage system is under the direction of the Mayor
and Common Council. Day-to-day administration
of the system is provided by the Director of
Public Works. Financing of the system is pro
vided both through a sewer service charge based
on water consumption and through a general
property tax levy. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the City of
Hartford sanitary sewerage system approximated
$116,844, or about $17 per capita. Of this total,
$51,580, or about $7 per capita, was expended
for operation and maintenance and $65,264, or
about $10 per capita, was expended for capital
improvements.

City of West Bend: The existing service area of
the City of West Bend sanitary sewerage system
is shown on Map 42. This area totals about 5. 2

square miles and has a resident population of
about 16,400 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the City of West Bend is treated at a
sewage treatment plant located on the Milwaukee
River, to which effluent is discharged (see Figure
61). The plant has a site area of about 38 acres,
of which 14 acres are currently utilized, leaving
24 acres available for future use. The plant site,
which is partially located in the floodlands of the
Milwaukee River, is bounded by agricultural lands
on the north and the main stem of the Milwaukee
River on the south, west, and east. The plant, an
activated sludge type, was constructed in 1967,
replacing an older trickling filter type treatment
plant constructed in 1936. The average hydraulic
design capacity of the plant is 2.5 mgd, with a
peak hydraulic design capacity of 5. 0 mgd. The
average hydraulic loading on the plant in 1970 was

Figure 61

CITY OF WEST BEND SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Darn. Jean A. Hervert, Bnd Kenneth E. Johnson.
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estimated at 2. 3 mgd, indicating that the plant has
adequate capacity to treat the average daily flow
from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level. It should be noted that during
1972 the City of West Bend completed engineering
studies relating to the expansion of the sewage
treatment plant so as to provide for future growth
in the city, for service to the Tri- Lakes area of
Washington County, and for an advanced level of
waste treatment. In addition, the city is pro
posing to remove the treatment plant site from the
floodlands of the Milwaukee River through con
struction of a dike. The proposed new average
hydraulic design capacity of the plant is to be
5. 85 mgd, with a new peak hydraulic design
capacity of 14.6 mgd.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of West Bend
sanitary sewerage system are shown on Map 42.
There is one known point of sewage flow relief in
the City of West Bend sanitary sewerage system,
a bypass located just ahead of the sewage treat
ment plant. The inventory revealed that the city
had a documented plan for the provision of sewer
service to an additional 19 square mile area,
which area is shown on Map 42.

Management of the City of West Bend sanitary
sewerage system is under the direction of the
Mayor and Common Council. Day-to-day admin
istration of the system is provided by the Water
and Sewer Department of the city, headed by the
City Engineer. Financing of the system is pro
vided through a sewer service charge related to
water consumption. Residential water consumers
pay a sewer service charge equal to 100 percent
of the water consumption charge during the fall,
winter, and spring quarters and to 60 percent of
the water consumption charge during the summer
quarter. A residential sewer service user not
supplied by the municipal water system is charged
$32 per year for sewer service. All industries
pay a sewer service charge equivalent to 100 per
cent of the water supply charge. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the City of West Bend sanitary sewerage sys
tem approximated $315,622, or about $19 per
capita. Of this total, $91,851, or about $5 per
capita, was expended for operation and mainte
nance and $223,771, or about $14 per capita, was
expended for capital improvements.

Village of Germantown: The existing service area
of the Village of Germantown sanitary sewerage
system is shown on Map 42. This area totals
about 0.6 square mile and has a resident popula
tion of about 2, 400 persons. The entire area is
served by a separate sanitary sewer system. Of
this total, about O. 4 square mile having a resident
population of about 1,400 persons is served by the
Village of Germantown at a pair of sewage treat
ment plants located on a minor tributary to the
Menomonee River. This area represents the "Old
Village" area of the Village of Germantown. About
0.1 square mile having a resident population of
about 1, 000 persons is served by the village
through a small sewage treatment plant serving a
single subdivision near the Washington-Waukesha
County line.

The two parallel sewage treatment facilities serv
ing the "Old Village" area of the Village of Ger
mantown discharge effluent to the Menomonee
River (see Figure 62). This plant has a site area
of about five acres. The plant site is bounded by
open and unused lands on the south and agricul
tural lands on the north, east, and west. The
first of the two parallel plants, a trickling filter
type plant, was constructed in 1956. The second
plant, an extended aeration activated sludge type
plant, was constructed in 1969. The combined
average hydraulic design capacity of the two
plants is 1. 2 mgd, with an estimated combined
peak hydraulic design capacity of 2. 9 mgd. The
average hydraulic loading on the combined plant
in 1970 was estimated at 0.4 mgd, indicating that
the plant has adequate capacity to treat the aver
age daily flow from the existing sewer service
area. The treatment processes provided by both
the trickling filter and activated sludge type plants
are classified as secondary level.

The small sewage treatment plant serving the
subdivision at the south village limits near the
Washington-Waukesha County line also discharges
its effluent to the Menomonee River (see Figure
63). This plant has a site area of about one-half
acre. The plant site is located inside the STH 41
interchange at CTH Q and G, and is bounded by
ramps or freeway lanes on all sides. The plant,
an activated sludge type plant, was constructed in
1963. The average hydraulic design capacity of
the plant is O. 05 mgd, with an estimated peak
hydraulic design capacity of 0.10 mgd. There are
no flow records available for this small sewage
plant. The treatment processes provided by the
plant are classified as secondary level.
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Figure 62

VILLAGE OF GERMANTOWN "OLD VILLAGE" SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert, and Kenneth E. Johnson.

The location and coniiguration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of German
town sanitary sewerage system are shown on
Map 42. The only lmown point of sewage flow
relief in the Village of Germantown sanitary sew
erage system is a portable pumping station located
near Pilgrim Road and STH 145.

The Village of Germantown and the Milwaukee
Metropolitan Sewerage Commissions have agreed
in principle to the future connection of the
Germantown sewer service area to the Milwaukee
Metropolitan sewerage system for sewage treat
ment purposes. At the present time, trunk sewer
service to the Village of Germantown is not
available. Until such time as trunk sewer service
from the Milwaukee-Metropolitan sewerage sys
tem becomes available, the Village of Germantown
is continuing to operate its treatment facilities
and to eliminate the small sewage treatment plant
on the Washington-Waukesha County line through
a connection to the parallel sewage treatment
facilities serving the "Old Village!! area. At such
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time that trunk sewer service becomes available
from the Milwaukee-Metropolitan sewerage sys
tern, the village intends to construct a series
of force mains and pumping stations to connect
the "Old Village" area plants to the Milwaukee
Metropolitan system. It is anticipated that this
connection will serve the needs of the Village of
Germantown through the plan design year of 1990.
Eventually, gravity trunk sewerS will be extended
to serve the Village of Germantown. The proposed
force main sewer connection, together with the
area proposed in the documented plan of the Vil
lage of Germantown for future sanitary sewer
service to the year 1990, which area totals about
11 square miles, is shown on Map 42.

Management of the Village of Germantown sani
tary sewerage system is under the direction of
the Village Board. Day-to-day administration of
the system is provided by the Village Engineer.
Financing of the system is provided through the
general property tax and a sewer service charge
based on a flat quarterly rate to residences and
a volumetric rate to commercial users. Total



Figure 63

VILLAGE OF GERMANTOWN COUNTY LINE
SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer. Michael G. Dorn,
Jean A. Hervert, and Kenneth E. Johnson.

expenditures during 1970 for operation, mainte
nance~ and capital improvements, including debt
retirement, for the Village of Germantown sani
tary sewerage system approxiIhated $496,995, or
about $207 per capita. Of this total, $42,981, or
about $18 per capita, was expended for operation
and maintenance and $454,014, or about $189 per
capita, was expended for capital improvements.

Village of Jackson: The existing sewer service
area of the Village of Jackson sanitary sewerage
system is shown on Map 42. This area totals
about O. 6 square mile and has a resident popula
tion of about 600 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Jackson is treated at
a sewage treatment plant located at the eastern
village limits. Effluent is discharged through an

Figure 6lj.

VILLAGE OF JACKSON SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn.
Jean A. Hervert. and Kenneth E. Johnson.

outfall sewer to Cedar Creek (see Figure 64). The
plant has a site area of about one acre. The plant
site is bounded by residential land use on the
north, east, and south and agricultural land use
on the west. The plant, a trickling filter type
plant, was constructed in 1956. The average
hydraulic design capacity of the plant is 0.03 mgd,
with an estimated peak hydraulic design capacity
of O. 05 mgd. The average hydraulic loading on
the plant in 1970 was estimated at 0.08 mgd,
indicating that the plant does not have adequate
capacity to treat the average daily flow from the
sewer service area. The treatment processes
provided at the plant are classified as secondary
level. It should be noted that the Village of Jack
son has completed engineering studies for the
construction of a new sewage treatment plant to be
located southeast of the village on Cedar Creek, to
which effluent would continue to be discharged.
The new sewage treatment facility is proposed
to have an average hydraulic design capacity of
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0.50 mgd and a peak hydraulic design capacity of
0.75 mgd, and would serve, in addition to the
Village of Jackson, the Libby, McNeil and Libby,
Inc. , canning plant located in the Town of Jackson,
which will contribute about 50 percent of the total
annual CBOD5 loading to the plant. The proposed
new plant would be a trickling filter type plant
with a flow-through retention lagoon and would
provide a tertiary level of waste treatment.

The location and configuration of all major trunk
sewers serving the Village of Jackson are shown
on Map 42. Data pertaining to known points of
sewage flow relief in the Village of Jackson sani
tary sewerage system were not available. The
inventory revealed that the village had a docu
mented plan for the provision of sewer service to
an additional 3. 1 square mile area, which area is
shown on Map 42. Locally proposed trunk sewers
to serve this additional area are also shown on
Map 42.

Management of the Village of Jackson sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the superintendent of the
treatment plant. Financing of the system is pro
vided through the general property tax. Data
pertaining to expenditures during 1970 for oper
ation, maintenance, and capital improvements,
including debt retirement, for the Village of Jack
son sanitary sewerage system were not made
available by the village.

Village of Kewaskum: The existing sewer service
area of the Village of Kewaskum sanitary sewer
age system is shown on Map 42. This area totals
about O. 7 square mile and has a resident popula
tion of about 1,900 persons. The entire area is
served by a separate sanitary sewer system.

Sewage from the Village of Kewaskum is treated
at a sewage treatment plant located on the Mil
waukee River, to which effluent is discharged (see
Figure 65). The plant has a site area of about six
acres, of which two acres are currently utilized,
leaving four acres available for future use. The
plant site is bounded by open lands on the north,
residential land uses on the south, STH 45 on the
west, and the Chicago and Northwestern Railroad
on the east. The plant, an activated sludge type,
was constructed in 1955. The average hydraulic
design capacity of the plant is O. 3 mgd, with a
peak hydraulic design capacity of O. 6 mgd. The
average hydraulic loading on the plant in 1970 was
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estimated at O. 5 mgd, indicating that the plant did
not have adequate capacity to treat the average
daily flow from the sewer service area. The
treatment processes provided at the plant are
classified as secondary level. It should be noted
that in 1971 the Village of Kewaskum placed into
operation an addition to the existing sewage treat
ment plant, bringing the total average hydraulic
design capacity of the plant up to 1 mgd, with a
new peak hydraulic design capacity estimated to
be 2 mgd. The new plant has been designed to
handle the significant industrial waste loading in
the Village of Kewaskum sewer service area. The
treatment processes provided at the plant are
classified as advanced level.

The location and configuration of the major trunk
sewers serving the Village of Kewaskum are
shown on Map 42. There are no known points of
sewer overflow or bypassing in the Village of
Kewaskum sanitary sewerage system. The inven
tory revealed that the village had a documented
plan for the expansion of its sanitary sewerage
system to serve an area lying south of the village.

Management of the Village of Kewaskum sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is prOVided by the superintendent of the
treatment plant. Financing of the system is pro
vided through the general property tax and a
sewer charge. Total expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Village
of Kewaskum sanitary sewerage system approxi
mated $31, 604, or about $17 per capita. Of this
total, $16,650, or about $9 per capita, was ex
pended for operation and maintenance and $14,954,
or about $8 per capita, was expended for capital
improvements.

Village of Slinger: The existing service area of
the Village of Slinger sanitary sewerage system
is shown on Map 42. This area totals about
0.3 square mile and has a resident population of
about 1,000 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the Village of Slinger is treated at a
sewage treatment plant from which effluent is
discharged to a minor drainage ditch leading to
a marshland which drains into the Rubicon River
(see Figure 66). The plant has a site area of
about two acres, both of which are currently
utilized. The plant site is bounded by open land



Figure 65

VILLAGE OF KEWASKUM SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert. and Kenneth E. Johnson.

uses on the north, the Chicago, Milwaukee, st.
Paul and Pacific Railroad on the south, and
residential land use on the west and east. The
plant, a comhined trickling filter and activated
sludge type, was constructed in 1950. The average
hydraulic design capacity of the plant is O. 15 mgd,
with an estimated peak hydraulic design capacity
of 0.3 mgd. The average hydraulic loading on the
plant in 1970 was estimated at 0.09 mgd, indicat
ing that the plant has adequate capacity to treat
the average daily flow from the sewer service
area. The treatment processes provided at the
plant are classified as secondary level.

The location and configuration of the major trunk
sewers serving the Village of Slinger are shown
on Map 42. There are no known points of sewer
overflow or bypassing in the Village of Slinger
sanitary sewerage system. The inventory revealed

that the village had no documented plan for the
expansion of its sanitary sewerage system.

Management of the Village of Slinger sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Clerk. Financ
ing of the system is provided through the general
property tax and a sewer service charge. Data
pertaining to expenditures during 1970 for oper
ation, maintenance, and capital improvements,
including debt retirement, for the Village of
Slinger sanitary sewerage system were not made
available by the village.

Allenton Sanitary District: The existing service
area of the Allenton Sanitary District sanitary
sewerage system in the Town of Addison is shown
on Map 42. This area totals about 0.2 square
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Figure 66

VILLAGE OF SLINGER SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn,

mile and has a resident population of about 700
persons. The entire area is served by a separate
sanitary sewer system.

sewage from the Allenton Sanitary District sani
tary sewerage system is treated at a sewage treat
ment plant located on a minor drainage course
leading to the East Branch of the Rock River, to
which effluent is discharged (see Figure 67). The
plant has a site area of 10 acres, of which less
than one acre is currently utilized, leaving nine
acres available for future use. The plant site is
bounded by open land uses on the north, south, and
west and industrial land uses on the east. The
plant, an activated sludge type, was constructed in
1962. The average hydraulic design capacity of
the plant is 0.1 mgd, with a peak hydraulic design
capacity estimated to be 0.2 mgd. The average
hydraulic loading on the plant in 1970 was esti-
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Jean A. Hervert, and Kenneth E. Johnson.

mated at O. 06 mgd, indicating that the plant has
adequate capacity to treat the average daily flow
from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level.

The location and configuration of the major trunk
sewers serving the Allenton Sanitary District are
shown on Map 42. Data pertaining to known points
of sewage flow relief in the Allenton Sanitary Dis
trict sanitary sewerage system were not available.
The inventory revealed that the district had no
documented plan for the expansion of its sanitary
sewerage system.

Management of the Allenton Sanitary District
sanitary sewerage system is under the direction of
a three-member commission. Day-to-day admin
istration is provided by a part-time treatment



Figure 67

ALLENTON SANITARY DISTRICT
SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn,
Jean A. Hervert, and Kenneth E. Johnson.

plant operator. Financing of the system is pro
vided through the general property tax and a
sewer service charge. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Allenton Sanitary District sanitary sewerage sys
tem approximated $19,329, or about $28 per
capita. Of this total, $10,329, or about $15 per
capita, was expended for operation and mainte
nance and $9, 000, or about $13 per capita, was
expended for capital improvements.

Newburg Sanitary District: The existing service
area of the Newburg Sanitary District sanitary
sewerage system, located in the Town of Trenton,
Washington County, and the Town of Saukville,
Ozaukee County, is shown on Map 42. This area
totals about 0.1 square mile and has a resident
population of about 400 persons. The entire area
is served by a separate sanitary sewer system.

Sewage from the Newburg Sanitary District is
treated at a sewage treatment plant located on the
Milwaukee River, to which effluent is discharged
(see Figure 68). The plant site is bounded by open
land uses on all sides. The plant, an activated
sludge type, was constructed in 1965. The average

Fig u re 68

NEWBURG SANITARY DISTRICT
SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn,
Jean A. Hervert. and Kenneth E. Johnson.

hydraulic design capacity of the plant is 0.08 mgd,
with an estimated peak hydraulic design capacity
of about 1. 6 mgd. The average hydraulic loading
of the plant in 1970 was estimated at 0.04 mgd,
indicating that the plant has adequate capacity to
treat the average daily flow from the sewer ser
vice area. The treatment processes provided at
the plant are classified as secondary level.

The location and configuration of all major trunk
sewers serving the Newburg Sanitary District are
shown on Map 42. Data pertaining to known points
of sewage flow relief in the Newburg Sanitary Dis
trict sanitary sewerage system were not available.
The inventory revealed that the district had no
documented plan for the expansion of its sanitary
sewerage system.

Management of the Newburg Sanitary District
sanitary sewerage system is under the direction of
a three-member commission. Day-to-day admin
istration of the system is provided by a part-time
certified plant operator and sanitary engineer.
Financing of the system is provided through the
general property tax and a sewer service charge
based on a flat fee of $4 per month per residence.
Total expenditures during 1970 for operation,
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maintenance, and capital improvements, including
debt retirement, for the Newburg Sanitary Dis
trict sanitary sewerage system approximated
$18,767, or about $47 per capita. Of this total,
$7,871, or about $20 per capita, was expended
for operation and maintenance and $10,896, or
about $27 per capita, was expended for capital
improvements.

Proposed Public Sanitary Sewerage Systems
The inventE>ry revealed that as of 1970 there were
three proposed public sanitary sewerage systems
in Washington County which would provide cen
tralized sanitary sewer service to subareas of the
county. These three systems would serve the
Tri-Lakes area in Washington County, consisting
of urban development along the shorelines of Big
Cedar Lake, Little Cedar Lake, and Silver Lake,
located southwest of the City of West Bend; urban
development along the shoreline of Green Lake in
the Town of Farmington; and urban development
along the shoreline of Wallace Lake in the Towns
of Barton and Trenton. All of these proposed
sanitary sewerage systems were recommended in
the adopted comprehensive plan for the Milwaukee
River watershed. Together these three proposed
systems would serve a total area of about four
square miles, or about 1 percent of the county,
and a total seasonal resident population of about
4,300. Each of these three proposed public sani
tary sewer systems is described in the follow
ing paragraphs.

Tri-Lakes Sanitary Sewerage System: As noted
above, the Tri-Lakes sanitary sewerage system
would serve existing urban development along Big
Cedar, Little Cedar, and Silver Lakes. After
careful consideration of alternative ways of pro
viding centralized sanitary sewer service to this
major lakes area, the comprehensive plan for the
Milwaukee River watershed recommended that
service be provided through the City of West Bend
sanitary sewerage system. To date, the Common
Council of the City of West Bend has agreed in
principle to the provision of such service and
has authorized the conduct of engineering studies
designed to expand the existing West Bend sew
age treatment plant in part to accommodate the
anticipated sewage flow from the Tri-Lakes area.
The individual sanitary districts already formed
around the three lake areas have not acted to date
to adopt the plan recommendations. The proposed
service area of the Tri-Lakes sanitary sewerage
system is shown on Map 42. This area totals
about 3. 5 square miles and has a current seasonal
resident population of about 3,700 persons.
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Green Lake Sanitary Sewerage System: The pro
posed sanitary sewerage system to serve existing
urban development along the shoreline of Green
Lake in the Town of Farmington is recommended
in the Milwaukee River watershed plan as an aid
in maintaining good lake water quality for recrea
tional uses by eliminating any potential health
hazards due to malfunctioning septic tank sewage'
disposal systems and by reducing the total nutri
ent input to the lake. The plan recommends that
the sewage treatment facility to serve the lake be
constructed on a site southwest of the lake and
discharge its effluent to a wetland area eventually
leading to a tributary of the main stem of the
Milwaukee River. To date, no action has been
taken to implement this plan recommendation.
The proposed service area of the Green Lake
sanitary sewerage system is shown on Map 42.
This area totals about O. 03 square mile and has
a current seasonal resident population of about
300 persons.

Wallace Lake Sanitary Sewerage System: The pro
posed sanitary sewerage system for Wallace Lake,
which lake is located adjacent to the northeast
limits of the City of West Bend, is recommended
to be connected to the City of West Bend sanitary
sewerage system for sewage treatment purposes.
The Wallace Lake area is included in the future
planned service area of the City of West Bend.
The proposed service area, as shown on Map 42,
totals about 0.3 square mile and has a current
resident population of about 300 persons.

Other Sewage Treatment Facilities
In addition to the eight public sanitary sewerage
systems discussed above, there are a total of four
sewage treatment facilities in Washington County
which serve single isolated land use enclaves.
These four treatment facilities serve the Pike
Lake State Park in the Town of Hartford; the
Libby, McNeil and Libby, Inc., canning plant in
the City of Hartford; the Level Valley Dairy in the
Town of Jackson; and the Libby, McNeil and
Libby, Inc., canning plant in the Town of Jackson.
Pertinent characteristics pertaining to each of
these four sewage treatment facilities are pre
sented in Table 47. It should be noted that of
these four facilities, three are proposed to be
connected to centralized public sanitary sewerage
systems in locally proposed sewerage plans. The
Pike Lake State Park facility and the Libby,
McNeil and Libby, Inc., facility in the City of
Hartford would both eventually be connected to the
City of Hartford sanitary sewerage system. The
Libby, McNeil and Libby, Inc., plant in the Town



of Jackson is proposed to be connected to the new
Village of Jackson sewage treatment facility.

Other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
tributary to such streams and watercourses. The
secondary sources consulted included river basin
survey reports and pollution abatement orders of

the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. A total of eight such known point sources
of industrial waste water were identified in Wash
ington County. The name, civil division location,
type of waste, known pretreatment, and receiving
water body of these eight waste sources are iden
tified in Table 48. The location of these eight
point sources is shown on Map 43.

Existing Urban Development Not Served
by Public Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Washington County serve a total area of
about 9.4 square miles, or 2 percent of the total
area of the county, and a total population of about
30,200, or about 47 percent of the total population
of the county. An inventory was conducted in the
study to determine the approximate amount of
urban development, and the population residing
therein, in Washington County not served in 1970
by public sanitary sewer service. Each U. S. Pub-

Table ~7

SELECTED CHARACTERISTICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN WASHINGTON COUNTY: 1970

Average
Hydraulic

Civil Type of Type of Design Disposal
Division Land Use Treatment Capacity of

Name Location Served Provided (Gallons/Day) Effluent

Level Valley Dairy .. Town of Jackson Industrial Flow·Through Lagoon 50,000 North Branch
Cedar Creek

Libby, McNeill, and Libby, Inc..... City of Hartford Industrial Aerated Lagoons 170,000 Rubicon River
Libby, McNeill, and Libby, Inc ..... Town of .Jackson Industrial Flow·Through Lagoons and Spray Irrigation N/A Soil Absorption and

Cedar Creek
Pike Lake State Park .. Town of Hartford Recreational Seepage Lagoons N/A Soil Absorption

NOTE: N/A indicates data not available.
Source: Wisconsin Department of Natural Resources and SEWRPC.

Tab] e ~8

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAN
SEWAGE TREATMENT PLANTS IN WASHINGTON COUNTY: 1970

Point Sourcel Civil
Division Known Receivin9

Number2 Name Location Type of Waste Pretreatment Water Bo y

1 Brean MfS' Co., Incorporated ....................... City of Hartford Cooling Waters - - Rubicon River
2 Chrysler utboard Corporation .................... City of Hartford Cooling Waters Oil Separation Rubicon River
3 International Stamping Co., Inc................... City of Hartford Cooling Waters Ponding Rubicon River
4 Amity Leather Products Company ............... City of West Bend Cooling Waters - - Milwaukee River
5 Line Materials Division of

McGraw·Edison Co.' .................................. City of West Bend Industrial Wastes - - Milwaukee River
6 The West Bend Company' ............................ City of West Bend Wash Waters - - Milwaukee River
7 Gehl Guernsey Farms, Incorporated ............ Village of Germantown Cooling Waters Ponding Menomonee River
8 Regal Ware, Incorporated ............................. Village of Kewaskum Cooling Waters - - Milwaukee River

'As identified in Wisconsin Department of Natural Resources river basin
survey reports and pullution abatement orders and by selected municipal
public works departments; does not include industrial waste sources dis·
charging to municipal sanitary sewerage systems.

2See Map 43.
'Connected to City of West Bend sanitary sewerage system since 1970.
Source: Wisconsin Department of Natural Resources and SEWRPC.
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Map ~3

EXISTING URBAN DEVELOPMENT NOT SERVEO BY PUBLIC
SANITARY SEWERS AND EXISTING POINT SOURCES OF

WASTEWATER OTNER THAN SEWAGE TREATMENT
PLANTS IN WASNINGTON COUNTY: 1970

The nonsewered urban development areas identi
fied in Washington County are shown on Map 43.
Together these areas total about four square
miles, or 1 percent of the total area of the county,
and contain a total population of about 9,600, or
15 percent of the total population of the county.
For analysis purposes, the existing nonsewered
urban development has been combined into 14
named major urban concentrations. The estimated
population and urban development areas of each of
these major concentrations are shown in Table 49.

lie Land Survey quarter section not having devel
opment served by a centralized sanitary sewerage
system was examined to determine if a significant
amount of urban development was present in 1970.
Any quarter section with at least 32 housing units,
or an average of one housing unit per five gross
acres, was deemed to be urban. The major pur
pose of identifying such concentrations of urban
development was to provide the basis for analyz
ing the potential of providing public sanitary
sewerage service to such areas in accordance
with recommendations contained in the adopted
regional land use plan.

Concluding Remarks-Washington County
Inventories conducted under the regional sanitary
sewerage system planning program revealed that
in 1970 there existed in Washington County a total
of eight public sanitary :;ewerage sysiems, which
together served a total area of about 9. 4 square
miles, or about 2 percent of the total area of the
county, and a total population of about 30,200 per-
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CODE NUMBER fOIt MAyOR
CONCCN·RATION__ SEE TA8LE 49

["lsT,NG PO"NT SOURCES OF
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SEE TA8L.E 48
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Table ~9

Significant concentrations of unsewered urban
development in Washington County are found both
in older, establ ished lake-oriented development,
primarily along the shorel ines of Big Cedar,
Little Cedar, Friess, Green. Pike, and Silver
lakes and in relatively new urban subdivisions
loeated throughout the V illage of Germantown and
the Towns of Jackson and Richfield. Central ized
san itary sewer serv ice has been !'roposed for sev
eral of the lake-oriented urban communitie~

including those along the shorel ines of Bi~
~edar. little Cedar, Green, Pike, and Silver
Lakes. The locat ion of the eight known point
sources of wastewater other than sewage treat
ment plants in Washington County is also sho .... n on
this map. Such sources are concentrated in the
Hartford and West Bend areas of the county.

EXISTING URBAN DEVELOPMENT NOT SERVED BY
PUBLIC SEWERS IN WASHINGTON COUNTY BY

MAJOR URBAN CONCENTRATION: 1970

IVtban development IS defined In thiS context as concentrations of urban land uses WIthin any
Biven U. S. Public Land Survey quarter sectIOn that has at least 32 housing unr~ ar arl average
of one housing Uri" per five gross acres, and IS not served by publIC samfary sewers.

'See Map 43.
'Equa/to 4 square miles.
Source: SEWRPC.

Estimated
8:ba~aResldent

Populalton lAcres)

3,400 1.047
1.500 385

400 83
100 5
100 24
600 130
100 27

1,400 J96
'00 137
100 33
900 ".100 27
100 59
100 23

9.600 2,522JWashington Counly Total,.....

1
2
3•5
6
7
8
9

10
11
12
13

"

Wisconsin Department ot Natural
Resources and SEWRPC.

Source:
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Table 50
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sons, or about 47 percent of the total population
of the county. Each of the eight sanitary sewer
age systems operates its own sewage treatment
facility. In addition to the eight public sanitary
sewerage systems, four sewage treatment facili
ties serving single isolated land use enclaves
were found in the inventory. The inventory re
vealed that as of 1970 there were three proposed
public sanitary sewerage systems in the county,
all of which would serve existing urban develop
ment along lake shorelines. Finally, in 1970
there were an estimated 9, 600 persons residing in
urban areas in Washington County not served by
public sanitary sewer service. Together these
areas totaled about four square miles.

INVENTORY FINDINGS-WAUKESHA COUNTY

Existing Public Sanitary Sewerage Systems
There are a total of 13 existing public sanitary
sewerage systems in Waukesha County which

provide centralized sanitary sewer service to
subareas of the county. These include the systems
operated by the Cities of Brookfield, Muskego,
New Berlin, Oconomowoc, and Waukesha; and the
Villages of Butler, Dousman, Elm Grove, Hart
land, Menomonee Falls, Mukwonago, Pewaukee,
and Sussex. Together these systems serve a total
area of about 39 square miles, or about 6 percent
of the total area of the county, and a total popula
tion of about 122,000, or about 53 percent of the
total population of the county. Each of these public
sanitary sewerage systems is described in the
following paragraphs. Pertinent characteristics
of these systems are presented in Tables 50
and 51.

City of Brookfield: The City of Brookfield sanitary
sewerage system consists of two separate parts,
one to serve urban development located in the city
east of the subcontinental divide which traverses
the Southeastern Wisconsin Region and the other

I AREA AND POPULATION SERVED BY EXISTING AND LOCALLY PROPOSED

SANITARY SEWERAGE SYSTEMS IN WAUKESHA COUNTY: 1970

Estimated Service Area

I Name of Public Sanitary Sewerage System

Existing Proposed'

Square Square
Acres Miles Acres Miles

Estimated
Population
Served'

Treatment of Sewage
(See Table 20)

County Total..................................................................... 24,645 38.51 101,739 158.90

lAs identified in locally prepared plans and engineering reports,
'Based upon an approximation of the existing sewer service area by u.s.
Public Land Survey quarter section.

3Pending completion of trunk sewer construction, sewage flow from the Vil
lage of Butler to the Milwaukee-Metropolitan sewerage system is limited to
400,000 gallons per day. Any flow in excess of this amount is bypassed
through a chlorination tank and discharged to the Menomonee. River.

Source: SEWRPC.

'The locally proposed sewer service area for the Village of Hartland is in
cluded in the proposed service area of the Hartland-Delafield Water Pollu
tion Control Commission.

I
I
I
I
I
I
I
I

Existing Systems
City of Brookfield

Menomonee River Watershed System .
Fox River Watershed System .

City of Muskego .

City of New Berlin
Area Connected to Milwaukee-Metropolitan

System ..
Greenridge'Subdivision ..
Regal Manors Subdivision ..

City of Oconomowoc ..
City of Waukesha ..
Village of Butler .
Village of Dousman , ..
Village of Elm Grove

Sanitary District No.1 .
Sanitary District No.2 .

Village of Hartland .
Village of Menomonee Falls .

Village of Mukwonago ..
Village of Pewaukee .
Village of Sussex ..

Proposed Systems
Hartland-Delafield .
Pewaukee Lake Sanitary District .
Village of North Prairie .

2,368
3,954
1,150

2,796
76
58

1,368
5,719

499
232

1,140
940
515

2,413

689
518
570

3.70
5,62
1.80

4.38
0.12
0.09
2.14
8.92
0.78
0.36

1.78
1.47
0.81
3.77

1.07
0.81
0.89

6,720 10,50
8,506 13.29
9,314 14,55

13,262 20.71

33,500 52.34
3,934 6.15

__4 __4

9,300 14.53

1,152 1.80
2,268 3.50

316 0.49

8,588 13.42
4,Q32 6.30

847 1.32

8,500
12,300
4,500

7,900
800

9,500
40,700
2,100

600

3,900
2,700
2,900

17,400

2,600
2,900
2,800

122,100

Contracts with Milwaukee-Metropolitan Sewerage Commissions
Operates Two Facilities

Operates aTemporary Facility -
Contracts with Milwaukee-Metropolitan Sewerage Commissions

Contracts with Milwaukee-Metropolitan Sewerage Commissions
Operates a Temporary Facility
Operates a Temporary Facility

Operates aFacility
Operates aFacility

Contracts with Milwaukee-Metropolitan Sewerage Commissions'
Operates a Facility

Contracts with Milwaukee-Metropolitan Sewerage Commissions
Contracts with Milwaukee-Metropolitan Sewerage Commissions

Operates aFacility
Operates Temporary Facilities -

Contracts with Milwaukee-Metropolitan Sewerage Commissions
Operates aFacility
Operates aFacility
Operates aFacility

I
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Tab 1e 51

SELECTED CHARACTERISTICS OF EXISTING PUBLIC SEWAGE TREATMENT
FACILITIES IN WAUKESHA COUNTY: 1970

Design Capacity
Date of

Estimated Estimated Original Average
Name of Total Total Construction Type 01 Level of Average Peak Organic

Public Sewage Area Served Population and Major Treatment Treatment Hydraulic Hydraulic (Pounds Population
Treatment Facility (Square Miles) Served Modification Provided Provided Disposal of Effluent Population l (MGOI (MGO) CBOO,/Oay) Equivalentl

City of Brookfield
Fox River Plant ........... 5.62 12,300 1960 Activated Sludge Secondary Fox River 10,000 l.0 2.0 2,000 9,540
Poplar Creek Lagoons 1968 Aerated lagoons Secondary fox River N/A N/A N/A N/A N/A

City of Muskego . l.BO 4,500 1967,1970 Aerated Flow- Secondary Big Muskego lake 2,600 0.70 0.90 1,400 6,660

City of New Berlin
Through lagoons

Greenridge Plant ...... 012 800 1966 Activated Sludge Secondary Root River 1,000 010 N/A 200 955
Regal Manors Plant . 009 --, 1970 Activated Sludge Secondary Deer Creek N/A 035 N/A 515 2,450

City of Oconomowoc . 214 9,500 1936 Trickling Filter Secondary Oconomowoc River N/A 150 30 N/A N/A
City of Waukesha ....... B.92 40,700 1949,1967 Trickling Filter Secondary Fox River N/A B50 1l.50 11,500 54,700
Village of Dousman . 036 600 1961 Activated Sludge Secondary Bark River N/A 012 0.30 200 955
Village ot Hartland ............... 0.B1 2,900 1933,1962 Activated Sludge Secondary Bark River 3,500 035 0,70 700 3,330
Village of Menomonee Falls

Pilgrim Road Plant . 1954,1962 Trickling Filter & Secondary Menomonee River N/A l.9 2.5 935 4,450

lilly Road Plant. 3.77 17,400 Activated Sludge
B,1001969 Activated Sludge & Tertiary Menomonee River N/A l.0 20 1,700

Flow-Through lagoon
Village of Mukwonago .. l.07 2,600 1950 Trickling Filter Secondary Mukwonago River 1,500 0.244 0.30 5B5 2,800
Village of Pewaukee . 0.B1 2,900 1950 Trickling Filter Secondary Pewaukee River N/A 030 0.60 625 2,980
Village of Sussex . 0.89 2,800 195B Trickling Filter Secondary Sussex Creek 3,000 0.30 l.50 500 2,3BO

Sewage Strength Parameters Industrial Overall Plant Efficiency
Existing loading - 1970 in lnfluen! Sewag_e Flows Percent Removals

Average Reserve Design Estimated Nr9'j~e~I~lnr~rg~nName of Average Average Peak Organic Hydraulic Suspended Total Organic Ammonia Average Daily Flow Suspended Total
Public Sewage Hydraulic Per Capita Hydraulic (Pounds Capacity CBOO, Solids Phosphorus Nitrogen-N Nitrogen-N

°i~G~)w
1970 CBOO, Solids Phosphorus (P) Exceeded Plant

Treatment Facility (MGO) (GPO) (MGO) CBOO,/Oay) (MGO) (mgll) (mgll) (mgll) (mg/1) (mg/1) (MGO) (Percent) (Percent) (Percent) Meter Capacity

City of Brookfield
Fox River Plant ............... l.66 140 7.0 1,B03 None 105 163 N/A N/A N/A N/A N/A 72' B3' N/A 249
Poplar Creek lagoons . 006 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

City ot Muskego ...... 0.40 89 N/A N/A 030 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
City of New Berlin

Greenridge Plant ...... 0065 81 N/A N/A 0.035 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Regal Manors Plant N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

City of Oconomowoc l.61B 170 l.9 1,850 None 140' 165' 6.5' 90' 8.B' N/A N/A B5' 64' 0' 0
City ot Waukesha .... 828 203 120 12,000 022 lBO' 144' N/A N/A N/A N/A N/A 95' 88' N/A N/A
Village of Dousman 0.084 140 012 60 0.036 90' 100' 8.0' 5.4fi 8.4fi N/A N/A 67' 83' 0' N/A
Village 01 Hartland ............... 0.27 93 N/A 316 008 140' 170' 17.0' 14.4' 27. , N/A N/A 82' 83' 10' 0
Village of Menomonee Falls

Pilgrim Road Plant . 1.70 138 N/A N/A 020 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
lilly Road Plant ....... 0.70 N/A N/A 030 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Village of Mukwonago . 030 115 N/A N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Pewa ukee . 0.40 138 N/A N/A None N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Village of Sussex 0.294 105 0.52 223 0.006 92' 120' 8.68 10.2' 162' N/A N/A N/A N/A N/A N/A

I
I
I
I
I
I
I
I
I
I

NOTE: NIAindicates data not available.

JThe population design capacity for a given sewage treatment facility was obtained directly from engi
neering reports prepared by or for the focal unit of government operating the facility and reflects as-

q~~~::~nm:g~f btyt~rv~~~1~h~n~::~~ 2~og~~~~aJf~; inq~~~ed: g::i~~y~a::~zr f~~~ ~~tin~te:n:rn::~
~!e:ef:s~~:J ;ndrff~~~~e~f;I~~:~i~g~~t~~~::fgug~nO·~l.t308~,~~~B~~~/~~/%J~~~~tdd~~~:n~:
pacity will differ from the populatIon design capacity shown m the Table.

Source: Wisconsin Department of Natural Resources and SEWRPC.

to serve urban development located in the Fox
River watershed west of the subcontinental divide.
The existing service areas of each of these sani
tary sewerage systems are shown on Map 44.
Together, these areas total about 9. 3 square
miles and have a resident population of about
20,800 persons. Both areas are served by sepa
rate sanitary sewer systems.

The City of Brookfield contracts with the Mil
waukee-Metropolitan Sewerage Commissions for
treatment of sewage generated in the area east of
the subcontinental divide. This area totals about
3.7 square miles and has a resident population
of about 8,500 persons. The average hydraulic
loading on the Milwaukee-Metropolitan sewerage
system from the City of Brookfield in 1970 was
estimated at O. 9 mgd.

226

2When both treate~ and bypassed flows are included, .about 53 percent of the CBOO s and 45 percent of
the suspended ~ollds were removed (data from 1.969. City of Broo.kfield annual report).

3Dur;ng 1970 thIS plant served only the. New Berlm EIsenhower High School.
4Data obtained from 24-hour composIte sample by the Wisconsin Department of Natural Resources in
July 1970.

5Data obtained from the 1970 Annual Report of the City of Waukesha Public Works Department.
6Data obtained from 24-hour composite sample by the Wisconsin Department of Natural Resources in
August 1969.

'Data obtained from 24-hour composite sample by the Wisconsin Department of Natural Resources in
June 1969.

8Data obtained from 24·hour composite sample by the Wisconsin Department of Natural Resources in
July 1970.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of Brookfield
sanitary sewerage system east of the subcontinen
tal divide is shown on Map 44. There are three
known points of sewage flow relief in this por
tion of the City of Brookfield sanitary sewerage
system, all of which are portable pumping sta
tions. The planned future service area in this
portion of the City of Brookfield, which includes
all of the city east of the subcontinental divide and
which totals about 10.5 square miles, together
with locally proposed trunk sewers to serve this
land area, are also shown on Map 44.

The existing service area of the City of Brookfield
sanitary sewerage system in the Fox River water
shed west of the subcontinental divide is shown

I
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B IDENTIFICATION NUMBER--SEE APPENDIX B
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Source: Wisconsin Department of Natural Resources and S£WRPC,
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Map 44
EXISTING AND LOCALLY PROPOSED

PUBLIC SANITARY SEWERAGE SYSTEMS
AND OTHER SEWAGE TREATMENT FACI LITI ES

IN WAUKESHA COUNTY
1970
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on Map 44. This area totals about 5.6 square
miles and has a resident population of about
12,300 persons. Sewage from this portion of the
City of Brookfield is treated at two sewage treat
ment facillties. The first facility Is located on
a 50-acre site on the Fox River, to which effluent
is discharged (see Figure 69). The plant site is
bounded by the Chicago, Milwaukee, St. Paul and
Pacific Railroad on the north and south, Industrial
land uses on the east, and the Fox River and its
floodplains on the west. The plant, an activated
sludge type, was constructed in 1960. The average
hydraulic desigo capacity of the plant is 1. 0 mgd,
with a peak hydraulic desigo capacity of 2. 0 mgd.
The average hydraulic loading on the plant in 1970
was estimated at 1.7 mgd, indicating that the plant
did not have adequate capacity to treat the average

dally flow from the existing sewer service area.
Treatmen t processes provided by the plant are
classified as secondary level. The second facility
is a two-stage temporary lagoon treatment facility
located on a 90-acre industrial park site near the
cnnfluence of Poplar Creek and the Fox River (see
Figure 70). This plant site is bounded by the Fox
River on the north, Poplar Creek on the east,
unused and open lands on the south, and a new
77-acre sewage treatment plant site on the west.
The lagoons were placed into operation in 1968
and serve exclusively the Camelot Forest Sub
division and the Elmbrook Memorial Hospital.
The average hydraulic loading on the facility in
1970 was estimated at 0.06 mgd. Treatment
processes provided by the lagoons are classified
as secondary level.

Figure 69

CITY OF BROOKFIELD FOX RIVER SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Chjn~-Chj Wu.

229



Figure 70

CITY OF BROOKFIELD POPLAR CREEK SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching-Chi Wu.

It should be noted that during 1972 the City of
Brookfield had under construction a new sewage
treatment plant located on the 77-acre site adja
cent to the site of the existing sewage treatment
lagoons near the confluence of Poplar Creek and
the Fox River. The new plant, which will also
discharge its effluent to the Fox River, will have
an average hydraulic design capacity of 5.0 mgd
and a peak hydraulic design capacity of 12.0 mgd,
and will provide a secondary level of waste treat
ment. The existing City of Brookfield sewage
treatment plant and the existing City of Brookfield
sewage lagoons will be abandoned upon completion
of the new treatment facility, which is expected
in 1973. The new Brookfield sewage treatment
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plant was approved as an interim treatment
facility pending full Implementation of the recom
mended upper Fox River watershed sanitary sew
erage system as contained in the adopted Fox
River watershed plan. Ultimately, the plan rec
ommends that all sewage originating In the City
of Brookfield west of the subcontinental divide be
treated at a new 36 mgd advanced waste treatment
facility proposed to be located south of Waukesha.
Sewage from the City of Brookfield, the Village
of Menomonee Falls, the Village of Lannon, the
Village of Sussex, the Village of Pewaukee, the
Pewaukee Lake Sanitary District, the City of
New Berlin, and tbe City of Waukesha, together
with adjacent urban development in several towns
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in the upper Fox River watershed area, would
be treated at the proposed new major areawide
sewage treatment facility.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of Brookfield
sanitary sewerage system in the Fox River water
shed are shown on Map 44. There are seven
known points of sewage flow relief in this portion
of the City of Brookfield sanitary sewerage
system, including six portable pumping stalions
and one bypass located at the old sewage treat
ment plant. The inventory revealed that the City
of Brookfield had a locally proposed sewerage
system plan to serve all of the City of Brookfield
in the Fox River watershed and portions of the
Town of Brookfield. This area totals about
13 square miles.

Management of the City of Brookfield sanitary
sewerage system is under the direction of a five
memher sewer utility board including the Mayor
and Public Works Director, along with a four
member Underwood Creek Sewer Commission,
a joint commission with the Village of Elm Grove.
Day-to-day administration of the system is pro
vided by the Director of Public Works and the
utility superintendent. Financing of the system is
provided through both a sewer service charge and
a general property tax levy. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the City of Brookfield sanitary sewerage system,
approximated $666,574, or about $32 per capita.
Of this total, $220,758, or about $11 per capita,
was expended for operation and maintenance and
$445,816, or about $21 per capita, was expended
for capital improvements.

City of Muskego: The existing service area of
the City of Muskego sanitary sewerage system
is shown on Map 44. This area totals about
1. 8 square miles and has a resident population of
about 4,500 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the City of Muskego is temporarily
being treated at a sewage treatment lagoon located
near Big Muskego Lake, to which effluent is dis
charged (see Figure 71). The existing lagoon site
accommodates three lagoons and is ahout 21 acres
in size. It is bounded by agricultural land uSes on
all sides. The treatment facility, a flow-through
stabilization lagoon type, was consiructed in 1967

and reconstructed in 1970 as an aerated stahiliza
tion lagoon type. The average hydraulic design
capacity of the lagoon is 0.7 mgd, with a peak
hydraulic design capacity of O. 9 mgd. The aver
age hydraulic loading on the plant in 1970 was
estimated at 0.4 mgd, indicating that the facility
did have adequate capacity to treat the average
daily flow from the existing sewer service area.
Treatment processes provided by the plant are
c lassifisd as secondary level.

It should be noted that the City of Muskego con
structed in 1971 and placed into operation in 1972
an additional sewage treatment facility to serve
the northeast area of the city. This facility con
sists of an activated sludge type sewage treatment
plant discharging to a seepage lagoon (see Figure
72). The iagoon has emergency overflow gates
that would allow discharge of effluent to the Tess
Corners Creek, a tributary of the Root River.
The average hydraulic design capacity of the
northeast district sewage treatment plant in the
City of Muskego is 0.5 mgd, with a peak hydraulic
design capacity of 1. 3 mgd.

Both of the City of Muskego sewage treatment
facilities are scheduled to be abandoned upon
completion of a major trunk sewer by the Mil
waukee-Metropolitan Sewerage Commissions to
the Milwaukee-Waukesha County line. The City of
Muskego is committed by contract to abandon its

Figure 71

CITY OF MUSKEGO BIG MUSKEGO LAKE
SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching.Chi Wu.
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Figure 72

CITY OF MUSKEGO NORTNEAST DISTRICT SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching-Chi Wu.
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temporary sewage treatment facilities and connect
to the Milwaukee-Metropolitan sewerage system
as soon as the trunk sewer capacity becomes
available. At the present time it is anticipated
that this trunk sewer will be in place in 1977.

Although nearly the entire City of Muskego lies
within the contract service area of the Milwaukee
Metropolitan Sewerage Commissions, the locally
proposed plans of the City of Muskego are to
serve a 14.5 square mile area, as shown on
Map 44. Locally proposed trunk sewers to serve
this area and to enable abandonment of the exist
ing sewage treatment plants are also shown on
Map 44.

The location and configuration of all existing
major trunk sewers and pumping and lift stations
and related force mains in the City of Muskego
sanitary sewerage system are shown on Map 44.
There are no known points of sewer overflow or
bypassing in the City of MUSkego sanitary Sewer
age system.
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Management of the City of Muskego sanitary sew
erage system is under the direction of the Mayor
and Common Council. Day-to-day administration
of the system is provided by the City Engineer.
Financing of the system is provided through the
general property tax and a sewer service charge.
Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the City of Muskego sanitary
sewerage system approximated $1. 24 million, or
about $276 per capita. Of this total, $6,908, or
about $1 per capita, was expended for operation
and maintenance and $1,233,340, or $275 per
capita, was expended for capital improvements.

City of New Berlin: The existing service area of
the City of New Berlin sanitary sewerage system
is shown on Map 44. This area totals about
4.6 square miles and has a resident population of
about 8,700 persons. The entire area is served
hy a separate sanitary sewer system. All of ~he

area lies east of the subcontinental divide tra
versing the Southeastern Wisconsin Region. Of
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Figure 73

I
I
I
I
I
I
I
I
I
I

the total area served, about 4.4 square miles
having a resident population of abouL 7,900 per
sons are served directly tbrougb the Milwaukee
Metropolitan sewerage system, and about O. 1
square mile having a resident population of about
800 persons is served directly by the City of
New Berlin tbrough a small sewage treatment
plant located near the eastern city limits (see
Figure 73).

The City of New Berlin has a contract with tile
Milwaukee-Metropolitan Sewerage Commissions
for sewage treatment for sewage generated in all
of the area of the city east of the subcontinental
divide. The average hydraulic loading on the
Milwaukee-Metropolitan sewerage system from
the City of New Berlin in 1970 was estimated at
1. 5 mgd.

The small sewage treatment plant serving the
Greenridge Subdivision at the eastern city limits
is located on about a four-acre site, and is a tem
porary sewage treatment plant scheduled to be
abandoned as trunk sewer service from the
Milwaukee-Metropolitan Sewerage Commissions
becomes available. The average hydraulic design
capacity of the plant is O. 1 mgd. The average

hydraulic loading on the plant in 1970 was esti
mated at O. 07 mgd, indicating that the plant has
adequate capacity Lo treat the average daily flow
from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level.

The City of New Berlin placed into operation
during 1970 on a limited use basis a new se,vage
treatment plant designed to serve the Eisenhower
High School and the Regal Manors Subdivision (see
Figure 74). During 1970 only the Eisenhower High
School was served by this new plant, which is also
a temporary sewage treatment facility designed Lo
be abandoned upon extension of trunk sewer ser
vice from the Milwaukee -Metropolitan sewerage
system. The area served during 1970 by the plant
totaled about O. 1 square mile. The plant, an
activated sludge type, has an average hydraulic
design capacity of 0.3 mgd. The treatment proc
esses prOVided at the plant are classified as
secondary level.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of New Berlin
sanitary sewerage system are shown on Map 44.

I
CITY Of NEW BERLIN GREENRIDGE SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Chjn~-Chi Wu.
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Figure 74

CITY OF NEW BERLIN REGAL MANORS SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching.Chi Wu.
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There are no known points of sewer overflow or
bypassing in the City of New Berlin sanitary
sewerage system. The inventory revealed that
the city had a documented plan to provide sewer
service to all of the area of the city within the
contract limits of the Milwaukee-Metropolitan
Sewerage Commissions, which area generally
corresponds to the area lying eas t of the subcon
tinental divide. This proposed future sewer ser
vice area, which approximates 20.7 square miles,
is shown on Map 44. Locally proposed trunk
sewerS to serve this area are also shown on
Map 44.

Management of the City of New Berlin sanitary
sewerage system is under the direction of the
Common Council. Day-to-ctay administration of
this system is provided by the Director of Public
Works. Financing of the system is provided
through a sewer service charge of $18 per quarter
per residential connection. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the City of New Berlin sanitary sewerage system
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approximated $228,469, or ahout $26 per capita.
Of this total, $206,869, or about $24 per capita,
was expended for operation and maintenance and
$21,600, or about $2 per capita, was expended
for capital improvements.

City of Oconomowoc: The existing service area
of the City of Oconomowoc sanitary sewerage
system is shown on Map 44. This area totals
about 2.1 square miles and has a resident popu
lation of ahout 9,500 persons. The entire area is
served by a separate sanitary sewer system.

Sewage frora the City of Oconomowoc is treated
at a sewage treatment plant located on the Ocono
mowoc River, to which effluent is discharged
(see Figure 75). The plant has a site area of about
25 acres, of which 10 acres are currently utilized,
leaving 15 acres available for future use. The
plant site is bounded by residential land use on the
north and open land uses on the south, west, and
east. The plant, a trickling filter type, was con
strue ted in 1936. The average hydraulic design
capacity of the plant is 1. 5 mgd, with an estimated
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Figure 75

CITY OF OCONOMOWOC SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching-Chi Wu.
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peak hydraulic design capacity of 3.0 mgd. The
average hydraulic loading On the plant in 1970 was
estimated at 1. 6 mgd, indicating that the plant
does not have adequate capacity to treat the aver
age daily flow from the sewer service area. The
treatment processes provided at the plant are
classified as secondary level. It should be noted
that the City of Oconomowoc has completed engi
neering studies relating to the construction of
a new sewage treatment plant, which plant is pro
posed to serve as an areawide sewage treatment
facility for existing and proposed urban develop
ment in several adjacent communities lying in the
Oconomowoc River basin. The proposed average
hydraulic design capacity of the new plant is to be
4.0 mgd, with a peak hydraulic design capacity of
9. 0 mgd. The piant would be located downstream
of and immediately adjacent to the site of the
existing sewage treatment facility on the remain
ing land area.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of Oconomowoc
sanitary sewerage system are shown on Map 44.
There are two known points of sewage flow relief
in the City of Oconomowoc sanitary sewerage
system, both of which are manually operated
bypasses. Neither bypass has been used since

1966. The proposed future sewer service area.
as documented in engineering reports prepared
for the proposed new sewage treatment facility for
the City of Oconomowoc. which area approximates
52 square miles, is shown on Map 44.

Management of the City of Oconomowoc sanitary
sewerage system is under the direction of the
Mayor and Common Council. Day-to-day adminis
tration of the system is provided by the Director
of Public Works. Financing of the system is pro
vided through the general property tax and a sewer
service charge equal to 100 percent of the winter
quarter water bill. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
City of Oconomowoc sanitary sewerage system
approximated $124,708, or about $13 per capita.
Of this total, $50,000, or about $5 per capita.
was expended for operation and maintenance and
$74,708, or about $8 per capita, was expended for
capital improvements.

City of Waukesha: The existing service area of
the City of Waukesha sanitary sewerage system
is shown on Map 44. This area totals about
8.9 square miles and has a resident population of
about 40,700 persons. The entire area is served
by a separate sanitary sewer system.
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Figure 76

Sewage from the City of Waukesha is treated at
a sewage treatment plant located on the Fox River,
to which effluent is discharged (see Figure 76).
The plant has a site area of about 40 acres, of
which about 28 acres are currently utilized. The
plant site is bounded by the city public works
garage on the north, the municipal incinerator on
the south, the Fox River and its floodplains on the
west, and Sentry Drive on the east. The plant,
a high-rate two-stage trickling filter type, was
initially constructed in 1949 and was extensively
modified and expanded in 1967. The average
hydraulic design capacity of the plant is 8.5 mgd,
with a peak hydraulic design capacity of 11.5 mgd.
The average hydraulic loading on the plant in 1970
was estimated at 8.3 mgd, indicating that the
plant has adequate capacity to treat the average
daily flow from the sewer service area. Examina
tion of sewage flow records reveals, however J that
the peak hydraulic design capacity of the plant is
occasionally exceeded. It should be noted that the
City of Waukesha during 1972 authorized the con
duct of engineering studies to examine the expan
sion potential of the existing plant, together with

the recommendation contained in the adopted Fox
River watershed plan that the plant be ultimateiy
abandoned and that a new 36 mgd areawide sewage
treatment facility be constructed on a new site
below the existing City of Waukesha plant.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the City of Waukesha
sanitary sewerage system are shown on Map 44.
The only known point of sewage flow relief in the
City of Waukesha sanitary sewerage system is
a bypass at the sewage trea tment plant. The
inventory revealed that the city had a documented
plan for the provision of Sewer service to an addi
tional 6. 1 square mile area, which area is shown
on Map 44. No locally proposed trunk sewers to
serve this additional area were, however, found
in the inventory.

Management of the City of Waukesha sanitary
sewerage system is under the direction of the
Mayor and Common Council, advised by the
Board of Public Works. Day-to-day administra-
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CITY OF WAUKESHA SEWAGE TREATMEHT PLANT

Photo by Karl W. Emrich and Ching-Chi Wu.
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tion of the system is provided by the Director of
Public Works and the Sewage Plant Superintendent.
Financing of the system is provided through the
general property tax. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for
the City of Waukesha sanitary sewerage system
approximated $1,133,038, or about $28 per capita.
Of this total, $221,905, or about $5 per capita,
was expended for operation and maintenance and
$911,133, or about $23 per capita, was expended
for capital improvements.

Village of Butler: The existing service area of
the Village of Butler sanitary sewerage system,
which encompasses the entire village, is shown
on Map 44. This area totals about O. 8 square
mile and has a resident population of about 2,100
persons. The entire area is served by a separate
sanitary sewer system.

The Village of Butler contracts with the Mil
waukee-Metropolitan Sewerage Commissions for
sewage treatment. The average hydraulic loading
on the Milwaukee-Metropolitan sewerage system
from the Village of Butler in 1970 was estimated
at 0.4 mgd. Pending completion of trunk sewer
construction, sewage flow from the village of
the Milwaukee-Metropolitan sewerage system is
limited to 400,000 gallons per day. Any flow
in excess of this amount is bypassed through
a chlorination tank and discharged to the Menomo
nee River. The location and configuration of the
major trunk sewers serving the Village of Butler
are shown on Map 44.

Management of the Village of Butler sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Water and Sewer Super
intendent. Financing of the system is provided
through a sewer service charge based upon the
quarterly water billings. Total expenditures
during 1970 for operation, maintenance, and capi
tal improvements, including debt retirement, for
the Village of Butler sanitary sewerage system
approximated $60,805, or about $29 per capita.
Of this total, $39,922, or about $19 per capita,
was expended for operation and maintenance and
$20,883, or about $10 per capita, was expended
for capital irnprovernents.

Village of Dousman: The existing service area
of the Village of Dousman sanitary sewerage
system is shown On Map 44. This area totals

VILLAGE OF BUTLER SEWAGE OVERFLOW
CHLORINATION FACILITY

Photo by Karl W. Emrich and Ching-Chi Wu.

about 0.4 square mile and has a resident popula
tion of about 600 persons. The entire area is
served by a separate sanitary sewerage system.

Sewage from the Village of Dousman is treated
at a sewage treatment plant located on the Bark
Ri ver, to which effluent is discharged (see Fig
ure 77). The plant has a site area of about
10 acres, of which one acre is currently utilized,
leaving nine acres available for future use. The
plant site is bounded by the Bark River on the
north, and unused vegetated land areas on the
south, west, and east. The plant, an activated
sludge type, was constructed in 1961. The average
hydraulic design capacity of the plant is O. 12 mgd,
with a peak hydraulic design capacity of 0.3 mgd.
The average hydraulic loading on the plant in 1970
was estimated at 0.08 mgd, indicating that the
plant has adequate capacity to treat the average
daily flow from the sewer service area. The
treatment processes provided at the plant are
classified as secondary level.
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The Village of E1m Grove contracts with the
Milwaukee-Metropolitan Sewerage Commissions I
for sewage treatment. The average hydraulic
loading on the Milwaukee-Metropolitan sewerage
system from the Village of Elm Grove in 1970 was I
estimated at 0.9 mgd.

Figure 77

V I LLAGE OF OOUSMAN SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching-Chi Wu.

The location and configuration of the major trunk
sewers serving the Village of Dousman are shown
on Map 44. There is one known point of sewage
flow relief in the Village of Dousman sanitary
sewerage system-a bypass located in a manhole
at the sewage treatment plant. The inventory
revealed that the village had no documented plan
for the extension of its sanitary sewerage system.

Management of the Village of Dousman sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the plant superintendent.
Financing of the system is provided through the
general property tax and a sewer service charge
of $15 per quarter per connection. Total expendi
tures during 1970 for operation, maintenance. and
capital improvements. including debt retirement.
for the Village of Dousman sanitary sewerage
system approximated $34,108, or about $57 per
capita. Of this total, $26,834, or about $45 per
capita, was expended for operation and mainte
nance and $7,274, or about :1'12 per capita, was
expended for capital Improvements.

Village of Elm Grove: The existing service area
of the Village of E1m Grove sanitary sewerage
system Is shown on Map 44. This area, which
encompasses the entire village, totals about
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3. 3 square mUes and has a resident population
of about 6,600 persons. Of this total, about
1. 8 square miles with a resident population of
about 3,900 persons consist of the Village of Elm
Grove Sanitary District No. 1. The remaining
1. 5 square miles with a resident population of
about 2,700 persons consist of the Vlllage of Elm
Grove Sewerage District No.2. The entire vlllage
is served by a separate sanitary sewer system.

The location and configuration of the major trunk
sewers serving the Village of Elm Grove are
shown on Map 44. There are no known points of
sewage flow re lief in the Village of E 1m Grove
sewerage system. Management of the Village of
Elm Grove Sanitary District No. 1 sewerage
system is under the direction of a three-member
commission. Management of the Vlllage of Elm
Grove Sewerage District No.2 sanitary sewerage
system is also under the direction of a three
member commission. Day-to-day administra
tion of both systems is provided by the Village
Manager. Financing of both systems is provided
through the general property tax and a sewer ser
vice charge of $42 per year per connection. Total
expenditures during 1970 for operation, mainte
nance. and capital improvements. including debt
retirement, for the Village of Elm Grove Sani
tary District No. 1 sanitary sewerage system
approximated $82,791, or about $21 per capita.
Of this total, $49,151, or about $13 per capita,
was expended for operation and maintenance and
$33,640, or about $8 per capita, was expended for
capital improvements. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Elm Grove Sewerage District No. 2
sanitary sewerage system approximated $221,171,
or about $82 per capita. Of this total, $21,498,
or about $8 per capita, was expended for operation
and maintenance and $199,673, or about $74 per
capita. was expended for capital improvements.

Vlllage of Hartland: The existing service area of
the Village of Hartland sanitary sewerage system
is shown on Map 44. This area totals about
0.8 square mile and has a resident population of
about 2,900 persons. The entire area is served
by a separate sanitary sewerage system.
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Sewage from the Village of Hartland is treated at
a sewage treatment plant located upstream from
Nagawicka Lake on the Bark River, to which efflu
ent is discharged (see Figure 78). The existing
plant has a site area of about 37 acres, of which
five acres are currently utilized, leaving 32 acres
available for fulure use. The plant site is bounded
by agricultural land uses on all sides. The plant,
an activated sludge type, was constructed in 1933
and extensively modified in 1962. The average
hydraulic design capacity of the plant is 0.35 mgd,
with an estimated peak hydraulic design capacity
of O. 7 mgd. The average hydraulic loading on the
plant in 1970 was estimated at 0.3 mgd, indicating
that the planl has adequate capacity to treat the
average daily flow from the sewer service area.
The treatment processes provided at the plant are
ciassified as secondary level.

The location and configuration of all major trunk
sewers and pumping and lift stations and related
force mains comprising the Village of Hartland
sanitary sewerage system are shown on Map 44.
The only known point of sewage flow relief in the
Village of Hartland sanitary sewerage system is
a bypass located at the sewage treatment plant.

The Village of Hartland is currently under
orders from the Wisconsin Department of Natural
Resources to either provide additional waste
t.reatment facilities in order to remove at least
85 percent of lhe annual average tolal phosphorus
received at the existing sewage treatment plant
and install emergency holding lagoons for waste
that might bypass the treatment process, or com
pletely eliminate any waste discharges to the
Bark River and its tributaries upstream from
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Figure 78

VILLAGE OF HARTLAND SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching.Chi Wu.
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Figure 79

Nagawicka Lake. In response to this order, the
Village of Hartland began negotiations in 1970 with
the City of Delafield to consider the construction
and joint operation and maintenance of a metro
politan sewerage system that would eliminate
any sewage discharge to Nagawicka Lake. Pre
liminary engineering studies for the establishment
of this system have been completed and a joint
Delafield-Hartland Water Pollution Control Com
mission has been established to provide for
implemontation of the proposed new areawide
waste treatment system. This proposed new

system is more specifically discussed later in
this chapter.

Managemen t of the Village of Hartland sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Engineer.
Financing of the system is provided through the
general property tax and a sewer service charge

equal to 100 percent of the winter quarter water
bill. Data pertaining to expenditures during 1970
for operation, maintenance, and capital improve
ments, including debt retirement, for the Village
of Hartland sanitary sewerage system were not
made available by the village.

Village of Menomonee Falls: The existing service
area of the Village of Menomonee Falls sanitary
sewerage system is shown on Map 44. This area
totals about 3.8 square miles and has a resident
population of about 17,400 persons. The entire
area is served by a separate sanitary sewer
system.

Sewage from the Village of Menomonee Falls is
currently treated at two temporary sewage treat
ment facilities located on the Menomonee River,
to which effluent is discharged (see Figures 79
and 80). The first plant, located near the Pilgrim
Road crossing of the Menomonee River, has a site
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VILLAGE OF MENOMONEE FALLS PILGRIM ROAO SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn. Jean A. Hervert, and Kenneth E. Johnson.
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Figure 80

VILLAGE OF MENOMONEE FALLS LILLV ROAD SEWAGE TREATMENT PLANT

Photo by Melissa D. Creamer, Michael G. Dorn, Jean A. Hervert. and Kenneth E. Johnson.

area of about four acres. The plant site is bounded
by village streets on the east and south and by
commercial and other urban land uses on the west
and north. The original plant, a trickling filter
type, was constructed in 1954. In 1962 a new
activated sludge plant was constructed to operate
in parallel with the trickling filter plant. The
average hydraulic design capacity of this com
bined plant is 1. 9 mgd, with a peak hydraulic
design capacity of about 2.5 mgd. The average
hydraulic loading on the plant in 1970 was es ti
mated at 1. 7 mgd, indicating that the plant has
adequate capacity to treat the average daily flow
from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level. The second plant, located about
one mile downstream from the first plant, has
a site area of about 25 acres. The plant site is

bounded by residential land uses on three sides
and a golf course on the east. The plant, an acti
vated sludge type, was constructed in 1969. The
average hydraulic design capacity of the plant is
1. 0 mgd, with a peak hydraulic design capacity
estimated to be 2 mgd. The average hydraulic
loading on the plant in 1970 was estimated at
0.7 mgd, indicating that the plant has adequate
capacity to treat the average daily flow from its
sewer service area. The treatment processes
provided at the plant are classified as tertiary
level. It should be noted that the Menomonee Falls
sewer system can be controlled to divide the flows
between the plants.

Both of the Village of Menomonee Falls sewage
treatment facilities are scheduled to be abandoned
upon completion of a major trunk sewer by the
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Milwaukee-Metropolitan Sewerage Commissions
to the Milwaukee-Waukesha County line at STH 45.
The Village of Menomonee Falls is committed by
contract to abandon its temporary sewage treat
ment facilities and connect to the Milwaukee
Metropolitan sewerage system as soon as the
trunk sewer capacity becomes available. At the
present time it is anticipated that this trunk sewer
will be in place in 1973.

All of the Village of Menomonee Falls lying east
of the subcontinental divide which traverses the
Southeastern Wisconsin Region lies within the con
tract service area of the Milwaukee-Metropolitan
Sewerage Commissions. This future sewer ser
vice area approximated 14.5 square miles and
is in addition to the area already served at the
temporary sewage treatment facilities. Locally
proposed trunk sewers to serve this area and to
enable abandonment of the existing sewage treat
ment plants are shown on Map 44.

The location and configuration of all existing
major trunk sewers serving the Village of Meno
monee Falls are shown on Map 44. The only
known point of sewage flow relief in the Village of
Menomonee Falls sanitary sewerage system is
a bypass located at the Pilgrim Road sewage
treatment plant.

Management of the Village of Menomonee Falls
sanitary sewerage system is under the direction
of the Village Board. Day-to-day administration
of the system is provided by the Public Works
Director. Financing of the system is provided
through the general property tax, a special prop
erty tax levy of $0.50 per $1,000 of assessed
evaluation specifically for trunk sewer cons truc
tion, and a sewer service charge equal to 70 per
cent of the water bill. Total expenditures during
1970 for operation, maintenance, and capital
improvements, including debt retirement, for the
Village of Menomonee Falls sanitary sewerage
system approximated $659,421, or about $38 per
capita. Of this total, $141,869, or about $8 per
capita, was expended for operation and mainte
nance and $517,552, or about $30 per capita, was
expended for capital improvements.

Village of Mukwonago: The existing service area
of the Village of Mukwonago sanitary sewerage
system Is shown on Map 44. This area totals
about one square mile and has a resident popula
tion of about 2,600 persons. The entire area is
served by a separate sanitary sewer system.
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Sewage from the Village of Mukwonago is treated
at a sewage treatment plant located on the Muk
wonago River, to which effluent is discharged
(see Figure 81). The plant has a site area of about
two acres, of which one acre is currently utilized,
leaving about an acre available for future use.
The plant site is bounded by agricultural or unused
lands on all sides. The plant, a high-rate trick
ling filter type, was constructed in 1950. The
average hydraulic design capacity of the plant is
0.20 mgd, with a peak hydraulic design capacity
estimated to be 0.3 mgd. The average hydraulic
loading on the plant in 1970 was estimated to be
0.30 mgd, indicating that the plant does not have
adequate capacity to treat the average daily flow
from the sewer service area. The treatment
processes provided at the plant are classified as
secondary level.

The location and configuration of all major trunk
sewers serving the Village of Mukwonago are
shown on Map 44. There are no known points of
Sewer overflow or bypassing in the Village of
Mukwonago sanitary sewerage system, The inven
tory revealed that the village had a documented
plan for the provision of sewer service to an
additional 1. 8 square mile area, which area is
shown on Map 44. Locally proposed trunk Sewers
to serve this additional area are also shown on
Map 44.

Figure 81

VILLAGE OF MUKWONAGO SEWAGE TREATMENT PLANT

Photo by Roser R. Ross and Joseph C. Ruys.
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Management of the Village of Mukwonago sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Engineer and
the plant superintendent. Financing of the system
is provided through the general property tax.
Total expenditures during 1970 for operation,
maintenance, and capital improvements) including
debt retirement, for the Village of Mukwonago
sanitary sewerage system approximated $9,356,
or ahout $4 per capita. Of this total, $8,123, or
about $3 per capita, was expended for operation
and maintenance and $1,233, or about $1 per
capita, was expended for capital improvements.

Village of Pewaukee: The existing service area of
the Village of Pewaukee sanitary sewerage system
is shown On Map 44. This area totals about
0.8 square mile and has a resident population of
ahout 2,900 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the Village of Pewaukee is treated at
a sewage treatment plant located on the Pewaukee
River, to which effluent is discharged (see Fig
ure 82). The plant has a site area of ahout three
acreS. The plant site is bounded by a city street
on the north, the Pewaukee River on the south,
industrial land uses on the west, and open land
uses and 8TH 16 on the east. The plant, a trick
ling filter type, was constructed in 1950. The
average hydraulic design capacity of the plant is
0.3 mgd, with an estimated peak hydraulic design
capacity of 0.6 mgd. The average hydraulic load
ing on the plant in 1970 was estimated at 0.4 mgd,
indicating that the plant did not have adequate
capacity to treat the average daily flow from the
existing Sewer service area. In response to an
order from the Wisconsin Department of Natural
Resources, the Village of Pewaukee placed into
operation in March 1972 an addition to its existing
sewage treatment plant. This addition consists of
a new experimental bio-disc filter type sewage
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VilLAGE OF PEWAUKEE SEWAGE TREATMENT PLANT

Photo by Michael G. Darn. Charles L. Hamilton, and Mark W. Sheets.
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treatment facility. The new combined hydraulic
design capacity of the plant is 0.76 mgd, with
a combined peak hydraulic design capacity esti
mated to be 1. 3 mgd. With this new addition, the
plant has adequate capacity to treat the existing
average daily flow from the sewer service area.
The treatment processes provided by the trickling
filter and bio-disc type sewage treatment plants
are classified as secondary level. It should be
noted that the adopted Fox River watershed plan
recommends the ultimate abandonment of the
existing sewage treatment facility serving the
Village of Pewaukee and the connection of the
Pewaukee sewer service area to a new 36 mgd
areawide sewage treatment facility to be coa
structed on a new site below the existing City of
Waukesha sewage treatment plant.

The location and configuration of all major trunk
sewers serving the Village of Pewaukee are
shown on Map 44. There are no known points of
sewer overflow or bypassing in the Village of
Pewaukee sanitary sewerage system. The inven
tory revealed that the village had a documented
plan for the provision of sewer service to an
additional 3.50 square mile area, which area is
shown on Map 44. Locally proposed trunk sewers
to serve this additional area are also shown on
Map 44.

Management of the Village of Pewaukee sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Administrative
Engineer. Financing of the system is provided
through a sewer service charge which is equal to
100 percent of the quarterly water bill. Total
expenditures during 1970 for operation, mainte
nance, and capital improvements, including debt
retirement, for the Village of Pewaukee sanitary
sewerage system approximated $79,643, or about
$27 per capita. Of this total, $35,977, or about
$12 per capita, was expended for operation and
malntenance and $43,666, or about $15 per capita,
was expended for capital improvements.

Village of Sussex: The existing service area of
the Village of Sussex sanitary sewerage system
is shown on Map 44. This area totals about
0.9 square mile and has a resident population of
about 2,800 persons. The entire area is served
by a separate sanitary sewer system.

Sewage from the Village of Sussex is treated at
a sewage treatment plant located on Sussex Creek,

a tributary of the Fox River, to which effluent is
discharged (see Figure 83). The plant has a site
area of about 12 acres, and is bounded by agricul
tural land uses on all sides. The plant, a trickling
filter type, was constructed in 1958. The average
hydraulic design capacity of the plant is 0.3 mgd,
with a peak bydraulic design capacity of 1. 5 mgd.
The average hydraulic loading on the plant in 1970
was estimated at 0.3 mgd, indicating that the plant
is presently operating at its design capacity,
treating the average daily flow from the present
Sewer service area.

The adopted Fox River watershed plan recom
mends that the Village of Sussex sewage treatment
facility be ultimately abandoned and its sewer
service area connected to the proposed upper Fox
River watershed sanitary sewerage system, with
treatment to be provided at a new 36 mgd sewage
treatment facility to be located on a site down
stream from the existing City of Waukesha sewage
treatment plant. Since adoption of the Fox River
watershed plan, the Village of Sussex has agreed
in principle to the establishment of the upper Fox
River watershed sanitary sewerage system and
has requested that it be allowed to construct an
addition to Its existing sewage treatment facility
to provide for interim growth until the proposed
upper Fox River watershed system is fully impie
mented. The proposed addition to the Village of
Sussex sewage treatment plant would result in
a total average hydraulic design capacity of
0.8 mgd with a total peak hydraulic design capa
city of 2. 1 mgd.

Figure 83

VILLAGE OF SUSSEX SEWAGE TREATMENT PLANT

Photo by Karl W. Emrich and Ching-Chi Wu.
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The location and configuration of all major trunk
sewers serving the Village of Sussex are shown
on Map 44. There is one known point of sewage
flow relief in the Village of Sussex sanitary sew
erage system-a portable pumping station at
a manhole near the sewage treatment plant. The
inventory revealed that the village had a docu
mented plan for the provision of sewer service to
an additional 0.5 square mile area (see Map 44).

Management of the Village of Sussex sanitary
sewerage system is under the direction of the
Village Board. Day-to-day administration of the
system is provided by the Village Engineer.
Financing of the system is provided through the
general property tax and a sewer service charge.
Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the Village of Sussex sanitary
sewerage system approximated $45,805, or about
$16 per capita. Of this total, $24,086, or about
$8 per capita, was expended for operation and
maintenance and $21,719, or about $8 per capita,
was expended for capital improvements.

Proposed Public Sanitary Sewerage Systems
The inventory revealed that as of 1970 there were
three proposed sanitary sewerage systems in
Waukesha County which would provide centralized
sanitary sewer service to subareas of the county.
These three systems would serve the Hartland
Delafield area; urban development along the
shoreline of Pewaukee Lake in the Towns of Dela
field and Pewaukee; and the Village of North
Prairie. Together these three proposed systems
would serve a total area of about 21 square miles,
or 4 percent of the total area of the county, and
a total existing population of about 11,700, or
5 percent of the total population of the county.
Each of these three proposed sanitary sewerage
systems is described in the following paragraphs.

Hartland-Delafield Sanitary Sewerage System: As
noted earlier in this chapter under the discussion
of the existing sanitary sewerage system in the
Village of Hartland, a proposed new areawide
sanitary sewerage system to serve the Ci ty of
Delafield, the Village of Nashotah, and the Vil
lage of Hartland has developed out of a pollution
abatement order by the Wisconsin Department
of Natural Resources to the Village of Hartland.
In addition, the deteriorating lake water quality
of Nagawicka Lake has prompted concern on the
part of many residents of the City of Delafield
over the need to provide centralized sanitary
sewer service.

The proposed service area of the Hartland
Delafield sanitary sewerage system is shown on
Map 44. This area totals about 13 square miles
and has a current resident population of about
6,000 persons, not including that area and popula
tion now served in the Village of Hartland. Sewage
from this area is proposed to be treated at a new
sewage treatment plant located either downstream
from the Crooked Lake outlet on the Bark River
or at the west city limits of the City of Delafield.
The average hydraulic design capacity of the pro
posed plant would be 2 mgd, with a proposed peak
hydraulic design capacity of about 5 mgd. The
proposed plant would provide an advanced level of
sewage treatment, including nutrient removal.

An institutional structure-the Hartland-Delafield
Water Pollution Control Commission-has been
formed by the Village of Hartland and the City of
Delafield to construct, operate, and maintain the
necessary components of the areawide sanitary
sewerage system. The joint commission would
build and operate the treatment plant and the
necessary trunk sewer to interconnect the com
munities that are to be served (see Map 44).

Pewaukee Lake Sanitary Sewerage System: The
adopted Fox River watershed plan recommends
that urban development along and adjacent to the
shoreline of Pewaukee Lake in the Towns of
Pewaukee and Delafield be served with centralized
sanitary sewer service. The plan recommends
that trunk sewers be constructed along the lake
shorelines and, together with sewage from the
Village of Pewaukee, be conveyed through a new
major trunk sewer along the Pewaukee River,
connecting with another major new trunk sewer
along the Fox River serving the Villages of Sussex,
Lannon, and Menomonee Falls and the Cities of
Brookfield and New Berlin. Sewage would ulti
mately be conveyed to a new areawide sewage
treatment facility proposed to be located on a new
site below the existing City of Waukesha sewage
treatment plant.

The Pewaukee Lake Sanitary District, formed in
1947 and governed by a three-member commission,
has completed preliminary engineering studies
for the provision of centralized sewer service to
urban development within the district. The area
proposed to be served in the district is shown on
Map 44. The preliminary engineering studies for
the Pewaukee Lake Sanitary District examined both
a connection to the Village of Pewaukee sewage
treatment plant, as recommended in the Fox
River watershed plan, and a potential connection
to the existing City of Waukesha sewage treatment
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facility through sewers serving the northwest area
of the City of Waukesha. The locally proposed
service area of the Pewaukee Lake Sanitary Dis
trict, totaling about 6.3 square miles, and the
locally proposed trunk sewer system to serve this
area are shown on Map 44. This locally proposed
service area has a current resident population of
about 5,000 persons.

Village of North Prairie: The Village of North
Prairie is considering the establishment of a cen
tralized public sanitary sewerage system. The
proposed service area of this system is shown on
Map 44. This area totals about 1. 3 square miles
and has a current resident population of about
700 persons. Sewage from this area is proposed
to be treated at a sewage treatment plant located
on a tributary to Jericho Creek, to which sewage
effluent would be discharged.

Other Sewage Treatment Facilities
In addition to the 13 public sanitary sewerage
systems discussed above, there are a total of
14 sewage treatment facilities in Waukesha County
which serve single isolated land use enclaves.
These 14 sewage treatment facilities serve the
Brookfield Central High School in the City of
Brookfield; St. John's Military Academy in the
City of Delafield; the Cleveland Heights Grade
School, the Highway 24 Drive-in Theater, the New
Berlin West High School, and the New Berlin
Memorial Hospital in the City of New Berlin; the
Gigas-Hillside Apartments, Oakton Manor-Tum-

blebrook Country Club, and the Wisconsin School
for Boys-wales in the Town of Delafield; the
Mammoth Springs Canning Company in the Town
of Lisbon; the Rainbow Springs Resort in the Town
of Mukwonago; the Muskego Rendering Plant and
the Tess Corners Grade School in the City of
Muskego; and the Ramada Inn-Waukesha in the
Town of Pewaukee (see Map 44). Pertinent char
acteristics pertaining to each of these 14 sewage
treatment facilities are presented in Table 52.
It should be noted that all but three of these facili
ties-the Wisconsin School for Boys-Wales, the
Mammoth Springs Canning Company, and the
Rainbow Springs Resort-are proposed to be con
nected to centralized public sanitary sewerage
systems in locally proposed sewerage plans.

Other Known Point Sources of Waste Water
In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
exis ting secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
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Table 52

SELECTED CHARACTERISTICS OF PRIVATE SEWAGE TREATMENT
FACILITIES IN WAUKESHA COUNTY: 1970

Average
Hydraulic

Civil Type of Type of Design Disposal
Division Land Use Treatment Capacify of

Name Location Served Provided (Gallons/Day) Effluent

Brookfield Central High School .. City of Brookfield Institutional Septic Tank, Sand Filter, and Seepage Lagoon N/A Soil Absorption
Cleveland Heights Grade School . City of New Berlin Institutional Septic Tank, Sand Filter, and Flow-through Lagoon N/A Tributary to Poplar Creek
Gigas-Hillside Apartments .. Town of Delafield Residential Activated Sludge and Seepage Lagoon 20,000 Soil Absorption
Highway 24 Drive-In Theater .... City ot New Berlin Commercial Sedimentation N/A Soil Absorption
Mammoth Springs Canning Company .. Town of Lisbon Industrial Screening and Spray Irrigation N/A Soil Absorption
Muskego Rendering Plant .. City of Muskego Industrial Aerated Seepage Lagoon N/A Soil Absorption
New Berlin West High School ..... City of New Berlin Institutional Sedimentation, Sand FIlter, 24,000 Tributary to Poplar Creek

and Flow-through Lagoon
New Berlin Memorial Hospital .... City of New Berlin Institutional Activated Sludge 19,000 Tributary to Root River
Oakton Manor-Tumblebrook Golf Course .. Town of Delafield Recreational Activated Sludge and Flow-through Lagoon. 36,000 Pewaukee Lake
Rainbow Springs Resorl' .. Town of Mukwonago Recreational Activated Sludge 160,000 Tributary to Mukwonago River
Ramada Inn-Waukesha' .. Town of Pewaukee Commercial Contact Stabilization, Seepage Lagoon, 25,000 Soil Absorption

and Spray Irrigation
Sf. John's Military Academy .. City of Delafield Institutional Septic Tank and Flow·through Lagoon 75,000 Bark River
Tess Corners Grade School . City of Muskego Institutional Septic Tank and Sand Filter 11,000 Tributary to Root River
Wisconsin School for Boys-Wales .. Town of Delafield Institutional Activated Sludge and Seepage Lagoon 165,000 Soil Absorption

NOTE: N/A indicates data not availabte.
'This facility has not yet been placed into operation.
'This facility constructed since 1970.
Source: Wisconsin Department of Natural Resources and SEWRPC.
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tributary to such streams and watercourses. The
secondary sources consulted included river basin
survey reports and pollution abatement orders of
the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. A total of 20 such known point sources of
industrial waste water were identified in Wau
kesha County. The name, civil division location,
type of waste, known pretreatment, and receiving
water body of these 20 waste sources are identi
fied in Table 53. The location of these 20 point
sources is shown on Map 45.

Existing Urban Development Not
Served by Public Sanitary Sewers
As noted earlier, public sanitary sewerage sys
tems in Waukesha County serve a total area of
about 39 square miles, or 6 percent of the total
area of the county, and a total population of about
122, 100 persons, or about 53 percent of the total
population of the county. An inventory was con
ducted in the study to determine the approximate
amount of urban development, and the population
residing therein, in Waukesha County not served

in 1970 by public sanitary sewer service. Each
U. S. Public Land Survey quarter section not
having development served by a centralized sani
tary sewerage system was examined to determine
if a significant amount of urban development was
present in 1970. Any quarter section with at least
32 housing units, or an average of one housing unit
per five gross acres, was deemed to be urban.
The major purpose of identifying such concentra
tions of urban development was to provide a basis
for analyzing the potential of providing public
sanitary sewerage service to such areas in accor
dance with the recommendations contained in the
adopted regional land use plan.

The nonsewered urban development areas identi
fied in Waukesha County are shown on Map 45.
Together these areas total about 32 square miles,
or about 5 percent of the total area of the county,
and contain a total population of about 75,000 per
sons, or about 32 percent of the total population
of the county. For analysis purposes, the existing
nonsewered urban development has been combined
in 33 named major urban concentrations. The
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Tab 1e 53

KNOWN EXISTING POINT SOURCES OF WASTEWATER OTHER THAN
SEWAGE TREATMENT PLANTS IN WAUKESHA COUNTY: 1970

Point Sourcel Civil
Division Known Receivin9

Number2 Name Location Type of Waste Pretreatment Water Bo y

1 Vitamin Products Company .......................... City of .Brookfield Process Water - - S~ray Irrigation -

2 lloldt, Incorporated ........................................ City of Muskego Process Water
oil Absorption

- - Tess Corners Creek
3 Alloy Products Corporation ........................... City of Waukesha Cooling Water and Seepage Lagoon Soil Absorption

Industrial Wastes
4 Borden Food Company .................................. City of Waukesha Cooling Water - - Fox River
5 Butler Bin Com pany ...................................... City of Waukesha Paint S~r:h Booth Settling and Fox River

Was ater Skimming
6 Fredricks Readi·Mix Company ..................... City of Waukesha Concrete Plant -- Marsh Tributary to

Wash Wastes the Fox River
7 General Castin~s Corporation ....................... City of Waukesha Cooling Water -- Fox River
8 G.T.E. Automatic Electric

Com pany, Incorporated ............................ City of Waukesha Cooling Water -- Fox River
9 International Harvester C~mpanr ................ City of Waukesha Cooling Water - - Fox River

10 Oconomowoc Electro·Platmg Co. ................ City of Waukesha Industrial Wastes - - Fox River
11 Patne and Dolan Company ........................... City of Waukesha Waste Wash Water Settling Pond Fox River
12 RT Corporation ............................................. City of Waukesha Oily Yard Runoff -- Fox River
13 ~:~t:~~: ~O~t~~~~riipaiiY ..Di;;isioii..Of ......·.. City of Waukesha Cooling Water - - Fox River
14

Bangor·Punta, Incorporated ..................... City of Waukesha Cooling Water and Oil Separation Marsh Tributary to
Industrial Wastes the Fox River

15 Sealtite Insulation Manufacturing

Br~gk~~r}~~~s ..::::::::::::::::::::::::::::::::::::::::::::::
Village of Merton Industrial Wastes Screening Bark River

16 Town of Genesee Cattle Yard Drainage - - Genesee Creek
17 Keystone Farms .............................................. Town of Genesee Dairy Waste Water segtic Tank and Pebble Creek

Sta i1ization Pond
18 Pleasant Valley Farms ................................... Town of Genesee Chicken Yard Drainage - - Genesee Creek
19 Halquist Stone Co., Inc.................................. Town of Lisbon Stone Cutting Settling Pond Sussex Creek

Waste Water
20 Waukesha Lime &Stone Company .............. Town of Pewaukee Quarry Water - - Fox River

lAs identified in Wisconsin Department of Natural Resources river basin
survey reports and pollution abatement orders and by selected municipal
public works departments; does not include industrial waste sources dis
charging to municipal sanitary sewerage systems.

2See Map 45.
3This source now connected to City of Waukesha sanitary sewerage system.
Source: SEWRPC.
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Map 145

estimaled population and urban development areas
of each of these major concentrations are shown
in Table 54.

EXISTING URBAN DEVELOPMENT NOT SERVED BV
PUBLIC SANITARY SEWERS AND EXISTING POINT

SOURCES OF WASTEWATER OTNER THAN SEWAGE
TREATMENT PLANTS IN WAUKESHA COUNTY: 1970
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Major Urban Concentrallonl Estimated Deve!o~
Resident Urban ea

Num~ Name Populabotl (Atres)

I nllge of Eailt ___~~~..__, ___.._. 700 '78
2

~r=s~:~~;~~~~~.=:::~===~:~:::~:=:~~
400 129

3 500 213
4 l,t~ 330, Ctly 01 Muskego -lake Denoon Area .. .................•.....~.... 24
6 City 01 Muskego - North East Area ...... 4,100 939
7 Pretty take Area .. ....................._... 400 86
8 Hunters lake Area ..__.......................... ,..... ' ............ 100 16
9 =_W~~()epQi-Aru ~==::-~::::=::.~::-.:::::-._.. 800 315

10 400 90
II Vill:lee 01 North Prall"ll! _____._.._~_____. 700 144
12 Say~dIe Aru .._.__...~._ ........_ _ ______. 100 61
13 To"n of Waukesha· Scattered Development 1,300 432
14 C~ of Hew Btrhn ...._..... ..............._....... lS,400 4,390
15 VII age 01 Oconomowoc lake. 200 107
16 Silver Lake Area ...................... 400 148
17 Nemahbin lakes Area l,loo 368
18 G<llden lake Area ._...... 200 53
19 Village of Nashotah ..._ 400 97
20 City of Delaheld ._.__._-..._•....__.__. 2.400 710
21 Pewaukee lake Aru __. 4,600 1,168
22 Town of Pewaukee - Scaltered oe;e.;;;;e;;i-===__ 2,400 575
23 City 01 Brookfield .~~ _.......~.__._..__.._. 14,600 3.726
24 lac La6elle Area .................._- 900 404
25 Ashippun Lake Area 200 69
26 Okauthee lake Alea .. 3.ng 1,540
27 North lake Area. 57
28 Lake Keesus Area ..... ........................._.... 500 15'
29 Village of Mertoo ._ 300 37
30 Buver lake Area ~~._ ..........__...._.._._ 300 123
31 Town 01 LISbon - Scattered Development ...._~=-~::::. 1.900 62<l
32 VlIagf: 01 lannon Area __. __._____. 1200 228
33 V~lage of Menomonee Falls _..___.. ____.__._ 12,700 2,706

Waukesha County Total .. 74,800 20,238J

EXISTING URBAN DEVELOPMENT NOT SERVED BY
SANITARY SEWERS IN WAUKESHA COUNTY BY

MAJOR URBAN CONCENTRATION: 1970

Table S4

(Urban development IS defined In this context itS concentrations of urban lind uses within in)',wen U. S. PublIC t,Md Surv~ qUiner section that has ~t least 32 housing umts, or an iverige
01 one houSlnl umI per fire gross .cres. ~nd IS not served by pubhc SinltiJry se~s.

'See M~p45.
JEqu11 to 316 sqlUre mlltt
Sourre: SEWRPC,

Concluding Remarks-Waukesha County
Inventories conducted under the regional sanitary
sewerage system planning program revealed that
in 1970 there existed in Waukesha County a total
of 13 public sanilary sewerage systems which
together serve a total area of abou l 39 square
miles, or aboul 6 percent of the lotal area of the
county, and a total population of about 122,100
persons, or about 53 perccnL of the total popula
tion of the county.. Fourteen sewage treatment
facilities provide treatment for sewage generated
in these 13 public sanitary sewerage systems ..
The Village of Menomonee Falls, the VlItage of
Butler, the City of Brookfield, lhe VlItage of
Elm Grove, the Cilyof New Berlin, and the City
of Muskego all contract with the Milwaukee
Metropolitan Sewerage Commissions to provide
for sewage treatment in those areas generally
lying east of the subcontinental divide traversing
the Soulheastern Wisconsin Region. Ultimately,
all sewage lreatment plants operated by these
communities in this area will be abandoned. In
addition to the 13 public sanitary sewerage sys
tems, 14 sewage treatment facilities serving gen-
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Significant concentrations of unsewered urban develop
ment in Waukesha County may be characterized in four
types. The fi rst consists of remaini ng unsewcred
remnants of urban development in the eastern tier of
townships in the county, which development occurred
primarily in the 19S0. and early 1960s. Such develop
..ent is rapidly being provided with centralized sani
tary sewer service. The s~cond type consists of
unsewered older, established incorporClted villages,
Including Big Bend, Eagle, Merton. Horth Prairie, and
Wales. The third type consists of lake-oriented
urban development in the western portion of the
county. Most of this develC'plllent is relatively old.
Finally, the fourth type consists of new "leapfrog
spraw'" subdivisions which have occurred throughout
nearly every town in the county since the mid-1960s.
This map also identifies the location of tile 20 known
point sources of wastewater other than sewage treat
lIIent plants in Waukesha County.

Source .'
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erally single isolated land use enclaves were
found in the inventory. Of these 14, all but three
would be abandoned upon implementation of locally
proposed sanitary sewerage system plans. The
inventory revealed that as of 1970 there were
three proposed public sanitary sewerage systems
in the county, one to serve the Hartland-Delafield
area, one to serve urban development along the
shoreline of Pewaukee Lake, and one to serve the
Village of North Prairie. Finally, in 1970 there
were all estimated 75,000 persons residing in
urban areas in Waukesha County not served by
public sanitary sewer service. Together these
areas totaled about 30 square miles.

SUMMARY

One of the initial steps in the regional sanitary
sewerage system planning program was an inven
tory of all existing sanitary and combined sewer
age systems within the Region, whether publicly
or privately owned. Such an inventory is essen
tial to an evaluation of the adequacy of the existing
network of sanitary sewers presently serving
urban land use development within the Region; to
an analysis of the deficiencies in the existing
systems in meeting present needs; and to a deter
mination of the capabilities of the existing sys
tems to be expanded to meet probable future
needs. Also included under the inventory of the
existing sanitary sewerage systems was an inven
tory of all locally prepared sanitary sewerage
system plans and engineering reports.

The inventory found that there are a total of 91
existing public sanitary sewerage systems in the
Southeastern Wisconsin Region which provide pub
lic sanitary sewer service to various subareas of

the Region. Together these 91 systems serve a
total area of about 309 square miles, or about
11 percent of the total area of the Region, and a
total population of about 1. 5 million, or nearly
85 percent of the total population of the Region
(see Map 46). The area and population served by
public sanitary sewerage systems in each county
in the Region are summarized in Table 55. The
percent of the total area of a county served by
sewers ranges from a high of 74 percent in highly
urbanized Milwaukee County to a low of 2 percent
in largely rural Walworth County. The percent of
total county population served ranges from a high
of 98 percent in Milwaukee County to a low of
47 percent in Washington County.

Comparable data relating to sanitary sewer ser
vice area and population served by sanitary
sewers for the year 1963-the year when the
Commission first inventoried sanitary sewerage
systems as a part of the initial regional land use
transportation study-are also presented in Table
55. Interestingly, the proportion of the total
regional population served has remained nearly
constant over the seven-year period, despite sig
nificant gains in both the number and proportion of
the total population served in several counties.
For example, the proportion of the total population
served in rapidly urbanizing Ozaukee County,
which was about 49 percent in 1963, rose to nearly
67 percent by 1970, while the proportion of the
total population served in rapidly urbanizing Wau
kesha County, which was about 43 percent in 1963,
rose to 53 percent by 1970. That these and other
similar significant gains in the proportion of the
total population served in the outlying counties of
the Region did not materially increase the propor
tion of the total regional population served can

I
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Table 55

EXISTING AREA AND POPULATION SERVED BY CENTRALIZED SANITARY
SEWERS IN THE REGION BY COUNTY: 1963 and 1970

Sanitary Sewer Service Area Population Served

1963 1970 1963 1970

s~uare Percent of Square Percent of Percent of Percent of
County i1es County Miles County Number County Number County

Kenosha ......... ........ ...................... 14.0 5.0 23.83 8.6 79,160 74.2 94,000 79.7
Milwaukee. .......... ................ ............. 142.3 58.8 179.00 73.9 1,075,000 99.0 1,034,700 98.2
Ozaukee .......... ........................ 6.2 2.6 17.28 7.4 20,340 48.9 36,300 66.7
Racine .. .................. .................. 19.1 5.6 29.49 8.7 112,600 74.8 135,900 79.6
Walworth .......... ............•.... , ........... 8.6 1.5 11.84 2.1 28,925 52.1 35,500 56.0
Washington ......... ... ...... ....... .......... 6.1 1.4 9.42 2.2 23,050 46.6 30,200 47.3
Waukesha ........... ............................ 20.7 3.6 38.51 6.6 79,950 43.4 122,100 52.8

Region ................ ................. 217.0 8.1 309.37 11.5 1,419,025 84.8 1,488,700 84.8

Source: SEWRPC.
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be attributed to the fact that the actual number
of people served in highly urbanized Milwaukee
County actually declined by about 40,000 persons,
from about 1,075,000 in 1963 to about 1,034,700
in 1970. This decline in the population served in
Milwaukee County is due to the actual loss of
population experienced by the central City of Mil
waukee over this time period, and concomitant
declines in central city population densities.

Despite the fact that the total population served by
sanitary sewers in Milwaukee County declined
from 1963 to 1970, total average daily sewage
flow from within Milwaukee County increased
from about 175 mgd in 1963 to about 187 mgd in
1970. On a per capita basis, this represents an
increase in flow from 163 gallons per day in 1963
to 181 gallons per day in 1970. That part of the
total sewage flow made up of infiltration and storm
water inflow in the separate and combined sewer
service areas of Milwaukee County should not
vary significantly with population declines in the
central area of the City of Milwaukee, since such
flows are directly related to rainfall. Thus, the
decline in the population has not reduced the need
for completion of programmed relief trunk sewers
nor the need to resolve the combined sewer over
flow problem in the manner recommended in the
adopted comprehensive plan for the Milwaukee
River watershed. The increase in per capita
sewage flows can largely be attributed to increas
ing per capita water consumption in homes and,
perhaps, increased industrial water consumption.

Of the total 309 square miles of area served by
public sanitary sewers in the Region, about 31
square miles, or nearly 10 percent, consist of
combined sewer service area where, by design,
sanitary sewage and storm water are collected
and conveyed in a single sewer system (see Map
46). About 26 of the 30 square miles of combined
sewer service area are in the City of Milwaukee,
about one square mile in the Village of Shorewood,
and about two square miles each in the Cities of
Kenosha and Racine.

Treatment for sewage generated in the 91 centra
lized sanitary sewerage systems is provided at
64 sewage treatment facilities throughout the
Region, indicating that many of the systems are
actually subsystems of larger systems that pro
vide sewage treatment on an intergovernmental
contract or special purpose district basis (see
Map 46). All but three of these 64 sewage treat
ment facilities discharge treated wastes to the

surface water of the Region. The remaining three
treatment plants-those serving the Villages of
Darien, Fontana, and Williams Bay-discharge
treated wastes to the groundwater reservoir
through seepage lagoons. The sewage treatment
facilities range in size, as measured by average
hydraulic design capacity, from 0.03 mgd at the
sewage treatment facilities serving the Town of
Somers Sanitary District No. 2 in Kenosha County
and the Village of Jackson in Washington County to
200 mgd at the Jones Island sewage treatment
plant operated by the Milwaukee-Metropolitan
Sewerage Commissions. Of the 64 sewage treat
ment facilities, three, as of 1970, were equipped
to provide only a primary level of waste treat
ment; 58 were equipped to provide a secondary
level of waste treatment; two were equipped to
provide a tertiary level of waste treatment; and
one was equipped to provide an advanced level
of waste treatment. The three facilities provid
ing only a primary level of waste treatment
include the City of Port Washington sewage treat
ment plant in Ozaukee County; the South Shore
sewage treatment plant operated by the Milwaukee
Metropolitan Sewerage Commission in Milwaukee
County; and the City of South Milwaukee sewage
treatment facility also in Milwaukee County. All
three of these facilities discharge effluent to Lake
Michigan. It should be noted in this respect that
construction of facilities to provide secondary and
advanced levels of waste treatment has begun at
the three sewage treatment facilities providing
only a primary level of waste treatment.

The two sewage treatment facilities equipped to
provide a tertiary level of waste treatment are
operated by the Village of Walworth in Walworth
County and the Village of Menomonee Falls in
Waukesha County. The single facility equipped to
provide an advanced level of waste treatment is
the Jones Island sewage treatment plant operated
by the Milwaukee-Metropolitan Sewerage Com
missions in the City of Milwaukee. It should be
noted that a number of communities discharging
effluent to watercourses in the Lake Michigan
basin have taken steps since 1970 to provide
for advanced levels of waste treatment in order
to meet state pollution abatement orders reflect
ing the recommendations of the Lake Michigan
Enforcement Conference.

As shown in Table 56, the total effluent discharged
from municipal sewage treatment plant in the
Region during 1970 was about 265 mgd. Of this
total, 233 mgd, or nearly 88 percent, were dis-
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Table 56

DISTRIBUTION OF PUBLIC SEWAGE TREATMENT PLANT
EFFLUENT DISCHARGE AND POPULATION SERVED BY

PUBLIC SANITARY SEWERAGE SYSTEMS BY RECEIVING
WATER SYSTEM IN THE REGION: 1970

Sewage Estimated
Treatment Plant Population

Effluent Discharge Served
Percent Percent

of of
Rl!ceiving Water System MGD Total Number Total

Lake Michigan - Sf. Lawrence River
Drainage System

~~t~a~~~~i~ai~e;waier;'hed::::
232.56 87.83 1,272,600 85.48

......... 5.99 2.26 39,400 2.65
Menomonee River Watershed .. 2.76 1.04 19,800 1.33
Root R',ver Watershed .. 1.39 0.52 13,200 0.89
Pike River Watershed .............. ••>0 ••• 028 0.11 3,600 0.24
Sheboygan River Watershed .. .......... 0.06 0.02 800 0.05

Subtotal ............................ 243.04 91.78 1,349,400 90.64

Mississippi River Drainage System
Des Plaines River Watershed ..... 0.35 0.13 3,600 0.24
Fox River Watershed ......... ......... 14.09 5.32 86,000 5.78
Rock River Watershed .. 6.46 2.44 45,700 3.07

Subtotal ............................... 20.90 7.89 135,300 9.09

Total Discharge to Surface
Water System ........ ............ 263.94 99.67 1,484,700 99.73

Discharge to
Groundwater Reservoir .. 0.86 0.33 4,000 0.27

Total Discharge .................................. 264.80 100.00 1,488,700 100.00

Source: SEWRPC.

charged directly to Lake Michigan, while an addi
tional 10 mgd, or an additional 4 percent, were
discharged to streams draining directly to Lake
Michigan. Clearly, the waters in the Lake Michi
gan basin bear the greatest burden of waste water
assimilation in the Region. The total sewage
treatment plant effluent discharged to streams
west of the subcontinental divide and, therefore,
in the Mississippi River basin, was about 21 mgd,
or only about 8 percent of the total sewage efflu
ent discharged in 1970 in the Region. The remain
ing 1 mgd, or less than 1 percent, were discharged
to the groundwater reservoir.

In addition to the 64 facilities providing treatment
for wastes generated in the 91 centralized sani
tary sewerage systems in the Region, there are
a total of 59 sewage treatment facilities generally
serving isolated enclaves of urban land use devel
opment (see Map 46). Of these 59 small treatment
plants, 30 are located in the Lake Michigan basin
and 29 in the Mississippi River basin. The dis
tribution of these sewage treatment facilities by
county is summarized in Table 57. Thus, there
are in all a total of 123 sewage treatment facili
ties in the Southeastern Wisconsin Region, of
which all but 22 discharge wastes to the surface
waters of the Region.
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Tab I e 57

DISTRIBUTION OF SEWAGE TREATMENT FACILITIES
IN THE REGION BY COUNTY: 1970

Number of Sewage Treatment Facilities

Serving Serving
Public Sanitary Isolated Urban Land

County Sewerage Systems Use Enclaves Total

Kenosha .. 9 6 15
Milwaukee. 7 5 12
Ozaukee ... 7 7 14
Racine .. 7 14 21
Walworth ....... 11 9 20
Washington ....... 9 4 13
Waukesha. 14 14 28

Region ... 64 59 123

Source: SEWRPC.

Of the 64 sewage treatment facilities serving the
centralized sanitary sewerage systems in the
Region, 20 were found to be operating at or over
their average hydraulic design capacities in 1970.
These 20 facilities are listed in Table 58. It
should be noted that in all but one instance the
communities operating the 20 sewage treatment
facilities have acted since 1970 to either begin
construction of new or expanded treatment facili
ties to handle the current and anticipated waste
loadings or to begin the engineering studies nec
essary to provide such new or expanded treatment
facilities. The single exception is the facility
operated by the Town of Somers Sanitary District
No.2, which facility is recommended to be aban
doned in the comprehensive plan for the Kenosha
Planning District at such time as trunk sewer
service is extended to the area from the City of
Kenosha sanitary sewerage system.

While a comparison between the average hydraulic
loading and the average hydraulic design capacity
provides one indication of possible existing or
potential problems associated with sewage treat
ment facilities, it is important to note that a
number of other facilities in the Region, while not
overloaded when the average hydraulic loading
is compared with the average hydraulic design
capacity, are experiencing serious overloading
problems during peak flow periods, resulting in
temporary bypassing of influent sewage and in
greatly reduced efficiencies of sewage treatment.
Clear water infiltration and storm water inflow
into separate sanitary sewer systems are the
primary causes of such peak flow bypassing and
are a significant problem in many communities
throughout the Region.
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Table 58

PUBLIC SEWAGE TREATMENT FACILITIES OPERATING AT OR OVER AVERAGE HYDRAULIC
DESIGN CAPACITIES IN THE REGION BY COUNTY: 1970

INew or expanded freatment facilities under construction in 1972.
'New or expanded treatment facilities under design in 1972.
Source: SEWRPC.
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County

Kenosha

Milwaukee

Ozaukee

Racine

Walworth

Washington

Waukesha

Name of Public
Sewage Treatment Facility

Town of Bristol Utility District No. I' .
Town of Somers Sanitary District No. 2 .

City of South Milwaukee' .

City of Cedarburg' .
City of Port Washington! .

~:::~~~ ~l ¥~f~os~~lIe2·:::::::::::::::::::::::::::::::::::::::·:::::::::::::::::::::::::::::::::::::::::::::::::::::::::

City of Burlington! .
Village of Union Grove2 ....•.........•.•.•....•.•...•...•.••.•.•..•.•.•.•..............•.....•...•............•.....

City of Elkhorn2 ••••••••••••••••••••••••••••••.•.•...••.•.•.•.•......••.•••••••••••••••••••••••••••••••••••••••••••••••.•.

~J::~~~ ~l ~a1~~~~i·::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::

City of Hartford' .
Village of Jackson2 .•...•.•..•.•..•.•......•.•.•.•........•.•.•....•..•.•.•.•............•.•.•.•.•........•.•.•.•.•.•.••
Village of Kewaskum! .

City of Brookfield - Fox River Plantl .............•.........................................................

City of Oconomowoc2 •••••••••••••••••••••••••••••••••••••..•.•....•.••..••••.•••.•••••••••••••••••••••••••••••••••••.

~m~~~ ~l ~e~:uokne~~o.~ .. ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Village of Sussex2 .•....•......•..••...•.•.•••.•••••••••••••••••••••••••••••••••••••••••••••••••••••.•.•••••••••.••••••••

Average Hydraulic
Design Capacity

0.06
0.03

3.00

0.90
1.00
0.45
0.24

1.00
0.30

0.50
0.40
0.15

0.82
0.03
0.30

1.00
150
0.30
0.30
0.30

Average Hydraulic
Loading

0.06
0.03

180

1.26
1.05
0.80
0.70

1.20
0.43

0.70
0.50
0.15

1.24
0.08
0.49

1.66
1.62
0.30
0.40
0.30

Percent Loading Over
Design Capacity

At Design Capacity
At Design Capacity

26

40
5

75
192

20
35

40
25

At Design Capacity

50
160
66

66
8

At Design Capacity
33

At Design Capacity
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It was not possible under the study to determine
the number of times during 1970 that sewage
treatment facilities within the Region bypassed
influent sewage to the surface waters, nor was it
possible to determine the number of days in the
year when the average hydraulic design capacity
was exceeded, thereby reducing the efficiency of
treatment. SUch information is rarely provided in
published records of the utility systems. Further
more, it is important to note that even where
documented records are aVailable, such as the
daily sewage treatment plant flow charts, such
records generally do not fully reflect total peak
sewage flow because of bypassing of sewage from
upstream points of overloading in the sanitary
sewerage system to surface waters, which action
is essential to avoid the environmental health
hazards and related undesirable effects of sewage
backup and storage in basements; because of
bypassing at the sewage treatment plants ahead of
the meter; and because of limited meter capacity.
Thus, given the current status of sanitary sewer
age system development and of sewage flow record
keeping, it is simply not feasible to determine
in a precise manner total sewage flows gener
ated within the Region during periods of high, as
opposed to average, flow. Clearly, if complete

control of sewage flow is to be an objective in
water quality control efforts in the coming years,
changes will be needed in the way in which sewage
flow is monitored, recorded, and publicly reported.

During the inventory process, appropriate offi
cials from each community having public sanitary
sewerage systems were asked to identify all
known sewage overflow, or relief, points located
on either the separate or combined sewerage sys
tems in order to determine the number of points
at which raw sewage is presently discharged to
surface waters in the Region, particularly during
periods of wet weather and peak sewage flows.
The results of that inventory are presented by
sewerage system and summarized by county in
Table 59. Thirty of the 64 public sewage treat
ment facilities serving the Region had a flow
relief device located at the sewage treatment plant
that would allow for direct bypass of raw sewage
at any time the plant capacity is exceeded or the
plant is not operable for some reason. There are
536 additional known flow relief devices in the
sanitary sewer systems tributary to the sewage
treatment plants within the Region. Of this total,
428 have been identified in Milwaukee County.
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Tab l' e S9

DISTRIBUTION OF KNOWN SEWAGE FLOW RELIEF DEVICES IN THE
REGION BY SANITARY SEWERAGE SYSTEM: 1970

Sewage Flow Relief Devices in Sewer System

Sewage Treatment Plant Relief Portable Combined SEWRPC Staff
Flow Relief Device Pumping Pumping Sewer Judgement of Data

Sanitary Sewerage System (Yes or No and Type) Crossovers Bypasses Stations Stations Out/ails Total Reliability

Kenosha County

City of Kenosha . Yes - Bypass 20 6 26 Highly Reliable
Village of Paddock Lake ......................................... Yes - Bypass 1 Reliable
Village of Silver Lake. No Reliable
Village of Twin Lakes ............................................ Yes - Bypass Reliable
Town of Bristol Utility District NO.1 ..................... Yes - Bypass Reliable
Town of Pleasant Prairie

Sewer Utility District NO.1 ................................ No Plant Reliable
Sewer Utility District NO.2 ...................... No Plant Reliable
Sewer Utility District A No Plant Reliable
Sewer Utility District B No Plant Reliable
Sewer Utility District C...... No Plant Reliable
Sewer Utility District D ...................................... Yes - Bypass Reliable

Pleasant Park Utility Company, Inc................ Unknown
Town of Salem Sewer Utility District NO.1. No Reliable
Town of SOlT1€rs

Sanitary District NO.1. No Plant Reliable
Sanitary District NO.2. Yes - Bypass Reliable

Subtotal. 6 Bypasses 20 6 27

Milwaukee County

Milwaukee·Metropolitan Sewerage Commissions .. Jones Island Plant - No 15 22 10 47 Highly Reliable
South Shore Plant - No

Hales Corners Plant - Yes - Bypass
City of Cudahy No Plant 13 5 18 Reliable
City of Franklin No Plant Highly Reliable
City of Glendale No Plant Highly Reliable
City of Greenfield No Plant 1 Reliable
City of Milwaukee. ....................................... No Plant 90 37 112 239 Highly Reliable
City of Oak Creek ......... No 1 1 Reliable
City of South Milwaukee .. No 4 2 6 Reliable
City of SI. Francis .. No Plant Reliable
City of Wa uwatosa .. ............................ No Plant 34 34 Highly Reliable
City of West Allis. No Plant 9 4 4 17 Highly Reliable
Village of Bayside .. No Plant 1 Reliable
Village of Brown Deer .. No Plant 2 2 Highly Reliable
Village of Fox Point No Plant 8 2 11 Reliable
Village of Greendale .... No Plant Reliable
Village of Hales Corners No Plant 4 5 Reliable
Village of River Hills .. ............................................... No Plant Highly Reliable
Village of Shorewood ................................................. No Plant 10 11 Reliable
Village of West Milwaukee No Plant Reliable
Village of Whitefish Bay .......................... No Plant 35 35 Reliable
Mission Hills Water and Sewer Trust ....................... No Reliable
Rawson Homes Sewer and Water Trust ..... Yes - Bypass Reliable

Subtotal. 2 Bypasses 215 37 17 46 113 428

Ozaukee County

City of Cedarburg .............................................. Yes - Bypass 2 2 Reliable
City of Mequon ........................................ No Plant 1 Highly Reliable
City of Port Washington ........................................ Yes - Bypass 5 5 Highly Reliable
Village of Belgium .......................................... Yes - Bypass Reliable
Village of Fredonia ......................... Yes - Bypass Reliablr
Village of Grafton .. ................................... Yes - Bypass 2 2 Highly Reliable
Village of Saukville ..... Yes - Relief Pumping Station Highly Reliable
Village of Thiensville .................................................. No 1 1 3 Highly Reliable

Subtotal. .......................... 1 Relief Pumping Station 10 2 13
5 Bypasses

Racine County

City of Burlington ............................ No Reliable
City of Racine •...................................... ..................... Yes - Bypass 9 29 38 Highly Reliable
Village of North Bay ......................................... No Plant Reliable
Village of Rochester .................................... No Plant Reliable
Village of Sturtevant .......... ......................... Yes - Bypass Reliable
Village of Union Grove .. Yes - Bypass Reliable
Villaga of Waterford ................. No Plant Reliable
Caddy Vista Sanitary District .................................... Yes - Bypass Reliable
Town of Caledonia Sewer Utility District No.1 ...... No Plant 4 3 Reliable
Crestview Sanitary District ........................................ No Plant 1 2 Reliable
Town of MI. Pleasant Sewer Utility District No Plant 2 3 Reliable
North Park Sanitary District ................................. No 6 6 Reliable
Town of Rochester Sewer Utility District NO.1. No Plant Reliable
Western Racine County
Metropolitan Sewerage District. No Reliable

Subtotal ................................................ 4 Bypasses 22 29 52
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Table 59 (continued)

Sewage Flow Relief Devices in Sewer System

I
I
I

Sanitary Sewerage System

Walworth County

City of Delavan ..
City of Elkhorn .
City of lake Geneva .
City of Whitewater ..
Village of Darien ..
Village of East Troy .
Village of Fontana ..
Village of Genoa City .
Village of Sharon .
Village of Williams Bay ..

Subtotal .

Sewage Treatment Plant
Flow Revef Device

(Yes or No and Type)

Yes - Bypass
Yes - Bypass
Yes - Bypass

No
No
No
No
No

Yes - Bypass
No

5 Bypasses

Crossovers

Relief Portable Combined
Pumping Pumping Sewer

Bypasses Stations Stations Outfalls

2

SEWRPC Staff
Judgement of Data

Total Reliability

Reliable
Reliable
Reliable
Reliable
Reliable
Reliable
Reliable
Reliable
Reliable
Reliable

3

I
I
I
I
I
I
I
I

Washington County
City of Hartford .
City of West Bend .
Village of Germantown .

Village of Jackson ..
Village of Kewaskum .
Village of Slinger .
Allenton Sanitary District ..
Newburg Sanitary District .

Subtotal .

Waukesha County
City of Brookfield .

City of Muskego ..
City of New Berlin .

City of Oconomowoc .
City of Waukesha .
Village of Butler .
Village of Dousman .
Village of Elm Grove .
Village of Menomonee Falls ..

Village of Mukwonago .
Village of Pewaukee ..
Village of Sussex ..

Subtotal .

Region Total ..

Source: SEWRPC.

No
Yes - Bypass

Old Village Plant - No
County line Plant - No

Unknown
No
No

Unknown
Unknown
1 Bypass

Fox River Plant - Yes - Bypass
Poplar Creek lagoons - No

No
Greenridge Plant - No

Regal Manors Plant - No
No

Yes - Bypass
No Plant

Yes - Bypass
No Plant

Pilgrim Road Plant 
Yes - Bypass

lilly Road Plant - No
No
No

Yes - Portable Pumping Station

1Portable Pumping Station
5 Bypasses

1 Relief Pumping Station
1Portable Pumping Station

28 Bypasses

235

Reliable
Reliable
Reliable

Reliable
Reliable

9 9 Highly Reliable

Reliable
Reliable

2 2 Highly Reliable
Reliable
Reliable
Reliable

HighIy Relia ble
Reliable

Reliable
Reliable
Reliable

3 9 12

75 18 60 148 536

I
I
I
I
I
I

It should be stressed that several problems were
encountered in the conduct of this inventory which
affect the findings as presented in Table 59.
Appropriate officials in charge of each system
were asked to list all known overflow points. In
some instances such officials diligently responded
to the request and reported accurately the exis
tence of such devices where they were known.
Other officials reluctantly reported limited infor
mation. still other officials did not know if any
flow relief devices existed. Consequently, the
data presented in Table 59 varies in reliability
and, therefore, the number of sewage flow relief
devices reported in Table 59 cannot be assumed
to be a reliable and accurate inventory of all such

devices within the Region. Rather, the data pre
sented represents only an approximation of the
total number of such devices. To assist the
reader in interpreting the data, the Commission
staff has assigned one of two reliability ratings
to each data entry in the table, either "highly
reliable, I! indicating that such data have resulted
from link-by-link sewer system surveys, or
"reliable, I! indicating that, in the staff judgment,
local officials have reported all known data,
although no specific effort to survey sewer sys
tems on a link-by-link was made. No reliability
rating has been entered in those few instances
where local officials indicated a lack of knowledge
concerning flow relief devices.
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Particularly good records of the existence of
such devices were found in several municipalities
within Milwaukee County and may account, there
fore, for the preponderance of such devices allo
cated to Milwaukee County in Table 59. It should
be recognized, however, that the sewer service
area in Milwaukee County approximates 57 per
cent of the total area served in the Region, that
the Milwaukee County sewerage systems are
among the oldest in the Region, and that, there
fore, it is to be expected that the majority of
sewage flow relief devices would be found to occur
in Milwaukee County. Of the 536 such devices in
the Region, not including bypasses or relief pump
ing stations at sewage treatment plants, 148 are
combined sewer outfalls located in the Cities of
Kenosha, Milwaukee, and Racine and the Village
of Shorewood; 235 are gravity crossovers from
the separate sanitary sewer system to a storm
sewer system; 75 are gravity bypasses from the
separate sewer system directly to surface water
courses; 18 are relief pumping stations, pumping
sewage from the separate sanitary sewer system
directly to surface watercourses; and 60 are por
table pumping stations also utilized to pump sew
age from the separate sewer system directly to
surface watercourses. Ideally, all sewage flow
relief points on the separate sanitary sewer sys
tem would be eliminated through the construction
of relief sewers and, as necessary, the provision
of additional treatment plant capacity. The com
bined sewer outfalls pose a special problem in
that combined sewer overflows need to be either
collected at the outfall points and conveyed, either
directly or after temporary storage, to either one
or more special treatment facilities, or elimi
nated through a sewer separation program.

In addition to identifying all existing public and
private sewage treatment plants which discharge
treated wastes to streams and watercourses within
the Region, and all known sewage overflow points
on both the existing sanitary and combined sewer
age systems within the Region which discharge
untreated wastes to streams and watercourses, an
attempt was made in the regional sanitary sewer
age system planning program to identify, through
existing secondary sources, all other known point
sources of waste water discharge. These other
point sources of pollution consist primarily of
industrial cooling, rinse, and wash waters, which
may be discharged directly and without treatment
to streams and watercourses or to storm sewers
tributary to such streams and watercourses. The
secondary sources consulted included river basin
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survey reports and pollution abatement orders of
the Wisconsin Department of Natural Resources
and records of municipal public works depart
ments. A total of 158 such known point sources
of industrial waste water were identified in the
Region, of which five are located in Kenosha
County, 87 in Milwaukee County, four in Ozaukee
County, 31 in Racine County, three in Walworth
County, eight in Washington County, and 20 in
Waukesha County (see Map 46).

An important aspect of the inventory of existing
sanitary sewerage systems in the Region relates
to sewerage system expenditures. It was ini
tially intended to develop a time series of such
expenditures utilizing the uniform audit reports
required by the Wisconsin Department of Admin
istration, Bureau of Municipal Audit. A review of
these reports revealed, however, obvious non
uniformity of reporting, including in some cases
nonreporting, particularly with respect to capital
versus operating and maintenance expenditures~

The audit reports were not considered, therefore,
to be reliable for the purpose of tabulating accu
rately expenditures made over a period of years
in each of the 97 centralized sanitary sewerage
systems in the Region. Accordingly, it was deter
mined to pursue an alternate means of obtaining
accurate and reliable data for one year directly
from the local public officials responsible for
management of each sanitary sewerage system.
The results of that inventory are presented in
summary form in Table 60,

Total expenditures during 1970 for operation,
maintenance, and capital improvements, including
debt retirement, for the sanitary sewerage sys
tems in the Region approximated $43. 1 million,
or about $29 per capita, such per capita cost
based upon the estimated total population within
the Region served by sanitary sewers. Of this
total, about $9. 4 million, or about $6 per capita,
was expended for operation and maintenance and
about $33.7 million, or about $23 per capita, was
expended for capital improvements. Total expen
ditures during 1970 on a per capita basis ranged
from a low of $4 per capita in the Village of Muk
wonago to a high of $463 per capita in the City of
Franklin. Capital expenditures during 1970 on a
per capita basis ranged from a low of $1 per
capita in the Village of Mukwonago to a high of
$462 per capita in the City of Franklin. Operation
and maintenance expenditures during 1970 on a
per capita basis ranged from a low of $1 per
capita in the Cities of Franklin and Muskego to a
high of $45 per capita in the Village of Dousman.
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Table 60

ESTIMATED SANITARY SEWERAGE EXPENDITURES IN THE REGION
BY PUBLIC SANITARY SEWERAGE SYSTEM: 1970

Sanitary Sewerage Expenditures

Estimated Dollars Dollars
Population Per Per

Served Dollars Capita Dollars Capita

80,900 378,494 5 588,174 7
1,500 N/A N/A N/A N/A
1,200 14,944 12 65,756 55
1,700 15,651 9 29,000 17

500 4,744 9 61,337 123

1,400 15,975 11 8,062 6
600 11,485 19 23,395 39
400 1,850 5 7,365 18
900 2,904 3 6,285 7
400 2,204 5 6,658 17
800 10,071 13 35,244 44
800 2,230 3 1,635 2
800 N/A N/A N/A N/A

1,700 22,894 13 36,363 22
400 3,318 8 5,776 15

94,0001 486,764 5 875,dso 10

22,000 183,161 8 353,093 16
2,600 2,402 1 1,201,189 462

18,700 96,322 5 388,891 21
21,800 138,913 6 1,984,291 91

703,700 4,350,628 6 12,442,192 18
10,600 103,061 10 2,553,786 241
23,300 92,883 4 213,869 9
11,200 61,734 5 63,402 6
59,500 234,524 4 811,456 14
78,200 303,037 4 1,750,270 22

3,900 28,601 7 61,284 16
12,500 43,496 3 260,204 21
8,600 34,869 4 125,895 15

14,700 92,323 6 214,280 15
7,300 59,395 8 180,411 25
1,900 17,620 9 55,998 30

12,600 61,629 5 152,247 12
5,600 124,915 22 209,345 38

14,900 71,556 5 187,004 12
500 3,829 8 6,600 13
600 3,550 6

1,034,700 6,108,448 6 23,215,707 22

8,000 37,500 5 25,000 3
6,600 47,849 7 598,208 91
8,800 24,952 3 157,875 18

800 8,082 10 5,038 6
1,000 N/A N/A N/A N/A
6,400 15,055 2 121,840 19
1,100 17,045 16 9,105 8
3,600 28,778 8 71,120 20

36,3001 179,261 5 988,186 28

7,500 45,163 6 193,851 26
95,400 599,920 6 2,996,884 32

1,000 N/A N/A N/A N/A
500 8,449 17 26,651 53

3,200 20,822 6 11,300 4
2,800 37,538 13 59,955 21
1,800 53,500 30 N/A N/A
1,200 12,465 10 8,438 7
3,500 44,480 12 86,502 25
1,500 15,518 10 94,000 63

10,300 199,700 19 273,424 27
7,000 39,069 6 56,500 8

200 4,142 21 32,582 163

135,9001 1,080,766 8 3,840,087 28

I
I
I
I
I
I
I
I
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I
I
I
I
I

Public Sanitary Sewerage System

Kenosha County
City of Kenosha .
Village of Paddock Lake .
Village of Silver Lake .
Village of Twin Lakes .
Town of Bristol Utility District No. 1 .
Town of Pleasant Prairie

~~:~~ ~::m~ g:~:~:~: ~~: ~ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Sewer Utility District A .

~m; ~!i!i!~ gimi~!g:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Pleasant Park Utility Company, Inc .
Town of Salem Sewer Utility District No. 1 ..
Town of Somers

Sanitary District No. 1 .
Sanitary District No. 2 .

Subtotal .

Milwaukee Countyl

~:~ ~: ~~d:k~rn .:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
City of Glendale .
City of Greenfield .
City of Milwaukee .
City of Oak Creek .
City of South Milwaukee .
City of St. Francis .
City of Wauwatosa .
City of West Allis .
Village of Bayside .
Village of Brown Deer ..
Village of Fox Point ..
Village of Greendale ..
Village of Hales Corners ..
Village of River Hills .
Village of Shorewood .
Village of West Milwaukee .
Village of Whitefish Bay .
Mission Hills Water and Sewer Trust .
Rawson Homes Sewer and Water Trust .

Subtotal ..

Ozaukee County
City of Cedarburg ..

~i~imej~f~~::~o:n::::::::::·:::.::.: ..:::::::::::::::::::::::.:.::::'::::::'::'::.::.'::'.:::::::::.::.'::':
Village of Grafton ..
Village of Saukville ..
Village of Thiensville ..

Subtotal ..

Racine County

g::~ ~: ~~~Ii~r~ ..:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Village of North Bay ..
Village of Rochester3 ..
Village of Sturtevant ..
Village of Union Grove ..
Village of Waterford3 ..

Caddy Vista Sanitary District ..
Caledonia Sewer Utility District No.1 .
Crestview Sanitary District ..
Mt. Pleasant Sewer Utility District ..
North Park Sanitary District ..
Town of Rochester Sewer Utility District No. 13 ..

Subtotal ..

Operation and
Maintenance

Capital Improvements
Including Debt Retirement Total

Code
Dollars Number

Per on
Dollars Capita Figure 84

966,668 12 1
N/A N/A - -
80,700 67 2
44,651 26 3
66,081 132 4

24,037 17 5
34,880 58 6
9,215 23 7
9,189 10 8
8,862 22 9

45,315 57 10
3,865 5 11

N/A N/A

59,257 35 12
9,094 23 13

1,361,814 15

536,254 24 14
1,203,591 463 15

485,213 26 16
2,123,204 97 17

16,792,820 24 18
2,656,847 251 19

306,752 13 20
125,136 11 21

1,045,980 18 22
2,053,307 26 23

89,885 23 24
303,700 24 25
160,764 19 26
306,603 21 27
239,806 33 28

73,618 39 29
213,876 17 30
334,260 60 31
258,560 17 32

10,429 21 33
3,550 6 34

29,324,155 28

62,500 8 35
646,057 98 36
182,827 21 37
13,120 16 38

N/A N/A
136,895 21 39
26,150 24 40
99,898 28 41

1,167,447 33

239,014 32 42
3,596,804 38 43

N/A N/A - -
35,100 70 44
32,122 10 45
97,493 34 46
53,500 30 47
20,903 17 48

130,982 37 49
109,518 73 50
473,124 46 51
95,569 14 52
36,724 184 53

4,920,853 36
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Tab 1e 60 (continued)

Sanitary Sewerage Expenditures

Operation and Capital Improvements
Maintenance Including Debt Retirement Total

Code
Estimated Dollars Dollars Dollars Number
Population Per Per Per on

Public Sanitary Sewerage System Served Dollars Capita Dollars Capita Dollars Capita Figure 84

Walworth County
City of Delavan ........................... 5,400 N/A N/A N/A N/A N/A N/A
City of Elkhorn 4,000 25,843 7 224,583 56 250,426 63 54
City of Lake Geneva ...................................... , . 4,700 65,153 14 48,000 10 113,153 24 55
City of Whitewater .......................... 12,000 83,581 7 52,338 4 135,919 11 56
Village of Darien ... ............................ 900 N/A N/A N/A N/A N/A N/A
Village of East Troy ........................... ...................... ............... , ......•... 1,700 11,734 7 23,519 14 35,253 21 57
Village of Fontana .... 1,600 20,800 13 36,877 23 57,677 36 58
Village of Genoa City 900 9,457 11 24,361 27 33,818 38 59
Village of Sharon ........ 1,200 12,820 11 13,218 11 26,038 22 60
Village of Walworth .......................... 1,600 N/A N/A N/A N/A N/A N/A
Village of Williams Bay .. 1,500 31,015 21 20,885 14 51,900 35 61

Subtotal ........... , .....•... . ......................... ........................ 35,5001 260,403 9 443,781 16 704,184 25

Washington County

City of Hartford 6,800 51,580 7 65,264 10 116,844 17 62
City of West Bend. .... ............... ......................... 16,400 91,851 5 223,771 14 315,622 19 63
Village of Germantown .. 2,400 42,981 18 454,014 189 496,995 207 64
Village of Jackson ... ........................................ 600 N/A N/A N/A N/A N/A N/A
Village of Kewaskum .... 1,900 16,650 9 14,954 8 31,604 17 65
Village of Slinger ....................... 1,000 N/A N/A N/A N/A N/A N/A - -
Allenton Sanitary District 700 10,329 15 9,000 13 19,329 28 66
Newburg Sanitary District. 400 7,871 20 10,896 27 18,767 47 67

Subtotal ........................ 30,2001 221,262 8 777,899 26 999,161 34

The data presented in Table 60 represent the cost
records as maintained by each municipality and
reported directly to the Commission. Caution
should be exercised in utilizing the data to make
comparisons on a community-by-community basis.
There is no assurance that the data have been
reported on a strictly uniform basis. For exam
ple, different criteria may have been used locally
to determine whether to report a given expendi-

Waukesha County
City of Brookfield
City of Muskego ..
City of New Berlin ..
City of Oconomowoc
City of Waukesha .
Village of Butler .
Village of Dousman
Village of Elm Grove

Sanitary District No. 11 _ .
Sewerage District NO.2

Village of Hartland ..
Village of Menomonee Falls
Village of Mukwonago.
Village of Pewaukee ..
Village of Sussex

Subtotal

Region Total ..

NOTE: N/A indicates data not available.

'In calculating the per capita costs on a county basis, only that aggregate
population in those communities providing expenditure data was included.

Source: SEWRPC.
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20,800 220,758 11 445,816 21 666,574 32 68
4,500 6,908 1 1,233,340 275 1,240,248 276 69
8,700 206,869 24 21,600 2 228,469 26 70
9,500 50,000 5 74,708 8 124,7D8 13 71

40,700 221,905 5 911,133 23 1,133,038 28 72
2,100 39,922 19 20,883 10 60,805 29 73

600 26,834 45 7,274 12 34,108 57 74

3,900 49,151 13 33,640 8 82,791 21 75
2,700 21,498 8 199,673 74 221,171 82 76
2,900 N/A N/A N/A N/A N/A N/A

17,400 141,869 8 517,552 30 659,421 38 77
2,600 8,123 3 1,233 1 9,356 4 78
2,900 35,977 12 43,666 15 79,643 27 79
2,800 24,086 8 21,719 8 45,805 16 80

122,1001 1,053,900 9 3,532,237 29 4,586,137 38

1,488,700 9,390,804 6 33,672,947 23 43,063,751 29

'The expenditures noted for each of the communities included in the Metro-
politan Sewerage District of the County 01 Milwaukee, which includes all
municipalities in Milwaukee County except the City of South Milwaukee, in-
clude expenditures for the Milwaukee-metropolitan sanitary sewerage sys-
tem apportioned back to the municipalities in the District. Capital improve-
ment costs for the metropolitan system were prorated back to the commu-
nities based upon equalized assessed valuation. Operation and maintenance
costs for the metropolitan system were prorated back to the communities
based upon sewage flow.

'Includes expenditures related to operation, maintenance, and capital im-
provements for the Western Racine County Sewerage District.

ture as a capital expenditure or as an operation
and maintenance cost; hence, similar expenditures
in two communities may be reported as a capital
cost in one community and an operation and
maintenance cost in the other community. Also,
in some cases communities may have included
in their reports operation, maintenance, and/or
capital costs directly related to storm sewerage
systems. In addition to these problems of non-
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uniformity of reporting, it must be realized that
the data presented in no way reflect the level of
the sewerage service being provided, particularly
with respect to the level of treatment provided. It
also should be recognized that those communities
currently undergoing rapid development or rede
velopment may be experiencing disproportionately
high expenditures for capital improvements. For
example, the very high per capita capital improve
ment costs noted in 1970 in the Cities of Franklin
and Oa.k Creek include contract expenditures
during calendar year 1970 for very large sewer
age projects. It may well be that while such
expenditures were made during the year, actual
payments for such improvements will be extended
over a period of time through bonding procedures.
Similarly, it should be noted that the distribution
of land uses within communities affects per capita
costs. For example, there is a relatively high
per capita operation and maintenance cost for the
Village of West Milwaukee. This is to be expected
since the village experiences high sewage flows
due to the large amount of industrial and commer
cial land use development within the community,
coupled with a relatively low resident population.

While the data presented in Table 60 relate only to
one year and, therefore, with respect to data for
any given individual sanitary sewerage system are
subject to the aforementioned qualifications in
utilization of the data in making comparisons of
variations in sewerage costs between communi
ties, it is reasonable to assume that, because they
include both average and extreme situations, the
county and regional averages represent valid per
capita costs for a typical year. This would be
particularly true with respect to the operation and
maintenance costs. As noted above, the average
per capita cost for operation and maintenance of
sanitary sewerage systems during 1970 in the
Region was $6. On a county basis such per
capita costs ranged from $5 in Kenosha and
Ozaukee Counties to $9 in Walworth and Waukesha
Counties. The per capita operation and mainte
nance costs for each reporting system in the
Region during 1970 are depicted in a scatter dia
gram reproduced as Figure 84. From this it may
be concluded that, in general, operation and main
tenance costs for sanitary sewerage systems
decrease with increasing system size.

Figure 8~

RELATIONSHIP BETWEEN SANITARY SEWERAGE OPERATION AND MAINTENANCE EXPENDITURES
AND SEWERAGE SYSTEM SIZE IN THE REGION: 1970

Source: SEWRPC.
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Tab! e 61

EXISTING POPULATION NOT SERVED BY CENTRALIZED PUBLIC

SANITARY SEWERS IN THE REGION BY COUNTY: 1970

Unsewered Urban Development! Rural Population'
Population Square Miles Farm Non-Farm

Percent of Percent of Percent of Percent of Percent of
Total Urban Total Total Urban Total Total

County Number Population Population Number Area Number Population Number Population

Kenosha ...................... 11,800 11.2 10.0 5.6 18.7 3,297 2.8 9,220 7.8
Milwaukee .................. 12,700 1.2 1.2 4.5 2.5 - - -- 7,349 0.7
Ozaukee ...................... 4,900 11.9 9.0 2.5 12.6 3,124 5.7 10.137 18.0
Racine ......................... 11,800 7.9 7.0 4.7 13.3 4,613 2.6 18.525 10.8
Walworth ..................... 13,500 27.6 21.0 9.8 45.3 5.779 9.1 8,765 13.6
Washington ................. 9,600 24.0 15.0 4.0 30.0 6.677 10.5 17,262 27.0
Waukesha ................... 74,800 38.0 31.6 30.0 47.0 3.930 1.5 30,508 13.0

Region ......................... 139,100 8.5 7.5 61.1 16.6 27,420 1.6 101.766 5.8

The foregoing per capita costs developed for the
Region as a whole may be compared with the
national average per capita costs developed for
the U. S. Environmental Protection Agency (EPA).
In a recent report published by the EPA17 the
average annual per capita cost for operation and
maintenance of centralized sanitary sewerage
systems was estimated, in 1968 dollars, at $4. 50.
Given the effects of inflation since 1968 and the
precision with which the data were collected for
the national and regional studies, this figure is
comparable to the regional average of $6 per
capita for operation and maintenance of central
ized sanitary sewerage systems for the year 1970.
Similarly, the regional average of $23 per capita
for capital improvements during 1970 may be
compared with a national average of about $15.30
per capita for the year 1968.

As noted earlier, centralized sanitary sewerage
systems in the Region serve a total area of about
309 square miles, or about 11 percent of the total
area of the Region, and a total population of nearly
1. 5 million, or nearly 85 percent of the total
population of the Region. The remainihg 15 per
cent of the total Region population, or about

17Cos t to the Consumer for Collection and Treatment of
Wastewater, Water Pollution Control Research Series,
U. S. Environmental Protection Agency, July 1970.

JUrban development is defined in this context as concentrations of urban
land uses within any given U.S. Public Land Survey quarter section that has
at least 32 housing units, •or an average of one housing unit per five gross
acres, and is not served by public sanitary sewers.

Source: SEWRPC.
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268,000 persons, rely on septic tank sewage dis
posal systems for domestic sewage disposal.
About 27, 000 of these persons are reported in the
U. S. Census of Population as living on farms.
The remaining 241,000 persons constitute urban
dwellers generally living in scattered fashion
throughout the rural and rural-urban fringe areas
of the Region. Of this total, about 139,000 per
sons, or about 8 percent of the total regional
population, reside in significant concentrations of
urban development (see Table 61). These scat
tered urban concentrations total about 61 square
miles of urban land use, or slightly over one-fifth
of the area of the Region (see Map 46).

As· already noted, an inventory was also conducted
of all local plans and engineering reports relating
to the future provision of sanitary sewer service
in the Region. As shown in Table 62, local units
of government in the Region have proposed the
extension of sanitary sewer service to about an
additional 447 square miles of land throughout the
Region. This can be compared to the approxi
mately 309 square miles of area in the Region now
served by centralized sanitary sewers. If it is
assumed that urban development would take place
throughout the locally proposed sewer service
area at an average overall population density
equal to 5,000 persons per square mile, the
average population density for new development as

'For the purposes of this study, rural population has been divided into "farm'!
and "non-farm." The rural farm population includes all those persons enu
merated as such by the U.S. Bureau of the Census and includes all persons
living on actively operating farms. The rural non·farm population shown in
this Table is less than the rural non-farm population as enumerated by the
Bureau of the Census, since many persons classified as rural non-farm by
the Bureau live in the urban development areas as defined in footnote above.
The rural non·farm population shown in this Table is a residual number
derived in the following manner: A = B - (C + 0 + E)

where: A = Rural non-farm population
B = Total population
C = Population served by public sanitary sewers
o = Population attributed to "unsewered urban development"
E = U.S. Census rural farm population
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Table 62

LOCALLY PROPOSED ADDITIONAL SANITARY SEWER
SERVICE AREAS IN THE REGION BY COUNTY: 1970

Proposed Sewer Service Area
County Square ;~iles Percent of County

Kenosha . 5196 187
Milwaukee .. 5672 234
Ozaukee .. 35.57 152
Racine ............. 63.95 188
Walworth ............ 39.32 6.8
Washington .. 40.21 92
Waukesha .. 158.90 274

Region .. ............ 446.63 166

Source: SEWRPC.

recommended in the adopted regional land use
plan, the locally proposed sewer service area
could be expected to accommodate a future popula
tion increment of about 2.2 million persons.
Thus, locally proposed sewer service areas in the
Region already contain enough area to more than
double the population of the Region. Even the
most optimistic population forecasts indicate an
increase in the population of the Region over the
next 20-year period of no more than one million
persons. Clearly, there is a need to better coor
dinate land use development with sewer service.
The most appropriate vehicle for providing such
coordination is the adopted regional land use plan.
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Chapter VI

SEWAGE CHARACTERISTICS

I
I
I
I

I
I
I

I
I
I
I
I
I

INTRODUCTION

The planning and design of sanitary sewerage
systems invo lve careful consideration of many
factors, including existing and probable future
service areas; existing and probable future land
use development patterns; existing and proba
ble future population levels, densities, charac
teristics, and distributions; and the anticipated
physical life of the various components of the total
system. Of particular importance among these
considerations are the characteristics of the
sewage to be collected and treated, including
the rate and volume of flow and the concentra
tions of contaminants. Since municipal sewage is
commonly a mixture of domestic and industrial
wastes, sewage flows and strengths vary with
the land use pattern and population characteristics
of the service area. The presence of certain types
of industrial land uses particularly may affect
sewage flows and strengths. The characteristics
of the sewerage system itself may also affect
sewage flows and strengths.

Sewage flow rates are used to determine the size
of sewers, lift and pumping stations, and sewage
treatment plants. Flow volumes and sewage
strengthE; are used to establish the type and level
of treatment required to meet established stream
and lake water use objectives and supporting
water quality standards. For sanitary sewerage
system planning purposes, flow rates are nor
mally expressed in gallons per minute (gpm) ,
million gallons per day (mgd) , or cubic feet
per second (cfs). Flow volumes are normally
expressed in millions of gallons (mg).

Sewage strength is also a factor in the determina
tion of the size of sewage treatment plants and of
the type and level of treatment to be provided.
Such strength is a measure of the concentration
of contaminants present in the sewage, and is
usually expressed in milligrams per liter (mg/l)
or parts per million (ppm) of selected measures
of the pollutants or contaminants present, such as
of oxygen-demanding organic matter, suspended
solids, or various nutrients. The total amount of
any pollutant or contaminant present in sewage

can be calculated once the concentration of the
po llutants 0 r contaminants and the va lume of
sewage have been established.

The cost of sewage treatment will be determined,
in part, by sewage strength characteristics and
the degree of treatment required before discharge
to the receiving environment. High-strength or
low-strength sewage may require the use of dif
ferent types of treatment processes than those
normally used for treating more common medium
strength sewage. Unless the sewage effluent is to
be discharged to the land either through seepage
ponds or irrigation, the type and degree of treat
ment is largely determined by the volume and
quality of the receiving waters, the desired 0 r
prescribed use of the receiving waters, and the
volume and strength of the raw sewage. Thus,
the costs of sewage treatment will be determined
by both sewage flow and strength characteristics,
while the costs of sewage conveyance facilities
will be largely determined by flow characteristics
together with the land use, topographic, and soil
conditions in the service area.

This chapter describes the results of investiga
tions that were made under the regional sanitary
sewerage system planning program to determine
the flow and strength characteristics of sewage
generated within the Region for regional sanitary
sewerage system planning purposes. Such charac
teristics were then utilized together with accepted
engineering standards as the basis for the selec
tion of the sewerage system design criteria dis
cussed in Chapter IX of this report.

SEWAGE FLOW COMPONENTS

The principal sources of sanitary sewage are
spent municipal water supply, groundwater infil
tration, and storm water inflow. Sanitary sewage
flow rates for design purposes must, therefore,
include allowances for the nonwaste components
which inevitably become a part of the total sewage
flow, as well as for the waste component of
the total flow. Within the Region, the quantity
of sewage derived from spent municipal water
supplied to residential, commercial, industrial,
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institutional, and other consumers usually cor
responds closely to the quantity of water sup
plied. The one major exception occurs during the
summer season when relatively large volumes
of water may be used for lawn sprinkling and
cooling purposes.

Clear water enters the sewerage system both
as groundwater infiltration through cracked pipes,
defective joints and faulty manho les, and as
storm and flood waters which may enter the sew
eragesystem directly through submerged manhole
covers or through illegally connected roof and
foundation drains which the operating agency has
been unable, or unwilling, to eliminate. Storm
water soaking into the soil may also accelerate
the rate of infiltration at sewer and manhole
joints. The only other significant source of clear
water entering the sanitary sewerage system is
storm water in areas served by combined rather
than separate storm water and sanitary sewers.
Combined sewer systems presently exist within
and serve parts of only five communities within
the Region-the Cities of Kenosha, Milwaukee,
Port Washington, and Racine, and the Village of
Shorewood-and, therefore, cannot be considered
typically a part of the existing sewerage systems
within the Region.! No new combined sewer sys
tems are being constructed within the Region. In
addition, in urban renewal areas where clearance
and replacement of the existing buildings and
related land use activities are involved, new
separate storm and sanitary sewers are generally
installed. Therefore, flow data from sewerage
systems having combined sewer service areas,
although investigated in the regional sanitary
sewerage system planning program, were con
sidered atypical in the determination of sewage
flow and strength characteristics for system plan
ning purposes.

In order to permit the ready and convenient
derivation of sewage flows from adopted regional
and subregional land use plans, it was decided
to establish design criteria which relate annual
average sewage flows to the major land use cate
gories used in the adopted land use plans. This

1The characteristics of each of the five combined sewer
systems in the Region, as well as planning and engineering
sttdies and demonstratioo programs completed or underway as

integral parts of local efforts to abate water pollution
caused by coobined sewer over flows, are descr ibed in Chap
ter Vof this report.
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required the establishment of unit design flow
criteria for five major land use categories: high
density general urban development, medium
density general urban development, low-density
general urban development, major commercial
concentrations, and major industrial concentra
tions. It should be noted that these land use cate
gories are gross in nature, in that they also
contain, as appropriate, related supporting land
uses such as streets and highways, railroads,
parks and open spaces, institutions, and minor
commercial and industrial establishments. The
establishment of these unit design flow criteria,
in turn, required investigation and analyses of the
sewage flows generated by comparable existing
land uses.

In order to permit individual consideration in the
development of the design criteria of the major
factors involved, the amount of sewage flow pres
ently generated from the following sources was
investigated:

1. The amount of sewage flow contributed by
all general urban land uses except major
commercial and industrial concentrations.
These land uses would include all resi
dential, minor commercial, institutional,
governmental, minor industrial, and other
land useS within the sewer service area.
Flows from such land uses vary with the
resident population level, and the relation
ship between land use and sewage flow
was, therefore, expressed on a per capita
basis; that is, in terms of gallons per
capita per day. It should be noted that
this approach incorporates consideration
of population density as well as popula
tion level.

2. The amount of sewage flow contributed by
major commercial concentrations. Since
such flows are not related to resident
population levels, but to the amount and
type of commercial activity, the desired
relationship was expressed on an areal
basis; that is, in terms of gallons per
acre per day.

3. The amount of sewage flow contributed
by major industrial concentrations. Such
flows, like commercial flows, being related
to the amount and type of industrial activ
ity, were also expressed on an areal basis,
in terms of gallons per acre per day.
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4. The amount of sewage flow contributed by
clear water infiltration through manholes,
sewer joints, and cracks. Since the length
of sewer and, therefore, the number of
joints and manholes varies approximately
with the area served, this desired rela
tionship was expressed on an areal basis,
in terms of gallons per minute per acre.

5. The amount of sewage flow contributed
by storm water inflow both through man
holes and connected building roof and foun
dation drains. This relationship was also
expressed on an areal basis in terms of
gallons per minute per acre.

The first three of the foregoing sewage flow
contributions were first analyzed on an annual
average daily basis. Then peak-to-average flow
rates were investigated, the flow contributions
by infiltration and storm water inflows being
separately analyzed on a dry weather-wet weather
basis, respectively.

To provide a basis for the selection of the design
criteria, inventories were conducted of water
consumption and sewage flow at selected com
munities within the Region. These data were then
analyzed to determine the amount of sewage flow
that is currently contributed by each of the five
major land use and flow categories noted above,
as well as to determine the peak-to-average
flow ratios. The results of these inventories
are presented in the following discussion. The
actual design criteria selected for use in the
regional sanitary sewerage system planning pro
gram, which criteria are based upon not only the
data presented in this chapter, but upon widely
accepted engineering standards as revealed by
a careful review of the literature, and upon
experienced local engineering judgement incor
porated through the careful review of the prelimi
nary criteria by the Technical Coordinating and
Advisory Committee on-Regional Sanitary Sewer
age System Planning, are presented in Chapter IX
of this report. It should be noted that the design
criteria were specifically developed for regional
sewerage system planning purposes. The design
of local sanitary sewerage facilities and systems
may require more detailed sewage flow analyses
based upon consideration of specific industrial,
institutional, commercial, and other land uses to
be served, as well as of the varying local infiltra
tion and storm water inflow conditions.

As already noted with the exceptions previously
discussed, virtually all of the water delivered by
municipal water supply systems becomes sanitary
sewage. For analytical purposes, therefore, it
was assumed that sewage flow would exceed water
delivery by an amount equal to the Sum of ground
water infiltration and storm water inflows. Water
use and sewage flow data from the seven county
seats in the Region-from the Cities of Elkhorn,
Kenosha, Milwaukee, Port Washington, Racine,
Waukesha, and West Bend-were selected for use
in the analyses in order to provide data repre
senting a broad but representative range of com
munity size, type, and geographic location. The
selected communities range in population from
about 4,000 to more than 700,000 persons and
have well-established municipal water supply and
sanitary sewerage systems with fairly complete
records of water delivery and sewage flow. The
water consumption and sewage flow data for the
year 1970 for each of the selected communities
are presented in Table 63, Water consumption
and sewage flow data for the ll-year period from
1960 through 1970 are presented in Tables 64 and
65, respectively. It is apparent from these data
that water consumption and sewage flow in 1970
conform reasonably well to the pattern established
in the ll-year time series, and that, therefore,
1970 was not an atypical year and can be appro
priately used for analytical purposes.

Domestic Sewage Flows
For convenience in data presentation and analy
sis, water use, and sewage flow data in Table 63
have been separated into two categories, namely
"industrial" and "domestic." The domestic flows
include water consumption by and estimated sew
age received from all residential, commercial,
institutional, and governmental land uses within
the sewer service area. The industrial category
includes all municipal water supply delivered
to industrial land uses. This assumption that
industrial sewage flow is approximately equal
to municipal water supply delivered is gener
ally true within the Region and is the result of
a historic policy of the state, which required
all industrial waste flows and industrial coo ling
waters in urban areas to be discharged to the
municipal sewerage system. Major exceptions
to this assumption, as revealed by the inventories
conducted under the study, are noted in Table 63
and were accounted for in the analyses. The data
presented in Table 63 generally show that there
is a relatively constant ratio of water delivered
to sewage received, and that water consumption

265



Table 63

WATER CONSUMPTION AND SEWAGE FLOW RELATIONSHIPS IN
SELECTED COMMUNITIES IN THE REGION: 1970

Water Consumption Sewage Flow

Per Capita Per Capita Ratio at Water Delivered
Relationship Relationship to Sewage Received

Water Delivered! Estimated Total Domestic Sewage Received Estimated Total Domestic (Based on

Metered Service Water Water Estimated Service Sewage Sewage Per Capita Relationships)

Total Industrial Domestic2 Area Delivered Delivered Total Industrial' Domestic Area Received Received
Selected Community (mgd) (mgd) (mgd) Population' (gpcd) (gpcd) (mgd) (mgd) (mgd) Population' (gpcd) (gpcd) Total Flow Domestic Flow

City of Elkhorn .. 039 0.08 031 3,992 98 78 0.705 008 062 4,000 175 155 0560 0503
City of Kenosha 6 ...... 12.69 1 5.63 7.06 81,300 8 156 87 16269 450 1176 86,30010 188 136 0.830 0640
City at Milwaukee6 ................ 127.52 54.01 7351 717,372 178 103 134.00" 54.01 7995 703,700 190 114 0.937 0.904
City of Port Washington6 ... 096 0.28 068 8,752 110 78 1.0512 028 077 8,800 119 88 0.924 0.886
City of Racine6 .......... 1448 5.82 8.66 95,162 152 91 217013 9.10 12.60 110,20014 197 114 0772 0798
City of Waukesha ... 7.72 421 151 40,274 192 87 8.28" 4.21 4.07 40,700 203 100 0946 0870
City of West Bend ... 270 119 1.51 16,555 163 91 2.27" 091 1.36 16,400 138 83 1181 1.096

Average - - - - 150 88 - - - - 173 113 - -

IFrom 1970 annual reports submilled by Ihe water utilitIes to the WisconSin Public Serv
ice Commission. Includes only the water consumed in the indicated civil division; all wa
ter sold "for resale" or "wholesale" or sold retail outside the civil division has been
excluded.

2Jncludes residential, commercial, and public authority water users.
'1970 U. S. Census of Population.
4Jndustrial sewage flow was assumed to be equal to the metered industrial water con
sumptIOn except in the Cities of Kenosha, Racine, and West Bend. In West Bend an esfi
mated 280,000 galfons per day of metered industrial water was discharged directly to
the Milwaukee River as spent cooling water by Une Material Industries-McGraw Edison
Company and the West Bend Company (estimates based on data provided by Mr. R. Me
Quiggin, Safety Director, Une Material Industries, and Mr. t. W. Hilfman, Director of
Industrial and Plant Engineering, West Bend Company). In Kenosha industrial waste flows
were estimated at 4.50 mgd in a Report on Kenosha Water Polfution Control P/ant
Phosphorus Removal and Oil, Grease, and Sludge Removal, Alvord, Burdick, and How
son, Chicago, Iflinois, 1971. In Racine industrial waste flows were estimated at 9.10 mgd
in an Engineering Report on Wastewater Treatment Facilities ~ Racine, Wisconsin, Con
soer, Townsend and Associates, Chicago, Illinois, 1970.

Source: SEWRPC.

can be assumed to be roughly equivalent to sewage
flow in the estimation of design criteria for area
wide sanitary sewerage system planning.

The water delivered for domestic consumption can
most conveniently be expressed in gallons per
capita pe r day (gpcd). As shown in Table 63,
domestic water consumption at the selected com
munities in the Region ranged from 78 gpcd in the
Cities of Elkhorn and Port Washington to 103 gpcd
in the City of Milwaukee. llimestic water con
sumption in the Region, based on an average of
the consumption rates in the seven selected com
munities, is 88 gpcd. If the total amount of water
consumed for domestic purposes in the selected
communities is summed and the result divided by
the total population in the selected communities,
an estimated domestic water consumption rate of
99 gpcd is obtained. This latter estimate reflects
the higher per capita water consumption rates
found in the larger urban communities in the
Region. As shown in Table 64, the average
domestic water consumption rate in 1960 is esti
mated at 67 gpcd, thus indicating an increasing
per capita domestic water consumption in the
Region over the past 10 years. llimestic sewage
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5Data provided by sewage treatment plant operator.
6Portion of community is served by a combined sewer system.
71ncludes the City of Kenosha and a portion of the Town of Pleasant Prairie served on a
retaif basis by the City of Kenosha.

81ncfudes an estimated 2,500 persons residing in water service contract areas in the
Town of Pleasant Prairie.

'From the 1970 Annual Report of the Kenosha Water Utility.
lOlncfudes 5,400 persons residing in sewer service contract areas in the Town of Pleas

ant Prairie Sewer Utility Districts Nos. 1 and 2 and A, B, and C and in the Town of Som
ers Sanitary Oistrict NO.1.

"0ata provided by operating staff of the Sewerage Commission of the City of Milwaukee.
"From the 1970 Annual Report submitled by the sewage treatment plant operator to the

Wisconsin Department of Natural Resources.
I3From the 1970 Annual Report of the City of Racine Water Pollution Control Oivision.
141ncludes 14,800 persons residing in sewer service contract areas in the Village of

North Bay, the Town of Caledonia Sewer Utility District No.1, and the Town of Mt
Pleasant Sewer Utility District.

flows are also shown in Table 63 for each of the
selected communities. The total flows represent
gaged flows at the treatment plants. llimestic
flows were estimated by subtracting industrial
waste flows-generally assumed to be equal to
metered industrial water consumption-from total
flows. The domestic flows so estimated then
provided the basis for computing the per capita
domestic flows. It should be noted that the per
capita flows so computed include varying amounts
of infiltration, storm water inflow, and the addi
tion of any spent water originally supplied by
private water systems.

Industrial Sewage Flows
Table 66 presents the relationship between the
estimated total industrial sewage flow, as deter
mined from Table 63, and the total amount of
industrial land use in the selected communities.
The estimated industrial sewage flow rates range
from 1,430 gallons per acre per day in the City
of Elkhorn to 24,660 gallons per acre per day in
the City of Racine. In general, the larger and
older the community, the greater the estimated
industrial sewage flow rate in terms of gallons
per acre per day. Industrial sewage flow in the
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Table 6~

WATER CONSUMPTION IN SELECTED COMMUNITIES IN THE REGION: 1960-1970

I
I
I
I
I
I
I
I

Year

1960 1961 1962 1963

Water Delivered! Water Delivered! Water Delivered! Water Delivered!

Metered Metered Metered Metered
Total Industrial Domestic' Total Industrial Domestic' Total Industrial Domestic' Total Industrial Domestic'

Selected Community (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd)

City of Elkhorn..... 0.29 006 0.23 031 0.07 024 035 008 0.27 0.39 008 031
City of Kenosha ... 9.335 431 5.02 9.7]5 4.20 5.51 10.735 463 6.10 11.085 490 6.18
City of Milwaukee... 107.83 50.05 57.78 109.72 4816 61.56 113.38 49.81 63.57 11528 50.06 6522
City of Port Washington ... 0.47 0.09 038 056 010 0.46 056 0.08 0.48 059 009 050
City of Racine .. 11.928 5.40 652 12.038 5.38 6.65 12.698 5.97 6.72 13848 6.63 721
City of Waukesha .. 3.55 1.89 1.66 3.79 1.98 1.81 4.12 2.24 1.88 4.48 2.46 202
City of West Bend " ..,... 1.21 054 0.67 1.20 0.44 0.76 1.41 0.50 0.91 1.51 052 099

Average - - - - - - - - - - - -

I I Year

1964 1965 1966 1967

Water Delivered l Water Delivered' Water Delivered! Water Delivered!

Metered Metered Metered Metered
Total Industrial Domestic' Total Industrial Domestic' Total Industrial Domestic' Total Industrial Domestic'
(mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd)

City of Elkhorn. .. 036 0.09 0.27 036 0.08 0.28 0.43 0.09 034 037 0.09 0.28
City of Kenosha .. 11.475 5.21 6.26 11805 533 6.47 11.855 5.35 6.50 11.405 4.75 6.65
City of Milwaukee... 11726 5256 64.70 11777 5266 65.11 12458 55.00 69.58 12030 52.96 67.34
City of Port Washington ... 0.64 0.12 052 0.68 013 055 0.77 014 0.63 0.86 0.21 0.65
City of Racine ...... 14998 7.58 7.41 1511 8 7.65 7.46 1610 818 7.92 15.51 7.80 7.71
City of Waukesha ..... ......... ..... 7.11 2.67 4.44 5.06 2.94 212 6.03 3.13 2.90 6.46 3.49 297
City of West Bend ......... ....... 1.60 054 1.06 1.72 0.69 1.03 1.90 0.76 1.14 1.97 0.77 1.20

-

Average - - - - - - - - - - - -

Year

1968 1969 1970 Per Capita Relationship

Water Delivered l Water Delivered! Water Delivered' 1960 1970

Domestic Domestic
Metered Metered Metered Service Water Service Water

Total Industrial Domestic' Total Industrial Domestic' Total Industrial Domestic' Area Delivered Area Delivered
Selected Community (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) (mgd) Population' (gpcd) Population' (gpcd)

City of Elkhorn... 0.37 008 0.29 0.42 0.08 0.34 0.39 0.08 0.31 3,586 64 3,992 78
City of Kenosha ...... 11.65 4.92 6.73 11.63 4.98 6.65 12.69 563 7.06 68,9006 73 81,3007 87
City of Milwaukee...... 120.01 5417 6584 12206 5561 66.45 127.52 5401 73.51 741,324 78 717,372 103
City of Port Washington .... 0.86 0.16 0.70 093 018 0.75 0.96 0.28 0.68 5,984 64 8,752 78
Citv of Racine .. 15.01 6.97 814 14.77 677 8.00 14.48 5.82 8.66 89,144 73 95,162 91
City of Waukesha ... 7.15 3.98 3.17 7.53 4.26 3.27 7.72 4.21 3.51 30,004 55 40,274 87
City of West Bend .. 2.36 1.03 1.33 2.56 1.17 1.39 2.70 1.19 1.51 11,538 58 16,555 91

Average - - - - - - - - - - 67 - 88

I

I
I
I
I
I
I

'From annual reports submitted by the water utilities to the Wis
consin Public Service Commission.

'Includes residential, commercial, and public authority water users.
31960 U. S. Census of Population.
'1970 U. S. Census of Population.
sincludes the City of Kenosha and a portion of the Town of Pleas
ant Prairie served on a retail basis by the City of Kenosha.

Source: SEWRPC.

Region, based on an average of the flow rates in
the seven selected communities, is estimated at
about 12,300 gallons per acre per day. If the total
amount of industrial sewage flow in the selected
communities is summed and the result divided
by the total amount of industrial land use in the

61ncludes the City of Kenosha and an estimated 1,000 persons
served in the Town of Pleasant Prairie.

71ncludes the City of Kenosha and an estimated 2,500 persons
served in the Town of Pleasant Prairie.

BEstimated consumption within the City of Racine derived through the
application of a regression equation to the historic measured wa
ter consumption in the City of Racine for the years 1966 through
1970.

selected communities, an estimated industrial
sewage flow rate of about 18,500 gallons per
acre per day is obtained. This latter estimate
reflects the higher per acre industrial sewage
flow rates found in the larger urban communities
in the Region.
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Tab! e 65

SEWAGE FLOW IN SELECTED COMMUNITIES IN THE REGION: 1960- 1970

I
I

Per Capita Relationship

1960 1970
Estimated Metered Estimated Metered

Metered Sewage Flow (mgd) Service Sewage Service Sewage
Area Flow Area Flow

Selected Community 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 Population (gpcd) Population (gpcd)

City of Elkhorn .. N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.70 3,600 N/A 4,000 175
City of Kenosha ... 15.40 14.60 1450 14.20 1560 20.00 1850 1820 16.00 1590 16.26 67,900 227 86,300 188
City of Milwaukee .. 141.00 129.00 128.00 12100 12800 140.00 14000 140.00 138.00 140.00 134.00 741,300 190 703,700 190
City of Port Washington .... 0.89 0.76 078 065 0.68 0.75 069 0.96 0.88 0.94 1.05 6,000 148 8,800 119
City of Racine ... 1920 1730 1750 16.90 18.60 22.00 20.50 21.50 21.00 2190 21.70 89,100 216 110,200 197
City of Waukesha .. 5.00 4.60 470 5.40 5.70 6.30 4.00 N/A 810 8.80 8.28 30,000 167 40,700 203
City of West Bend .. N/A N/A N/A N/A N/A N/A N/A 1.60 1.80 210 2.27 11,500 N/A 16,400 138

Average -- -- -- -- -- -- -- -- -- -- -- -- 190 -- 173

NOTE: N/A indicates data not available.

Source: SEWRPC.
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Table 66

ESTIMATED SEWAGE FLOW FROM INDUSTRIAL
LAND USES IN SELECTED COMMUNITIES

IN 'THE REGION: 1970

Sewage Flow Industrial

Estimated Industrial' Total Sewage
Industrial Flow Rate

Total l Percent Land Use' (gallons/
Selected Community (mgd) (mgd) oITotal (Acres) acre/day)

City of Elkhorn .......... 070 008 11.4 56 1,430
City of Kenosha ...... .......... 16.26 4.50 27.7 490 9,180
City of Milwaukee ............. 134.00 54.01 40.3 2,621 20,610
City of Port Washington .. 1.05 0.28 267 62 4,520
City of Racine ... 21.70 9.10 41.9 369 24,660
City of Waukesha ........... 8.28 4.21 50.9 219 19,220
City of West Bend ............. 2.27 091 401 145 6,280

Average - - - - 12,270

'See Table 63 for references to sources of data.
21ndustrial sewage flow was assumed to be equal to the metered industrial water
consumption except in the Cities of Kenosha, Racine, and West Bend. In West Bend
an estimated 280,000 gallons per day of metered industrial water was discharged
directly to the Milwaukee River as spent cooling water by Line Material Indus
tries-McGraw Edison Company and the West Bend Company (estimates based on
data provided by Mr. R. McQuiggin, Safety Director, Line Material Industries and
Mr. L. W. Hillman, Director of Industrial and Plant Engineering, West Bend Com
pany). In Kenosha industrial waste flows were estimated at 4.50 mgd in a Report
on Kenosha Water Pollution Control Plant - Phosphorus Removal and Oil, GreiiSE,
and Sludge Removal, Alvord, Burdick, and Howson, Chicago, Illinois, 1971. In Ra
cine industrial waste flows were estimated at 9.10 mgd in an Engineering Report
on Wastewater Treatment Facilities - Racine, Wisconsin, Consoer, Townsend
and Associates, Chicago, Illinois, 1970.

'Data obtained from SEWRPC 1970 regional land use inventory. These data rep
resent net land usage; as such, the areas include only land actually devoted to
industrial operations and do not include supporting land uses, such as streets and
highways, railroad trackage, parking facilities, and appurtenant vacant site areas
held for future expansion.

'As noted in footnote 2 above, an estimated 280,000 gallons per day of metered
industrial water is discharged directly to the Milwaukee River as spent cooling
water. If this amount were included in the calculation of the industrial sewage
flow rate, the result would be 8,210 gallons per acre per day.

Source: SEWRPC.
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Table 66 also indicates that industrial wastes
presently comprise from a low of about 11 to
a high of nearly 51 percent of the total sewage
flow in the selected communities. It is considered
unlikely that industry will continue to utilize
water in the future at the same relatively high
rates presently experienced. Surface water quality
problems and the attendant need for higher levels
of waste treatment, together with the attendant
increased cost of treating industrial waste waters
in municipal plants and the potential for recycling
industrial wastes in order to recover economi
cally valuable raw materials, products, or bypro
ducts l may be expected to lead increasingly to
industrial water conservation and reuse within
major industrial plants.

Commercial Sewage Flows
Table 67 presents the relationship between the
estimated total commercial sewage flow, which
was assumed to be equal to metered commercial
water supply, and the total amount of commercial
land use in 1970 in the selected communities. The
estimated commercial sewage flow rates range
from 2,580 gallons per acre per day in the City
of Elkhorn to 13,620 gallons per acre per day in
the City of Milwaukee. In general the larger and
older the community the greater the estimated
commercial sewage flow rate in terms of gallons
per acre per day. Commercial sewage flow in the
Region, based on an average of the flow rates in
the seven selected communities, is 7,640 gallons
per acre per day. If the total amount of commer
cial sewage flow in the selected communities is
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Tab I e 67

ESTIMATED SEWAGE FLOW FROM COMMERCIAL
LAND USES IN SELECTED COMMUNITIES

IN THE REGION: 1970

Sewage Flow Commercial
Estimated Commercial' Total Sewage

Commercial Flow Rate
TotaP Percent Land Use' (gallons/

Selected Community (mgdj (mgd) ofTotal (Acres) acre/day)

City of Elkhorn ...... 070 0.08 114 31 2,580
City of Kenosha ... 1626 1.68 103 242 6,940
City of Milwaukee ........ 13400 2105 157 1,545 13,620
City of Port Washington .. 1.05 017 162 22 7,730
City of Racine ........... 21.70 2.30 10.6 230 10,000
City of Waukesha .............. 828 0.76 92 122 6,230
City of West Bend ... 227 0.39 17.2 61 6,390

Average - - - - 7,640

'See Table 63 for references to sources of data.
'Commercial sewage flow was assumed to be equal to the metered commercial
water consumption as determined from 1970 annual reports submitted by the wa
ter utIiJtles In each of the selected communities to the Wisconsin Public Service
Commission.

'Data obtained from SEWRPC 1970 regional land use inventory. These data rep
resent tlet land usage; as such, the areas include only land actually devoted to
commercial operations and do not include supporting land uses, such as streets
and highways, parking facilities, and appurtenant vacant site areas held for future
expansion.

Source: SEWRPC.

summed and the result divided by the total amount
of commercial land use in the selected communi
ties, an estimated commercial sewage flow rate
of 11,730 gallons per acre per day is obtained.
This latter estimate reflects the higher per acre
commercial sewage flow rates found in the larger
urban communities in the Region. Table 67 also
indicates that commercial wastes presently com
prise from a low of about 9 to a high of about
16 percent of the total sewage flow.

Infi ltration
Groundwater infiltration through joints in sewer
pipes and manholes can result in appreciable con
tributions to total sewage flow. National data
indicate that old sewerage systems may show
infiltration rates as high as 60,000 gallons per
day per mile of sewer. 2 New methods of joining
sewers and building manholes should, however,
result in future decreases in infiltration. Although
state requirements mandate the use of joints and
construction procedures that minimize infiltra
tion, sanitary sewerage system planning and
design must recognize that some settlement and
subsequent increases in infiltration may occur.
Allowances for infiltration should, therefore, be
somewhat greater than those anticipated at the

2 Design and Construction of Sanitary and Storm Sewers; ASCE
Manual of Engineering Practice No. 37, 1969; page 30.

time of initial construction. Infiltration rates
commonly used for system planning purposes
range nationally from 10,000 to 40,000 gallons
per day per mi le, depending on sewer size and
soil and groundwater conditions.3 Sewers which
are located below the water table will obviously
be subject to greater rates of infiltration than
those located above the water table in well-drained
soils. For sewer design and construction pur
poses, the infiltration allowances are usually
expressed in gallons per inch of sewer diameter
per mile of sewer, and range nationally from
100 to 1,000. For system planning purposes,
however, it is more convenient to express the
infiltration allowances in terms of gallons per
minute per acre.

In order to provide a basis for the selection of
a design parameter for infiltration as a component
of total sewage flow in the regional sanitary sew
erage system planning program, an analysis was
made of flow records from eight selected sanitary
sewerage systems within the Region in an effort to
estimate existing groundwater infiltration rates.
Five of the eight systems selected were systems
used in the per capita and per acre sewage flow
analyses described above. In addition, gaged flow
records were obtained for three subareas of the
Region served by relatively new sanitary sewerage
systems. These subareas were located in the
Cities of Brookfield, Mequon, and New Berlin
which contract with the Milwaukee-Metropolitan
Sewerage Commissions for sewage treatment and,
hence, all sewage flow from these subareas is
metered in order to determine total flow for billing
purposes. Since each of these three systems was
constructed within the last 10 years, the resulting
infiltration data, when compared to that obtained
from the communities having substantially older
sanitary sewerage systems, indicates the extent
to which more recent sewer and manhole con
struction practices may be expected to result in
lowering infiltration rates. For analytical pur
poses, it was assumed that the sewage flow during
the period from 12 midnight to 4 a. m. on Sundays
in February consists entirely of groundwater
infiltration. At this time of the day, week, and
year, temperatures may be expected to be low
and the ground frozen, thus substantially elimi
nating storm or snowmelt water inflows. In addi
tion, domestic and industrial flows would be at
a minimum. The flow rates for each of the four

3Ibid , page 31.

269



Sunday mornings (February 1970) were averaged
and apportioned over the tributary service area
of each sewage treatment plant, or in the cases
of Brookfield, Mequon, and New Berlin, the ser
vice area of each metering station, to determine
the unit infiltration rate.

The results of this analysis are presented in
Table 68. Typical sewage flow charts for each
of the sewage treatment plants and metering sta
tions used in the analysis are shown in Figures
85 through 92. As expected, the infiltration rates
for the three communities having newly developed
systems were below the 10-community average,
with Mequon exhibiting the lowest rate, 0.09 gpm/
acre. The rates ranged from this low to a high of
0.73 gallons per minute per acre in the City of
Waukesha. The average of the estimated infiltra
tion rates is 0.24 gallons per minute per acre.
It is important to note that these estimated infil
tration values are derived from dry weather,
winter flow data and as such represent absolute
minimal values. Infiltration may be expected to
increase substantially in the spring when the
ground is saturated.

Table 68

ESTIMATED SEWAGE FLOW CONTRIBUTED
BY GROUNDWATER INFILTRATION

IN SELECTED SANITARY SEWERAGE
SYSTEMS IN THE REGION: 1970

Estimated Estimated
Minimum Sewer Infiltration

Selected Sanitary Flow Rate' Service Area Rate
Sewerage System (gpm) (Acres) (gpm/acre)

City of Brookfield'... ... ............ 38 174 022
City of Elkhorn ..... 153 1,265 0.12
City of Kenosha ..... 4.120 12,9863 0.32
City of Meq uon' ... 179 1,896 0.09
City of New Berlin5 ... ............ 17 137 0.13
City of Port Washington .. 174 1,289 0.14
City of Waukesha .. 4.170 5,719 0.73
City of West Bend ..... 600 3,302 0.18

Average - - 0.24

'Average of total sewage flow from 12:00 a.m. to 4:00 a.m. on four consecutive
Sunday mornings during the month of February 1970.

'Represents a subarea of the City of Brookfield from which sewage flow is reo
corded at a metering station located at Pilgrim Parkway and Luther Lane extended.

'Includes contract service areas in the Town of Pleasant Prairie Sewer Utility
Districts Nos. 1 and 2 and A, B, and C and the Town of Somers Sanitary District
NO.1.

'Represents a subarea of the City of Mequon from which sewage flow is recorded
at a metering station located at Cedarburg Road and the Milwaukee-Ozaukee Coun
ty line.

5Represents a subarea of the City of New Berlin from which sewage flow is re
corded at a metering station located at Ohio Avenue and the Milwaukee-Waukesha
County line.

Source: SEWRPC.
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Figure 85 I
METERED SEWAGE FLOW AT THE CITY OF BROOKFIELD PILGRIM PARKWAY AND

LUTHER LANE METERING STATION--SUNDAY, FEBRUARY I, 1970
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I
METERED SEWAGE FLOW AT THE CITY OF ELKHORN SEWAGE

TREATMENT PLANT--SUNDAY, FEBRUARY I, 1970
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Figure 87

METERED SEWAGE FLOW AT THE CITY OF KENOSHA SEWAGE
TREATMENT PLANT--SUNDAY, FEBRUARY 15, 1970

Source: City of Kenosha and SEWRPC.
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Figure 88

METERED SEWAGE FLOW AT THE CITY OF MEQUON CEDARBURG ROAD AND MILWAUKEE-OZAUKEE
COUNTY LINE METERING STATION--SUNDAY, FEBRUARY I, 1970

METERED SEWAGE FLOW AT THE CITY OF NEW BERLIN OHIO AVENUE AND MILWAUKEE-WAUKESHA
COUNTY LINE METERING STATION--SUNDAY, FEBRUARY I, 1970
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METERED SEWAGE FLOW AT THE CITY OF PORT WASHINGTON SEWAGE
TREATMENT PLANT--SUNDAY, FEBRUARY I, 1970
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Figure 91

METERED SEWAGE FLOW AT THE CITY OF WAUKESHA SEWAGE
TREATMENT PLAHT--SUNDAY, F~!lRUARY I, 1970

Source: City of Waukesha and SEWRPC.
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Figure 92

METERED SEWAGE FLOW AT THE CITY OF WEST BEND SEWAGE
TREATMENT PLANT--SUNDAY, FEBRUARY I, 1970 I
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I
Storm Water Inflow
Storm water inflow during periods of intense rain
fall or surface flooding can also result in appre
ciable contributions to total sewage flow. The
storm water inflow occurs as increased sewer
joint leakage (infiltration) and as water entering
the sewerage system through manhole covers.
State and local regulations prohibit the discharge
of storm water from roof or foundation drains to
sanitary sewers. It is common construction prac

tice in southeastern Wisconsin to provide gravity
drainage for basements. Foundation and roof
drains can, therefore, be readily connected to the
sanitary sewers, thereby avoiding the need to
operate-if not to install-a sump pump for clear
water discharge to the surface storm water drain
age system. An allowance should, therefore, be
included for water that is added to the sanitary
sewer system by such connections of roof or
foundation drains that are made illegally and
remain undetected.

It should be noted that the actual peak wet weather
flows within sanitary sewerage systems in the
Region are not subject to complete measurement
both because of the effect of the operation of
bypasses, cross-overs, and relief pumping sta
tions and because peak flows exceed installed
metering capacities at the sewage treatment
plants. The peak wet weather flow as indicated by
metering facilities at a sewage treatment plant is,
therefore, subject to inaccuracies and will always
be less than the actual peak flow.

In order to provide a basis for the selection of
a design parameter for storm water inflow as
a component of total sewage flow in the regional
sanitary sewerage system planning program,
a further analysis was made of flow records from
selected sanitary sewerage systems within the
Region. Seven of the eight systems used for the
infiltration analyses were used in the analysis
relating to storm water inflow. The City of

I
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I
I
I
I
I

274

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Kenosha system was excluded from the storm
water inflow analyses since a portion of that
system consists of combined sewers. The wet
weather flow in this system was, therefore, con
sidered to be atypical of not only most of the
existing sanitary sewerage systems in the Region
but of systems which would be proposed to be con
structed in the future. For analytical purposes, it
was assumed that the total sewage flow during the
period from 12 midnight to 4 a. m. on June 1, 2,
and 3, 1970, consisted of infiltration and storm
water inflow. These data were selected because
weather records indicate that heavy 24-hour rain
falls totaling 1 inch each occurred on June 1 and 2,
and these rainfalls could be expected to produce
distinct increases in sewage flow over the base
infiltration rate. The base infiltration inflows
previously determined were then subtracted from
the total flows to approximate the incremental wet
weather storm water inflows. The estimated
incremental wet weather flow rates were then
apportioned over the appropriate service areas to
determine unit storm water inflow rates.

The results of this storm water inflow analysis
are presented in Table 69. Typical sewage flow
charts for each of the sewage treatment plants and
metering stations used in the analysis are shown
in Figures 93 through 99. The rates so calculated
ranged from a low of O. 23 gallons per minute
per acre in the City of West Bend to a high of
1. 68 gallons per minute per acre in the City of
Brookfield. The average estimated storm water
inflow rate is O. 57 gallons per minute per acre.

Peak-to-Average Flow Ratios
Sewage flows normally vary greatly, exhibiting
seasonal, daily, and hourly ebbs and floods which
must be recognized in sewerage system planning
and design. Although annual average flow rates
normally provide the basis for the sizing of sew
erage systems, certain important components of
the system must be designed to provide adequate
capacity for peak flows, while functioning at
minimum flows both initially and finally without
nuisance. Estimates of peak flow rates are there
fore required to determine the hydraulic capacity
of sewers and of some treatment plant and lift and
pump station components. For design purposes,
the peak rate of flow is defined as the mean rate
of flow during the maximum 15-minute period in
any 12-month period. For system planning and
design purposes, however, peak flow rates are
normally estimated by factoring annual average
flow rates. Therefore, the ratio of peak-to
average flow must be established.

As already noted, sanitary sewerage flows are
generally comprised of spent domestic and indus
trial water supplies, such groundwater as may
enter the sewers through leaking joints and man
holes, and such storm water as may enter the
sewers through connected building roof and foun
dation drains. In addition, in older sewerage sys
tems which incorporate combined sewers, storm
water may be admitted to the sewers by design.
Each of these components of the total sewage flow
has individual time patterns, which together deter
mine the overall time pattern of the total sewage
flow. The flow of spent domestic and industrial
water supplies will vary with the day of the week
and with the hour of the day. Extreme low flows
usually occur between midnight and 6 a. m. on
Sundays, with a daily peak flow occurring in a
regular pattern during the midday daylight hours.
The ground and surface water components of the
total flow, on the other hand, remain practically
constant throughout anyone day but vary widely
with the season and weather, with flows peaking
immediately during and after periods of rainfall.

The ratio of the peak-to-average flow will also
vary with the size of the tributary drainage area
served, being lower for relatively large sewers
serving relatively large tributary drainage areas
and higher for relatively small sewers serving
relatively small tributary drainage areas. The
ratio of peak-to-average flow will also vary with
the type of land use in the service area and with
changes in land use over time.

TabJe69

ESTIMATED SEWAGE FLOW CONTRIBUTED BY
STORM WATER I NFLOW IN SELECTED

SANITARY SEWERAGE SYSTEMS
IN THE REGION: 1970

Incremental Estimated Estimated
Wet Weather Sewer Storm Water

Selected Sanitary Flow Rate! Service Area Inflow Rate
Sewerage System (gpm) (Acres) (gpm/acre)

City of Brookfield'.. ...... ... ..... 292 174 1.68
City of Elkhorn ........ ... .............. 506 1,265 0.40
City of Meq uon' ...... ........... ..... 681 1,896 036
City of New Berlin'.. ............. 57 137 0.42
City of Port WaShington ......... 555 1,289 0.43
City of Waukesha..... 2,820 5,719 0.49
City of West Bend....... ..... ....... 750 3,302 0.23

Average - - 0.57

JDetermined as the difference between the maximum early morning flow rate in
June 1970 and the maximum early morning flow rate in February 1970.

2Represents a subarea of the City of Brookfield from which sewage flow is re
corded at a metering station located at Pilgrim Parkway and Luther Lane extended.

'Represents a subarea of the City of Mequon from which sewage flow is recorded
at a metering station located at Cedarburg Road and the Milwaukee-Ozaukee Coun
ty line.

'Represents a subarea of the City of New Berlin from which sewage flow is re
corded at a metering station located at Ohio Avenue and the Milwaukee-Waukesha
County line.

Source: SEWRPC.
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Fig u re 93

METERED SEWAGE FLOW AT THE CITY OF BROOKFIELD PILGRIM PARKWAY
AND LUTHER LANE METER ING STATION--JUNE 2, 1970
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Figure 91t

METERED SEWAGE FLOW AT THE CITY OF ELKHORN
SEWAGE TREATMENT PLANT--JUNE 2, 1970
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Figure 95
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METERED SEWAGE FLOW AT THE CITY OF MEQUON CEDARBURG ROAD AND MILWAUKEE-OZAUKEE
COUNTY LINE METERING STATION--JUNE 2, 1970
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Figure 96

I
I

METERED SEWAGE FLOW AT THE CITY OF NEW BERLIN OHIO AVENUE AND MILWAUKEE-WAUKESHA
COUNTY LINE METERING STATION--JUNE 2, 1970

Source: City of New Berlin and SEWRPC.
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Figure 97

METERED SEWAGE FLOW AT THE CITY OF PORT WASHINGTON
SEWAGE TREATMENT PLANT--JUNE 2, 1970
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METERED SEWAGE FLOW AT THE CITY OF WAUKESHA
SEWAGE TREATMENT PLANT--JUNE 2, 1970
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Figure 99

METERED SEWAGE FLOW AT THE CITY OF WEST BEND
SEWAGE TREATMENT PLANT--JUNE 2, 1970

Source: City of West Bend and SEWRPC. I
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In order to provide a basis for the selection of
design criteria relating to peak-to-average flows
for regional sanitary sewerage system planning
purposes, an analysis was made of the variations
in flow which occur within selected sewerage sys
tems serving the Region. Four of the seven
sewerage systems used in the analysis of average
sewage flows described above were used in the
peak-to-average flow analysis. The Kenosha, Mil
waukee, and Racine sewerage systems were not
used in this analysis since such systems contain
substantial areas served by combined sewers.
The flow records of the four systems analyzed
Elkhorn, Port Washington, Waukesha, and West
Bend-were first examined in order to determine
the peak 15 -minute flow rate during the year. The
annual average daily flow was then computed, and
the ratio of the peak-to-average flow rate estab
lished. The inventory revealed that such peak-to
average flow ratios, defined as the ratio of the
peak 15 -minute flow rate during the year to the

average annual daily flow rate, ranged from a low
of 1. 34 to 1 at the Elkhorn sewage treatment plant
to a high of 2.66 to 1 at the Port Washington
sewage treatment plant.

As noted earHer, actual peak flows during wet
weather periods can never fully be determined
because of the bypassing of sewage that occurs at
crossovers, bypasses, and relief pumping stations
located throughout the sewerage systems and the
bypasses located at the treatment plants. In addi
tion, the metering devices available at many
sewage treatment plants are not capable of
recording extreme peak flows. For example, the
peak-to-average flow ratio computed for the City
of Elkhorn based upon metering records during
1970 was only 1. 34 to 1. During 1971 the City of
Elkhorn installed a new flow meter on the influent
sewer to the plant upstream of the plant bypass.
Sewage flow records for 1971 and 1972 document
actual peak-to-average flow ratios at the Elkhorn

I
I
I
I
I
I
I
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plant of as high as 10 to 1, thus indicating that
substantial plant bypassing occurred during 1970,
bypassing which resulted in a grossly understated
peak-to-average flow ratio for the plant. It may
be concluded, therefore, that the peak-to-average
flow ratios revealed in the foregoing analysis
represent low approximations of actual peak-to
average flow ratios in sewerage systems through
out the Region, and should be so recognized in the
selection of a peak-to-average flow ratio design
criterion for sewage treatment plants in Chap
ter IX of this report.

Data were also collected concerning peak-to
average ratios for three relatively new sanitary
sewerage systems serving subareas of the Cities
of Brookfield, Mequon, and New Berlin in order
to obtain peak-to-average ratios for trunk sewers
serving tributary areas varying in size from about
160 to about 2,000 acres. The peak-to-average
flow ratios for the trunk sewers serving these
three systems were found to range from a low of
2.83 to 1 in the City of Mequon to a high of 4. 61 to
1 in the City of Brookfield. It may be expected
that these estimates of peak-to-average flow
ratios in trunk sewers more closely approximate
actual peak-to-average flow ratios than do the
foregoing estimates of peak-to.:.average flow ratios
for sewage treatment plants, since very little or
no bypassing of sewage may be found to exist in
the relatively new sanitary sewerage systems.

The preceding discussion concerned itself with
only the ratio of the peak 15-minute flow rate
during the year to the average annual daily flow.
It should be recognized, however, that other
peak-to-average flow ratios, while not of concern
in system planning, may be of concern in sewage
treatment plant design and operation. Daily fluctu
ations in flow experienced at sewage treatment
plants throughout a normal dry weather operating
day must be accommodated by means of flexibility
incorporated in the design of the various treat
ment units in the plant and in adjustments in the
mode of operation by the plant operator in order
to compensate for the flow variations. In the
sewage treatment plants studied in the foregoing
analysis, two to three peak flow periods were
found to occur during an average dry weather day.
These peak periods usually occurred in the early
morning, early afternoon, and late evening, with
the largest dry weather daily peak generally
occurring in the early afternoon period. The daily
fluctuation inflow at the sewage treatment plants
analyzed varied from a low dry weather daily

peak-to-average flow ratio from 1. 20 to 1 at the
Waukesha sewage treatment plant to a high of
1. 67 to 1 at the Port Washington sewage treatment
plant. Thus, even during dry weather periods,
variations in daily flow reaching nearly a ratio of
2 to 1 may be expected.

SEWAGE STRENGTHS

Variation in sewage strengths is not as critical
a consideration in regional sanitary sewerage
system planning as variation in sewage flow rates,
since treatment plant construction costs are pri
marily a function of the volume of the sewage
flow. A knowledge of sewage strength character
istics is required, however, to determine the
required type and level of treatment and the
potential effects of effluent discharges on the
quality of the receiving stream. Concentrations
of pollutants or contaminants in sewage treatment
plant effluent are neither constant nor directly
proportional. to raw inflow sewage strengths,
varying throughout the day and from season to
season. Common indicators used to measure
the strength of sewage are the concentrations of
oxygen demanding materials, nutrients, suspended
solids, and the relative acidity or alkalinity of the
sewage. These commonly used indicators of
sewage strength are the same as the commonly
used indicators of stream water quality, and are
discussed, together with their importance in the
design of sewage treatment works, in some detail
in Appendix C of this report.

Survey Findings
In order to provide a basis for selecting sewage
strength design criteria for use in regional sani
tary sewerage system planning, analyses were
made of available data pertaining to carbonaceous
biochemical oxygen demand, suspended solids,
and nutrient concentrations from selected sewage
treatment plants within the Region. In addition to
data available for the sewerage systems serving
the seven county seats within the Region, which
systems were used in the flow analyses presented
earlier in this chapter, sample strength data from
selected additional communities where surveys
have recently been completed were also utilized
in order to provide a broader basis for the esti
mation of average values for sewage strength
parameters within the Region. The data utilized
in this analysis are presented in Table 70, along
with the estimated regional averages for the vari
ous sewage strength parameters.

281



Table 70

SEWAGE STRENGTH PARAMETERS IN SELECTED SANITARY SEWERAGE SYSTEMS IN THE REGION

Average
Hydraulic Estimated Flow on Sample Date

Design Population Date of ._-
Type of Capacity Served Source of Sample Sample or Maximum Minimum

Selected Sewage Treatment Plant Treatment Provided (mgd) (1970) or Record Data Record Flow (mgd) (mgd)

Allenton Sanitary District. Activated Sludge 0100 700 DNR - 24-hour sewage treatment plant 10/68 N/A N/A
survey report

Village of Belgium. Activated Sludge 0.070 800 DNR - 24-hour sewage treatment plant 9/17/69 N/A N/A

survey report

City of Brookfield
Fox River Plant . Activated Sludge 0.100 12,300 Annual Report by the Superintendent of the 1969 N/A N/A

Brookfield Sewer Utility

City of Burlington .. Trickling Filter 1.000 7,500 Engineering Study for Revising Existing 1968 N/A N/A
Sewage Treatment Plant - City of Burlington,
Hoganson and Robers, Inc., Burlington,
Wisconsin

Caddy Vista Sanitary District ... Trickling Filter 0.250 1,200 DNR - 24-hour sewage treatment plant 5/66-6/66 0.110 0.020
survey report

City of Delavan ........... Trickling Filter 1.000 5,400 DNR - 24-hour sewage treatment plant 7/69 N/A N/A

survey report

Village of Dousman. Activated Sludge 0120 600 DNR - 24-hour sewage treatment plant 8/69 0166 N/A
survey report

Village of Fredonia. Activated Sludge 0120 1,000 DNR - 24-hour sewage treatment plant 9/15/71 N/A N/A
survey report

Village of Germantown
Old Village Plant. Activated Sludge 1.200 1,400 DNR - 24-hour sewage treatment plant 10/12/67 N/A N/A

survey report

Village of Grafton. Activated Sludge 0450 6,400 Sewage Treatment Report Village of Grafton, 1968 N/A N/A
Wisconsin, Donohue & Associates, Inc.,
Sheboygan, Wisconsin

City of Hartford. Trickling Filter 0.820 6,800 DNR - 24-hour sewage treatment plant 10/68 N/A N/A
survey report

Village of Hartland. Activated Sludge 0.350 2,900 DNR - 24-hour sewage treatment plant 6/69 0250 0.110
survey report

Village of Jackson ................................... Trickling Filter 0.025 600 DNR - 24-hour sewage treatment plant 8/24/66 N/A N/A
survey report

City of Kenosha .............................. Activated Sludge 18.000 86,300 1970 Annual Report - Kenosha Water Utility 1970 29,200 9,800
and Report on Kenosha Water Pollution Con-
trol Plant Phosphorus Removal and Oil,
Grease, and Sludge Disposal, 1971, Alvord,
Burdick, and Howson, Chicago, Illinois

Village of Kewaskum ................ Activated Sludge 0.300 1,900 DNR - 24-hour sewage treatment plant 9/10/69 N/A N/A
survey report
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Table 70 (continued)

Sewage Strength Parameters in Influent Sewage

Suspt"nded Total Organic Ammonia
Average Hydraulic COOO s Solids PhosphorusW) Nitrigen (N) Nitrogen (N)

Loading (1970)
Pounds Pounds l'ounds Pounds Pounds

Total Per Capita Per Capita Per Capita Per Capita Per Capita Per Capita
Selected Sewage Treatment Plant (mgd) (gpod) mg/l Per Dayl mgll PerOayl mg/l Per Dayl mg/l Per Day! mg/l Per Day!

Allenton Sanitary District 0058 83 200 0.1382 95 0.0656 80 0.0055 N/A -- N/A

Village of Belgium 0.060 75 220 0.1376 160 0.1001 16.0 0.0100 14.2 00089 25.6 0.0160

City of Brookfield

Fox River Plant 1.660 140 1052 0.1182 1632 0.1835 -- -- -- -- -- - -

City of Burlington 1.200 160 265 0.3536 170 0.2269 N/A -- no 0.0175 15.2 00203

Caddy Vista Sanitary District .. 0.060 50 171 0.0713 180 0.0751 N/A -- N/A -- N/A

City of Defavan 0.700 130 58 0.0627 N/A -- 8.0 00087 5.8 0.0063 6.4 00069

Village of Dousman 0,084 140 90 0.1051 100 01168 80 0.0094 5.4 0.0063 8.4 00098

Village of Fredonia 0.100 100 200 0.1668 160 0.1334 90 0.0075 12.9 00108 N/A

Village of Germantown

Old Village Plant 0.360 257 710 1.5226 292 0.6262 136 0.0292 97 0.0208 N/A --

Village of Gralton 0.800 125 155 0.1616 130 0.1355 140 0.0146 N/A - - N/A --

City of Hartford 1.240 182 150 0.2281 145 0.2205 9.0 0.0137 N/A N/A

Village of Hart\and 0.270 93 140 0.1087 170 01320 17 00132 14.4 0.0112 27 00210

Village of Jackson 0.080 133 108 01201 112 01246 N/A -- N/A N/A --

City of Kenosha 16300 188 94' 01481 1233 01938 6.44 0.0101 N/A -- N/A --

Village of Kewaskum 0490 258 265 0.5700 201 0.4323 24.88 0.0535 N/A -- N/A --
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Table 70 (continued)

Average
Hydraulic Estimated Flow on Sample Date

Design Population Date of
Type of Capacity Served Source of Sample Sample or Maximum Minimum

Selected Sewage Treatment Plant Treatment Provided (mgd) (197DI or Record Data Record Flow (mgd) (mgd)

Milwaukee-Metropolitan Sewerage
Commissions - Jones Island
Plant .. Activated Sludge 200.00 916,0685 Phosphorus Removal With Pickle Liquor in an 1970 115,600 22.300

Activated Sludge Plant by the Sewerage Com-
mission of the City of Milwaukee for the EPA

Milwaukee-Metropolitan Sewerage
Commissions - South Shore
Plant .. Sedimentation 120.000 117,6325 Milwaukee-Metropolitan Sewerage 1970 25.000 15.000

Commissions staff

City of Oconomowoc. Trickling Filter 1.500 9,500 Report on Wastewater Treatment Facilities 7170 N/A N/A
for the City of Oconomowoc, Wisconsin, Dono-
hue & Associates, Inc., Sheboygan, Wisconsin

City of Port Washington . Sedimentation 1.000 8,800 DNR - 24-hour sewage treatment plant 1/8/69 N/A N/A
survey report

City of Racine. Activated Sludge 23.000 110,2DO Engineering Report on Wastewater Treatment 1970 N/A N/A
Facilities, Racine, Wisconsin, Consoer, Town-
sen, and Associates and 33rd Annual Report,
1970, City of Racine Water Pollution Control
Division.

Village of Saukville ..... Trickling Filter 0.320 1,100 DNR - 24-hour sewage treatment plant 11122/66 N/A N/A
survey report

Village of Slinger. Trickling Filter 0149 1,000 DNR - 24-hour sewage treatment plant 9/68 N/A N/A
and survey report

Activated Sludge

Village of Sturtevant ................. Trickling Filter 0.300 3,200 DNR - 24-hour sewage treatment plant 10/19/56 N/A N/A
survey report

Village of Sussex .... Trickling Filter 0.300 2,800 DNR - 24-hour sewage treatment plant 7128170 N/A N/A
survey report

Village of Thiensville ... Activated Sludge 0.240 3,200 DNR - 24-hour sewage treatment plant 10/6/66 N/A N/A
survey report

Village of Union Grove. Activated Sludge 0.300 2,800 DNR - 24-hour sewage treatment plant 612/66 0.47 0.29
survey report

Village of Walworth. Trickling Filter 0.150 1,600 DNR - 24-hour sewage treatment plant 1969 N/A N/A
survey report

City of Waukesha ......... Trickling Filter 8.50D 40,700 Sewage treatment plant operator 1970 N/A N/A

City of West Bend ......... Activated Sludge 2.500 16,400 DNR - 24-hour sewage treatment plant 9/4170 N/A N/A
survey report

City of Whitewater . Activated Sludge 2.500 12,000 Whitewater, Wisconsin Preliminary Report 1/72 N/A N/A
and Wastewater Interceptor and Treatment Sys-

Trickling Filter tem, Stone & Robinson Assoc., Inc., Brook·
field, Wisconsin
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I Table 70 (continued)

I
I

Selected Sewage Treatment Plant

Milwaukee-Metropolitan Sewerage

Commissions-Jonesfsfand

Average Hydraulic

Loading (l970)

Total Per Capita
(mgd) (gpcd)

GBOO,

Pounds

Per Capita
mg/l Per Dayl

Suspended
Solids

Pounds

Per Capita

mg/l Per Dayl

Sewage Strength Parameters in Influent Sewage

Total

Phosphorus(Pj

Pounds

Per Capita
mgll Per Dayl

Organic

Nitrigen (N)

Pounds

Per Capita
mg/l Per Dayl

Ammonia
Nitrogen (N)

Pounds

Per Capita
mg/l Per Day'

I
I

Plant ..

Milwaukee-Metropolitan Sewerage

Commissions-South Shore

169.600 185 2093 0.3227 2073 0.3196 8.23 0.0127 N/A N/A

I
I
I
I
I
I
I
I
I
I
I

Plant ..

City a/Oconomowoc

City of Port Washington

City of Racine .

VillageofSaukvllle .

Village a/Slinger .

Village of Sturtevant

Village of Sussex .

Village afThiensville.

Village of Union Grove

Village of Walworth .

City of Waukesha .

City of West Bertd .

City of Whitewater .

Average .

19.300

1620

1050

21700

0.250

0.089

0.250

0.294

0.700

0430

0150

8.280

2.270

1510

164

170

83

197

180

89

78

105

220

154

92

203

138

126

3623

140

130

84'

237

117

193

92

161

156

N/A

1453

110

615

04953

0.1991

0.1294

0.1380

04492

00868

0.1258

00806

0.2611

0.1998

02460

0.1270

0.6454

4943

165

125

172

90

144

120

136

116

N/A

1653

228

298

06760

0.2347

01244

0.2053

0.3260

00668

00938

0.1051

02206

0.1486

0.2800

0.2632

0.3127

02194

N/A

6.5

15.5

7.86

N/A

125

14.2

8.6

N/A

N/A

135

N/A

130

1635

1191

0.0092

00154

00128

0.0093

00093

00031

0.0106

00150

0.0172

0.0138

N/A

90

112

NfA

N/A

N/A

116

102

NfA

119

7.8

N/A

98

N/A

10.5

0.0128

0.0112

00076

00089

0.0152

0.0061

0.0113

0.0111

NfA

8.8

12.6

NfA

N/A

Nf4

316

162

N/A

18.2

8.0

NfA

6.6

NfA

154

0.0125

0.0125

00206

00142

0.0233

0.0063

0.0076

00143

I
I
I

NOTE: N/A indicates information not available.

lThe estimated per capita loading of each sewage strength parameter was
computed by multiplying the measured sewage strength parameter concen
tration at the time of sampling by the volumetric per capita sewage flow
rate by the appropriate conversion factor.

Example:
Where CBOD; = 200 mg/1, Average Hydraulic Loading (1970) =
0.058 MGD, and the Estimated Population Served (1970) = 700 Persons

Source: SEWRPC.

Average Raw Sewage CaOD 5 Load in Pounds Per Capita Per Day =

COBD; in mg/1 X Average HydraulIc Loading (1970) in MGD X 8.34
(Conversion Factor for #/MG/mg/l) +- Estimated Population Served
(1970)

Average Raw Sewage CBOO I =200 mg/l X 0.058 MGD X 834
#/MG/mg/1 7- 700 Persons =0.1382 #/Capita/Oay

2Data based on an average of 107 tests for CaOD 5 and 125 tests for Sus
pended Solids

3Data based on an average of 24-hour composite samples collected daily
lor 1970.

4Data based on an average of 18 samples during the months of February
through July.

5The estimation of the population served for the Jones Island plant and the
South Shore plant is proportioned on the basis of the average annual flow
into each plant.

6Data based on an average of the six samples collected on April 20, through
Apri/21, 1970.
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The average five-day carbonaceous biochemical
oxygen demand value is O. 259 pound per capita
per day. This average was based upon sample
values from 11 sewerage systems. The average
suspended solid value is 0.219 pound per capita
per day, based upon sample values from 28 sew
erage systems. The average total phosphorus
value is 0.0138 pound per capita per day, based
upon sample values from 21 sewerage systems.
The average organic nitrogen value is O. 0111
pound per capita per day, based upon sample
values from 14 sewerage systems. The average
ammonia nitrogen value is 0.0143 pound per
capita per day, based upon sample values from
12 sewerage systems. It is important to note that
the number of samples on which the foregoing
average values are based greatly exceed the
number of sewerage systems from which the
samples were collected, since multiple samples
were obtained in most cases.

COMPARISON OF SEWAGE FLOW AND
STRENGTH SURVEY FINDINGS WITH OTHER
RESEARCH FINDINGS IN THE REGION

The foregoing survey findings relating to sewage
flow and strength based upon analyses of selected
sanitary sewerage systems in the Region may be
compared against other recent research within the
Region. Because of the scarcity of recent field
data pertaining to per capita hydraulic and pollu
tion loadings attributable to domestic sewage,
a study was recently conducted in the City of
Cudahy, Milwaukee County, to provide such field
data.4 The study area in the City of Cudahy con
sisted of approximately 160 acres of' residential
land served by separate sanitary sewers. About
1,200 people resided in the study area at the time
of the survey and were housed in 270 dwelling
units composed of 226 single family homes, two
duplexes, and a five-building apartment complex.
Most of the houses were built between 1961 and
1967 and, as of 1972, had market values ranging
from $24,000 to $27,000.

The separate sanitary sewerage system serving
this area was relatively new having been built
during the period 1961-1967. Except for house
connections, the system utilizes concrete pipe

4 E . B. Zanoni and R. J. Rutkowski "Per Capita Load

ings of Domestic Wastewater," Journal Water Pollution
Control Federation, Volume 44, No.9, September 1972,
pages 1756-1762.
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with rubber gasket joints in order to mlmmize
infiltration. The pipe slopes were designed to
achieve adequate flow velocities and minimize
deposition of solids.

Flow measurements and water quality samples
were obtained at a point just upstream of a con
nection of the sewer system serving the study
area to a Milwaukee-Metropolitan Sewerage Com
missions trunk sewer. About 10,000 feet of
branch and lateral sanitary sewers were tributary
to the sampling point. The field work was con
ducted between November 1969 and May 1970
during which time twenty 24-hour composite and
two 12-hour composite samples were obtained.

The study revealed that in this strictly residen
tial, or domestic, study area, hydraulic loadings
ranged from 41 to 80 gallons per capita per day,
with an average of about 58 gallons per capita per
day. Per capita five-day carbonaceous biochemi
cal oxygen demand values ranged from O. 05 to
0.17 pound per capita per day, with an average
value of about 0.10 pound per capita per day.
Per capita suspended solids contributions ranged
from 0.04 to 0.22 pound per capita per day, with
an average of about O. 08 pound per capita
per day.

Comparisons of the foregoing research findings
with the data presented earlier in this chapter
indicate that the average hydraulic loading of
58 gallons per capita per day from the study area
in the City of Cudahy is below the lower end of
the range of estimated per capita domestic sewage
flow contributions of 78 to 102 gallons per capita
per day determined for the sewerage systems
serving the seven county seats in the Region.
Since the area studied in the City of Cudahy is
considerably smaller than the sewered area of
any of the seven county seats in the Region, and
since the technique utilized to estimate per capita
domestic sewage flow contribution in the seven
county seats was based upon metered water
delivery, it would be expected that the Cudahy
research findings would indicate somewhat lower
flow contributions than those derived from flow
data for the seven county seat communities. The
average values for per capita five-day carbonace
ous biochemical oxygen demand and per capita
suspended solids contributions found in the Cudahy
research fall within the range of values for these
sewage strength criteria provided by the data pre
sented earlier in this chapter. Thus, it may be
concluded that the recent research findings on
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sewage flow and strength for strictly domestic
sewage for an area in the City of Cudahy are
generally consistent with the sewage flow and
strength data presented in this chapter and utilized
in the selection of the sewerage system design
criteria presented in Chapter IX of this report.

SUMMARY

Of particular importance in the planning and
design of sanitary sewerage systems are the
characteristics of the sewage to be collected and
treated, including the rate and volume of flow and
the concentration of contaminants. Several inves
tigations were made under the regional sanitary
sewerage system planning program to determine
the flow and strength characteristics of sewage
generated within the Region. Such characteristics
were utilized, together with widely accepted engi
neering standards and experienced engineering
judgement, as a basis for the selection of sewer
age system design criteria presented in Chapter IX
of this report.

The principal sources of sanitary sewage are
spent mUnicipal water supply, groundwater infil
tration, and storm water inflow. Analyses con
ducted under the regional sanitary sewerage
system planning program indicated the following
average conditions for the Region with respect to
sewage flow components:

1. Average amount of domestic sewage flow
contributed by all urban land uses except
major industrial and commercial concen
trations and based upon water delivery
records: 88 gallons per capita per day,
ranging from a low of 78 to a high of
103 gpcd.

2. Average amount of sewage flow contributed
by major concentrations of industrial land
uses: 12,270 gallons per acre per day,
ranging from a low of 1, 430 to a high of
24, 660 gpad.

3. Average amount of sewage flow contributed
by major concentrations of commercial
land uses: 7, 640 gallons per acre per day,
ranging from a low of 2,580 to a high of
13, 620 gpad.

4. Average infiltration rate: 0.24 gallons per
minute per gross developed acre, ranging
from a low of O. 09 to a high of 0.73 gpad.

5. Average storm water inflow rate: 0.57gal
Ions per minute per gross developed acre,
ranging from a low of 0.26 to a high of
1.68 gpad.

6. Peak-to-average flow rates: 3.72 to 1 for
trunk sewers, ranging from a low of 2. 83
to 1 to a high of 4.61 to 1; and 1.87 to 1
for sewage treatment plants, ranging from
a low of 1. 34 to 1 to a high of 2. 66 to 1.

While variation in sewage strengths is not as criti
cal a consideration in regional sanitary sewerage
system planning as variations in sewage flow
rates, a knowledge of sewage strength charac
teristics is required to determine the necessary
type and level of treatment to be provided and the
potential effects of effluent discharges on the
quality of the receiving stream. Indicators com
monly used today, but not necessarily historically,
to measure the strength of sewage are concentra
tions of oxygen demanding materials, nutrients,
suspended solids, and the pH-that is, the relative
acidity and alkalinity-of the sewage. Analyses
conducted under the regional sanitary sewerage
system planning program indicated the following
average conditions for the Region with respect to
sewage strength characteristics:

1. Average five-day carbonaceous biochemi
cal oxygen demand value: 0.259 pound
per capita per day, ranging from a low of
O. 0627 to a high of 1. 523 pounds per capita
per day.

2. Average suspended solids value: 0.219
pound per capita per day, ranging from
a low of 0.0656 to a high of 0.676 pound
per capita per day.

3. Average total phosphorus value: 0.0138
pound per capita per day, ranging from
a low of 0.0055 to a high of 0.0535 pound
per capita per day.

4. Average organic nitrogen value: 0.0111
pound per capita per day, ranging from
a low of 0.0061 to a high of 0.0208 pound
per capita per day.

5. Average ammonia nitrogen value: 0.0143
pound per capita per day, ranging from
a low of O. 0063 to a high of O. 0233 pound
per capita per day.
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As noted above, the foregoing survey data per
taining to sewage flow and sewage strength char
acteristics from throughout the Region were
utilized in the regional sanitary sewerage system
planning program as a partial basis for the selec
tion of design criteria for the sanitary sewerage
system components to be included in the regional
sanitary sewerage system plan. In addition, how-
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ever, an extensive literature search was conducted
to provide an additional basis for the selection of
the design criteria. This literature search and
the design criteria selected for use in the study,
as well as the relationship of the selected design
criteria to the foregoing average values for sew
age flow and strengths in the Region, are dis
cussed in Chapter IX of this report.
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LEGAL CONSIDERATIONS IN SANITARY SEWERAGE SYSTEM DEVELOPMENT
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INTRODUCTION

In any sound planning and engineering effort, it is
necessary to investigate the legal, as well as the
physical and economic, factors affecting the prob
lem under consideration. In areawide sanitary
sewerage system planning the law can be as im
portant as the technical feasibility and cost of
proposed facilities in determining the ultimate
practicality of a given sewerage system plan.
If legal constraints bearing on the planning prob
lem are ignored during plan formulation, seri
0us obstacles may be encountered during plan
implementation.

In recognition of the importance of legal aspects
in comprehensive planning, the Southeastern Wis
consin Regional Planning Commission previously
completed two companion analyses of existing law
in southeastern Wisconsin. The first of these
analyses related to the existing body of water law
in southeastern Wisconsin and included a survey
of the legal framework of public and private water
rights affecting water resources management,
planning, and engineering. The findings of this
survey and analysis were set forth in published
form in SEWRPC Technical Report No.2, Water
Law in Southeastern Wisconsin, January 1966.
This analysis, conducted as an integral part of the
Root River watershed planning program, was
carried out under the direction of the late Pro
fessor J. H. Beuscher, University of Wisconsin
Law School, and included an inventory of the
existing powers and responsibilities of the various
levels and agencies of government involved in
water resource management, as well as of the
structure of public and private water rights, which
must necessarily be considered in the formulation
of a comprehensive watershed plan. In subsequent
planning programs for the Fox and Milwaukee
River watersheds, the Commission summarized
the legal factors bearing upon the water-related
problems of the respective watersheds, updating
as necessary the pertinent aspects of statutory
and administrative law presented in the original
water law report. These summaries are set forth
in Chapter XIV, SEWRPC Planning Report No. 12,
A Comprehensive Plan for the Fox River Water-

shed, Volume One, Inventory Findings and Fore
casts, April 1969, and Chapter XV, SEWRPC
Planning Report No. 13, A Comprehensive Plan
for the Milwaukee River Watershed, Volume One,
Inventory Findings and Forecasts, December 1970.
In general, the analysis of basic water law as
presented in summary form in SEWRPC Technical
Report No. 2 remains valid today. Those aspects
of the report which deal with the statutory and
administrative provisions of federal and state law
governing water resource protection, however,
have changed substantially since the publication of
SEWRPC Technical Report No.2 and, accordingly,
need revision. One of the primary objectives of
this chapter is, then, to provide such a revision
pertaining to the legal provisions for water pollu
tion control.

The second report dealing with the legal aspects
of planning and plan implementation in southeast
ern Wisconsin was a survey of existing planning
law also conducted for the Commission by Pro
fessor Beuscher and published in SEWRPC Report
No.6, Planning Law in Southeastern Wisconsin,
October 1966. This report deals with the specific
powers for local and areawide planning and plan
implementation primarily with respect to land use
planning. As such, it has a less direct bearing
upon a regional sanitary sewerage system plan
than does the companion water law survey and
analysis. The importance of sound land use devel
opment, and, therefore, of sound public land use
controls to sanitary sewerage system planning and
development should not, however, be overlooked.
Areawide-or local-plans for the provision of
public utility systems, such as sanitary sewerage
systems, can only be properly prepared within the
framework of a land use plan. Moreover, public
policies that provide for the extension of sanitary
sewer service on the basis of an agreed-upon
areawide sanitary sewerage system plan can con
tribute significantly toward implementation of an
agreed-upon areawide land use plan. Thus, the
various kinds of comprehensive plan implementa
tion powers discussed in Technical Report No. 6
deserve the careful attention of agencies and units
of government assigned implementing responsi
bilities under the regional sanitary sewerage sys-
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tem plan. No attempt is made in this chapter,
however, to repeat the salient findings of the
analyses presented in SEWRPC Technical Report
No.6. Rather, the reader is referred directly
to that report.

The law relating directly to the development of
sanitary sewerage systems consists largely of
statutes, ordinances, and administrative rules
enacted at the federal, state, and local levels of
government. These statutes, ordinances, and rules
relate primarily to water pollution prevention and
abatement-and particularly to the regulation of
design, construction, and operation of sewage
treatment plants -since sewage treatment plants
constitute the most significant category of identi
fiable point sources of water pollution. In addition,
particularly with respect to the state level, there
are legal considerations which relate to the
various institutional structures which may be
created at the local level of government to pro
vide for areawide sewage collection, conveyance,
and treatment facilities in urban and urbanizing
areas. Finally, also with respect to the state
level, there are numerous administrative rules
governing the design, construction, operation, and
maintenance of sanitary sewerage facilities.

This chapter, then, is intended to provide a brief
overview of the legal considerations relating to
sanitary sewerage system planning and develop
ment at the federal, state, and local levels of
government. It should be stressed that this area
of the law is rapidly changing as new statutes and
administrative rules are enacted to provide for
greater protection of the natural environment.
For this reason, attention is focused more on the
broad policy evolving in federal and state law as
opposed to the specific means of implementation
of that policy. Attention in this chapter is first
directed at evolving federal water pollution control
machinery; next at the state level water pollution
control machinery which is rapidly changing to
meet new federal requirements; then at local
water pollution control machinery, with particular
emphasis upon alternative institutional structures
for the implementation of areawide sanitary sew
erage system plans; and finally at private steps
for water pollution control.

FEDERAL WATER POLLUTION
CONTROL MACHINERY

The federal government has long been involved in
water pollution control efforts, although it is only
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in relatively recent years that the United States
Congress has acted to secure the establishment of
water use objectives and supporting standards for
navigable waters. The 1899 Refuse Act prohibited
the discharge of any refuse matter of any kind,
other than that flowing from streets and sewers,
into any navigable waters of the United States, or
tributaries thereto, without first obtaining a per
mit from the Secretary of the Army. The Secre
tary was directed to make a specific finding that
the discharge of any refuse matter would not
adversely affect anchorage and navigation; no
finding on water quality was, however, required.
This Act and the permits issued thereunder were
largely ignored until enactment of the Environ
mental Policy Act of 1969, which required all
federal agencies to consider the environmental
impact in the administration of all public laws,
and the Water Quality Improvement Act of 1970,
which required applicants for federal permits to
file a certification from the appropriate state that
the proposed discharge would not violate any
applicable state adopted water quality standard.
The enactment of these two new laws in relatively
recent years made it necessary for the Secretary
of the Army to assess the affects of proposed dis
charges on water quality in the processing of any
1899 Refuse Act permit.

A broader federal approach to water pollution
control began with passage of the Federal Water
Pollution Control Act on June 30, 1948. With the
passage of this Act, the federal government began
to take effective steps toward controlling and pre
venting pollution of the navigable waters of the
United States. Initially, the Act was primarily
directed at establishing a federal grant-in-aid
program for the construction of publicly owned
waste treatment facilities. In the mid-1960's,
requirements were added relating to the estab
lishment of interstate water quality standards.
The Act was substantially revised by the Federal
Water Pollution Control Act amendments of 1972,
enacted into law on October 18, 1972 over a Presi
dential veto. In general, the revised Act provides
for an increased emphasis on the enhancement of
the quality of all of the navigable waters of the
United States, whether interstate or intrastate, and
further places an increased emphasis on planning
and the examination of alternative courses· of
action to meet stated water use objectives and
supporting water quality standards. The Act
declares it to be a national goal to eliminate the
discharge of pollutants into the navigable waters
of the United States by 1985; that, wherever
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obtainable, an interim goal of water quality which
provides for the protection and propagation of fish
and natural wildlife and for human recreation in
and on the water be achieved by 1983; that sub
stantial federal financial assistance be provided to
construct publicly owned waste treatment works;
and that areawide waste treatment management
planning processes be developed and implemented
to assure adequate control of sources of pollutants
within each state.

The Federal Water Pollution Control Act is
divided into five broad titles. Title I deals with
research and related programs and includes Con
gressional declaration of goals and policy for
water quality. Title II of the Act contains provi
sions relating to federal grants-in-aid for the
construction of publicly owned waste treatment
works, including the need for areawide waste
treatment planning and management. Title III of
the Act deals broadly with water quality standards
and enforcement provisions, including effluent
limitations, water use objectives and supporting
water quality standards, water quality inventories,
and inspection and monitoring programs. Title IV
of the Act deals with permits and licenses, includ
ing the establishment of a national pollutant dis
charge elimination system. Finally, Title V of
the Act includes general provisions relating to
administration of the Act. The following sections
attempt to summarize in..the very briefest fashion
the requirements of the current Federal Water
Pollution Control Act as these r:equirements affect
sanitary sewerage system planning and develop
ment. These requirements may be categorized
under the following headings: water quality stan
dards and effluent limitations, pollutant discharge
permit system, continuing statewide water quality
management planning process, areawide waste
treatment planning and management, and federal
grants for waste treatment works construction.
A summary timetable of the key actions required
under the current Act, together wi th appropriate
references to the Act and the Code of Federal
Regulations, is set forth in Table 71. Following
discussion of these relevant portions of the
Federal Water Pollution Control Act, attention
is given to the requirements of the National
Environmental Policy Act of 1969, the Lake
Michigan Enforcement Conference recommenda
tions (althoilgh this conference has been dissolved)
and the question of interbasin water diversion.

Water Quality Standards and Effluent Limitations
Since 1965 the Federal Water Pollution Control
Act has required states to adopt water use objec-

tives and supporting water quality standards for
all interstate waters. The Act as revised in 1972
incorporates by reference in Section 303(a) all
existing interstate water quality standards that
have been approved by the Administrator of the
Environmental Protection Agency (EPA). In addi
tion, the Act requires for the first time the
adoption and submittal to EPA for approval of
intrastate water use objectives and supporting
water quality standards. Wisconsin, through the
Natural Resources Board and the Department
of Natural Resources, has adopted the required
interstate and intrastate water use objectives and
supporting water quality standards. These objec
tives and standards as related to the streams and
watercourses of southeastern Wisconsin are pre
sented in detail later in this chapter. Under the
new federal law, state governors are required to
hold public hearings at least every three years for
the purpose of reviewing the adopted water use
objectives and supporting water quality standards
and, in light of such hearings, appropriately
modify and readopt such objectives and standards.

In addition, Sections 301 and 302 of the Act
require the establishment of, respectively, efflu
ent limitations and water quality related effluent
limitations. Section 301 establishes a deadline of
July 1, 1977, for the enactment of specific effluent
limitations for all point sources of water pollution
other than publicly owned treatment works. Such
limitations must require the application of the
best practical water pollution control technology
currently available, as defined by the EPA Admin
istrator. In addition, any waste source which
discharges into a publicly owned treatment works
must comply with applicable pretreatment require
ments also to be established by the EPA Adminis
trator. All publicly owned treatment works in
existence on July 1, 1977, must meet effluent
limitations based upon a secondary level of treat
ment, as defined by the EPA Administrator, and
must apply the best practicable waste treatment
technology. In addition, Section 301 provides that
any waste source must meet any more stringent
effluent limitation as required to implement any
applicable water use objective and supporting
standard established pursuant to any state law or
regulation or any other federal law or regulation.
Section 301 further provides that no later than
July 1, 1983, effluent limitations for point sources
of water pollution other than publicly owned treat
ment works must require the application of the
best available technology that will result in further
progress toward the nafional goal of eliminating
the discharge of all pollutants. The EPA Adminis-
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SUMMARY OF KEY ACTIONS REQUIRED BY THE FEDERAL WATER POLLUTION CONTROL
ACT AMENDMENTS OF 1972 RELATED TO WATER QUALITY MANAGEMENT

PLANNING AND SEWERAGE FACILITY CONSTRUCTION GRANTS
-

Code of
Federal

Specified Time Federal Regulations
Period Provided Water Pollution Reference

for Action to Control Act (If Applicable
be Completed Target Date l Action Required' Reference and Known)

60 days December 17, 1972 EPA Publishes Information on the Degree of Effluent Reduction Attainable Through Sec. 304(d)(1) - -
Secondary Treatment

90 days January 16, 1973 EPA Publishes Guidelines for Identification of Areas of Urban-Industrial Concentrations Sec.208(a)(1) 40 CFR Part 126
with Substantial Water Quality Control Problems

90 days January 16, 1973 EPA Publishes Lists of Categories of Sources Subject to National Standards of Performance Sec. 306(b)(1)(A) - -
90 days January 16, 1973 EPA Publishes List of Toxic Pollutants Subject to Regulation of Discharges Sec.307(a)(1) - -

120 days February 15, 1973 EPA Promulgates Rules and Regulations for Construction Grants Sec. 201(g)(4) 40 CFR Part 35

120 days February 15, 1973 State Submits Proposed Continuing Planning Process Sec. 303(e)(2) 40 CFR Part 130

120 days February 15, 1973 EPA Publishes Guidelines for Pretreatment of Pollutants Not Susceptible to Treatment Sec. 304(f)(1) - -
by Publicly Owned Treatment Works

150 days March 17, 1973 Governor Identifies Areas with Substantial Water Pollution Control Problems Sec. 208(a)(2) 40 CFR Part 126

150 days March 17, 1973 EPA Administrator Approves State Continuing Planning Process Sec. 303(e)(2) 40 CFR Part 130

180 days April 16, 1973 EPA Issues Guidelines for Payment ot Costs by Industry Sec. 204(b)(2) - -
180 days April 16, 1973 EPA Issues Guidelines for Evaluation of Methods of Treatment, Including Cost- Sec. 212(2)(C) - -

Effectiveness Analyses

180 days April 16, 1973 EPA Issues Guidelines for Establishing Test Procedures for the Analysis of Pollutants Sec.304(g) - -

180 days April 16, 1973 EPA Proposes Pretreatment Standards for Introduction of Pollutants into Publicly Sec. 307(b)(1) - -
Owned Treatment Works Which are Determined Not to be Susceptible to Treatment
or Which Would Interfere with the Operation of the Treatment Works

270 days July 15, 1973 Governor Designates Boundaries and Organizations for Areawide Waste Treatment Sec. 208(a)(2) 40 CFR Part 126
Management Planning

270 days July 15, 1973 EPA Issues Information on Processes and Operating Methods for Elimination or Sec. 304(c) - -
Reduction of Discharge of Pollutants to Implement Standards of Performance

270 days July 15, 1973 EPA Issues Information on Methods, Procedures, and Processes to Restore and Sec.304(i) - -
Enhance the Quality of Publicly Owned Fresh Water Lakes

270 days July 15, 1973 EPA Publishes Proposed Effluent Standards for Toxic Pollutants Sec. 307(a)(2) - -
270 days July 15, 1973 EPA, After Public Hearing, Issues Regulations Establishing Pretreatment Standards Sec. 307(b)(1) - -
9 months July 18, 1973 EPA Issues Information on Available Alternative Waste Treatment Management Techniques Sec. 304(d)(2) - -

1 year October 18, 1973 EPA Publishes Criteria tor Water Qualify Sec. 304(a)(11 - -
1 year October 18, 1973 EPA Publishes Information on Factors Necessary to Restore and Maintain Integrity Sec. 304(a)(2) - -

of Waters

1 year October 18, 1973 EPA Publishes Regulations Providing Guidelines for Effluent Limitations Sec. 304(b) - -

1 year October 18, 1973 EPA Publishes Guidelines for Identifying and Evaluating Non-Point Sources of Pollutants Sec. 304(e)(c) - -

450 days January 11, 1974 EPA Proposes Regulations Establishing National Standards of Performance for New Sec.306(h)(1)(B) - -
Waste Sources in all Categories

450 days January 11, 1974 EPA, After Public Hearing, Promulgates Effluent Standards Sec. 307(a)(2) - -
1 year,

7 months May 18, 1974 EPA, After Giving Opportunity for Comment, Promulgates Regulations Establishing Sec. 306(b)(1)(B) - -
National Standards of Performance

1 year,
9 months July 18, 1974 Areawide Waste Treatment Management Planning Process Must Be In Operation Sec. 208(b)(1) 40 CFR Part 126

3 years,
9 r.lOnths July 18, 1976 Initial Areawide Plan Certified by Governor to EPA - Governor Designates Waste Sec. 208(b)(1) 40 CFR Part 126

Treatment Management Agency
3 years,
9 months July 18, 1976 Compliance With Pretreatment Standards Required Sec. 307(b)(1) - -
4 years October 18, 1976 EPA Approves Waste Treatment Management Agency Sec. 208(c)(2) 40 CFR Part 126

'Based upon the time period allotted for action to be completed after enact
ment of the Federal Water Pollution Control Act Amendments of 1972 on
October 18, 1972. It should be noted that considerable slippage in meeting
the target dates has already (May 1973) been evident

Source: U S Environmental Protection Agency and SEWRPC.
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Tab 1e 7 I

'In addition to the listed actions required by the Federal Water Pollution
Control Act, the following dates are of significance to water quality manage
ment planning and sewerage facility construction grants:

a. After March 1, 1973, no construction grant may be approved without
the establishment of user charges in the local sewerage system; the
repayment of applicable share of federal grant by industries contrib
uting sewage; and the approval of the applicant's legal, institutional,
managerial, and financial capability for the construction, operation,
and maintenance of treatment facilities (Sec. 204(b)(1)).

b. After July 1, 1973, no construction grant may be approved unless the
applicant satisfies the EPA Administrator that the sewer system tribu
tary to the treatment plant is not subject to excessive infiltration (Sec.
201 (g)(3)).

c. After June 30, 1974, no construction grant may be approved unless al
ternative waste management techniques have been evaluated. In addition,
all waste treatment works must prqvide for application of technology
at a later date for the recycling and reclaiming of water (Sec. 201 (g)(2) ).
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trator is required to formulate findings, if pos
sible, that the elimination of point sources of
pollution by category and class is technologically
and economically achievable. Also by July 1,
1983, all publicly owned treatment works must
comply with all requirements specified under Sec
tion 201 of the Act pertaining to the evaluation of
alternative waste management techniques, includ
ing, as appropriate, the reclaiming or recycling
of water in order to eliminate the discharge of
pollutants. Finally, Section 301 provides that any
effluent limitation established to meet the July 1,
1983, goals must be reviewed at least every five
years- and, if appropriate, revised to implement
the national goal of eliminating the discharge of
all pollutants.

Section 302 of the Act provides authority for the
EPA Administrator to set even more stringent
effluent limitations for point sources or groups of
point sources of water pollution upon a specific
finding that the effluent limitations established
under Section 301 relating to the 1983 goals would
not result in the attainment or maintenance of that
water quality in a specific portion of the navigable
waters which would protect public water supplies,
accommodate agricultural and industrial uses and
the protection and propagation of a balanced fish
and wildlife population, and allow human recrea
tional activities in and on the water. No authority
is given in this section to the states, indicating
that upon specific findings, the EPA Adminis
trator can apply direct federal action to assure
the achievement of water use objectives and
supporting water quality standards. Before such
direct federal effluent limitations can be set,
however, the balance between the economic and
social benefits and costs of such a limitation is
required to be determined at an administrative
hearing.

As part of the continuing state planning process
discussed below, each state is required by Sec
tion 303(d) of the Act to identify any waters within
its boundary for which effluent limitations required
under Section 301 are not stringent enough to
achieve applicable adopted water use objectives
and supporting water quality standards. The state
is then required to establish a priority ranking for
such waters taking into account the severity of the
pollution and the uses proposed to be made of the
waters. For each such identified water, the state
is then to establish a total maximum daily load for
appropriate pollutants. Such a daily load is to be
established at a level necessary to implement the

water quality standards. Any loadings for such
waters, as approved by the EPA Administrator,
are required to be incorporated into the state
water resources plan required under Section 303(e)
of the Act.

Section 306 of the Act provides for the first time
national standards of performance with respect
to the discharge of pollutants. The EPA Adminis
trator is required to publish a list of categories
of pollution sources and regulations establishing
federal standards of performance for newly estab
lished sources of pollution within each industrial
category. The term "standard of performance" is
defined to mean a standard for the control of the
discharge of pollutants which reflects the greatest
degree of effluent reduction which the Adminis
trator determines to be achievable through the
application of the best available demonstrated
water pollution control technology, processes,
operating methods, or other alternatives, includ
ing, where practicable, a standard permitting no
discharge of pollutants. In essence, then, this
section requires the establishment of national
levels of performance with respect to new sources
of water pollution within industrial categories,
new sources being defined as any new facility con
structed after the national standards of perfor
mance have been promulgated. Thus, for example,
any newly established firm processing dairy prod
ucts would be required to meet the same standard
of performance with respect to the discharge of
water pollutants anywhere in the United States
irrespective of the assimilative capacity of the
receiving water body. The practical effect of this
section is to eliminate "shopping around" on the
part of industries for specific locations in the
country which may be able to require less strin
gent water pollution control standards than other
areas because of the availability of a large dilu
tion potential. Under the new law the Adminis
trator may delegate to each state authority for
applying and enforcing the national standards of
performance.

Section 307 of the new Act requires the EPA
Administrator to establish toxic and pretreatment
effluent standards. The Administrator must pub
lish a list of pollutants that are determined to
be toxic and subsequently publish proposed efflu
ent limitations, which may include a discharge
prohibition, for such pollutants. In addition, the
Administrator is required to establish national
pretreatment standards for the discharge of pollu
tants into publicly owned treatment works. The
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standards must cover pollutants that are not sus
ceptible to treatment at the public facility or that
would interfere with the proper operation of the
public facility. Any state or local pretreatment
requirements that are not in conflict with any
national pretreatment standards are allowed to
remain in effect. This section also specifies that
individual industrial users of municipal waste
treatment plants are not to be required to obtain
a discharge permit under Section 402 of the Act,
as discussed below. Any such discharge permit
issued to a municipal waste treatment plant must,
however, identify any industrial contributors and
the quality and quantity of effluent introduced by
them. This section of the Act further provides that
any violation of pretreatment standards may be
enforced directly against the contributor by the
EPA Administrator. Finally, industrial users
must give notice of any change in the quality or
quantity of the effluent discharged into a municipal
sewerage system to the state or federal agency
issuing a permit for a publicly owned treatment
works, so that that agency will have an oppor
tunity to examine the impact of the proposed
discharge so as to determine whether there
might be a violation of the municipal waste dis
charge permit.

Section 308 of the Act requires the EPA Adminis
trator, or a state upon approval of the Adminis
trator, to establish an effective monitoring system
related to all point sources of pollution. Owners
or operators of any point sources, whether dis
charging directly to surface waters or into a
municipal sanitary sewerage system, must estab
lish and maintain records; make reports; install,
maintain, and use monitoring equipment or meth
ods; provide sampling of effluents in a manner
prescribed by the EPA or the state; and pro
vide any other relevant information that may be
required. It should be noted that, as discussed in
more detail below, the State of Wisconsin has
recently established a point source monitoring
system.

Finally, with respect to water quality standards
and effluent limitations, Section 304 of the Act
grants to the EPA Administrator the authority to
develop appropriate guidelines applicable to the
establishment of the aforementioned water quality
standards and effluent limitations (see Table 71).
These guidelines include the following:

1. The development and publication of criteria
for water quality accurately reflecting the
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latest scientific knowledge on the kind and
extent of identifiable effects on health and
welfare which may be expected from the
presence of pollutants in any body of water;
on the concentration and dispersal of pol
lutants through biological, physical, and
chemical processes; and on the effects of
pollutants on biological community divers
ity, productivity, and stability.

2. The development and publication of infor
mation on factors necessary to restore and
maintain the chemical, physical, and bio
logical integrity of all navigable waters; on
the factors necessary for the protection
and propagation of fish life for classes and
categories of receiving waters and to allow
recreational activities in and on the waters;
on the measurement and classification of
water quality; and on the identification of
pollutants suitable for maximum daily load
measurement correlated with the achieve
ment of water quality objectives.

3. The preparation and publication of regula
tions providing guidelines for adopting or
revising effluent limitations.

4. The development and publication of infor
mation relating to the degree of effluent
reduction attainable through the application
of secondary waste treatment; information
on alternative waste treatment manage
ment techniques and systems; and infor
mation for identifying and evaluating the
nature and extent of nonpoint sources of
pollution and the processes, procedures,
and methods needed to control pollution
from such sources.

5. The preparation and publication of guide
lines for the pretreatment of pollutants
determined not susceptible to treatment by
publicly owned treatment works.

6. The preparation and publication of guide
lines for establishing test procedures for
the analysis of pollutants.

7. The preparation and publication of guide
lines for the establishment of uniform
application forms and other minimum re
quirements for the acquisition of informa
tion from owners and operators of point
sources of pollution.
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8. The preparation and publication of guide
lines establishing the minimum procedural
and related elements of any state permit
program for waste discharges including
monitoring requirements, reporting re
quirements, and enforcement provisions.

It is clearly the intent of Congress that any
effluent limitations applicable to individual point
sources within a given category or class not only
be as uniform as possible, but be uniformly
applied nationwide. The EPA Administrator is
expected to be precise in his guidelines in order
to assure that similar point sources with similar
characteristics, regardless of their location in
the nation or the nature of the water into which the
discharge is made, will be required to meet
similar effluent limitations.

Pollutant Discharge Permit System
As noted earlier Title IV of the Federal Water
Pollution Control Act, as revised in 1972, deals
with permits and licenses. Section 402 establishes
a national pollutant discharge elimination system.
Under this system, the EPA Administrator, or
a state upon approval of the EPA Administrator,
may issue permits for the discharge of any pollu
tant, or combination of pollutants, upon condition
that the discharge will either meet all applicable
effluent limitations or, prior to the taking of nec
essary implementing actions relating to effluent
limitations, such additional conditions as the
Administrator determines are necessary to carry
out the provisions of the Act. In effect, this
section supersedes the permit system established,
but little utilized for water quality purposes under
the Refuse Act of 1899. All such permits are now
to be issued under the Federal Water Pollution
Control Act, and none are to be issued from this
time on under the Refuse Act. All such permits
must contain conditions to assure compliance with
all the requirements of the Act, including con
ditions on data and information collection and
reporting. ill essence, this section provides that
all waste discharges into navigable waters must
obtain a federal permit or, in the cases where
a state is authorized to issue permits, a state
permit.

In order for the EPA Administrator to authorize
a state to issue permits, the state must show that
it has the necessary capability and must submit
a proposed permit program. The EPA Adminis
trator must approve a state permit program
unless he finds that the state does not have
authority to adequately carry out all requirements

of the Federal Water Pollution Control Act. The
intent of the permit system is to include in the
permit, where appropriate, a schedule of com
pliance which will set forth the dates by which
various stages of the requirements imposed in the
permit shall be achieved.

The new pollutant discharge permit system thus
becomes the primary vehicle for implementation
of the basic goals of the Federal Water Pollution
Control Act and any plans prepared pursuant to
provisions of the Act. Because of its compre
hensiveness in terms of scope and depth and its
direct relationship to water quality standards and
effluent limitations, the permit system in Wis
consin will likely have the effect of superseding
the existing system of the issuance of pollution
abatement orders to the operators of individual
point sources of pollution. This change is likely
to be one both of mechanics and of substance.
While state pollution abatement orders often spec
ified actions to be taken much like conditions to be
met under a permit system, such orders rarely,
if ever, were directly related to comprehensive
water resource management plans and to the
water use objectives and supporting water quality
standards underlying such plans.

Section 401 of the Act provides that any applicant
for a federal license or a permit to conduct any
activity relating to the construction or operation
of facilities which may result in any discharge
into navigable waters provide the federal licensing
or permit agency with a certification from the
appropriate state that the discharge will comply
with all provisions of the new Act. In addition,
such state certification must set forth any effluent
limitations or monitoring requirements necessary
to assure compliance with the Act, as well as any
additional state requirements. All such limita
tions or requirements set forth in the state certi
fication automatically become conditions on any
federal license or permit.

Section 405 of the Federal Water Pollution Control
Act prohibits the disposal of sewage sludge from
the operation of a sewage treatment plant in any
manner which would result in any pollutant from
such sludge entering the navigable waters of the
United states, except in accordance with a special
permit issued by the EPA Administrator. The
Administrator is required to promulgate regula
tions governing the issuance of permits for sew
age sludge disposal. Any state may administer
its own permit program for the disposal of sewage
sludge upon approval of the EPA Administrator.
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Continuing Statewide Water Quality
Management Planning Process
The new Federal Water Pollution Control Act pro
vides in Section 303(e) that each state must have
a continuing planning process consistent with the
objectives of the Act. States are required to sub
mit a proposed continuing planning process to the
EPA Administrator for his approval. The Admin
istrator is prohibited from approving any state
discharge permit program under Title IV of the
Act for any state which does not have an approved
continuing planning process under Section 303(e).

The state continuing planning process must result
in water quality management plans for the navi
gable waters within the state which include at
least the following items:

L Effluent limitations and schedules of com
pliance to meet applicable water use
objectives and supporting water quality
standards.

2. The incorporation of all elements of any
applicable areawide waste management plan
prepared for metropolitan areas under
Section 208 of the Act.

3. The total maximum daily load for pollu
tants for all waters identified by the state
where the effluent limitations required by
Section 301 of the Act are not stringent
enough to implement water use objectives
and supporting water quality standards,
together with the total maximum daily load
of pollutants for all other waters, taking
into account seasonal variations and mar
gins of safety.

4. Adequate procedures for revision of plans.

5. Adequate authority for intergovernmental
cooperation.

6. Adequate steps for implementation, includ
ing schedules of compliance, of any water
use objectives and supporting water quality
standards.

7. Adequate control over the disposition of
all residual waste from any water treat
ment processing.

8. An inventory and ranking in order of
priority of needs for the construction of
waste treatment works within the state.
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In effect, the Section 303(e) state planning process
is designed to result in the preparation of com
prehensive water quality management plans for
natural drainage basins or watersheds. Such basin
plans, however, are likely to be less comprehen
sive in scope than the comprehensive plans pre
pared for the Root, Fox, and Milwaukee River
watersheds by the Regional Planning Commission.
The basin plans are to incorporate, as appro
priate, any metropolitan or regional plans or
specific facility development, such as a regional
sanitary sewerage system plan described in this
report. In addition, such basin plans should
reflect appropriate findings and recommendations
of any comprehensive basin plan (Level B) pre
pared by the Water Resources Council under the
federal Water Resources Planning Act. Thus, the
statewide planning process in Section 303(e) is
envisioned as one largely of synthesizing the
various basin, watershed, and regional planning
elements prepared throughout the state by federal,
state, regional, and local units and agencies of
government. This state planning process should
also become the vehicle for coordinating all state
and local activities directed at securing compli
ance with the requirements of the Federal Water
Pollution Control Act.

Areawide Waste Treatment Planning
and Management
Title II of the Federal Water Pollution Control
Act, as revised in 1972, deals broadly with fed
eral grants for the construction of waste treat
ment works. One of the major provisions in this
title is found in Section 208 and deals with the
development and implementation of areawide waste
treatment management plans. Such plans are
intended to become the basis upon which the EPA
approves grants to local units of government for
the construction of waste treatment works.

The first step in the Section 208 planning process
is the preparation and publication by the EPA
Administrator of guidelines for the identification
of areas which, as a result of urban and industrial
concentrations or other development factors, have
substantial water quality control problems. Upon
formal publication of these EPA guidelines, the
state governor has 60 days to identify each area
within a state which has a substantial water quality
control problem. Upon such identification, the
governor then has an additional 120 days to con
sult with appropriate elected and other officials of
local governments within the area concerning the
nature of the water quality control problems and
the designation of an appropriate planning region.
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Following such consultation, the governor is then
required to designate the official boundaries of all
Section 208 planning areas within the state, and to
further designate for each area a single represen
tative planning organization capable of developing
an effective areawide waste treatment management
plan. If the governor does not act either by
designating-or affirmatively determining not to
designate-Section 208 planning areas, the chief
elected officials of local governments within a
metropolitan area may take the initiative and by
agreement designate boundaries for a Section 208
planning area and further designate an appropriate
planning agency. In either case the EPA Adminis
trator must approve all designations of Section 208
planning areas and planning agencies. The state
is required to act as the planning agency for any
portion of a state not designated as a Section 208
planning region. It should be noted that the fore
going time schedule will likely not be met, since
the first step in the process-the publication of
EPA guidelines implementing Section 208-has
already (May 1973) been delayed. The statutory
time schedule for the Section 208 planning process
is included in Table 7l.

Within one year after the date of designation of
any planning organization to conduct Section 208
areawide waste treatment planning, the planning
agency must have in operation an approved con
tinuing, areawide waste treatment management
planning process consistent with the objectives of
the federal grant program for waste treatment
works construction. The agency must prepare an
areawide waste treatment management plan for
the region and submit such plan to the governor.
The governor must then certify the plan and sub
mit it to the EPA Administrator no longer then
two years after the planning process is placed into
operation. Any areawide plan prepared under the
Section 208 planning process must include at least
the following elements:

1. The identification of waste treatment works
necessary to meet the anticipated munici
pal and industrial waste treatment needs
for the area for a 20-year period. This
identification must include an analysis of
alternative waste treatment systems, an
identification of any requirements for the
acquisition of land for treatment purposes,
the identification of any necessary waste
water collection and urban storm water
drainage systems, and the development of
a program to provide the necessary finan
cial arrangements for the development of
any treatment works.

2. The establishment of construction priori
ties and time schedules for all treatment
works included in the plan.

3. The establishment of a regulatory program
to provide for the location, modification,
and construction of any facilities within the
planning area which may result in pollutant
discharges and to ensure that any indus
trial or commercial wastes discharged
into any treatment works meet applicable
pretreatment requirements.

4. The identification of all agencies neces
sary to construct, operate, and maintain
the facilities included in the 'plan and to
otherwise carry out the recommendations
in the plan.

5. The identification of the measures neces
sary to carry out the plan, including
financing; period of time necessary to
carry out the plan; the cost of carrying
out the plan; and the economic, social,
and environmental impact of carrying out
the plan.

6. The identification of agriculturally and
silviculturally related nonpoint sources of
pollution and the procedures and methods,
including land use controls, necessary to
control, to the maximum extent feasible,
such pollution sources.

7. The identification, as appropriate, of all
mine-related sources of polh.j.tion, con
struction-related sources of pollution, and
salt water intrusion, and the methods and
procedures to control, to the maximum ex
tent feasible, such pollution point sources.

8. Recommendations for the control of the
disposition of all residual wastes generated
in the planning area which may affect water
quality, such as sludge.

9. The establishment of a process to control
the disposal of pollutants on land or in
subsurface excavations.

All areawide waste treatment management plans
must be updated annually and certified annually by
the governor to the EPA Administrator as being
consistent with any applicable basin plans as Rre
pared under Section 303(e) of the Act.
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It should be understood that areawide plans pre
pared to meet requirements set forth under Sec
tion 208 of the Federal Water Pollution Control
Act need not consist of a single planning effort
culminating in a single document. This is par
ticularly true in areas such as the Southeastern
Wisconsin Region where truly areawide compre
hensive planning efforts have been carried on
for over a decade. In such cases it would be
reasonable to expect that the Section 208 planning
requirements would all be met in the comprehen
sive planning process, and that, therefore, docu
mentation for such a plan would be set forth in
several publications. As discussed in more detail
in Chapter II of this report, the Commission's
comprehensive watershed planning programs may
be thought of as natural resource conservation
oriented planning efforts which provide a broad
approach to water control facility and related land
and water use planning and development. The
Commission's sanitary sewerage system planning
program, on the other hand, may be thought of as
an urban development oriented planning effort
which seeks to provide the facilities necessary to
permit sound urban development within the Region
while protecting the underlying and sustaining
natural resource base. The watershed, sanitary
sewerage, and ultimately, water supply plan ele
ments, together with the underlying land use plan,
must be carefully coordinated and must comprise
integrated elements of a single comprehensive,
areawide development plan.

More specifically, with respect to the Section 208
planning requirements, the regional sanitary sew
erage system plan will identify the waste treat
ment works necessary in the Region to meet
municipal waste treatment needs for a 20-year
period, will include an analysis of alternative
waste treatment systems, will identify land re
quirements necessary for sewage treatment pur
poses, and will further identify the necessary
waste water collection systems. Furthermore,
the regional sanitary sewerage system plan will
estimate the costs of carrying out the plan;
the overall economic, social, and environmental
impact of carrying out the plan; set forth a general
timetable for plan implementation; and identify all
agencies with plan implementation responsibilities.
The Commission's watershed studies are intended
to identify all nonpoint sources of pollution and the
procedures and methods necessary to control pol
lution from such sources to the maximum extent
feasible. Such watershed studies are also intended
to result in preparation of the basic areawide
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storm water drainage plan element for the Region
since, with the exception of a very few of the
oldest and largest communities in the Region, the
storm water drainage facilities of areawide signi
ficance are the streams and water courses of the
Region. The Commission has identified all exist
ing urban type, piped storm water drainage sys
tems in the Region, as reported in SEWRPC
Planning Report No.6, The Public utilities of
Southeastern Wisconsin, July 1963. In general
the development of these piped storm water drain
age facilities in the Region has been nonsystematic
and highly localized in nature, with reliance upon
the streams and watercourses in either a natural
or "improved" state as the principal outlet.
Specific plan elements relating to storm water
drainage and flood control are provided in each of
the Commission comprehensive watershed plans
and are documented in the watershed reports.

Other Commission planning efforts also relate
to the Section 208 planning requirements. For
example, the Commission has published SEWRPC
Planning Guide No.6, Soils Development Guide,
August 1969, which sets forth recommended mea
sures and procedures to control soil erosion and
sediment pollution during the land development
process. In addition, the Commission's ongoing
regional land use planning effort provides the
basic land use data and the areawide land use plan
so essential to the preparation of areawide water
quality management plans.

Certain of the specific planning requirements
under Section 208 can best be met through addi
tional planning and preliminary engineering efforts
accomplished once the basic water quality man
agement plan has been adopted. For example,
in situations where a comprehensive watershed
development plan or a regional sanitary sewer
age system plan has recommended that an area
wide sanitary sewerage system affecting several
municipalities be established, there are a number
of alternative ways in which such communities,
acting pursuant to state law, could proceed to
implement the basic plan recommendation. These
would include the formation of a metropolitan
sewerage district, the establishment of a joint
sewerage system upon approval of the Department
of Natural Resources, or the establishment of a
joint sewerage system under the general grant of
intergovernmental cooperation power. Further
more, with respect to specific implementation
schedules related to the timing and staging of the
various subelements of an areawide system plan
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and with respect to the need for interim facilities,
it would appear to be poor practice to spend time
and effort in analyzing such matters until basic
agreement upon a general plan is achieved among
all units and agencies of government concerned.
Accordingly, questions dealing with specific insti
tutional measures for carrying out a plan and with
the specific scheduling of plan implementation
projects are best dealt with as part of a continuing
planning effort involving, in metropolitan areas,
very close working relationships between the
areawide planning agency and the local units and
agencies of government designated as management
agencies to carry out the plan. Detailed imple
mentation plans, very similar in concept to the
jurisdictional highway system plans prepared by
the Commission as an implementation tool with
respect to the adopted regional transportation
plan, should follow, where appropriate, the prepa
ration and adoption of basic areawide water quality
management plan elements. Thus, the basic area
wide plan would identify, for example, the func
tional sewerage systems needed to serve existing
and anticipated future needs. The jurisdictional
planning effort would recommend a specific insti
tutional structure for constructing, operating, and
maintaining an areawide functional sewerage sys
tem; would examine alternatives with respect to
staging and construction of the system, including
the identification of and justification for interim
facilities not included in the initial plan; would
recommend a specific timetable for construction
of the system; would identify the total costs nec
essary to carry out the plan and recommend a
method for appropriate cost sharing between the
municipalities involved; would examine alternative
waste management techniques and processes with
respect to the waste treatment facilities needed
for the areawide system; and would recommend
specific means for all residual waste disposal.

In essence, then, the Commission views the re
quirements of the Section 208 planning process as
being met through a series of interrelated planning
efforts conducted within the framework of com
prehensive, areawide planning for the Region. It
is likely that such requirements will only be fully
met within the context of a number of interrelated
regional plan elements.

At the time an areawide waste treatment manage
ment plan is submitted by the governor to the EPA
Administrator, the governor must designate, after
consultation with the appropriate areawide plan
ning agency, one or more waste treatment man-

agement agencies to carry out the plan. Once a
waste treatment management agency having appro
priate authority has been so designated, and once
a Section 208 areawide waste treatment manage
ment plan has been approved by the EPA Admin
istrator, the Administrator is prohibited from
making any federal grant for the construction of
a publicly owned treatment works except to the
designated management agency and for treatment
works found to be in conformity with the areawide
plan. In addition, no permit may be issued under
Section 402 of the Act for any point source of
water pollution found to be in conflict with any
approved Section 208 plan.

Federal Grants for Waste Treatment
Works Construction
One of the basic goals of the Federal Water Pol
lution Control Act is to provide for federal funding
of publicly owned waste treatment works. As
noted above, the Act requires that such funding be
based upon an approved areawide waste treatment
management plan designed to provide for control
of all point and nonpoint sources of water pollution.
The Act further encourages waste treatment man
agement at specific treatment works which pro
vides for the recycling of potential pollutants
through the production of agriculture, silViculture,
or aquaculture products for revenue; the con
fined and contained disposal of any pollutants not
recycled; the reclamation of wastewater; and the
ultimate disposal of sludge in an environmentally
safe manner.

Section 201 of the Act provides that the EPA
Administrator cannot approve any grant after
July 1, 1973, unless the applicant demonstrates
that the sewage collection system discharging
into the sewage treatment facility is not subject
to excessive infiltration or clear water inflow.
Special grants for the evaluation of clear water
problems in sewer collection systems are to be
made available under new guidelines to be pub
lished by the Administrator.

Section 201 also prohibits the Administrator from
making any grant for a sewage treatment facility
unless he determines that alternative waste man
agement techniques for a particular facility have
been studied and evaluated and that the specific
works proposed for federal grant assistance will
provide for the application of the best practicable
waste treatment technology over the life of the
works, and that, as appropriate, the works pro
posed for assistance will take into account and
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allow to the extent practicable the application of
technology at a later date that will provide for the
reclaiming or recycling of water or otherwise
eliminate the discharge of pollutants.

Federal funding for any grant for waste treatment
works has been set at 75 percent of the construc
tion costs. In an important departure from pre
vious regulations, the new Federal Water Pollution
Control Act authorizes contract authority in that
the Administrator has the power to commit the
federal government to payment of its portion of
the treatment facility at the time he approves an
applicant's plans, specifications, and estimates.
In previous years the first payment of a federal
grant to a municipality occurred when 25 percent
of the actual construction of the facility was com
pleted. Under the new program, which is modeled
after the Federal Highway Act, each stage in the
construction of a waste treatment facility may be
considered as a separate project. An applicant
for a grant may stage in any manner the overall
project and prepare plans, specifications, and
estimates for each stage. Actual payment may be
based upon approval of such plans, specifications,
and estimates for each stage.

Various limitations and conditions on any federal
waste treatment work grant are set forth in
Section 204 of the Act. As already noted, any
treatment works proposed to be funded must be
included in any Section 208 areawide waste treat
ment management plan and must be found in con
formity with any applicable state plan developed
under Section 303(e). Furthermore, the state
must certify that the works to be funded are
entitled to priority over other works in the state.
In addition, the size and capacity of the works
must relate directly to the specific needs to be
served by the works, accounting for sufficient
reserve capacity. Finally, the applicant must
adopt a system of charges to assure that each
recipient of waste treatment services within the
applicant's jurisdiction will pay its proportionate
share of the operation and maintenance costs,
including replacement costs, of any waste treat
ment services provided; and that industrial users
of the treatment works will pay to the applicant
that portion of the cost of construction of the
works which is allocable to the treatment of
industrial wastes, at least with respect to the
federal share of the cost of construction. The
EPA Administrator is required to publish guide
lines to be used by local governments in setting up
schedules of service charges for industrial and
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other users of waste treatment works. Such
guidelines must establish classes of users of such
services, including categories of industrial users;
criteria against which to determine the adequacy
of charges imposed on all classes and categories
of users reflecting all factors that influence the
cost of waste treatment, including strength, vol
ume, and delivery flow rate characteristics; and
model systems and rates of user charges typical
of various treatment works serving communities.
All industrial charges are to be retained by the
grant applicant in an amount equal to the non
federal cost of the project plus an amount neces
sary for future expansion and reconstruction. Any
revenues in excess of 50 percent of all revenues
derived from industrial users, however, are to be
returned to the U. S. Treasury.

It should be noted that potential conflicts exist
between several of the foregoing objectives of
the Act relating to waste treatment works. For
example, the imposition of industrial charges for
capital recovery as well as operation and mainte
nance costs may well lead to decisions in the
private sector to recycle wastewater and substan
tially reduce the flows discharged to the public
sewerage system. While this is generally con
sidered to be a desirable objective, undesirable
side effects relating to other objectives of the Act,
for example recycling, may occur. Elimination
of substantial amounts of brewery wastes in the
Milwaukee-Metropolitan sewerage system could,
for example, adversely affect the production of
Milorganite, a commercial fertilizer, at the Jones
Island sewage treatment plant. Consequently, the
objectives of the federal act clearly can be
achieved only within the context of areawide plan
ning efforts.

National Environmental Policy Act
One of the significant pieces of national legislation
in recent years is the National Environmental
Policy Act of 1969. This Act broadly declares a
national policy to encourage a productive and
enjoyable relationship between man and his envi
ronment; to promote efforts which will prevent
or eliminate damage to the environment; and to
enrich the understanding of the ecological sys
tems and natural resources important to the
nation. This Act has broad application to all
projects in any way related to federal action,
including the construction of sewerage facilities
aided by federal grants. The mechanism by which
the intent of the Environmental Policy Act of 1969
is carried out is the preparation of an environ-
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mental impact statement for each project. Such
statement must include documentation of the envi
ronmental impact of the proposed project; any
adverse environmental effects which cannot be
avoided should the project be constructed; any
alternatives to the proposed project; the relation
ship between local short-term uses of man's envi
ronment and the maintenance and enhancement of
long-term productivity; and any irreversible and
irretrievable commitments of resources which
would be involved in the proposed action should it
be implemented. Draft copies of all environmental
impact statements must be made available for
review by appropriate federal, state, and local
agencies. Such environmental impact statements
are required for all municipal waste water trans
mission and treatment projects. As discussed
later in this chapter, the State of Wisconsin has
a similar environmental policy act covering gov
ernmental action of all kinds within the state,
whether or not it is federally aided.

The Federal Water Pollution Control Act, as
amended in 1972, specifically relates the provi
sions of that Act to the National Environmental
Policy Act of 1969. Section 511 of the Federal
Water Pollution Control Act specifically excepts
all actions of the EPA Administrator from the
requirements of the National Environmental Policy
Act of 1969, except federal grants for publicly
owned treatment works and the issuance of any
permit under Section 402 for the discharge of any
pollutant by a newly established source as defined
in Section 306. The Senate Conference Report
(92-1236) submitted in support of the enactment of
the Federal Water Pollution Control Act amend
ments of 1972 notes that in the administration of
the Act virtually every action of the EPA Adminis
trator can be construed to involve a balancing of
factors which affect the environment, and that
if all of the actions of the Administrator were
subject to the requirements of the National Envi
ronmental Policy Act, the administration of the
Act would be greatly impeded.

Thus, with but two exceptions--eonstruction grants
for sewerage facilities, including sewage treat
ment plants, and discharge permits for new
sources of pollution-all actions taken by the EPA
Administrator under this Act are exempt from
the preparation of environmental impact state
ments. Specific guidelines and procedures for
the preparation of environmental impact state
ments for sewerage facilities and plans associated
with such facilities are set forth in Title 40,

Part 6, of the Code of Federal Regulations (40 CFR
Part 6). These guidelines clearly distinguish
between an environmental assessment, an envi
ronmental review, an environmental impact state
ment, a negative declaration of environmental
impact, and an environmental impact appraisal.

An "environmental assessment" is defined by the
EPA as a written analysis submitted to the EPA
describing the environmental impacts of actions
undertaken or proposed to be undertaken with the
financial support of the EPA. An "environmental
review" is defined by the EPA as a formal evalu
ation by the EPA to determine whether a proposed
EPA action-such as approving an areawide sew
erage system plan or a federal grant-in-aid of
the construction of sewerage facilities-may have
a significant impact on the environment. An
"environmental impact statement" is defined by
the EPA as a report prepared by the EPA which
identifies and analyzes in detail the environmental
impacts of a proposed EPA action. A "negative
declaration of environmental impact" is defined
by the EPA as a written announcement prepared
subsequent to the environmental review which
states that the EPA has decided that the prepara
tion of an environmental impact statement will
not be necessary because the review deter
mined that the proposed action will not signifi
cantlyaffect the environment. An "environmental
impact appraisal" is defined by the EPA as an
abbreviated document supporting a position of
negative declaration of environmental impact by
setting forth a basis for the conclusion by EPA
that no significant environmental impact of an
EPA action is anticipated.

Since the regional sanitary sewerage system plan
set forth in this report is intended to be adopted
by the Regional Planning Commission, certified
by the Commission to and approved by the Wis
consin Natural Resources Board, and in turn
certified by the Board to the EPA as the state's
official water quality management plan for the
seven-county Region, and since the plan deals
with sewerage facilities the construction of which
is likely to be aided through EPA administered
federal grants, the guidelines set forth in 40 CFR
Part 6 pertaining to the preparation of an environ
mental impact statement apply directly to the
plan. The environmental assessment required as
the first step in the process is included in Chap
ters XI and XII of this report setting forth the
alternative plans and the recommended plan,
respectively. Based upon this assessment, the
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EPA will be able to conduct an environmental
review and make a determination as to whether
or not an environmental impact statement is
required. Should such a statement be required,
the EPA itself is responsible for its preparation
and circulation in draft and final forms, it being
anticipated that such statements would be based
in large part upon the environmental assessments
provided to the EPA.

The federal regulations clearly state that a major
objective is to prepare an environmental impact
statement for an areawide sewerage facility con
struction program at the system planning stage.
In the case of the regional sanitary sewerage
system plan for southeastern Wisconsin, the nec
essary environmental impact statement could be
prepared immediately upon certification of the
plan by the Natural Resources Board to the EPA.
Once such a statement is completed and approved,
the federal regulations provide that individual
environmental impact statements will not be
required for specific sewerage facilities unless
such facilities deviate substantially from the pre
viously approved areawide plan or unless the
original plan does not provide sufficient detail to
fully assess significant impacts of individual
projects. Thus, approval of the regional sanitary
sewerage system plan by the EPA, coupled with
the early preparation of an environmental impact
statement by EPA, would obviate the need for
local units of government in the Region to prepare
environmental impact statements for sewerage
facility projects that substantially conform to the
areawide plan.

Lake Michigan Enforcement
Conference Recommendations
Before the Federal Water Pollution Control Act
was amended in 1972, steps had been taken
to establish enforcement measures against the
pollution of Lake Michigan. Such steps weremani
fested in the continuing Lake Michigan Enforce
ment Conference established under Section 10 of
the old Act. While the precise legal status of
such enforcement measures is not clear at this
time, since the new Act did not incorporate such
measures by reference nor provide for the con
tinuance of such enforcement conferences, the
enforcement measures promulgated by the Lake
Michigan Enforcement Conference have been fully
integrated into the state's water pollution control
efforts and must be considered, therefore, in the
preparation of the regional sanitary sewerage
system plan.
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The Lake Michigan Enforcement Conference was
initially convened in 1968 by the then Secretary of
the U. S. Department of the Interior to explore
the abatement of pollution of Lake Michigan and
its tributary waters. The conferees included
official representatives of the states of TIlinois,
Indiana, Michigan, and Wisconsin as well as of the
federal government. The Conference was called
by the Secretary at the request of the governor of
the State of illinois and upon the basis of studies
conducted by the federal government on the matter
of the pollution of Lake Michigan. At the initial
Conference, 26 recommendations dealing with
water pollution control efforts in the Lake Michi
gen basin were formulated and agreed to by the
conferees. Of particular significance to that por
tion of the regional sanitary sewerage system
planning program directed at the Lake Michigan
Basin are the following recommendations:

1. Waste treatment is to be provided by all
municipalities to achieve at least 80 per
cent reduction of total phosphorus. This
action was to be substantially accomplished
by December 1972.

2. Industries not connected to municipal sew
erage systems are to provide sewage
treatment so as to meet the water quality
standards for Lake Michigan as approved
by the Secretary of the Interior. This
action was also to be substantially accom
plished by 1972.

3. Continuous disinfection is to be provided
throughout the year for all municipal waste
treatment plant effluent. This action was
to have been accomplished not later than
May 1969.

4. Unified sewage collection systems serv
ing contiguous urban areas are to be
encouraged.

5. Combined storm and sanitary sewers are
to be separated in coordination with all
urban reconstruction projects and pro
hibited in all new developments, except
where other techniques can be applied to
control pollution from combined sewer
overflows. Pollution from combined sew
ers is to be controlled by July 1977.

6. Discharge of treatable industrial wastes
to municipal sewerage systems, following
needed preliminary treatment, is to be
encouraged.
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7. Prohibition of the dumping of polluted
material into Lake Michigan is to be
accomplished as soon as possible.

8. state water pollution control agencies are
to accelerate programs to provide for the
maximum use of areawide sewerage facili
ties, to discourage the proliferation of
small treatment plants in contiguous ul'ban
ized areas, and to foster the replacement
of septic tanks with adequate collection
and treatment.

Pursuant to the recommendations of the Con
ference, the Wisconsin Department of Natural
Resources has issued pollution abatement orders
to effect the recommendations to all communities
discharging directly to Lake Michigan or tribu
taries to Lake Michigan.

Subsequent sessions of the Lake Michigan En
forcement Conference were held in 1969, 1970,
and 1972. At the 1969 session the recommendation
noted above to· remove 80 percent phosphorus
from all municipal sewage treatment plants was
modified to provide for a basinwide approach to
phosphorus reduction. Thus, so long as at least
80 percent of the total phosphorus contribution
from municipal sewage treatment plants in" the
basin was removed, it did not matter whether
each municipal plant mounted a phosphorus reduc
tion program. The practical effect of this policy
modification is to exempt small sewage treatment
plants from phosphorus reduction orders. At the
1972 session, the phosphorus removal recommen
dation was supplemented so as to also require
a maximum effluent total phosphorus concentra
tion of 1. 0 mg/I.

As noted earlier, the Conference was dissolved
upon enactment of the Federal Water Pollution
Control Act Amendments of 1972. The last meet
ing of the Conference was held in September
and continued in November 1972. Presumably,
because all of the states have already taken steps
to effectuate the Conference recommendations,
and have done so utilizing state water quality
control authority, such recommendations will
constitute an input to all water quality manage
ment plans and become reflected in all pollutant
discharge permits.

Interbasin Water Diversion
Although not directly a part of the federal water
pollution control machinery, one of the more

important legal problems in water resources and
sewerage system planning concerns interbasin
diversion of water. The traditional common law
riparian doctrine, which for the most part is
still in effect today, forbade the transfer of sub
stantial amounts of water between watersheds. It
must be recognized, however, that states, by
legislative action, can and have created exceptions
to this general doctrine and that major interwater
shed diversions, such as the so-called Chicago
diversion of water from the Lake Michigan-st.
Lawrence River drainage basin to the Missis
sippi River drainage basin, have on occasion
taken place.

The problem of interbasin water diversion was of
significance in the Commission watershed studies
for the Root and Fox River watersheds and, hence,
is of significance to the regional sanitary sewer
age system planning program. Many factors
militate against interbasin stream diversions and
such diversions are generally accomplished only
with great legal difficulty. Riparians along the
stream from which the diversion is made may be
in a position, depending upon the quantity of water
involved and the duration of the diversion, to
assert their private property rights against the
public agencies carrying out the diversion. Simi
larly, those individuals whose lands abut the water
body into which the diversion is made may be able
to claim damages caused by unnatural increased
flow. In either case the riparians involved have
rights under common water law.

Another problem arises in Wisconsin with regard
to interbasin navigable stream diversions. It
would appear that the consent of the state as
guardian "in trust" of public rights in all navi
gable waters of the state is necessary. Section
30.18 of the Wisconsin statutes, dealing with
water diversions, stipulates that "... no water
shall be so diverted to the injury of public rights
in the stream.... " This certainly seems to pre
clude the diversion of the total flow of a stream
because that would not just injure but would actu
ally terminate public rights in that stream. In
other words, consent for such a diversion could
not legally be given. The diversion of less than
the total flow would seemingly present a question
of fact as to whether or not public rights had been
injured-a question to be resolved by the courts in
each individual instance. Section 30.18 of the
Wisconsin statutes furthermore seems to preclude
interbasin diversion of any but surplus waters as
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defined in the statute. l Once again, the diversion
of any major quantity of water must be considered
unlikely under the provisions of this statute.

A last but important factor militating against
interbasin stream diversions which in any way
affect interstate or international waters, as might
well be the case in southeastern Wisconsin, is
the longstanding litigation between Wisconsin and
Illinois in the Supreme Court of the United states
concerning the Chicago diversion and develop
ments arising therefrom. The most recent decree2

entered by the U. S. Supreme Court in this litiga
tion occurred in 1967 when the state of illinois
and its political subdivisions were enjoined from
diverting from the Great Lakes-St. Lawrence
River drainage basin to the Mississippi River
drainage basin more than 3,200 cubic feet per
second for domestic use. The Court, however,
indicated that the State of Illinois could make
application for a modification of the decree to
permit further diversion upon a showing that the
reasonable needs of the northeastern Illinois
metropolitan region for water for domestic use
cannot be met from the surface water and ground
water resources of the region and from the cur
rent permitted diversion. Wisconsin has long
argued in this litigation that interbasin diversions
which reduce or alter the level or flow of waters
in one state or country in favor of another state
or country are illegal. The tactical position of
Wisconsin, in light of its long-held position in this
litigation, would be seriously weakened if it per
mitted a stream diversion within the Region which
altered in favor of Wisconsin the natural flow
of waters between Wisconsin and Illinois. The
advantages that such a diversion would have to the
Region and to the state as a whole would thus have
to be weighed against the longstanding and appar
ently deeply felt issues involved in this past and
probable future U. S. Supreme Court litigation.

Based upon the foregoing it is apparent that inter
basin water di~ersion in any substantial amount
poses a significant constraint on the development
of a sanitary sewerage system plan for the South-

lWisconsin Statutes 30.18(2). Surplus water as used
in this section means any water of a stream which is
not being beneficially used. The Department of Natural
Resources may determine how much of the flowing water
at any point in a stream is surplus.

2Wisconsin, et al v. Illinois, et aI, 388 U. S. 426
(1967) .
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eastern Wisconsin Region. Hence, in the formula
tion of alternative arrangements for the provision
of areawide sanitary sewerage service, attention
in this study will be focused on those reasonable
alternatives which do not involve substantial
diversion of water across the subcontinental divide
traversing the Southeastern Wisconsin Region.

STATE WATER POLLUTION
CONTROL MACHINERY

Responsibility for water pollution control in
Wisconsin is centered in the Department of
Natural Resources. Pursuant to the State Water
Resources Act of 1965,3 the Department of Natural
Resources acts as the central unit of state gov
ernment to protect, maintain, and improve the
quality and management of the ground and sur
face waters of the state. Previous to this Act,
responsibility for state water resource manage
ment was diffused among the State Committee on
Water Pollution, the State Board of Health (now
renamed the State Division of Health), the Wis
consin Public Service Commission, and the Wis
consin Conservation Commission. All of the water
pollution control related functions of these agen
cies were merged into the new Wisconsin Depart
ment of Natural Resources, except regulation
of private septic tank sewage disposal systems
which remains centralized, along with the general
plumbing supervision function, in the Department
of Health and Social Services, Division of Health.
Attention in this section of the chapter will be
focused on those speciftc functions of the Depart
ment of Natural Resources which directly bear
upon water pollution control and, hence, upon the
preparation of the regional sanitary sewerage
system plan. Attention first will be focused
upon the general pollution abatement powers and
responsibilities of the Department of Natural
Resources, including regulations governing the
design, construction, operation, and maintenance
of sanitary sewerage facilities, and subsequently
upon the water use objectives and supporting water
quality standards, the municipal waste water
treatment policies, and the effluent reporting and
monitoring system established by the Department.
Finally, attention will also be given to the r~gula

tion of septic tank installations in the state and the
relatively recent state legislation which requires
the preparation of environmental impact state
ments for all significant state actions.

3Chapter 614, Laws of Wisconsin, 1965.
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General Pollution Abatement Responsibilities
of the Department of Natural Resources
The basic authority and accompanying responsi
bilities relating to the water pollution control
function of the Department of Natural Resources
are set forth in Chapter 144 of the Wisconsin
Statutes. In accordance with its basic purpose of
serving as the central unit of state government to
protect, maintain, and improve the quality and
management of the waters of the state, Section
144. 025 (2) (a) provides that the Department for
mulate a long-range comprehensive state water
resources plan for each region in the state. The
seven-county Southeastern Wisconsin Planning
Region coincides with one of the water resource
planning districts established by the Department.
This section of the statutes also provides that the
Department formulate plans and programs for the
prevention and abatement of water pollution and
for the maintenance and improvement of water
quality. Such plans are generally prepared on
a watershed or basin basis. The Department is
further given authority under Section 144. 025(2)(b)
to adopt rules setting standards of water quality
applicable to all of the waters of the state, which
standards must be related to the different uses to
which the waters may be put. These specific water
use objectives and supporting water quality stan
dards established by the state pursuant to this
authority are discussed in more detail below.

Pursuant to Section 144. 025(2) (c), the Depart
ment is given authority to issue general orders
applicable throughout the state for the construc
tion, installation, use, and operation of systems,
methods, and means for preventing and abating
water pollution. This section also provides that
the Department may adopt specific rules relat
ing to the installation of water pollution abate
ment systems. Pursuant to this authority, the
Department has adopted requirements for sewage
disposal in Chapter NR 108 of the Wisconsin
Administrative Code and for the design and opera
tion of sewerage systems in Chapter NR 110 of
the Wisconsin Administrative Code. These rules
require the submission, review, and approval of
all plans and specifications for components of
sanitary sewerage systems. At the present time,
Chapter NR 110 deals in a rather general manner
with the plans and engineering reports required
to be submitted in support of applications for
approval of the design and operation of sewerage
facilities. The Department is currently revising
these rules in an attempt to be more specific and
complete in identifying the applicable regulations

governing sewerage facilities. Specific policies
with respect to waste water treatment are dis
cussed in more detail below.

Special pollution abatement orders directing par
ticular polluters to secure appropriate operating
results at sewage treatment facilities in order
to control water pollution are authorized to be
issued by the Department in Section 144. 025(2)(d).
Such orders may prescribe a specified time for
compliance with provisions of the order. This
provision of the statutes is widely utilized by
the Department to secure the proper operation
and maintenance of sanitary s.ewerage systems,
including in particular sewage treatment facilities.
Such orders are directed not only at municipal
units of government that operate sewage treatment
plants but also at private corporations and indivi
duals who in any way discharge wastes to the
surface or groundwaters of the state. Because
these orders are timely and are subject to change,
revision, and updating through daily implementa
tion action, or perhaps the lack of implementation
action, no attempt has been made in this report
to review all of the specific pollution abatement
orders currently outstanding in the Southeastern
Wisconsin Region, which are estimated at the
present time (March 1973) to number about 100.
The Department has the power to make such
investigations and inspections as are necessary
to assure compliance with any pollution abate
ment orders which it issues. In cases of non
compliance with any pollution abatement order,
the Department has the authority, under Sec
tion 144. 025 (2)(s) , to take any action directed
by the order and to collect the costs thereof
from the owner to whom the order was directed.
Such charges become a lien against the property
involved.

The :Qepartment is also authorized to conduct
research and demonstration projects on sewerage
and waste treatment matters. It is also authorized
to establish pilot sewage treatment plants and
other facilities and to purchase land or equip
ment in connection therewith. Furthermore, the
Department is required upon request and without
charge to consult with and advise owners of waste
sources as to the most appropriate method of
waste disposal. The Department is given the
authority under Section 144. 025 (2) (j) to enter into
agreements with other states, subject to approval
by the governor, relative to pollution control on
any interstate waters and to carry out such agree
ment by appropriate orders to owners of waste
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sources. Such authority becomes important in
the Southeastern Wisconsin Region where many
interstate waters are involved, including Lake
Michigan and the waters of the Fox and Rock
River watersheds.

In Section 144.025(2)(1) of the Wisconsin Statutes,
the Department is given the authority to establish
an examining program for the certification of
sewage treatment plant operators. Pursuant to
this authority the Department has adopted Chap
ter NR 144 of the Wisconsin Administrative Code
which provides for a Board of Certification for
sewage treatment plant operators and examina
tions for such operators. All sewage treatment
plants in the state are classified by size and
type. In general, the larger the sewage treat
ment plant, the greater the educational and experi
ence requirements and the more complex the
examination for the sewage treatment plant opera
tor. All persons operating sewage treatment
plants must hold valid certificates issued pursuant
to this Code.

Under Section 144.025 (2)(r) the Department is
given specific authority to order the installation of
a sanitary sewerage system within a specified
time upon a finding that the absence of a municipal
sanitary sewerage system or treatment plant tends
to create a nuisance or menace to public health.
The Department has used this general authority
in the Region particularly where widespread
failure of private septic tank sewage disposal
systems has occurred. One of the most recent
cases occurred. in the Town of Lyons in Walworth
County where the Department ordered the town to
establish a sanitary or utility district and submit
plans for the installation of a centralized sanitary
sewerage system in the unincorporated place of
Lyons. Similarly, the Department is authorized
to require a sewerage system, including a sewage
disposal plant, of any governmental unit to be so
planned and constructed that it may be connected
with that of any other governmental unit and may,
after appropriate public hearing, order the proper
connections to be made. This power was modified
by the enactment of Chapter 89 of the Wisconsin
Laws of 1971, whereby any such order cannot
become effective for 30 days following its issu
ance. Within that time period the governing body
of a city or village subject to such an order may
commence an annexation proceeding to annex the
unincorporated territory that may be subject to
the order. If the result of the referendum for
annexation is in favor of annexation, the territory
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involved is annexed to the city or village and
sewer service is to be extended in compliance
with the order. If the result of the referendum is
against the annexation, the connection order is
deemed to be null and void. If a city or village
does not commence an annexation proceeding
within the 30-day period, the order becomes
effective at the end of that time.

Finally, in Section 144.21 of the Wisconsin
Statutes, the Department is authorized to admin
ister a financial assistance program for the con
struction of pollution prevention and abatement
facilities. This program is administered by the
Department pursuant to rules set forth in Chapter
NR 125 of the Wisconsin Administrative Code.

Based upon the foregoing general pollution control
authority, the Wisconsin Department of Natural
Resources, following the procedures established
by its predecessor agencies, has established
a pollution control program that involves the
examination and survey of entire river basins or
major sectors thereof, rather than attacking pol
lution solely on a case-by-case basis as problems
arise. This procedure, though sound, is time
consuming in order to be competent and thorough.
The basic studies conducted by the Department
involve a water quality sampling program; physi
cal, chemical, and biological analyses of the
samplings; an inventory of all significant Sources
of water pollution within the basin; and a prelimi
nary assessment of the results. All probable
polluters-private, industrial, and municipal-who
utilize a particular watercourse for waste disposal
are given notice that such a study is under way
and will be followed by public hearings at which
time the preliminary findings are presented and
at which owners of waste sources can appear and
submit statements in refutation, defense, or miti
gation. Following the study and subsequent hear
ing, the findings are summarized in a basin survey
report wherein the extent of each stream user's
contribution to the total pollution load and indivi
dual efforts to minimize or control the polluting
qualities of effluents are documented. After all
analyses have been completed, the hearing of
testimony ended, and the basic pollution report
prepared, specific orders addressed to each pol
luter on the stream are then issued directing such
action as the Department deems necessary to
reduce or eliminate water pollution within the
basin. The unique substances of each polluter
are thus known and can be taken into account in
framing these orders, and a reasonable time limit
in which to comply can be established.
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With the enactment of the Federal Water Pollution
Control Act Amendments of 1972, as discussed
earlier in this chapter, it is likely that the fore
going basic procedures for water pollution control
in Wisconsin will change somewhat. While the
details of this change are not clear at this time
and remain to be worked out, it is likely that the
state will establish a pollution discharge permit
system that will supplant the issuance of specific
pollution abatement orders. Such permits must
reflect findings and recommendations of long
range plans prepared under either Section 208 or
303(e) of the Federal Water Pollution Control Act.
It is likely that the basin survey processes dis
cussed above consisting of inventory, analyses,
and public hearing steps will be fully integrated
into the areawide and statewide planning programs
and thus become reflected in the pollution dis
charge permits.

Water Use Objectives and Water Quality Standards
As noted earlier, the Wisconsin Department of
Natural Resources (DNR) is required under Sec
tion 144. 025 (2)(b) of the Wisconsin Statutes to
adopt rules relating to water use objectives and
supporting water quality standards to be applicable
to all of the surface waters of the state. In addi
tion, the Federal Water Pollution Control Act
requires the establishment of such use objectives
and standards for all navigable waters in the
United States. Such water use objectives and
water quality standards were initially adopted by
the Wisconsin Resource Development Board (now
the Wisconsin Natural Resources Board) for inter
state and intrastate water on June 1, 1967, and
September 1, 1968, respectively, and were set
forth in Chapters NR 102, NR 103, and NR 104 of
the Wisconsin Administrative Code.

Effective October 1, 1973, the Wisconsin Natural
Resources Board adopted revised water use objec
tives and supporting standards which are set forth
in revised Chapters NR 102, NR 1()3, and NR 104
of the Wisconsin Administrative Code. The new
objectives and standards are generally more
stringent than the old, both with respect to the
water use objectives established for the streams
and lakes .of the Region and with respect to the
supporting water quality standards.

An understanding of both the water use objectives
and supporting water quality standards adopted by
DNR in 1967 and 1968-hereinafter referred to as
the initial DNR objectives and standards-as well
as the new water use objectives and supporting

water quality standards adopted by the Department
in 1973-hereinafter referred to as the revised
DNR objectives and standards-is required for
a proper understanding of the recommended sani
tary sewerage system development objectives. An
understanding of the initial DNR objectives and
standards is required in order to relate the
adopted comprehensive watershed plans, the water
quality management elements of which plans were
based in part upon these initial objectives and
standards, to the regional sewerage system plan.
An understanding of the revised DNR objectives
and standards is required, since these objectives
and standards served as the point of departure in
formulating the long-range water use objectives
and supporting standards for southeastern Wis
consin under the regional sanitary sewerage
system planning program.

Initial DNR Water Use Objectives and Water
Quality Standards: The initial DNR water quality
standards applicable to surface waters were for
mulated for the following seven major water uses:
protection of fish reproduction, maintenance of
a warm water fishery, whole-body contact recrea
tion, partial-body contact recreation, public water
supply, and industrial and cooling water. The
seventh water use relates to aesthetic considera
tions and provides minimum standards for all
waters. The initial state standards are set forth
in Table 72. Such standards are statements of the
physical, chemical, and biological characteristics
of the water that must be maintained if it is to be
suitable for the specified use.4

Minimum Standards for All Waters: The initial
state minimum standards applied to all surface
waters at all locations within the state. Essen
tially, these minimum standaxds were designed
to maintain all state waters in an aesthetically
pleasant condition and to protect the public health.
These also served as the standards for determin
ing suitability for livestock and wildlife watering,
irrigation, navigation, and waste assimilation.

Public Water Supply: Quality standards for raw
water to be used for public water supply should be
such that the water, after appropriate treatment,
will be suitable for human consumption. The fac
tors used in formulating these criteria in the
initial DNR water quality standards were that the

4See Appendix C for a discussion of water quality

indicators applicable to the initial DNR water use

objectives.
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Table 72

ADOPTED WATER QUALITY STANDARDS FOR MAJOR WATER USES IN WISCONSIN: 1972

I
I

Water Use Objectives
Preservation and Enhancement Of

Fish Life RecreatIOn

Municipal
Water (Public) Whole Partial Industrial
Quality Fish Reproduction Warm-Water Water Body Body And Cooling

Parameters Of Primary Importance Fishery Supply Contact' Contact4 Water Minimum Standards For All Waters
f-------

Dissolved Oxygen (mg/1) 5.0MS 4.0M6 -- ) __8 --, 1.0M9 Substances in concentrations or combinations which are toxic
Coliform Count (MFCC/100ML) -- ) --7 5,00010 1,00011 5,000 12 -- ) or harmful to human beings shall not be present in amounts
Temperature (OF) 8413 89 13 --7 -- ) -- ) 89 found to be of public health significance, nor shall substances
pH (Units) -- ) -- ) 6.0-9.0 14 -- ) -- ) 6.0-9.0 14 be present in amounts which, by appropriate test, indicate
Dissolved Solids Img/1) --7 -- ) 500 15 --7 -- ) 750.0 16 acute or chronic levels harmful to animals, plants, or aquatic
Other Parameters __ 17, 18, 19 __ 18,19 --20 __8 --, __ 18 life. Substances that will cause objectionable deposits on the

shore or in the bed of a water body, floating or submerged de-
bris, oil, or other material, and material producing color,
odor, taste, or unsightliness shall not be present in such a-
mounts as to cause a nuisance.

I
I
I
I

'Limits are maximum permissible values, except mmimum limits, which
are denoted by the suffix M. Standards for pH have a range of limiting
values.

'Interstate and intrastate standards adopted by the Wisconsin Resource
Development Board effective June 1, 1967, and September 1, 1968, respec
tively. The Wisconsin Resource Development Board has since been suc
ceeded by the Wisconsin Natural Resources Board.

3Whole-body-contact recreation refers to swimming, water skiing, and
skin diving.

4Partial-body-contact recreation refers to fishing, boating, and hunting.
'Also, not less than 80 percent saturation and no abrupt change in back
ground by more than 1 mg/1 at any time.

6Also, not less than 5 mg/1 during at least 16 hours of any 24-hour period.
'No standard established.
'Qualitative criteria listed under minimum standards and esthetics apply.
9Also, not less than 2.0 mg/1 as a daily average value.

lOColiform number not to exceed 5,000 per 100 ML as a monthly arithmetic
average value, nor exceed this value in more than 20 percent of the sam
ples examined during any month, nor exceed 20,000 per 100 ML in more
than 5 percent of the samples.

"Arithmetic average of 1,000 MFCC/1 00 ML or less and a maximum not
exceeding 2,500 MFCC/lOO ML during recreation season. A sanitary sur
vey and/or evaluation to assure protection from fecal pollution is the chief
criterion in determining recreational suitability.

"Arithmetic average of 5,000 MFCC/100 ML or less and no more than 1 of
the last 5 samples exceeding 20,000 MFCC/lOO ML during recreation sea
son.

"Also, no change from background by more than 5°F at any time nor at a
rate in excess of 2°F per hour. Authorization must be obtained for pro
posed installations where discharge of a thermal pollutant may increase
the natural maximum temperature of a stream by more than 3°F.

"Except in natural waters having a pH of less than 6.5 or greater than 8.5
where effluent discharges may not reduce the low value or raise the high
value more than 0.5 pH units.

"Monthly average value not to exceed 500 mg/1, and a maximum not to
exceed 750 mg/1 at any time.

"The monthly average value not to exceed 750 mg/1, and a maximum not
exceeding 1,000 mg/1 at any time.

"Streams classified by law as trout waters shall not be altered from a na
tural background Dy effluents that affect the stream environment to such
an extent that the trout population is adversely affected in any manner.

Source: Wisconsm Department of Natural Resources.

finished water should be physiologically harmless,
palatable, odorless, and aesthetically desirable.
Because of the effectiveness of present treatment
methods, such standards are applied to the finished
water rather than to the raw water supply.

Preservation and Enhancement of Fish and Other

Aquatic Life: standards for water to be used for
the preservation and enhancement of fish and other
aquatic life are generally specified in terms of
parameters that affect the physiologic condition of
the fish, the food chain that sustains the fish, and
the aquatic environment. Two subcategories of
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18Lake Michigan thermal discharge standards became effective as of Feb
ruary 1972 and are intended to protect aquatic biota. These standards ap
ply to facihties discharging heated water directly to Lake Michigan, ex
cluding municipal water and wastewater treatment plants and vessels or
ships. Such discharges shall not raise the temperature of Lake Michigan
at the boundary of the mixing zone established by the Wisconsin Depart
ment of Natural Resources by more than 3°F and, except for the Milwau
kee and Port Washington Harbors, thermal discharges shall not increase
the temperature of Lake Michigan at the boundary of the established mixing
zones during the following months above the the following limits:

January, February, March 45°F
April 55°F
May 60°F
June 70°F
July, August, September 80°F
October 65°F
November 60° F
December 50°F

All owners utiliZing or maintaining thermal discharge sources exceeding
a daily average of 500 million BTU per hour shall, commencing April 1,
1972, submit monthly temperature and flow data reports to the Department
of Natural Resources and shall, by February 1, 1974, submit to the Depart
ment a report on the environmental effect of such thermal discharges after
approval of which the Department will establish mixing zones. Further
more, parties responsible for thermal discharges exceeding a daily av
erage of 500 million BTU per hour shall, by August 1, 1972, submit to the
Department detailed chemical analyses of blowdown waters discharged to
Lake Michigan and its tributaries and a preliminary engineering report
for alternative cooling systems. Thermal discharge facilities, the con
struction of which commenced after February 1, 1972, shall be designed
so as to avoid significant thermal discharges to Lake Michigan If environ
mental damage to Lake Michigan exists or appears imminent, the Depart
ment of Natural Resources may order reductions in thermal discharges
regardless of interrm measures that may have been undertaken by owners
of thermal discharge facilities.

19Unauthorized concentrations of substances are not permitted that alone
or in combination with other materials present are toxic to fish or other
aquatic life.

2OConcentrations of other constituents must not be hazardous to health, al
so, the intake water supply must be such that, by appropriate treatment
and safeguards, it will meet the Public Health Service drinking water stan
dards, 1962.

water use related to aquatic life with differing
standards were established-fish reproduction and
maintenance of a warm water fishery. Dissolved
oxygen concentration and temperature are the
most frequently used paratneters, since the repro
duction and survival of fish and their susceptibility
to toxic substances are highly dependent upon these
factors. In addition, there are many substances,
particularly insecticides, herbicides, and heavy
metals, that are highly toxic to aquatic life in very
small amounts. The initial DNR adopted standards
for the preservation and enhancement of fish and
other aquatic life are set forth in Table 72, and

I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

include Lake Michigan thermal discharge stan
dards which became effective in February 1972.
Lake Michigan thermal discharge standards were
applicable only to those facilities discharging
heated water directly to Lake Michigan. The
initial DNR standards excluded municipal water
and sewage treatment plants, as well as vessels
or ships, and also excluded facilities discharging
heated water to streams tributary to the lake.

Recrea t i on: Two subcategories of water use
related to recreation with differing standards
are established-full- and partial-body contact.
Waters to be used for recreational purposes were
to conform to the following general conditions:
1) absence of obnoxious floating or suspended
substances, objectionable color, and foul odors;
2) absence of substances that are toxic upon inges
tion or irritating to the skin of human beings; and
3) absence of pathogenic organisms. The first
two conditions were satisfied if the water met
the minimum standards for all waters as previ
0usly described. The third condition, however,
required that a standard be set to ensure the
safety of a water from the standpoint of health.
The concentration of total coliform bacteria was
the parameter used for this purpose. Since the
total coliform count is only a general, rather
than a specific, indicator of fecal contamination,
the initial Wisconsin standards, as set forth in
Table 72, recommended that the primary criterion
for determining the suitability of a water for rec
reational use should be a thorough sanitary survey
to assure protection from f~cal contamination,
with the coliform concentrations serving only as
guidelines in evaluating this suitability.

Industrial and Cooling Water: The ideal water
quality for industrial and cooling uses varies
widely for the many industrial uses to which water
is put. The initial DNR standards, as set forth in
Table 72, were intended to assure that the water
would be suitable for most industrial uses after
proper treatment and to minimize adverse effects
of thermal discharges on aquatic biota. The
required treatment would vary depending on the
final water quality necessary for each industrial
operation. One requirement common to all indus
tries, however, was that the concentration of
various constituents of the water should remain
relatively constant. The quality of groundwater
and of Lake Michigan water is more constant, in
a temporal sense, than the quality of streams and
inland lakes. Since most industries depend on
groundwater and Lake Michigan as sources of

water supply, either directly or by way of a muni
cipal distribution system, the standards for indus
trial and cooling water use and discharge were
meaningful only in those few areas of the Region
where surface water was used as a source of
supply or where spent cooling water was dis
charged either directly to Lake Michigan or to one
of its tributaries.

Application of Initial Water Use Objectives

tot he Reg i on: It is important to note that the
particular standards to be applied to a given
stream reach depend upon the existing or potential
water uses in that reach; that is, the initial DNR
standards, as listed in Table 72, could not be
applied without knowledge of existing water uses
and designation of water use objectives. Also, the
capacity of a stream to receive and assimilate
discharges with potential pollutants was deter
mined by the flow and quality of water in the
stream which would be available for dilution. The
evaluation of compliance with water use objec
tives and supporting standards was to be based
on estimates of water available for dilution, with
a stream-flow equivalent to the lowest average
for any period of seven consecutive days in the
most recent 10 years.

The initial water use objectives stated that all
surface waters within the Region should meet
the standards for whole-body-contact recreational
uses and for the preservation of fish and other
aquatic life, with any exceptions and additions as
shown on Map 47. It should be noted that initial
water use objectives and supporting standards
were to be subject to revision as either additional
data were accumulated bearing on the continued
validity of the water use objectives or as new data
or techniques were developed which permitted the
standards to be expressed in more precise, quan
titative, and statistically valid terms.

As already noted, the foregoing water use objec
tives and supporting water quality standards
adopted by the Natural Resources Board were
utilized as a point of departure for the selection
of recommended water use objectives and for plan
preparation in the Commission's comprehensive
planning programs for the Fox and Milwaukee
River watersheds. With respect to all surface
waters in the Milwaukee River watershed and the
streams in the Fox River watershed, the plan
recommends the water use objectives exactly as
initially set forth in the Wisconsin Administrative
Code. With respect to certain lakes within the
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Wisconsin Department of Natural Resources and SEWRPC.

t

lNOuS'TRAL AND COOl.ING wATER fJHO MINIM....... STA/CIAAOS

2.. IN IoDOlTlON TO THE MINI_ST~~ ""ICt<IGAN
OPEN WATERS M.JST MaT THE WATER QUAUTY STANDMO$
fOR ALL USES'-PAE.$ER\lAT\ON AND~ OF
FISH UFE, I'UIUC WATm SUPP\.Y, WHOl...E-9OOI'-<XlNTACT
R£OlEAT'lOfII, ANClINOUSTRtAL AND COOUNG _TER. LAKE
MIQ-lIGo/lN SWI..... ING SEAOi IUl£AS MUST MEET M1NlMUIol
STAN:»oROS AI\lO 'flo«)SE STAND.t.FlDS NECXSSARV TO PElNIT
Wl-OL.£-EIOOY-CONTACT RECl'l£ATIONAL USE. LAKE MIC>flGAr<l
HM80R AREAS IIl.NO THOSE Sl<lI'!El..IN£ SECTlONS IN THE
VICINITY OF POI..L.UT1ON SOURCES MUST MEET MINIMuM
STANQIlR)S AI\IO ll-lOse; STANClAROS NECESSARY TO PERMIT
COOLING AND INOUSTRIAL WATEl'! suPPLY USES. SEE
TIla...E 72 FOR~ MICI'IGAf./ THEflMAL DISCHARGE.
~tltlROS.

ASH FIEPROClUC'T1ON OF PAlMAIn' lw>oRTANC£ (TROUT WATERSl. 'MiOL£
800'r-CONTACT R1ECAEATlClfIl. At¥;) MINIMUMST~

W~ WATEA FISHEl'J:Y, WHOl.E-BOm'-CONTACT I"ECI'lEATlON. INIl\,.IST'ItIAI.
AH:J COOLlNG WATUl. AI«) "11"11_ STANDARDS

WAAM WATER FISHEAY, WHOLE-9OOY-OONTACT R£~nON. ANO
MINlMUM STANOAROS

I'I'IRTIAL-eoov-COIIITACT R£CREATION. II>IJUSTRlAL AND COOUNG WATI!:A,
ANO MINIMUM $TAJ'lDAROS

W_ WATER FISHE"". F'I/l.ImAL-eOOV-CONTACT RECI'I;£ATlON. AND
MIIIlIMUM STANDARDS

NOTES:

D

I

Fl·.·.
j if..i :
~_~~_I~~lNv.=.....__..."'=uJ.u-'

ILLINOIS

; ! , t , • -.u i
wE-;+-" : - .... i

I .
I ""-'L'-~~~

I
i
I

D
D
D--

The initial water use objectives for all surface waters in the Region were adopted by the Wisconsin Resource Devel
op.ent Board in 1967 and 1968. In 1I0at cases, such objectives provided for water quality standards sufficient to
perflit a war. water fishery and whole-body-contact recreational uses. In sOllie cases, however, lesser water quality
standards were prescribed. For exa.ple, as shown on the above IUP, the Pike River, Underwood Creek, Honey Creek,
a portion of the Menomonee River, Barnes Creek, a portion of the Rubicon River, and a portion of Belgiull Creek were
to meet only minimum water quality standards. In light of the new national Iloal to attain water quality levels in
all strealls providing for a warm water fishery and for total recreational use by 1983, these water use objectives
and supporting standards were upgraded effective October I, 1973 (see Map liS).

Source:
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Fox River watershed, however, the plan recom
mends that the use objectives be changed from
full-body-contact recreational use to partial-body
contact recreational use because the character
istics of the lake other than water quality, in
particular, physical features such as shallow
depths and small size, limit their practical utility
for swimming. These lakes are North, Silver, and
Peters Lakes in Walworth County and Echo and
Long Lakes in Racine County.

Revised DNR Water Use Objectives and Water
Quality standards: The revised DNR water quality·
standards have been formulated for the following
seven major water uses: restricted use, public
water supply, maintenance of a trout fishery,
maintenance of salmon spawning, maintenance of
a warm water fishery, and recreational use. The
seventh water use relates to aesthetic considera
tions and provides minimum standards for all
waters. The revised state standards are set forth
in Table 73. These standards are statements of
the physical, chemical, and biological character
istics of the water that must be maintained if the
water is to be suitable for the specified uses. 5

Minimum Standards for All Waters: The revised
state minimum standards apply to all surface
waters at all locations within the state. Like
the original minimum standards, these minimum
standards are intended to protect the public health,
to maintain all state waters in an aesthetically
acceptable condition, and to protect domestic
animals as well as wildlife.

Restricted Use: As indicated in Table 73, the
restricted use category is intended to result
in water quality a level above minimum stan
dards. The most significant characteristics of
the restricted use category are the inclusion of
a requirement for minimum dissolved oxygen
concentration and an upper limit on fecal coli
form bacteria.

Public Water Supply: The principal considera
tion with respect to quality standards for raw
water to be used for public water supply is that
the water be such that, after appropriate treat
ment, it will meet the U. S. Public Health Service
Drinking Water Standards established in 1962.

5See Appendix C for a discussion of water quality

indicators applicable to the revised DNR water use
objectives.

The DNR standards of raw water to be used for
water supply include an allowable pH range and
maximum limits on temperature, dissolved solids,
and fecal coliform.

Fish and Aquatic Life: Standards for water to
be used for the preservation and enhancement of
fish and aquatic life are generally specified in
terms of parameters that affect the physiologic
condition of the fish, the food chain that sustains
the fish, and the aquatic environment. The DNR
standards for fish and aquatic life, including the
special subcategories of salmon spawning and
trout fishery, are set forth in Table 73, and it is
apparent that key factors include temperature,
dissolved oxygen, and pH, in addition to other
substances that may be harmful to the aquatic
ecosystem. The adopted standards for the pres
ervation and enhancement of fish and aquatic life
include Lake Michigan thermal discharge stan
dards which are only applicable to those facilities
discharging heated water directly to Lake Michi
gan. The standards exclude municipal water and
sewage treatment plants, as well as vessels
or ships.

Recrea tion: As noted earlier, waters to be used
for recreational purposes should be aesthetically
attractive, free of substances that are toxic upon
ingestion or irritating to the skin upon contact,
and void of pathogenic organisms. The first two
conditions are satisfied if the water meets the
minimum standards for all waters as previously
described, whereas the third condition requires
that a standard be set to ensure the safety of
a water from the standpoint of health. The con
centration of fecal coliform bacteria is the para
meter now used for this purpose. Since the fecal
coliform count is only an indicator of a potential
public health hazard, the Wisconsin standards, as
set forth in Table 73, specify that a tho'rough sani
tary survey to assure protection from fecal con
tamination be the chief criterion for determining
recreational suitability.

Application of Revised Water Use Objectives

to the Region: The application of the aforemen
tioned six basic categories of water use objectives
to the Region requires specification of a design
low flow at or above which the water quality stan
dards commensurate with each water use objec
tive are to be met. The revised DNR water use
objectives state that compliance with the support
ing standards is to be evaluated on the basis of
streamflows as low as the 7 day-10 year low flow,
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Table 73

REVISED WISCONSIN DEPARTMENT OF NATURAL RESOURCES WATER USE OBJECTIVES

AND SUPPORTING WATER QUALITY STANDARDS FOR SURFACE WATERS: AS ADOPTED IN 1973

Combinations of Water Use Objectives Applicable
Water Use Objectives I, 2, 3,' to Southeastern Wisconsin Inland Lakes and Streams

Fish and Aquatic Life Recreational Use Recreational Use Recreational
Water Quality Restricted Recreational Public Water Salmon Trout and Fish and and Salmon Use and
Parameters Use Use Supply Fishery Spawning Fishery Aquatic Life Spawning Trout Fishery

Temperature (OF) __5 __5 __5 _.5,6 __5 --5 , ••5,7 __5 --5 ,
Total Dissolved -- -- 500 and' -- -- -- -- -- --

Solids (mg/l) 750
Dissolved Oxygen 2.0 -- -- 5.0 min 5.0min

, 6.0 min
10 5.0 min 5.0min' 6.0 min

lO

Img/1) min
pH (Units) 6.0-9.D11 -- 6.0-9.0 11 6.0-9.011 6.0-9.011 6.0-9.011 6.0-9.0 11 6.0-9.011 6.0-9.011
Fecal Coliforms 1,000 and 200 and 200 and -- -- -- 200 and 200 and 200 and

(MFFCC/lOOml) 2,00012 40013 400 13 40013 40013 40013
Miscellaneous __ 15 ••15,16 __ 15,17 ••15 -- IS -- IS 18 -- IS 16 •• 15,16 ••15,16,18

Parametersl '

'Includes all basic water use categories established by the Wisconsin De
partment of Natural Resources plus those combinations of water use cate
gories applicable to the Southeastern Wisconsin Region.

'Standards are expressed in mg/1 except as indicated. Single numbers are
maximum permissible values, except where minimum limits are denoted
by the subscript Min.

'All waters shall meet the following conditions at all times and under all
flow conditions: Substances that will cause objectionable deposits on the
shore or in the bed of a body of water, shall not be present in such amounts
as to interfere with public rights in waters of the state. Floating or sub
merged debris, oil, scum, or other material shall not be present in such
amounts as to interfere with public rights in the waters of the state. Ma
terials producing color, odor, taste or unsightliness shall not be present
in amounts found to be of public health significance, nor shall substances
be present in amounts which are acutely harmful to animal, plant, or aquat
ic life.

'Water quality standards have not been formulated for commercial ship
ping and navigation since suitability for these uses depends primarily on
quantity, depth, and elevation.

'There shall be no temperature changes that may adversely affect aquatic
life. Natural daily and seasonal temperature fluctuations shall be main
tained. The maximum temperature rise at the edge of the mixing zone above
the existing natural temperature shall not exceed 5°F for streams and 3°F
for lakes.

'The temperature shall not exceed 89°F for warm water fish.
'There shall be no significant artificial increases in temperature where
natural trout reproduction is to be protected.

8Not to exceed 500 mg/1 as a monthly average nor 750 mg/1 at any time.
9The dissolved oxygen in the Great Lakes tributaries used by stocked sal
manids for spawning runs shall not be lowered below natural background
during the period of habitation.

"Dissolved oxygen shall not be lowered to less than 7.0 mg/1 during the
spawning season.

11 The pH shall be within the range of 6.0 to 9.D with no change greater than
0.5 units outside the estimated natural seasonal maximum and minimum.

"Shall not exceed a monthly geometric mean of 1,000 per lOD ml based on
not less than five samples per month nor a monthly geometric mean of
2,000 per 100 ml in more than 10 percent of all samples during any month.

I'Shall not exceed a monthly geometric mean of 200 per 100 ml based on
not less than five samples per month nor a monthly geometric mean of 400
per 100 ml in more than 10 percent of all samples during any month.

"Lake Michigan thermal discharge standards, which are intended to mini
mize the effects on aquatic biota, apply to facilities discharging heated
water directly to Lake Michigan, excluding that from municipal waste and
water treatment plants and vessels or ships. Such discharges shall not
raise the temperature of Lake Michigan at the boundary of the mixing zone
established by the Wisconsin Department of Natural Resources by more

Source: Wisconsin Department of Natural Resources and SEWRPC.

which is defined as the mmlmum 7-day mean low
flow expected to occur once on the average of
every 10 year? That is, for a given water use
objective, the stream water quality is to be such
as to satisfy the supporting standards for all
streamflow conditions at or above the 7 day
10 year low flow.
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than 3°F and, except for ihe Milwaukee and Port Washington Harbors,
thermal discharges shall not increase the temperature of Lake Michigan
at the boundary of the established mixing zones during the following months
above the following limits:

January, February, March 45°F
April 55°F
May 60°F
June 70°F
July, August, September 80°F
October 65°F
November 60°F
December 50°F

All owners utilizing, maintaining, or presently constructing thermal dis
charge sources exceeding a daily average of 500 million BTU per hour
shall submit monthly temperature and flow data on forms prescribed by
the Department of Natural Resources and shall, on or before February 1,
1974, submit to the Department a report on the environmental and ecolog
ical impact of such thermal discharges in a manner approved by the De
partment. After a review of the ecological and environmental impact of the
discharge, mixing zones shall be established by the department. New
thermal discharge facilities (construction commenced after February 1,
1972 and prior to August 1, 1974) shall be so designed as to avoid signifi
cant thermal discharges to Lake Michigan. Any plant or facility, the can·
struction of which is commenced on or after August 1, 1974, shall be so
designed that the thermal discharges therefrom to Lake Michigan comply
with mixing zones established by the Department. In establishing a mixing
zone, the Department will consider ecological and environmental informa
tion obtained from studies conducted pursuant to February 1, 1974 and any
requirements of the Federal Water Pollution Control Act Amendments of
1972.

15Unauthorized concentrations of substances are not permitted that alone
or in combination of, with other materials present, are toxic to fish or
other aquatic life. Questions concerning the permissible levels, or changes
in the same, of a substance, or combination of substances, of undefined
toxicity to fish and other biota shall be resolved in accordance with the
methods specified in "Water Quality Criteria," Report of the National
Technical Advisory Committee to the Secretary of the Interior, April 1,
1968. The committee's recommendations will also be used as guidelines
in other aspects where recommendations may be applicable.

16A sanitary survey and/or evaluation to assure protection from fecal con
tamination is the chief criterion in determining the suitability of a surface
water for recreational use.

"The intake water supply shall be such that by appropriate treatment and
adequate safeguards it will meet the Public Health Service Drinking Water
Standards established in 1962.

18Streams classified as trout waters by the DNR (Wisconsin Trout Streams,
publication 213-72) shall not be altered from natural background by efflu
ents that influence the stream environment to such an extent that trout pop
ulations are adversely affected.

The revised, more stringent interstate and intra
state water use objectives for surface waters in
the Region were adopted by the Wisconsin Natural
Resources Board so as to become effective on
October 1, 1973. These objectives, as shown on
Map 48, specify that most of the surface waters
within the Region should meet the standards for
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Source:

Revised water use objectives for all surface waters in the Region, as welt as for Lake Michigan,
were adopted by the Wi sconsin Natural Resources Board effective October I, 1973. Most of the
surface waters of Southeastern Wisconsin are now designated for a combination of recreational
and fi sherI use under these recentl y adopted objectives. These relativel y short-range ONR water
use objectives served as a point of departure for the long-range water use objectives adopted
under the regional sanitary sewerage system planning program.
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recreational use and preservation of fish and
aquatic life. The restricted use category is evi
dent in a few locations in the Region-primarily in
the Menomonee and Pike River watersheds and the
Milwaukee estuary-where it is applied to streams
flowing through areas that are basically aestheti
cally unattractive and, because of the nature or
concentration of riverine development, actually
inhibit access to the streams by potential users.

While the revised DNR objectives for the Region
include-either singularly or in combinations-the
recreational use, fish and aquatic life use, and
the restricted use categories, the minimum stan
dards category is not individually applied any
where and the public water supply category is
specified only for Lake Michigan. It should be
noted-as demonstrated by the recent upgrading of
water use objectives and supporting standards
that the new water use objectives and standards
adopted by the State of Wisconsin are, like the
initial objectives and standards, subject to revi
sion as either additional data are accumulated
that bear on the continued validity of the water
use objectives, or as new data or techniques
are developed that permit tM standards to be
expressed in more precise,. quantitative, and
statistically valid terms.

The foregoing revised water use objectives and
supportingwater quality standards recently adopted
by the Natural Resources Board have been utilized
as a point of departure for preparation of the long
range water use objectives and standards under
the regional sanitary sewerage system planning
program. The recommended sanitary sewerage
system development objectives and standards,
including those specifically pertaining to surface
water quality, are presented in Chapter VIII of
this report.

Comparison of Initial and Revised DNR Water
Use Objectives and Supporting Standards: The
initial and revised DNR water use objectives and
supporting standards are contrasted below in
order to demonstrate that the latter are, in fact,
more stringent than the initial DNR water use
objectives and standards. This comparison is
limited to the major differences in the initial and
revised DNR water use objectives and standards,
and is not intended to be an exhaustive analysis.
Adetailed comparison may be made by contrasting
the entries in Table 72 with analogous entries in
Table 73, and by comparing stream reaches on
Map 47 with the same reaches on Map 48, or by
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comparing the initial and revised versions of
Chapters NR 102, NR 103, and NR 104 of the Wis
consin Administrative Code.

Water Use Objectives: Both the initial and revised
DNR water use objectives include seven basic
water use categories. One of the initial water use
objectives-industrial and cooling water-has no
equivalent in the revised set of water use objec
tives. All of the six remaining initial water use
objectives have approximate equivalents in the
new set of objectives. The initial whole-body
contact recreational objective is equivalent to the
new recreational use objective. The initial public
water supply objective is equivalent to the new
public water supply objective. The initial warm
water fishery objective is equivalent to the new
warm water fishery objective. The initial fish
reproduction objective is equivalent to the new
salmon spawning and trout fishery objectives.
The initial partial-body-contact recreational objec
tive is equivalent to the new restricted use objec
tive. Finally, the initial minimum standards
objective is equivalent to the new minimum stan
dards objective.

The comparison of the initial and revised DNR
water use objectives as applied to the surface
waters in southeastern Wisconsin indicates, as
shown on Maps 47 and 48, that the revised DNR
water use objectives do set a goal of significantly
improved water quality in the seven-county Region.
Nearly all of the surface waters in southeastern
Wisconsin are now intended for a combination
recreational and warm water fishery use.

Supporting Water Quality Standards: Water
quality levels required to satisfy both the initial
and revised DNR water use objectives are set
forth in Tables 72 and 73, respectively. The
newer standards include more stringent coliform
and dissolved oxygen requirements, and also
incorporate a means of resolving questions con
cerning the many water quality indicators not
explicitly identified in the standards.

Whereas total coliform maximums were used
in the initial water quality standards, the revised
standards utilize fecal coliform counts since the
latter are considered a better indicator of the
probable presence of disease-producing orga
nisms. More stringent dissolved oxygen criteria
have been incorporated into the recently adopted
water quality standards. The initial standard in
support of the fishery objectives permitted night-
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time dissolved oxygen levels as low as 4. 0 mg per
liter, while the revised standards require at least
5.0 mg per liter.

Unlike the initial DNR water quality standards,
the recently adopted standards incorporate, by
reference, "Water Quality Criteria," the 1968
report of the National Technical Advisory Com
mittee to the Secretary of the Interior. Questions
concerning the permissible levels, or changes in
same of a substance, or combination of substances,
of undefined toxicity to fish and other biota are
to be resolved in accordance with the methods
specified in that report. That Committee t s rec
ommendations are also to be used as guidelines
in other areas of water quality standards where
those recommendations may be applicable. One
aspect of the aforementioned report is particu
larly significant to the regional sanitary sewerage
system planning program, namely the emphasis
on the toxic effect of ammonia on fish and aquatic
life. Rather than specify a universal maximum
in-stream ammonia level, the federal report rec
ommends that precise determinations of maximum
allowable in-stream ammonia concentrations be
determined by flow-through bio-assay tests under
controlled pH, dissolved oxygen, and tempera
ture levels.

Municipal Waste Water Treatment Policy
As noted above, the Wisconsin Department of
Natural Resources, pursuant to statutory authority
set forth in Sections 144. 025(2) (b)(c) and 144.04 of
the Wisconsin Statutes and Chapters NR 108 and
NR no of the Wisconsin Administrative Code, is
responsible for reviewing and approving plans and
specifications for all sanitary sewerage facilities,
including new sewage treatment plants and addi
tions or alterations to existing. sewage treatment
facilities if such additions or alterations signifi
cantly affect the quality or quantity of the effluent
or the location of the outfall. This review proce
dure provides the mechanism whereby the Depart
ment can assure that all sewage treatment plants,
whether municipal or industrial, are designed to
implement the adopted water use objectives. Of
particular importance in this respect to the
regional sanitary sewerage system planning pro
gram are secondary treatment requirements;
phosphorus removal requirements; and depart
mental policies with respect to the proliferation
of waste treatment plants, the location of waste
stabilization lagoons, and the examination of alter
natives in areawide sewerage system planning.

Secondary Treatment Requirements: The Wiscon
sin Department of Natural Resources requires
that all municipal sewage treatment plants in the
Region provide at least secondary treatment and
that the effluents be disinfected before discharge
to the surface waters. Secondary waste treatment
has been defined by the Wisconsin Department of
Natural Resources 6 utilizing two separate 5lets of
criteria-one for treatment facilities designed to
operate continuously in daily service and one for
treatment facilities designed to operate intermit
tently following periods of high rainfall and runoff,
For sewage treatment plants in daily service,
secondary treatment must provide 90 percent
removal of five-day carbonaceous biochemical
oxygen demand (CBOD) and total suspended solids
determined as a monthly average of samples
analyzed daily, with the monthly average five-day
CBOD of the effluent not to exceed 35 mg/I, For
sewage treatment plants in intermittent service,
secondary treatment must provide 85 percent
removal of five-day CBOD and total suspended
solids determined as a "monthly average" of
samples composited and analyzed daily during the
periods of operation.

In addition to providing CBOD removal consistent
with secondary waste treatment as described
above, sewage treatment plants must achieve
a CBOD reduction such that the effluent will not
exert a CBOD in excess of that which can be
assimilated by the stream at low flow conditions
while meeting the established water use objec
tives. If the effluent from a municipal sewage
treatment plant is to be discharged to a perennial
stream for which the actual waste assimilative
capacity is not known, the Department generally
uses as a guide a maximum of 26 pounds of five
day 200 C CBOD per cfs of low streamflow at the
discharge point. It should be emphasized that this
is only a guide subject to adjustment as local con
ditions may require and is invoked only in the
absence of a determination of the streams actual
waste assimilative capacity.

Low streamflow at the outfall site is defined by
the Department as the lowest average streamflow
for any period of seven consecutive days in the
most recent 10 years. In those instances where

6See letter from Thomas G. Frangos, Administrator,
Division of Environmental Protection, WisconsinDepart- .
ment of Natural Resources, to Kurt W. Bauer, Executive
Director, SEw.RPC, dated March 31, 1971.
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an acceptable estimate of the seven day-l0 year
low flow is not available, the Department may
use, as the low streamflow at the outfall site, that
streamflow which will be reached or exceeded
95 percent of the time.

In the event that a new or modified municipal
sewage treatment plant is to discharge its effluent
to an intermittent stream or to a ditch constructed
to convey the treatment plant effluent to a peren
nial stream, the Department applies a different
review procedure with regard to minimum CBOD
removal. Sewage treatment plant plans must
include, in such cases, evidence that an effluent
discharge right-of-way in the form of a land pur
chase, an easement, or other agreement has been
obtained from land owners across or through
whose lands the effluent will be conveyed. The
Department may then allow discharge to an inter
mittent stream or to a specially constructed con
veyance channel provided that the CBOD loading
on both the intermittent stream and the perennial
stream to which the intermittent stream ulti
mately discharges does not exceed that estab
lished by the Department on examination of local
stream conditions.

As noted above, the Wisconsin Department of
Natural Resources requires that municipal sewage
treatment plant effluents be disinfected before
discharge to surface waters. Disinfection is to be
accomplished in such a manner so as to provide
a minimum contact time, between the sewage and
disinfecting agent, of 15 minutes and, if chlorine
is used, to produce a total chlorine excesS by the
orthotolidin test of at least 0.5 mg/l in the effluent
as it is discharged to the receiving waters.

Phosphorus Removal Requirements: In its review
of new or modified municipal and industrial
sewage treatment facilities, the Wisconsin Depart
ment of Nrtural Resources applies minimum
phosphorus removal criteria if the treated waste
is to be discharged to a stream tributary to
Lake Michigan, that is, east of the subcontinental
divide. These criteria represent Wisconsin's
response to the pollution abatement recommenda
tions made by the Federal Lake Michigan Enforce
ment Conference, which recommendations, as
noted earlier, include a stipulation that municipal
and industrial effluents in areas tributary to Lake
Michigan achieve an overall reduction of at least
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80 percent of the total phosphorus.7 Department
phosphorus removal requirements are intended
to achieve this overall 80 percent phosphorus
removal by requiring at least 85 percent removal
at larger treatment plants and not requiring
phosphorus removals at smaller plants. Thus,
municipal sewage treatment plants serving com
munities with populations of 2,500 people or more
are required to remove at least 85 percent of the
influent phosphorus, whereas special phosphorus
removal facilities are not generally required at
treatment plants serving smaller populations.

New or modified waste treatment plants receiving
exclusively industrial waste containing phos
pho;us in a concentration exceeding 2.0 milli
grams per liter and having an annual phosphorus
population equivalent of 2,500 or more are also
required to remove at least 85 percent of the
influent phosphorus. The population equivalent
of influent phosphorus is determined on the basis
of 3.5 pounds of phosphorus per person per
year and, thus, an annual phosphorus popula
tion equivalent of 2,500 or more represents an
annual influent phosphorus loading of 8,750 pounds
or more.

Some municipal sewage treatment plants serviillg
less than 2,500 people receive phosphorus from
industrial as well as domestic sources, and
therefore the Department has adopted a policy to
determine phosphorus removal requirements for
sewage treatment plants in this category. Muni
cipal sewage treatment facilities serving less than
2,500 people and receiving more than one-half of
their annual phosphorus loadings from industrial
resources are required to remove 85 percent of
the influent phsophorus if the sum of the actual
population served plus the phosphorus equivalent
of the industrial waste is equal to or greater
than 2,500.

The above criteria with regard to phosphorus
removal at municipal and industrial sewage treat
ment plants are minimum requirements and do not
preclude the Department of Natural Resources
from requiring waste dischargers to remove addi-

7 It should be noted that the Lake Michigan gnforcement

Conference in November 1972 supplemented its phos

phorus removal recommendations so as to also require

a minimum effluent total phosphorus concentration of

1.0 mgjl.
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tional phosphorus if conditions, such as potential
over-fertilization of surface waters, warrant such
removals. It should also be emphasized that
the Department phosphorus removal criteria are
strictly applicable to municipal and industrial
sewage treatment plants located east of the sub
continental divide and that similar criteria are
not in effect for that portion of the seven-,county
planning Region west of the subcontinental divide.
This does not mean, however, that phosphorus
removal is not required to protect the water
resources of the latter portion of the Region, but
instead indicates that a formal policy with regard
to phosphorus removal in that portion of the
Region has yet to be formulated by the Depart
ment of Natural Resources. The Department may
require special phosphorus removal facilities for
municipal and industrial sewage treatment plants
located west of the subcontinental divide where
such removals are deemed necessary for achieve
ment of water use objectives.

Proliferation of Waste Treatment Plants: In con
junction with efforts at the federal level to
encourage areawide concepts of pollution control
as expressed in the recommendations of the Lake
Michigan Enforcement Conference and in the Fed
eral Water Pollution Control Act, the Department
of Natural Resources adopted in 1969 a policy
statement relating to the proliferation of waste
treatment plants. This policy statement seeks
to promote the use of unified sewage collection
systems serving contiguous areas and the con
nection of newly developing areas to existing
treatment facilities where such action is feasible
and clearly in the public interest. Concomitantly,
the statement discourages the proliferation of
small sewage treatment facilities in contiguous
areas together with the abandonment of multiple
plants in favor of joint treatment where techni
cally and economically feasible and desirable.
The policy would also discourage the construction
of sewage treatment facilities not designed in
acoordance with an adopted areawide plan and
would seek to withhold state grants-in-aid for the
construction of nonconforming treatment plants.
It must be recognized, however, that to the extent
that the regional land use plan is not implemented,
resulting in a more highly diffused and lower den
sity land use pattern, greater proliferation of
small sewage treatment facilities may occur. The
nonproliferation policy is, therefore, very closely
related to implementation of the adopted regional
land use plan.

Location of Waste Stabilization Lagoons: The
Department of Natural Resources has initiated ani
administrative policy in regulating the location of
waste stabilization lagoons. All proposed waste
stabilization lagoon sites that are not to be aerated
must be located a minimum of 2, 000 feet fmm!
all existing occupied dwellin~s. This distance can
be reduced to 1,600 feet if the dwelling in question
is upwind (prevailing) of the lagoon site and the
owner consents to having the lagoon closer than
the prescribed 2, 000 feet. Once constructed,
however, there is no way that the Department can
prohibit landowners from building residences
within the 2, OOO-foot limit. The bottom elevation
of the lagoon must be at least 3 feet above the·
groundwater table and 8 feet above the bedrock
strata. Requirements are similar for aerated
lagoon sites except that the distance from occupied
dwellings is reduced to a minimum of 1, 000 feet,
or 800 feet if the dwelling in question is upwind of
the site and the owners consent is obtained.

Guidelines for Areawide Sewerage System plan
ning: In response to federal requirements for
areawide sewerage system planning in effect prior
to the Federal Water Pollution Control Act Amend
ments of 1972, the Wisconsin Department of Natu
ral Resources in 1971 prepared and distributed
guidelines to be utilized by planners and engineers
in selecting and evaluating alt0rnatives for the
provision of joint sewage treatment facilities.
These guidelines seek to ensure that all reason
able alternatives for the provision of joint sewage
treatment are considered and that time and money
are not unnecessarily expended in considering
alternatives that would clearly not be feasible
from an economic point of view. The guidelines
define the situations which must be evaluated for
joint treatment purposes; however, they do not in
any way prejudge the results of the analysis which
mayor may not recommend joint treatment.

The guidelines are based upon the population of
the urban area "sending" sewage, the population
of the urban area "receiving" sewage from the
"sending" area, and the distance in miles between
the two urban areas. In determining the population
of the "sending" or "receiving" communities,
consideration must be given to the industrial con
tribution to the waste water and, if the industrial
contribution is significant, a population equivalent
factor must be utilized as opposed to a simple
population expressed in number of persons in the
community. Table 74 presents the guidelines as
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Table 7~

Source: Wisconsin Department of Natural Resources.

WISCONSIN DEPARTMENT OF NATURAL RESOURCES MILEAGE GUIDELINES
FOR AREAWIDE SEWERAGE SYSTEM PLANNING

RECEIVING CITY POPULATION EQUIVALENT

750 1,000 1,500 2,000 2,500 3,000 4,000 5,000 7,500 10,000 20,000 30,000 40,000 50,000 75,000

500 1.2 1.3 1.4 1.5 1.6 1.6 1.7 1.7 1.8 1.9 2.0 2.1 2.1 2.2 2.2

750 1.3 1.5 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.6 2.7 2.8 2.8 2.9

1,000 1.5 1.6 1.9 2.0 2.1 2.2 2.4 2.5 2.7 2.8 3.1 3.2 3.3 3.3 3.4

1,500 1.6 1.8 2.1 2.3 2.5 2.6 2.8 3.0 3.2 3.4 3.8 4.0 4.1 4.2 4.3

to- 2,000 1.8 2.0 2.3 2.6 2.8 2.9 3.2 3.4 3.7 3.9 4.4 4.7 4.8 4.9 5.1
z:...........
c:e 2,500 1.8 2.1 2.4 2.7 3.0 3.1 3.4 3.6 4.0 4.3 4.9 5.2 5.4 5.5 5.72:
:::l
0-..... 3,000 1.9 2.1 2.5 2.8 3.1 3.3 3.6 3.9 4.3 4.6 5.3 5.6 5.8 6.0 6.3z:
0
i=c:e 4,000 1.9 2.2 2.7 3.0 3.3 3.5 3.9 4.2 4.8 5.1 6.0 6.4 6.7 6.9 7.3......
:::l
Q.,
0
Q., 5,000 2.0 2.3 2.8 3.1 3.5 3.7 4.2 4.5 5.1 5.6 6.6 7.1 7.4 7.7 8.1
>-=(.)
Cl 7,500 2.0 2.4 2.9 3.3 3.7 4.0 4.5 4.9 5.7 6.3 7.6 8.4 8.8 9.2 9.8z:
i== 10,000 2.1 2.4 3.0 3.5 3.9 4.2 4.8 5.3 6.2 6.9 8.5 9.4 10.0 10.5 11.2.:E
(I)

z:
c:eco: 20,000 1.6 1.9 2.4 2.8 3.2 3.5 4.0 4.5 5.4 6.1 7.9 9.0 9.8 10.4 11.4to-

30,000 1.4 1.7 2.1 2.5 2.8 3.1 3.6 4.1 4.9 5.6 7.5 8.7 9.6 10.3 11.4

40,000 1.2 1.5 1.9 2.2 2.5 2.8 3.2 3.7 4.5 5.2 7.0 8.2 9.1 9.8 11.1

50,000 1.1 1.4 1.7 2.1 2.3 2.6 3.1 3.4 4.3 4.9 6.8 8.0 9.0 9.7 11.0

75,000 1.0 1.2 1.5 1.8 2.0 2.2 2.6 3.0 3.7 4.4 6.1 7.4 8.3 9.1 10.5
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lines were utilized in the construction of alterna
tives in the regional sanitary sewerage system
planning program as discussed in Chapter XI of
this report.

Effluent Reporting and Monitoring System
Section 144.54 of the Wisconsin Statutes, created
by Chapter 125 of the Wisconsin Laws of 1971,
directs the Department of Natural Resources to

specified in miles; conversely, if the distance between the
"transmitting" and "receiving" communities is greater
than that indicated in miles, there is no need to consider
interconnection potential.

NOTE: In areawide sewerage system planning, an inter
connection alternative must be examined for sewage treat
ment purposes if the distance between the "transmitting"
and "receiving" communities is less than the distance
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promulgated by the Department. In utilizing these
guidelines, an interconnection alternative must be
examined for treatment purposes if the distance
between the "sending" and "receiving" communi
ties is less than the distance specified; con
versely, if the distance between the "sending"
and "receiving" communities is greater than that
indicated in the guidelines, there is no need to
consider interconnection potential. These guide-
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require by rule that persons discharging indus
trial wastes, toxic and hazardous substances, or
air contaminants submit a report on such dis
charges to the Department. The law further
specifically exempts municipalities from the rules
and establishes an annual monitoring fee to pro
vide for the cost of administering the program.
In response to this statutory mandate, the Depart
ment prepared and adopted in January 1973 Chap
ter NR 101 of the Wisconsin Administrative Code
setting forth the specific rules by which the
reporting and monitoring program is to be con
ducted. Of particular importance to water quality
control are the effluent reports required in this
chapter.

The rules require that every person, except
a municipality, discharging industrial wastes or
toxic and hazardous substances is required to
file an effluent report with the Department if:
1) treated or untreated effluent is discharged
directly to surface waters; 2) a minimum of
10,000 gallons of effluent per day, one or more
days a year, is discharged to a land disposal
system or to a municipal sewerage system;
3) less than 10,000 gallons of effluent per day is
discharged to a land disposal system or a munici
pal sewerage system if the Department specifi
cally finds that reporting is necessary to protect
the environment; and 4) more than one million
British thermal units are contributed per day, one
or more days during the year, to the effluent dis
charged to surface waters. Certain discharges
are exempted from reporting, however, primarily
if the discharge contributes none of the particular
industrial wastes or toxic and hazardous sub
stances specified in the code. In addition, agri
cultural land runoff from land used exclusively
for crop production need not be reported. Gen
erally, the reports required by the Department
must provide specific locations where effluent
is being discharged into either surface waters,
a sanitary sewerage system, or a land disposal
system; estimates of the annual and average daily
quantity of effluent discharged; concentrations
and quantities of industrial wastes or toxic and
hazardous substances contributed to the effluent
in excess of required reporting levels; tempera
tures and volumes of thermal discharges; pH
range of effluent; and a brief description of the
manner and amount of raw materials used to
produce the wastes being reported.

It should be noted that this new reporting and
monitoring system will provide a first step

in establishing the effective monitoring system
required in Section 308 of the Federal Water
Pollution Control Act, although it may be neces
sary to reconcile the fee schedule established to
cover the cost of administering the program with
any new reporting and permitting systems and
associated fee schedules that may be established
to implement the new federal legislation. It must
be understood, however, that this reporting and
monitoring system does not constitute a licensing
or permit system, but rather establishes a means
for providing for the first time ever the data
necessary to prepare truly comprehensive water
quality management plans that become the basis
upon which effluent discharge permits eventually
will be issued.

Septic Tank Regulation
In performing its functions relating to the mainte
nance and promotion of public health, the Wis
consin Division of Health is charged with the
responsibility for regulating the installation of
private septic tank sewage disposal systems.
Such systems often contribute to the pollution of
surface and ground waters. Pursuant to Chap
ter 236 of the Wisconsin Statutes, the Division of
Health reviews plats of all land subdivisions not
served by pUblic sanitary sewerage systems and
may object to such plats if sanitary waste disposal
facilities are not properly prOVided for in the
layout of the plat. The Division has promulgated
regulations governing lot size and elevation in
Chapter H65 of the Wisconsin Administrative
Code. Basic regulations governing the installa
tion of septic tank systems are set forth in Chap
ter H62 of the Wisconsin Administrative Code.
rt should be noted further that the Wisconsin
Department of Natural Resources must approve
the provisions of the state plumbing code which
set specifications for septic tank systems and
their installation. The Department may also pro
hibit the installation or use of septic tanks in any
area of the state where the Department finds that
the use of septic tanks would impair water quality.

All septic tanks in the state must be registered by
permits pursuant to Section 144. 03 of the Wis
consin Statutes.

State Environmental Policy Act
The Wisconsin Legislature in April 1972 created
Section 1. 11 of the Wisconsin Statutes relating
to governmental consideration of environmental
impact. In many ways this state legislation paral
lels the National Environmental Policy Act of 1969
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discussed earlier in this chapter. Under this state
legislation, all agencies of the state must include
a detailed environmental impact statement in
every recommendation or report on proposals for
legislation or other major actions which would
significantly affect the quality of the human envi
ronment. The contents of this statement parallel
the contents required in the federal environmental
impact statements. The effect of this state legis
lation is, therefore, to extend the environmental
impact statement concept to all state action not
already covered under the federal legislation.

LOCAL WATER POLLUTION
CONTROL MACHINERY

In general, local units of government in Wisconsin
have, as part of the broad grant of authority by
which they exist, sufficient police power to regu
late by ordinance any conditions or set or cir
cumstances bearing upon the health, safety, and
welfare of the community. Presumably, the water
quality of a receiving stream or the polluting
capability of effluent generated within the muni
cipal unit falls within the regulative sphere by
virtue of its potential danger to health and wel
fare. Because of the significant amount of statu
tory regulation in this area by the federal and
state levels of government, however, the most
significant action on the part of local units of
government with respect to the regional sanitary
sewerage system plan involves the powers of local
governments to provide sanitary sewer service
and, in particular, to organize institutions for
the provision of such service. Accordingly, the
following discussion will largely focus on the
specific powers of each type of local government
to provide sewer service and the~specific methods
by which local units of government can join
together to provide sewerage service.

General Powers of Local
Governments to Provide Sewer Service
In Wisconsin, general-purpose local units of
government consist of counties, cities, villages,
and towns. In one manner or another, each of
these types of local units of government may
become involved in the provision of sanitary
sewer service.

There are only three methods by which county
units of government in Wisconsin may provide
sanitary sewerage service, other than providing
service to county-owned institutions. Two of these
three methods involve county participation in
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metropolitan sewerage districts and are discussed
in detail below. The third method is set forth in
Section 59.083 of the Wisconsin Statutes. This
statute is a limited grant of home rule power to
the county board of any county with a population
of 250,000 or more. The statute was initially
directed only at Milwaukee County and, as of the
1970 U. S. Census of Population, would still apply
only to Milwaukee County. However, the statute
has potential application within the Southeastern
Wisconsin Region in Waukesha County which had
a 1970 population of about 240,000. Under this
statute such a county board may provide many
municipal services, inc luding sewer service, and
may carry out these powers in distr'icts which it
may create for such a purpose. Such powers may
be exercised by the county board in any town, city,
or village or any part thereof within the county
upon the request of the town, city, or village as
evidenced by a resolution adopted by a majority
vote of the governing body. Thus, although this
statute has little meaning in Milwaukee County
w~th respect to sanitary sewer service because
of the creation of the Metropolitan Sewerage Dis
trict of the County of Milwaukee, this statute could
prospectively be utilized in Waukesha County at
the time it reaches the 250,000 population level.
It would at that time provide one alternative
method of organizing and carrying out any pro
posed areawide sanitary sewerage system plan
within the county.

In addition to its general grant of home rule
power, cities have specific authority under Sec
tion 62. 18 of the Wisconsin Statutes to provide for
sewer service and to construct, operate, and
maintain an entire sanitary sewerage system.
Under this statute, cities are allowed to estab
lish within the city limits special sewerage dis
tricts and levy special sewerage district taxes
therein for improvements. By direct reference in
Section 61. 39, villages are given identical powers
as cities with respect to establishing sanitary
sewerage systems and special sewerage districts.

Towns generally do not have specific authority to
provide for sanitary sewerage systems except
through the establishment of either town sanitary
districts or town utility districts. Under Sec
tion 60.29(16), however, towns may grant permis
sion to adjacent municipalities to lay and maintain
sewers within towns and, in counties having
a population of 150,000 or more, town boards
may, pursuant to Section 60.29(19), build and
construct sewers along streets upon petition of
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two-thirds of abutting property owners and to so
assess the property benefited. In addition, under
Section 60.29(30) town boards are authorized, if
village powers are granted at an annual town
meeting, to provide municipal improvements
presumably including sanitary sewer service-in
any properly designated unincorporated village in
the town.

Special Units of Government
That Can Provide Sewer Service
The Wisconsin Statutes provide several methods
by which special-purpose districts may be formed
to provide sewer service and several ways in
which local units of government may jointly pro
vide sewer service. These include metropolitan
sewerage districts, sanitary districts, utility
districts, joint sewerage systems, and a general
grant of intergovernmental cooperation.

Metropolitan Sewerage District of the County of
Milwaukee: The Metropolitan Sewerage District
of the County of Milwaukee was established and
operates under the provisions of Section 59. 96 of
the Wisconsin Statutes. It operates through the
agency of the Sewerage Commission of the City
of Milwaukee, which was established pursuant to
Chapter 608, Laws of Wisconsin 1913, and the
Metropolitan Sewerage Commission of the County
of Milwaukee, which operates and exists pursuant
to the provisions of Section 59.96 of the Wisconsin
Statutes. The Metropolitan Sewerage Commission
has the power to project, plan, and construct main
sewers; pumping and temporary disposal works
for the collection and transmission of house,
industrial, and other sanitary sewage to and into
the intercepting sewerage systems of such Dis
trict; and may improve any watercourse within
the District by deepening, widening, or otherwise
changing the same where, in the judgment of the
Commission, it may be necessary in order to
carry off surface or drainage waters. The Metro
politan Sewerage Commission, however, may only
exercise its powers outside the City of Milwaukee.
The Sewerage Commission of the City of Mil
waukee, on the other hand, may build treatment
plants and build main and intercepting sewers and
may improve watercourses within its area of
operation, which is within the City of Milwaukee.

In order to coordinate the activities of the two
Commissions, the statute provides that the Metro
politan Sewerage Commission must secure the
approval of the Sewerage Commission of the City
of Milwaukee before it is empowered to engage in

any work and, when it has completed the work it
proposes to do, it then turns over all of these
facilities to the Sewerage Commission of the City
of Milwaukee for operation and maintenance.
Rules and regulations adopted by the Sewerage
Commissions pursuant to the statute further pro
vide for coordination of the sewer improvement
programs in the District by requiring that all
cities and villages lying within the District and
in contract service areas adjacent to the District
must submit their sewerage system and construc
tion plans for approval before they can connect to
the main and intercepting system owned by the
District. The two Commissions have the power to
promulgate and enforce reasonable rules for the
supervision, protection, management, and use of
the entire sewerage system.

The District at the present time includes all of
the cities and villages within the County of Mil
waukee, except for the City of South Milwaukee,
which elected not to become part of the District.
In addition, the District, through its two Commis
sions, may enter into contracts with areas in the
same general drainage area and adjacent to the
District to furnish sewer service to those muni
cipalities. The two Commissions have the power
to inspect all sewers and sewerage systems which
drain into the main or intercepting system and
further have the power to require any town, city,
or village or the occupantof any premises engaged
in discharging sewage effluent from sewage plants,
sewage refuse, factory waste, or other materials
into any river or canal within such county and
within the drainage area to so change or rebuild
any such outlet drain or sewer as to discharge
said sewage waste or trade waste into the sewers
of said town, city, or village or into the main or
intercepting sewers owned by the District.

With regard to watercourse improvements, the
District, through its two Commissions, has
engaged in a broad program of improving water
courses by widening, deepening, or otherwise
changing said watercourses so as to accommodate
the expected flow of storm and surface drainage
waters from the area within the District and from
the areas surrounding the District. In connection
with this work, many unauthorized waste dis
charges to watercourses were uncovered and
eliminated, thus reducing the discharge of objec
tionable materials into the rivers and streams in
Milwaukee County, as well as providing greater
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capacity for such streams and rivers and provid
ing for more rapid and efficient runoff of storm
and drain waters.

The term "same general drainage area" has been
defined by the two Commissions to include all
of the Kinnickinnic, Menomonee, and Milwaukee
Rivers and Oak Creek watersheds and those por
tions of the Root River watershed draining into
Milwaukee County. In theory the Metropolitan
Sewerage District of the County of Milwaukee
could, under existing legislation, contract to
transmit, treat, and dispose of sewage originating
throughout the entire Milwaukee River watershed.
The present northerly terminus of the contract
service limits of the Metropolitan Sewerage Dis
trict in the Milwaukee River watershed, however,
is the northerly corporate limits line of the City
of Mequon, excluding therefrom, however, the
Village of Thiensville.

Metropolitan Sewerage Districts Outside of Mil
waukee County: One metropolitan sewerage dis
trict outside of the County of Milwaukee has been
formed in the Region, namely, the Western Racine
County Sewerage District serving the Villages of
Rochester and Waterford and the Town of Roches
ter Sewer Utility District No. 1. This District
was formed in the mid-1960's under enabling
legislation struck down by the Wisconsin Supreme
Court in 1969 as an unconstitutional delegation of
legislative power. In response to this Supreme
Court action, the Wisconsin Legislature enacted
into law in 1972 8 new enabling legislation for the
creation of metropolitan sewerage districts. Such
legislation is set forth in the Wisconsin Statutes in
Sections 66.20 to 66.26. This legislation provides
that proceedings to create a metropolitan sew
erage district may be initiated by resolution of the
governing body of any municipality. Such resolu
tion, which must set forth a description of the
territory proposed to be included in the district
and a description of the functions proposed to
be performed by the district, is directed at the
Wisconsin Department of Natural Resources.
Upon receipt of the resolution, the Department is
required to schedule a public hearing for the pur
pose of permitting any persons to present any
information relating to the matter of the proposed
metropolitan sewerage district. Within 90 days
of the hearing, the Department must either order
or deny the creation of the proposed district. The

8 Chapter 276 of the Wisconsin Laws of 1971.
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Department must order the creation of the district
if it finds that the district consists of at least one
municipality in its entirety and all or part of other
municipalities; the district is determined to be
conducive to management of a unified system of
sewage collection and treatment; the formation of
the district will promote sound sewerage manage
ment policies and operation and is consistent with
adopted plans of municipal, regional, and state
agencies; and if the formation of the district will
promote the public health and welfare and effect
efficiency and economy in sewerage management.
No territory of a city or village jointly or sepa
rately owning or operating a sewage collection or
disposal system may be included in the district,
however, unless it has filed with the Department
of Natural Resources a certified copy of a resolu
tion of its governing body consenting to the inclu
sion of its territory within the proposed district.

Once formed, a district is to be governed by
a five-member commission appointed for stag
gered five-year terms. All commissioners are
appointed by the county board of the county in
which the district is located. Such commissioners
must be residents of the district.

The Commission is directed by statute to prepare
and by resolution to adopt plans and standards for
the planning, design, and operation for all proj
ects and facilities to be operated by the district.
The commission's plans must be consistent with
any duly adopted plans of a regional planning com
mission recognized under Section 66. 945. The
commission may adopt rules for the supervision,
protection, management, and use of the systems
and facilities operated by the District. Such rules
may restrict or deny the provision of utility ser
vices to lands not recommended for urban devel
opment in adopted plans. The commission has the
power to plan, project, construct, and maintain
within the district intercepting and other main
sewers for the collection and transmission of
sewage. The commission may require any person
or municipality within the district to provide for
the discharge of sewage into the district's collec
tion and disposal system where reasonable oppor
tunity to do so is provided. The commission may
order that the district shall assume ownership of
any existing sewerage works and facilities in the
district as are needed to carry out the purposes
of the commission. Upon assuming ownership of
any works the commission becomes obligated to
pay to the municipality amounts sufficient to pay,
when due, all remaining principal of and interest
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on bonds issued by the municipality for the acqui
sition or improvement of the works taken over.
Such commissions may also provide for storm
water drainage facilities.

Territory not originally included within a metro
politan sewerage district and which becomes
annexed for municipal purposes to a city or
village that was included in its entirety within the
original district automatically becomes added to
the metropolitan district. Any other territory may
be added to a district upon petition of a municipal
governing body or upon motion of the commission
itself. Upon receipt of the petition or upon adop
tion of its own motion, the commission is required
to hold a public hearing and may approve the
annexation thereafter upon determination that the
resulting annexation will promote unified sewer
age management policies and operation and will
be consistent with adopted plans of municipal,
regional, and state agencies and that the addition
of the area would promote the public health and
welfare and effect efficiencies and economies in
sewerage management.

To date (March 1973) one such petition for the
formation of a metropolitan sewerage district in
southeastern Wisconsin has been received by the
Wisconsin Department of Natural Resources. This
petition was filed by the Village of Lac La Belle
requesting the creation of a Lac La Belle Metro
politan Sewerage District. It would include all of
the Village of Lac La Belle and portions of the
Town of Oconomowoc, Waukesha County, and the
Town of Ixonia, Jefferson County. It is proposed
that this metropolitan district contract with the
City of Oconomowoc for sewage treatment pur
poses. Although a public hearing concerning this
matter has been held, the Wisconsin Department
of Natural Resources has not as yet (May 1973)
acted upon the petition.

Town Sanitary Districts: Town sanitary districts
may be created, pursuant to Section 60.30 of
the Wisconsin Statutes, to plan, construct, and
maintain sanitary and storm sewers and sewage
treatment and disposal systems. A town sani
tary district may offer its services outside its
jurisdictional area on a reimbursable basis. In
addition, the Wisconsin Legislature, in Sec
tion 60.30(2) of the Wisconsin Statutes, evidenced
an intent that town sanitary districts be created to
provide auxiliary sewer construction in unincor
porated areas of metropolitan sewerage districts.
Town sanitary districts are usually created by

the town board upon petition of 51 percent of the
property owners or the owners of 51 percent of
the property within the proposed district. The
Wisconsin Department of Natural Resources may,
however, upon finding that private sewage disposal
or water supply systems constitute a public health
menace and that there is no local action evident
to correct the situation, order the creation of
such districts.

As discussed in Chapter ill of this report, there
are a total of 27 town sanitary districts existing
in the Region. Nine of these 27 sanitary districts
currently provide sanitary sewer service, with
five owning and operating a sewage treatment
facility and the remaining four contracting with
adjacent municipalities for sewage treatment pur
poses. The location and service areas of these
sanitary districts are shown on Map 2.

Utility Districts: Section 66.072 of the Wisconsin
Statutes permits towns, villages, and cities of the
third and fourth class to establish utility districts
for a number of municipal improvement functions,
including the provision of sanitary sewer service.
Funds for the provision of services within the
district are provided by levying a tax upon all
property within the district. The establishment
of utility districts requires a majority vote in
towns and a three-fourths vote in cities and vil
lages. Prior to establishing such a district, the
local governing bodies are also required to hord
a formal public hearing.

Utility districts within the Region have been
formed primarily within towns. There are a total
of 14 such town utility districts within the Region.
Of this total all but three currently provide sani
tary sewer service, with three owning and operat
ing sewage treatment plants and eight contracting
with adjacent municipalities for sewage treatment
purposes. The location and service area of these
town utility districts are shown on Map 2.

Joint Sewerage Systems: Section 144. 07 of the
Wisconsin Statutes provides authority for a group
of governmental units, including cities, villages,
and town sanitary or utility districts, to construct
and operate a joint sewerage system following
hearing and approval by the Wisconsin Department
of Natural Resources. The statute provides that
when one governmental unit renders service to
another under this section, such as sewage con
veyance and treatment, reasonable compensation
is to be paid. Such reasonable charges are to be
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determined by the governmental unit furnishing
the service. If the governmental unit receiving
the service deems the charge unreasonable, the
statutes provide for either binding arbitration by
a panel of three reputable and experienced engi
neers or for judicial review in the circuit court
of the county of the governmental unit furnishing
the service. In the alternative, the jointly acting
governmental units may create a sewerage com
mission to project, plan, construct, and maintain
in the area sewerage facilities for the collection,
transmission, and treatment of sewage. Such
a sewerage commission becomes a municipal
corporation and has all the powers of a common
council and board of public works in carrying out
its duties. However, all bond issues ang, appro
priations made by such a sewerage commission
are subject to approval by the governing bodies of
the units of government which initially formed the
commission. The statutes provide that each gov
ernmental unit must pay its proportionate share
of constructing, operating, and maintaining the
joint, sewerage system. Grievances concerning
same may be taken to the circuit court of the
county in which the aggrieved governmental unit
is located.

In effect, then, such a joint sewerage commission
created under Section 144.07 of the Wisconsin
Statutes can operate much like a metropolitan
sewerage commission created under Sections
66.20 to 66.26 of the Wisconsin Statutes. To date
no such joint sewerage commissions have been
created in the Southeastern Wisconsin Region.
Such commissions exist in two other areas of the
state, however, the Neenah-Menasha and Sauk
City-Prairie du Sac areas.

Cooperative Action by Contract: Section 66.30 of
the Wisconsin Statures permits the joint exercise
by municipalities, broadly defined to inc lude the
s tate or any department or agency thereof or any
city, village, town, county, school district, public
library system, sanitary district, or regional
planning commission, of any power or duty
required of, or authorized to, such municipality
by statute. To jointly exercise any such power,
such as the transmission, treatment, and disposal
of sanitary sewage, municipalities would have to
create a commission by contract. Appendix A to
SEWRPC Technical Report No.6, Planning Law
in Southeastern Wisconsin, contains a model
agreement creating such a cooperative contract
commission.
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Three such contract commissions have been
created under this statute in the Southeastern
Wisconsin Region for sewerage purposes. The
first of these is the Underwood Sewer Commission
jointly created by contract between the City of
Brookfield and the Village of Elm Grove. The
purpose of this cooperative action was to provide
for the construction, operation, and maintenance
of a major trunk sewer along Underwood Creek
which provides conveyance for sewage from both
communities to the Milwaukee-Metropolitan sew
erage system for sewage treatment purposes.
The second of these is the Menomonee South Sew
erage Commission jointly created by contract
between the City of Brookfield and the Village of
Menomonee Falls to provide for the construction,
operation, and maintenance of a major trunk
sewer along Butler Ditch. The third such coop
erative commission is the Delafield-Hartland
Water Pollution Control Commission recently
formed to provide sewage conveyance and treat
ment in the two communities. As discussed in
Chapter V of this report, this Commission has
developed a plan for the construction of a major
new sewage treatment facility discharging its
effluent to the Bark River below the Nemahbin
Lakes in the Town of Summit, together with
a major trunk sewer ultimately planned to serve
the City of Delafield .and the Villages of Nashotah
and Hartland. This system could also be expanded
to serve a portion of the Town of Summit.

In addition to the formal contract commissions
noted above that have been created to construct,
operate, and maintain joint sewerage facilities,
there are a number of intergovernmental con
tracts within the Region that provide for the
conveyance and treatment of sewage by one com
munity for sewage generated in another com
munity. The City of Kenosha provides treatment
for sewage generated in the Town of Pleasant
Prairie Sewer utility Districts Nos. 1 and 2 and
A, B, and C and the Town of Somers Sanitary
District No. 1. The City of Racine provides treat
ment for sewage generated in the Village of North
Bay, the Town of Caledonia Sewer Utility District
No.1, and the Town of Mt. Pleasant Sewer Utility
District. The North Park Sanitary District, which
serves the Village of Wind Point and a portion of
the Town of Caledonia, provides treatment for
sewage generated in the Crestview Sanitary Dis
trict. Finally, the Metropolitan Sewerage District
of the County of Milwaukee provides treatment
for sewage generated in all or portions of the
Cities of Brookfield, Mequon, Muskego, and New
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Berlin and the Villages of Butler, Elm Grove, and
Menomonee Falls.

Sewer Service Charges
Section 66. 076 of the Wisconsin Statutes provides
that, in addition to all other methods of financing
sewerage system development, operation, and
maintenance, municipalities may establish sewer
service charges. The revenue from such charges
may be pledged as security for mortgage bonds or
mortgage certificates. For the purpose of making
equitable charges for all services rendered by the
sewerage system, the property benefited may be
classified taking into consideration the volume of
water, the character of the sewage or waste dis
posed, and the nature of the use made of the
sewerage system. The Wisconsin Public Service
Commission is required to investigate any com
plaint by any user of such a sewer service that the
rates, rules, and practices are unreasonable or
unjustly discriminatory.

While Section 66. 076 of the Wisconsin Statutes
does provide clear authority for municipalities to
establish sewer service charges, an apparently
conflicting provision in Section 59. 96 of the
Statutes should be noted. This section provides,
with respect only to those municipalities within
the Metropolitan Sewerage District of the County
of Milwaukee, that the clerk must place all
operating and maintenance expenditures appor
tioned by the District to each municipality on the
local property tax roll. The Wisconsin Public
Service Commission has taken the position, in
a case involving the City of Oak Creek, that the
City may not utilize a local sewer service charge
to pay for the District operation and maintenance
expenditures apportioned to the City because of
the mandatory property tax provision found in
Section 59.96. Remedial legislation has been
introduced into the Wisconsin Legislature (1973
Senate Bill 104) to amend Section 59. 96 to make it
clear that municipalities within the Metropolitan
Sewerage District may, if they choose, utilize
sewer service charges to pay for all expenses
associated with belonging to the District.

House Connections
In Section 144. 06 of the Wisconsin Statutes, any
city or village or any town having a population
of over 7,500 owning and operating a sewerage
system is authorized by ordinance to require
buildings used for human habitation and located
adjacent to a sewer to be connected with such
sewer in the manner prescribed. Should the

owner fail to so comply with such ordinance~ the
municipality is authorized to cause the connec
tion to be made and to charge the expense thereof
as a special tax assessment against the prop
erty benefited.

Authority of Municipalities to Accept Aids
In Section 66.33 of the Wisconsin Statutes any
municipality, defined as any city, village, town,
town sanitary district, or metropolitan sewerage
district, is authorized to apply for and accept
grants-in-aid from the U. S. Government in aid
of the prevention or abatement of water pollution.
Municipalities are further authorized to ac.cept
contributions and other aid from commercial,
industrial, or other establishments for the pur
pose of aiding in the prevention or abatement of
water pollution. In furtherance of such purpose,
municipalities are authorized to enter into con
tracts and agreements with such commercial,
industrial, or other establishments covering all
aspects of sewage collection, conveyance, treat
ment, and disposal.

PRIVATE STEPS FOR
WATER POLLUTION CONTROL

The foregoing discussion in this chapter deals
exclusively with the water pollution control
machinery, as it relates to sanitary sewerage
system development, available to units and agen
cies of government. Direct action may also be
taken, however, by private individuals or organi
zations to effectively abate water pollution. In
seeking direct action for water pollution con
trol there are two legal categories of private
individuals: riparians, or owners of land along
a natural body of water, and nonriparians.

Riparians
It is not enough for a riparian proprietor seeking
an injunction to show simply that an upper riparian
is polluting the stream and thus he, the lower
riparian, is being damaged. Courts will often
inquire as to the nature and the extent of the
defendant's activity; its worth to the community;
its suitability to the area; and his present
attempts, if any, to treat wastes. The utility of
the defendant's activity is weighed against the
extent of the plaintiff's damage within the frame
work of reasonable alternatives open to both. On
the plaintiff's side, the court may inquire into the
size and scope of his operations, the degree of
water purity that he actually requires, and the
extent of his actual damages. This approach
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may cause the court to conclude that the plaintiff
is entitled to a judicial remedy. Whether this
remedy will be an injunction or merely an award
of damages depends on the balance which the court
strikes after reviewing all the evidence. For
example, where a municipal treatment plant or
industry is involved, the court, recognizing equi
ties on both sides, might not grant an injunction
stopping the defendant's activity but might com
pensate the plaintiff in damages. In addition, the
court may order the defendant to install certain
equipment or to take certain measures designed
to minimize the future polluting effects of his
waste disposal. It is not correct to characterize
this balancing as simply a test· of economic
strengths. If it were simply a weighing of dollars
and cents, the rights of small riparians would
never receive protection. The balance that is
struck is one of reasonable action under the cir
cumstances, and small riparians can be and have
been adequately protected by the courts.

Riparians along water bodies in the Southeastern
Wisconsin Region are not foreclosed by the exis
tence of federal, state, or local pollution control
efforts from attempting to assert their common
law rights in courts. The court may ask the Wis
consin Department of Natural Resources to act as
its master in chancery, especially where unbiased
technical evidence is necessary to determine the
rights of litigants. The important point, however,
is that nothing in the Wisconsin Statutes can be
found which expressly states that, in an effort to
control pollution, all administrative remedies
must first be exhausted before an appeal to the
courts may be had or that any derogation of
common law judicial remedies was intended.
Thus, the courts are not prevented from enter
taining an original action brought by a riparian
owner to abate pollution.

Nonriparians
The rights of nonriparians to take direct action
through the courts are less well defined than in
the case of riparians. The Wisconsin Supreme
Court set forth a potentially far-reaching conclu
sion in Muench v. Public Service Commission9

when it concluded that:

The rights of the citizens of the state to
enjoy our naVigable streams for recrea
tional purposes, including the enjoyment

9 261 Wis. 492, 53 N.W. 2d 514 (1952).
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of scenic beauty, is a legal right that is
entitled to all the protection which is
given financial rights.

This language, however, was somewhat broader
than necessary to meet the particular situation
at hand, since the case involved an appeal from

a state agency ruling. The case has not yet arisen
where a private nonriparian citizen is directly
suing to enforce his public rights in a stream.
Only when such a case does arise can it be deter
mined if the Court will stand behind the broad
language quoted above or draw back from its
implications. The more traditional view would
be that a nonriparian citizen must show special
damages in a suit to enforce his public rights.

It should be noted that Section 144.537 of the Wis
consin Statutes presently enables six or more
citizens, whether riparian or not, to file a com
plaint leading to a full-scale public hearing by the
Department of Natural Resources on alleged or
potential acts of pollution. In addition, a review
of Department orders may be had pursuant to
Section 144. 56 of the Wisconsin Statutes by
"any owner or other person in interest." This
review contemplates eventual court determina
tion under Chapter 227 of the Wisconsin Statutes
when necessary. The phrase "of other persons"
makes it clear that nonriparians may ask such
judicial review.

The Federal Water Pollution Control Act pro
vides for citizen suits in Section 505. Under this
section, any citizen, meaning a person or per
sons having an interest which is or may be
adversely affected, may commence a civil action
on his own behalf against any person, including
any governmental agency, alleged to be in viola
tion of any effluent standard, limitation, or pro
hibition or any pollution discharge permit or
condition thereof; or against the EPA Adminis
trator when there is alleged failure by the Admin
istrator to duly carry out any nondiscretionary
duty or act under the Federal Water Pollution
Control Act. Prior to bringing such action, how
ever, the citizen commencing the action must give
notice of the alleged violation to the EPA Admin
istrator, to the state in which the alleged violation
occurs, and to the alleged violator. The courts
when issuing final orders in any action under this
section may award costs of litigation to any party.
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SUMMARY

This chapter has described in summary form the
basic legal framework within which sanitary sew
erage system planning and plan implementation
must take place in southeastern Wisconsin. Such
legal framework consists primarily of water
pollution control legislation and administrative
machinery at the federal, state, and local levels
of government.

With the passage of the Federal Water Pollution
Control Act Amendments of 1972, the U. S. Con
gress set in motion a series of actions which will
have many ramifications for sewerage system
planning and development within the Region. Water
use objectives and supporting water quality stan
dards are now required for all navigable waters
in the United States. Such standards must be
reviewed and, as appropriate, revised at least
every three years. It is a national goal to elimi
nate the discharge of pollutants into the navigable
waters of the United States by 1985 and to obtain
an interim goal of suitable water quality for the
maintenance of fish life and for use by human
recreational activities in and on the water by
1983. To meet these goals the Act requires, in
addition to water use objectives and water quality
standards, the enactment of specific effluent limi
tations for all point sources of water pollution. If
economically and technically feasible, such efflu
ent limitations could include a complete discharge
prohibition. For certain categories of pollutors,
national standards of performance with respect to
the discharge of pollutants are to be formulated
and applied to any newly established source within
the categories. Thus, no matter what the assimi
lative capacity may be of a receiving water body,
a newly established industrial firm anywhere in
the nation will have to meet the national standards.

The new Act also establishes a pollutant discharge
permit system under which the EPA, or a state
upon approval of the EPA, is to issue permits
for the discharge of any pollutants subject to
conditions that the discharge will meet all appli
cable effluent limitations and contribute toward
achieving the established water use objectives
and supporting water quality standards. This
new system supercedes the established but little
utilized discharge permit system under the Refuse
Act of 1899.

Each state must have a continuing planning proc
ess designed to achieve the overall water quality

objectives of the Act. This state planning process
is to be designed to result in the preparation of
comprehensive development plans for natural
basins and watersheds and must incorporate met
ropolitan or regional sanitary sewerage system
plans. In order to provide a basis upon which to
expend federal monies in metropolitan areas for
public waste treatment works construction, the
new Act requires the development and implemen
tation of areawide waste treatment management
plants. The regional sanitary sewerage system
plan for southeastern Wisconsin is intended to
be the first step in meeting this requirement.
Upon completion of areawide waste treatment
management plans, management agencies must
be designated to carry out the plans. The EPA
Administrator can only make federal grants for
waste treatment works construction to such man
agement agencies and for treatment works found
to be in accordance with the officially adopted
plan. In addition, no permits may be issued for
any point source of water pollution found to be in
conflict with an adopted areawide waste treatment
management plan.

Federal funding for waste treatment works con
struction has been set at 75 percent of con
struction costs. In addition to meeting planning
requirements, any federal grant recipient must
establish a system of sewer service charges to
assure that each recipient of waste treatment ser
vices pays its proportionate share of the opera
tion, maintenance, and replacement costs of waste
treatment services provided.

Responsibility for water pollution control in Wis
consin is centered in the Wisconsin Department
of Natural Resources. The Department is given
authority to prepare long-range water resources
plans, to establish water use objectives-with
supporting water quality standards-applicable to
all waters of the state, to issue pollution abate
ment orders, to certify sewage treatment plant
operators, to review and approve plans for sewer
age facilities, to order the installation of sanitary
sewerage systems, and to administer financial
assistance programs for the construction of water
pollution abatement facilities. Water use objec
tives and supporting water quality standards appli
cable to all of the surface waters of the state were
initially established by the Wisconsin Resource
Development Board in 1967-68. A revised, more
stringent version of these water use objectives and
supporting water quality standards was adopted
by the Wisconsin Natural Resources Board effec-
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Local water pollution control machinery generally
centers around specific methods of organizing to
provide for sanitary sewer service. Cities and
villages under the home rule power can take all
steps necessary to effectively establish, operate,
and maintain sanitary se~rage systems, includ
ing the adoption of rules regulating the discharge
of substances into such systems. Counties and
towns do not have such broad authority. Towns
may form sanitary or utility districts to provide
such sewerage service to portions of the town.

Several ways exist to provide for areawide sani
tary sewerage systems. In addition to the long
established Metropolitan Sewerage District of the
County of Milwaukee which serves, in addition to
nearly all Milwaukee County, portions of Ozaukee,
Washington, and Waukesha Counties, other met
ropolitan sewerage districts may be established
under state law. Such districts must include at
least one city or village in its entirety. In addi
tion, adjacent communities can establish joint
sewerage commissions to operate areawide facili
ties upon approval of the Department of Natural
Resources. The general grant of intergovernmen
tal cooperation power set forth in Section 66.30
of the Wisconsin Statutes also is available to
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establish areawide sewerage systems. Three
commissions have to date been established in the
Region under this section, including the Under
wood Sewer Commission created by the City of
Brookfield and the Village of Elm Grove, the
Menomonee South Sewerage Commission created
by the City of Brookfield and the Village of
Menomonee Falls, and the Delafield-Hartland
Water Pollution Control Commission created by
the City of Delafield and the Village of Hartland.

Private citizens may take steps to abate existing
water pollution and prevent potential pollution.
Riparians have a common law right to enjoin
another riparian from polluting the stream, pro
viding significant damages can be shown. Non
riparians also have certain rights to enjoy the
navigable waters for recreational and other pur
poses. The statutes in Wisconsin permit six
citizens, whether riparian or not, to file a com
plaint leading to a public hearing by the Depart
ment of Natural Resources on alleged or potential
acts of water pollution. Private citizens may also
file suit in U. S. Courts to enjoin violations of the
Federal Water Pollution Act and to force federal
officials to properly carry out their nondiscre
tionary activity under the Act.
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Chapter VIII

SANITARY SEWERAGE SYSTEM DEVELOPMENT
OBJECTIVES, PRlNCIPLES, AND STANDARDS
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IN TRODUCTION

As noted in Chapter II of this report, planning is
a rational process for formulating and meeting
objectives. The formulation of objectives is,
therefore, an essential task which must be under
taken before plans can be prepared. The formu
lation of objectives for organizations whose func
tions are directed primarily at a single purpose
or interest and, therefore, are direct and clear
cut is a relatively easy task. The seven-county
southeastern Wisconsin planning region is, how
ever, composed of many diverse and often diver
gent interests; consequently, the formulation of
objectives for the preparation of advisory com
prehensive regional development plans is a very
difficult task.

Soundly conceived regional development objectives
should incorporate the combined knowledge of
many people who are informed about the Region
and should be established by duly elected or
appointed representatives legally assigned this
task, assisted by planning technicians and engi
neers. This is particularly important because
of the value system implications inherent in any
set of development objectives. The act of parti
cipation by duly elected or appointed public offi,...
cials and by citizen leaders in the overall regional
planning pro gram is implicit in the structure
and organization of the Southeastern Wisconsin
Regional Planning Commission itself. Moreover,
the Commission very early in its existence recog
nized that the task of guiding the broad spectrum
of related public and private development pro
grams which would influence and be influenced
by a comprehensive regional planning program
would require an even broader opportunity for the
active participation of public officials and private
interest groups in the regional planning process.
In light of this recognition, the Commission has
provided for the establishment of a number of
advisory committees to assist the Commission
and its staff in the conduct of the regional plan
ning program. The Technical Coordinating and
Advisory Committee on Regional Sanitary Sewer
age System Planning is only one of many advisory

committees which have contributed to the formu
lation of objectives toward which the advisory
structure of regional plan elements has been
directed. Others include the Intergovernmental
Coordinating Committee on Regional Land Use
Transportation Planning and the Technical Coor
dinating and Advisory Committee on Regional
Land Use-Transportation Planning, which jointly
contributed to the formulation of the land use and
transportation development objectives; and the
Root River Watershed Committee, the Fox River
Watershed Committee, and the Milwaukee River
Watershed Committee, which contributed to the
formulation of water use and water control facility
objectives for their respective watersheds.

This chapter sets forth the relevant regional plan
ning objectives, principles, and standards which
have been adopted by the Commission under
related regional planning programs after careful
review and recommendation by the advisory com
mittees concerned. In addition, a series of new
objectives, principles, and standards relating
directly to the development of sanitary sewerage
systems is presented.

BASIC CONCEPTS AND DEFINITIONS

The term "objective" is subject to a wide range
of interpretation and application, and is closely
linked to other terms often used in planning work
which are equally subject to a wide range of inter
pretation and application. The following defini
tions have, therefore, been adopted in order to
provide a common frame of reference:

1. Objective: a goal or end toward the attain
ment of which plans and policies are
directed.

2. Principle: a fundamental, primary, or gen
erallyaccepted tenet used to support objec
tives and prepare standards and plans.

3. Standard: a criterion used as a basis of
comparison to determine the adequacy of
plan proposals to attain objectives.
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4. Plan: a design which seeks to achieve the
agreed-upon objectives.

5. Policy: a rule or course of action used to
ensure plan implementation.

6. Program: a coordinated series of policies
and actions to carry out a plan.

Although this chapter deals with the first three of
these terms, an understanding of the interrela
tionship of the foregoing definitions and the basic
concepts which they represent is essential to the
following discussion of development objectives,
principles, and standards.

DEVELOPMENT OBJECTIVES

Objectives, in order to be useful in the compre
hensive regional planning process, must be sound
logically and related in a .demonstrable and mea
surable way to alternative physical development
proposals. This is necessary because it is the
legal duty and function of the Commission to
prepare a comprehensive plan for the physical
development of the Region and, more particularly,
because it is the purpose of the regional sanitary
sewerage system planning program to prepare one
of the key elements of such a plan: a regional
sanitary sewerage system plan. Only if the objec
tives are clearly relatable to physical develop
ment, and only if they are subject to objective
test, can an intelligent choice be made from
alternative plans in order to select the one plan
or combination of plans which best meets the
agreed-upon objectives.

Recognizing that various public and private inter
est groups within a Region as large and diverse as
southeastern Wisconsin may have varying and at
times conflicting objectives; that many of these
objectives are of a qualitative nature, and there
fore, difficult to quantify; and that many objectives
which may be held to be important by the various
interest groups within the Region may not be
related in a demonstrable manner to physical
development plans, the Commission has identified
two basic types of objectives. These are general
development objectives, which are by their very
nature either qualitative or difficult to relate
directly to development plans; and specific devel
opment objectives, which can be directly related
to physical development plans and at least crudely
quantified.
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General Objectives
After careful review and recommendation by
advisory and intergovernmental coordinating com
mittees under the regional land use-transportation
study, which was the first planning program cop.
ducted by the Commission designed to prepare the
regional plan elements, the Commission adopted
nine general development objectives for the
Region. These are:

1. Economic growth at a rate consistent with
regional resources and primary depen
dence on free enterprise, in order to pro
vide maximum employment opportunities
for the expanding labor force of the Region.

2. A wide range of employment opportunities
through a broad, diversified economic base.

3. Conservation and protection of desirable
existing residential, commercial, indus
trial, and agricultural development in order
to maintain desirable social and economic
values; renewal of obsolete and deteriorat
ing residential, commercial, and industrial
areas in the rural as well as in the urban
areas of the Region; and prevention of
slums and blight.

4. A broad range of choice among housing
designs, types, and costs, recognizing
changing trends in age group composition,
income, and family living habits.

5. An adequate and balanced level of com
munity services and facilities.

6. An efficient and equitable allocation of
fiscal resources within the public sector
of the economy.

7. An attractive and healthful physical and
social environment with ample opportuni
ties for education, cultural activities, and
outdoor recreation.

8. Protection, wise use, and sound develop
ment of the natural resource base.

9. Development of communities having dis
tinctive individual character, based on
physical conditions, historical factors, and
local desires.
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The foregoing development objectives are pro
posed as goals which public policy within the
Region should promote. They are all necessarily
general but, nevertheless, provide the broad
framework within which regional planning can take
place and the more specific goals of the various
functional elements and component parts of the
regional plan can be stated and pursued. The
statement of these objectives is concerned entirely
with ends and not with means, and the principal
emphasis of these general development objectives
is on those aspects of regional development which
relate either to the expenditure of public funds
or to the effects of government actions and
regulations. With respect to these development
objectives, it is deemed sufficient to arrive at a
consensus among advisory committees and the
Commission itself that plan proposals do not con
flict with the objectives. Such a consensus repre
sents the most practical evaluation of the ability
of alternative plan proposals to meet the general
development objectives.

Specific Development Objectives
In the framework established by the general
development objectives, a secondary set of more
specific alternatives can be postulated which will
be directly relatable to physical development
plans and can be at least crudely quantified. The
quantification is facilitated by complementing each
specific objective with a set of quantifiable plan
ning standards which are, in turn, directly relat
able to a planning principle which supports the
chosen objective. Planning principles thus aug
ment each specific objective by asserting its
inherent validity as an objective.

In its planning efforts to date, the Commission has
adopted, after careful review and recommendation
by advisory and coordinating committees, nine
specific regional land use development objectives,
seven specific regional transportation system
development objectives, and four specific water
control facility development objectives. These
specific development objectives, together with
their supporting principles and standards, are
set forth in full in previous Commission plan
ning reports}

l See SEWRPC Planning Report No.7, Land Use-Transpor

tation Study, Forecasts and Alternative Plans--1990,
Volume II. and SEWRPC Planning Reports Nos. 9, 12, and
13, Comprehensive Plans for the Root, Fox, and Milwaukee
River Watersheds, respectively

Land Use Development Objectives: The nine spe
cific regional land use development objectives
already adopted by the Commission under pre
vious planning programs are applicable to the
regional sanitary sewerage system planning effort,
and are hereby recommended. for reaffirmation
as development objectives under the regional
sanitary sewerage system planning program.
These are:

1. A balanced allocation of space to the var
ious land use categories which meets the
social, physical, and economic needs of
the regional population.

2. A spatial distribution of the various land
uses which will result in a compatible
arrangement of land uses.

3. A spatial distribution of the various land
uses which will result in the protection,
wise use, and development of the natural
resources of the Region.

4. A spatial distribution of the various land
uses which is properly related to the sup
porting transportation and public utility
systems in order to assure the economic
provision of utility and municipal services.

5. The development and conservation of resi
dential areas within a physical environ
ment that is healthy, safe, convenient,
and attractive.

6. The preservation and provision of a variety
of suitable industrial and commercial sites
both in terms of physical characteristics
and location.

7. The preservation and prOVISIOn of open
space to enhance the total quality of the
regional environment, maximize essential
natural resource availability, give form
and structure to urban development, and
facilitate the ultimate attainment of a bal
anced year-round outdoor recreation pro
gram providing a full range of facilities
for all age groups.

8. The preservation of land areas for agri
cultural uses in order to provide for cer
tain special types of agriculture, provide
a reserve for future needs, and ensure the
preservation of those unique rural areas
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which provide wildlife habitat and which
are essential to shape and order urban
development.

9. The attainment of good soil and water con
servation practices in order to reduce
storm water runoff; soil erosion; and
stream and lake sedimentation, pollution,
and eutrophication.

Water Control Facility Development Objectives:
Two of the four water control facility development
objectives already adopted by the Commission
under its comprehensive watershed planning pro
grams are applicable to the regional sanitary
sewerage system planning effort and are hereby
recommended for reaffirmation as specific devel
opment objectives for the regional sanitary sew
erage system planning program. These are:

1. An integrated system of drainage and flood
control facilities which will effectively
reduce flood damage under the existing
land use pattern in the watersheds of the
Region and promote the implementation of
the watershed land use plans, meeting the
anticipated runoff loadings generated by
the existing and proposed land uses.

2. Attainment of sound groundwater resource
development and protective practices to
minimize the possibility of pollution and
depletion of the groundwater resources.

Two additional objectives formulated under the
watershed programs deal with stream and lake
water quality for each particular watershed.
These objectives have been implicitly recognized
in the development of similar objectives for the
Region as a whole under the regional sanitary
sewerage system planning program.

sanitary Sewerage System Development Objec
tives: The following four specific development
objectives for regional sanitary sewerage system
planning have been developed under this program
and are recommended for adoption as additional
development objectives for the Region:

1. The development of sanitary sewerage
systems which will effectively serve the
existing regional urban development pat
tern and promote implementation of the
regional land use plan, meeting the antici
pated sanitary waste disposal demand gen
erated by the existing and proposed land
uses.
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2. The development of sanitary systems so
as to meet established water use objec
tives and supporting water quality stan
dards (see Map 49).2

3. The development of sanitary sewerage
systems that are properly related to and
will enhance the overall quality of the
natural and manmade environments.

4. The development of sanitary sewerage
systems that are both economical and
efficient, meeting all other objectives at
the lowest cost possible.

Principles and Standards
Complementing each of the foregoing specific land
use, water control, and sanitary sewerage system
development objectives is a planning principle and
a set of planning standards. These, as they apply

2 It is important to note that the recommended water
use objectives differ in certain locations from the
current (1973) water use objectives adopted by the
Wisconsin Natural Resources Board and set forth in
Chapter NR 104 of the Wisconsin Administrative Code.
In four locations--three lakes and one stream--the
recommended water use objectives are lower than the
currently adopted water use objectives: Peters, North,
and Long Lakes in Walworth Count~ where the physical
characteristics of the lake, and in particular the
extremely shallow depths, severely inhibit use for
recreational and fishery purposes and the lakes are
recommended, therefore, to be placed in the restricted
use category rather than in the recreational use

category; and the Pike Creek tributary to the Kenosha
harbor in Kenosha County which has essentially been
converted to a closed urban storm sewer and, there
fore, is recommended to be placed in the restricted
category rather than in the recreational and fish and

aquatic life use categories. In six locations the
recommended water use objectives are higher than those
currently adopted by the state: Barnes Creek in
Kenosha County, Pike Creek tributary to Pike River in
Kenosha County, Pike River in Racine County, Sussex
Creek in Waukesha County, Indian Creek in Milwaukee
County, and the Menomonee River between Honey Creek
and Hawley Road in Milwaukee County. In each instance
the surface water involved is recommended to be placed
in the recreational and fish and aquatic life use

categories rather than the restricted use category.
Since these streams have been placed in the restricted
use category because of current waste sources, namely
temporary sewage treatment facilities, sanitary sewer

overflows, and malfunctioning septic tank systems, and
since it is expected that these waste sources will be
eliminated as sources of pollution over time as cen

tralized sanitary sewerage systems are extended and
relief sewers constructed, it is recommended as a long
term objective that the recreational and fish and
aquatic life use categories be applied.
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TROUT FISHERY. RECREATIONAL. AND MINIMUM STANDAROS

• SALMON $PAWNING. RECREATIONAL AND MINIMUM STANOAROS

o FISH AND AQUATIC LIFE. REI:IIlEATIONAL. AND MINIMUM STANDAIIlDS

I. niE ADOPTED WATER QUALITY STANDARDS THAT
SUPPORT THE MAJOR WATE~ USE OBJECTIVES
D£PICTEO ON T....S MAP A~E SET FORT'" IN TABLE
13. T"'ESE OBJECTIVES AND SUPPORTING STAND
ARDS APPLY TO ALL SURFACE WATERS OF THE
STATE ONLY THOSE STREAMS 'DENT.FIED AS
P£RENNIAL BY THE: US.GEOLOGICAL SURVEY AND
THOSE LAKES AT LEAST ~ ACRES IN SIZE ARE:
SHOWN ON Tl-lIS MAP,

OBJ ECT I YES
1990
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~-

SEWRPC.
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Map ~9

RECOMMENOED WATER USE
FOR THE REGION:

t-_., '=b' . . .~... %-1- ....

WATER USE OBJECTIVES

RESTRICTED ANO MINIMUM STANDARDS

2 SALMON ARE RELEASED IN OAK CREEl< ANO AT THE
MOUTHS OF PIKE RIVER. THE ROOT RIVER. AND
$AUK CREEK, T"'E SALMON ALSO MAKE THEIR
$PAWNING RUNS UP EACH OF THESE STREAMS. THE
UPSTREAM TERMINUS OF THE SPAWNING RUNS IN
EACH OF THESE FOUR STREAMS IS NOT KNOWN.

3 ALL LAKl!'; MICHIGAN WATERS ARE INTENDED FOR THE
FOLLOWING WATER USES. RECREATIONAL USE. FISH
AND AQUATIC LI FE, AND PUBLIC WATER SUPPLY.
WHE:REAS THE OPEN WATE~S OF LAKE MICHIGAN
ARE INTENDED TO SUPPORT A TROuT FISHERY. LAKE
MICHIGAN WATERS, THEREFORE. SHALL MeET Tl-IE
WATER QUALITY STANDARDS SUPPO~TING THESE
USES AS WELL AS THERMAL DISCHARGE STAI>:OARDS
ESTABLISHED ESPl!';CIALLY FOR LAKE MICHIGAN AS
SET FORTH IN TABLE 13.

NOTES,

__~i~
. Fl ... ··~·::£-

~_-..zclVJsc ~~:L-_-.A ~- I~~
ILLINOIS

The 1990 water use objectives shown on this ••p provide an I.portant basis for regional sanitary sewerage system
plan design. test, and evaluation. Since sewage effluent from treatment plants is one of the most significant
sources of pollution of the lakes and streams of the Region, It Is esserrtial that the regional sanitary sewerage
system pi an i neT ude recommended perforDlance standards wi th rflspec t to each sewage treatllent fac iIi ty so as to assure
that the designated water use objectives for a particular shealll or lake are ultimately reached. Generally the sur
face waters of the Region are recommended to be maintained in a condition suitable for both recreational use and
for the preservation and enhancement of fish and aquatic life. The attainment of these objectives will require the
provision of levels of waste treatment beyond t.hose normally found in the RegIon today.
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Table 75

LAND USE PLANNING OBJECTIVES, PRINCIPLES, AND STANDARDS I
OBJECTIVE NO.1

Abalanced allocation of space to the various land use categories which meets the social, physical, and economic needs of the regional population.

PRINCIPLE

The planned supply of land set aside for any given use should approximate the known and anticipated demand for that use.

STANDARDS

1. For each additional 1,000 persons to be accommodated within the Region at each density, the following minimum amounts of land should be set aside:

Residential Land Net Areal Gross Area2

Low density 250 acres/l,OOO persons 312 acres/I,OOO persons
Medium density 70 acres/I,OOO persons 98 acres/l,OOO persons
High density 25 acres/I,OOO persons 38 acres/l,OOO persons

Governmental and Institutional Land

Regional4
Locals

Park and Recreation Land6

Regional8
Local9

Gross Area3

3 acres/I,OOO persons
6 acres/l,OOO persons

Gross Areal

4 acres/I,OOO persons
10 acres/I,OOO persons

I
I
I
I
I

2. For each additional 100 commercial and industrial employees to be accommodated within the Region, the following minimum amounts of land should be I
set aside.

Commercialland11

Industrialland l2

Gross Area 10

5 acres/IOO employees
7 acres/lOa employees I

OBJECTIVE NO.2

Aspatial distribution of the various land uses which will result in a compatible arrangement of land uses.

PRINCIPLE

The proper allocation of uses to land can avoid or minimize hazards and dangers to health, safety, and welfare and maximize amenity and convenience in
terms of accessibility to supporting land uses.

STANDARDS

1. Residential uses should be located within planning units which contain, within a reasonable' walking distance, necessary supporting local service uses
such as neighborhood park, local commercial, and elementary school facilities; and should have reasonable access, through the appropriate component of
the transportation system, to employment, commercial and cultural centers, and secondary school facilities.

2. Regional commercial uses should be located in centers of concentrated activity on only one side of an arterial street and should be afforded direct
accessl3 to the arterial street system.

3. Industrial uses should be located to have direct access to highway facilities and reasonable access through the appropriate component of the transporta
tion system to residential areas and railway and airport facilities, and should not be intermixed with commercial, residential, governmental, recreational,
or institutional land uses.

OBJECTIVE NO.3

Aspatial distribution of the various land uses which will result in the protection, wise use, and development of the natural resource of the Region.

I
I
I
I
I

PRINCIPLE

The proper allocation of uses to land can assist in maintainint!; an ecological balance between the activities of man and the natural environment which I
supports him.

A. Soils

Principle

The proper relation of urban and rural land use development to soils can serve to avoid many environmental problems, aid in the establishment of better
regional settlement patterns, and promote the wise use of an irreplaceable resource.

STANDARDS

1. Urban development, particularly for residential use, shall be located only in those areas which do not contain significant concentrations of soils rated
in the regional detailed operational soil survey as poor, questionable, or very poor for such development. Significant concentrations are defined as follows:

a. In areas14 to be developed for low-density residential use, no more than 2.5 percent of the gross area should consist of soils rated in the regional
soil survey as poor, questionable, or very poor for such development.
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b. In areas to be developed for medium-density residential use, no more than 3.5 percent of the gross area should consist of soils rated in the regional
soil survey as poor, questionable, or very poor for such development.

c. In areas to be developed for high-density residential use, no more than 5.0 percent of the gross area should consist of soils rated in the regional
soil survey as poor, questionable, or very poor for such development.

2. Rural development, principally agricultural land use, shall be allocated primarily to those areas covered by soils rated in the regional soil survey as
very good, good, or fair for such use.

3. Land developed or proposed to be developed without public sanitary sewer service should be located only on areas covered by soils rated in the region
al soil survey as very good, good, or fair for such development.

B. Inland Lakes and Streams

Principle

Inland lakes and streams contribute to the atmospheric water supply through evaporation; provide a suitable environment for desirable and sometimes
unique plant and animal life; provide the population with opportunities for certain scientific, cultural, and educational pursuits; constitute prime recrea
tional areas; provide a desirable aesthetic setting for certain types of land use development; serve to store and convey floodwaters; and provide certain
water withdrawal requirements.

STANDARDS

1. A minimum of 25 percent of the perimeter or shoreline frontage of lakes having a surface area in excess of 50 acres and of both banks of all perennial
streams should be maintained in a natural state.

2. A minimum of 10 percent of the shoreline of each inland lake having a surface area in excess of 50 acres should be maintained for public use, such as
a beach area, pleasure craft marina, or park.

3. Not more than 50 percent of the shoreline length of inland lakes having a surface area in excess of 50 acres and of perennial streams should be al·
located to urban development except for park and outdoor recreational use.

4. In addition, it is desirable that 25 percent of the shoreline of each inland lake having a surface area less than 50 acres be maintained in either a natural
state or some low-intensity public use, such as park land.

5. Floodplain lands!5 should not be allocated to any urban developmentl6 which would cause or be subject to flood damage.

6. No unauthorized structure or fill should be allowed to encroach upon and obstruct the flow of water in the perennial stream channels!7 and floodways.!8

C. Wetlands

Principle

Wetlands support a wide variety of desirable and sometimes unique plant and animal life; assist in the stabilization of lake levels and streamflows; trap,
store, and release plant nutrients in runoff with a net improvement in the quality of runoff, thus reducing enrichment of surface waters and obnoxious weed
and algae growth; contribute to the atmospheric oxygen supply, reduce storm water runoff by providing area for floodwater impoundment and storage;
reduce stream sedimentation; and provide the population with opportunities for certain scientific, educational, and recreational pursuits.

STANDARDS

All wetland areas!9 adjacent to streams or lakes, all wetlands within areas having special wildlife values, and all wetlands having an area in excess of
50 acres should not be allocated to any urban development except limited recreation and should not be drained or filled. Adjacent surrounding areas should
be kept in open-space use, such as agriculture or limited recreation.

D. Woodlands20

Principle

Woodlands assist in maintaining unique natural relationships between plants and animals; reduce storm water runoff; contribute to the atmospheric oxygen
supply; contribute to the atmospheric water supply through transpiration; aid in reducing soil erosion and stream sedimentation; provide the resource base
for the forest product industries; provide the population with opportunities for certain scientific, educational, and recreational pursuits; and provide a
desirable aesthetic setting for certain types of land use development.

STANDARDS

1. A minimum of 10 percent of the land area of each watershed2! within the Region should be devoted to woodlands.

2. For demonstration and educational purposes, the woodland cover within each county should include a minimum of 40 acres devoted to each major forest
type: oak-hickory, northern hardwood, pine species, and lowland forest.

3. Aminimum regional aggregate of 5 acres of woodland per 1,000 population should be maintained for recreational pursuits.

E. Wildlife22

Principle

Wildlife, when provided with a suitable habitat, will provide the population with opportunities for certain scientific, educational, and recreational pursuits;
provide a food source; aid significantly in controlling harmful insects and other noxious pests; and provide an economic resource for the fur and fishing
ind ustries.
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STANDARDS

The most suitable habitat for wildlife, that is - the area wherein fish and game can best be fed, sheltered, and reproduced - is a natural habitat. Since
the natural habitat for fish and game can best be obtained by preserving or maintaining other resources, such as soil, air, water, wetlands, and woodlands,
in a wholesome state, the standards for each of these other resources, if met, would ensure the preservation of a suitable wildlife habitat and population.

OBJECTIVE NO.4

A spatial distribution of the various land uses which is properly related to the supporting transportation and public utility systems in order to assure the
economical provision of utility and municipal services.

PRINCIPLE

The transportation and public utility facilities and the land use pattern which these facilities serve and support are mutually interdependent in that the
land use pattern determines the demand for, and loadings upon, transportation and utility facilities and these facilities, in turn, are essential to, and form
a basic framework for, la nd use development.

STANDARDS

1. The transportation system should be located and designed to avoid the penetration of residential planning units by through traffic.

2. The transportation system should be located and designed to avoid the penetration of prime natural resource areas by through traffic.

3. The transportation system should be located and designed to provide access not only to all land presently devoted to urban development but to all land
well-suited for urban development.

4. Transportation terminal facilities, such as off-street parking, should be located in close proximity to the principal land uses to which they are ac
cessory.

5. Land developed or proposed to be developed for medium- and high-density residential use should be located in a gravity drainage area tributary to an
existing or proposed public sanitary sewerage system.

6. Land developed or proposed to be developed for medium- and high-density residential use should be located in areas serviceable by an existing or pro
posed public water supply system.

7. Urban development should be located so as to maximize the use of existing transportation and utility systems.

OBJECTIVE NO.5

The development and conservation of residential areas within a physical environment that is healthy, safe, convenient, and attractive.

PRINCIPLE

Residential areas developed in designed planning units can assist in stabilizing community property values, preserving residential amenities, and pro
moting efficiency in the provision of public and community service facilities; can best provide a desirable environment for family life; and can provide
the population with improved levels of safety and convenience.

STANDARDS

1. Residential planning units should be physically self-contained within clearly defined and relatively permanent isolating boundaries, such as arterial
streets and highways, major park and open-space reservations, or significant natural features, such as rivers, streams, or hills.

2. Residential planning units should contain enough area to provide housing for the population served by one elementary school and one neighborhood park;
an internal street system which discourages penetration of the unit by through traffic; and all of the community and commercial facilities necessary to
meet the day-to-day living requirements of the family within the immediate vicinity of its dwelling unit. To meet these requirements at varied residential
densities, the following specific standards should be meF3

Low-Density Medium-Density High-Density
Land Use Development Development Development

(2 miles square) (1 mile square) (II, mile square}
Percent of Area Percent of Area Percent of Area

Residential ...................................................... 80.0 71.0 66.0
Streets & Utilities .......................................... 16.5 23.0 25.0
Parks & Playgrounds..................................... 1.5 2.5 3.5
Public Elementary School ............................ 0.5 1.5 2.5
Other Governmental & Institutional ............ 1.0 1.0 1.5
Commercial ..................................................... 0.5 1.0 1.5

Total 100.0 100.0 100.0

3. Each residential planning unit should be designed to include a wide range of housing types, designs, and costs.

OBJECTIVE NO.6

The preservation and provision of avariety of suitable industrial and commercial sites both in terms of physical characteristics and location.
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PRINCIPLE

The production and sale of goods and services are among the principal determinants of the level of economic vitality in any society, and the important
activities related to these functions require areas and locations suitable to their purpose.

STANDARDS

1. New industrial development should be located in planned industrial districts which meet the following standards:

a. Direct access to high-speed, all-weather highway facilities.

b. Reasonable access to railroad facilities.

c. Reasonable access to airport facilities for the movement of both passengers and freight.

d. Available adequate water supply.

e. Available adequate sanitary sewer service.

f. Available adequate storm water drainage facilities.

g. Available adequate power supply.

h. Soils rated in the regional soil survey as very good, good, or fair for such development.

2. New local commercial development, which includes activities primarily associated with the sale of convenience goods and services, should be con
tained within the residential planning units, the total area devoted to the commercial use varying with the residential density:

a. In low-density areas, land devoted to local commercial centers should comprise at least 0.5 percent of the total gross residential area or about
3.2 acres per square mile of gross residential land use.

b. In medium-density areas, land devoted to local commercial centers should comprise at least 1.0 percent of the total gross residential area or about
6.4 acres per square mile of gross residential land use.

c. In high-density areas, land devoted to local commercial centers should comprise at least 1.5 percent of the total gross residential area or about
9.6 acres per square mile of gross residential land use.

3. New regional commercial development, which would include activities primarily associated with the sale of shopper's goods, should be concentrated in
regional commercial centers which meet the following minimum standards:

a. Accessibility to a population of between 75,000 and 150,000 persons located within either a 20-minute one-way travel period or a ten-mile radius.

b. Direct access to the arterial street system.

c. Available adequate water supply.

d. Available adequate sanitary sewer service.

e. Available adequate storm water drainage facilities.

f. Available adequate power supply.

g. Aminimum site area of 60 acres.

h. Soils rated in the regional soil survey as very good, good, or fair for such development.

In addition to the above minimum standards, the following site development standards are desirable:

Provision of off-street parking for at least 5,000 cars.

j. Provision of adequate. off-street loading facilities.

k. Provision of well-located points of ingress and egress which are controlled to prevent traffic congestion on adjacent arterial streets.

I. Provision of adequate screening to serve as a buffer between the commercial use and adjacent noncommercial uses.

m. Provision of adequate building setbacks from major streets.

OBJECTIVE NO.7

The preservation and provision of open space24 to enhance the total quality of the regional environment, maximize essential natural resource availability,
give form and structure to urban development, and facilitate the ultimate attainment of a balanced year-round outdoor recreational program providing a
full range of facilities for all age groups.

PRINCIPLE

Open space is the fundamental element required for the preservation, wise use, and development of such natural resources as soil, water, woodlands,
wetlands, and wildlife; it provides the opportunity to add to the physical, intellectual, and spiritual growth of the population; it enhances the economic
and aesthetic value of certain types of development; and is essential to outdoor recreational pursuits.

STANDARDS25

1. Local park and recreation open spaces should be provided within a maximum service radius of one-half mile of every dwelling unit in an urban area,
and each site should be of sufficient size to accommodate the maximum tributary service area population at a use intensity of 675 persons per acre.

2. Regional park and recreation open spaces should be provided within an approximately one-hour travel time of every dwelling unit in the Region and
should have a minimum site area of 250 acres.

3. Areas having unique scientific, cultural, scenic, or educational value should not be allocated to any urban or agricultural land uses; and adjacent
surrounding areas should be retained in open-space use, such as agriculture or limited recreation.
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OBJ ECliVE NO.8

The preservation of land areas for agricultural uses in order to provide for certain special types of agriculture, provide a reserve for future needs, and
ensure the preservation of those unique rural areas which provide wildlife habitat and which are essential to shape and order urban development.

PRINCIPLE

Agricultural areas, in addition to providing food and fibre, contribute significantly to maintaining the ecological balance between plants and animals; pro
vide locations proximal to urban centers for the production of certain food commodities which may require nearby population concentrations for an
efficient production-distribution relationship; and provide open spaces which give form and structure to urban development.

STANDARDS

1. All prime agricultural areas26 should be preserved.

2. All agricultural lands surrounding adjacent high-value scientific, educational, or recreational resources and covered by soils rated in the regional
detailed operational soil survey as very good, good, or fair for agricultural use should be preserved.

In addition to the above, attempts should be made to preserve agricultural areas which are covered by soils rated in the regional detailed operational
soil survey as fair if these soils: a) occur in concentrations greater than five square miles and surround or lie adjacent to areas which qualify under either
of the above standards, or b) occur in areas which may be designated as desirable open spaces for shaping urban development.

OBJECTIVE NO.9

The attainment of good soil and water conservation practices in order to reduce storm water runoff; soil erosion; and stream and lake sedimentation,
pollution, and eutrophication.

PRINCIPLE

Good soil and water conservation practices, including mulch tillage, terracing, grass in waterways, contour strip cropping, and suitable crop rotation in
rural areas; seeding; sodding; erosion control structures for drainageways; erosion control structures at storm sewer outlets; and proper land develop
ment and construction methods and practices, particularly in urban areas, including maximum possible delay in stripping of vegetation, construction of
sediment basins, and mulching and revegetating as soon as possible, can assist in reducing storm water runoff; soil erosion; and stream and lake silta
tion, pollution, and eutrophication.

STANDARDS

1. The area of the watershed in cultivated agricultural use, which has general land slopes greater than 2 percent, should be under district cooperative
soil and water conservation agreements and planned conservation treatment.

2. Drainageways should be controlled to eliminate channel erosion both through stabilization of bank and bed materials and by reduction of the channel
gradient.

3. All urban and structural plans and developments, where soil and vegetative cover is removed, should include soil and water conservation practices to
control erosion on critical areas.

4. Runoff through and from areas with exposed soil should be trapped and stored or retarded to less than critical erosive velocities.

INet land use area is defined as the actual site area devoted to a given use and consists of the ground floor site area occupied by any buildings plus the
required yards and open spaces.

2Gross residential land use area is defined as the net area devoted to this use plus the area devoted to all supporting land uses including streets, neighbor
hood parks and playgrounds, elementary schools, and neighborhood institutional and commercial uses, but not including freeways and expressways.

3Gross governmental and institutional area is defined as the net area devoted to this use plus the area devoted to supporting land uses, including streets
and off-street parking.

41ncludes federal, state, and county governmental uses; hospitals; cemeteries; colleges and universities; and large region-serving, semipublic institu
tional uses, such as central YMCA facilities.

51ncludes schools and churches. Approximately one-half of this standard is met implicitly if the gross acreage standard for residential use is met.

6This category does not include regional or local open spaces other than those actively used for public park or outdoor recreational purposes. Such
uses as boulevards, parkways, stadia, environmental corridors, arboreta, zoological gardens, and botanical gardens are not included unless they are
a part of or adjacent to an active recreation area.

7Gross park and recreation area is defined as equal to net area.

BBrighton Dale County Park; Cliffside County Park; Harrington Beach State Park; Minooka County Park; Oakwood County Park; Ottawa Lake State Recre
ation Area; Pike Lake State Park; Racine County Park, Ela Site; and Whitewater Lake State Recreation Area.

9A portion of this standard is met implicitly if the gross acreage standard for residential use is met. This implicite portion totals 1.3 acres per 1,000
persons in a one-half mile square high-density neighborhood; 2.5 acres per 1,000 persons in a one mile square medium-density neighborhood; and 4.5
acres per 1,000 persons in a two mile square low-density neighborhood.

IOGross commercial and industrial area is defined as the net area devoted to this use plus the area devoted to supporting land uses, including streets and
off-street parking.

II Includes all regional, local, and highway-oriented commercial activities plus adjacent streets and onsite parking.

121ncludes all manufacturing and wholesaling activities plus adjacent streets and onsite parking.

I3Direct access implies adjacency or immediate proximity.

14Areas, as used in this context, refer to any land unit, 160 acres or more in areal extent, which is subject to development.
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15Floodplain lands are herein defined as those lands inundated by a flood having a recurrence interval of 100 years where hydrologic and hydraulic en
gineering data are available, and as those lands inundated by the maximum flood of record where such data are not available.

16Urban development, as used herein, refers to all land uses except agriculture, water, woodlands, wetlands, and open lands.

17A stream channel is herein defined as that area of the floodplain lying either within legally established bulkhead lines or within sharp and pronounced
banks marked by an identifiable change in flora and normally occupied by the stream under average annual high-flow conditions.

18Floodway lands are herein defined as those lands inundated by a flood having a recurrence interval of 10 years and require hydrologic and hydraulic
engineering data for delineation.

19Wetland areas are defined as those lands which are partially covered by marshland flora and generally covered with shallow standing water, open lands
intermittently covered with water, or lands which are wet and spongy due to a high water table or character of the soil.

2°The term woodlands, as used herein, is defined as a dense, concentrated stand of trees and underbrush covering a minimum area of 20 acres.

21A watershed, as used herein, is defined as a portion of the surface of the earth occupied by a surface drainage system discharging all surface water
runoff to a common outlet and which is 25 square miles or larger in areal extent.

221ncludes all fish and game.

23For a more detailed description of development densities, population, and dwelling units, see Appendix Table A-1 and A-2, SEWRPC Planning Report
No.7, Volume 2, Forecasts and Alternative Plans - 1990.

240pen space is defined as land or water areas which are generally undeveloped for residential, commercial, or industrial uses and are or can be con
sidered relatively permanent in character. It includes areas devoted to park and recreation uses and to large land-consuming institutional uses, as well
as areas devoted to agricultural use and to resource conservation whether publicly or privately owned.

251t was thought impractical to establish spatial distribution standards for open space, per se; therefore, only the park and recreation component of the
open-space land use category is listed in the standards according to its local or regional orientation. These local park and recreation spaces may in
clude playlots, playgrounds, playfields, and neighborhood parks. Regional park and recreation spaces include large county or state parks. Other open
spaces which are not included in the spatial distribution standard are forest preserves and arboreta; major river valleys; lakes; zoological and botani
cal gardens; stadia; woodland, wetland, and wildlife areas; scientific areas; and agricultural lands whose location must be related to, and determined by,
the natural resource base.

26Prime agricultural areas are defined as those areas which contain soils rated in the regional detailed operational soil survey as very good or good for
agriculture, and occur in concentrated areas over five square miles in extent which have been designated as exceptionally good for agricultural produc
tion by agricultural specialists.

Source: SEWRPC.

Tab] e 76

WATER CONTROL FACILITY DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS

OBJECTIVE NO. I

An integrated system of drainage and flood control facilities which will effectively reduce flood damage under the existing land use pattern in the water
sheds of the Region and promote the implementation of the watershed land use plans, meeting the antieipated runoff loadings generated by the existing
and proposed land uses.

PRINCIPLE

Reliable local municipal storm water drainage facilities cannot be properly planned, designed, or constructed except as integral parts of an areawide
system of floodwater conveyance and storage facilities centered on major drainageways and perennial waterways designed so that the hydraulic capacity
of each waterway opening and channel reach abets the common aim of providing for the storage, as well as the movement, of floodwaters. Not only does
the land use pattern of the tributary drainage area affect the required hydraulic capacity, but the effectiveness of the floodwater conveyance and storage
facilities affects the uses to which land within the tributary watershed, and particularly within the riverine areas of the watershed, may properly be put.

STANDARDS

1. All new and replacement bridges and culverts over perennial waterways shall be designed so as to accommodate, according to the categories listed
below, the designated flood events without overtopping of the related roadway or railroad track and resultant disruption of traffic by floodwaters.

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a lO-year recurrence interval flood discharge.

b. Arterial streets and highways, other than freeways and expressways, used or intended to be used primarily to carry heavy volumes of fast, through
traffic: a50-year recurrence interval flood discharge.

c. Freeways and expressways: a 100-year recurrence interval flood discharge.

d. Railroads: a 100-year recurrence interval flood discharge.

2. All new and replacement bridges and culverts over perennial waterways, including pedestrian and other minor bridges, in addition to meeting the ap
plicable above-specified requirements, shall be designed so as to accommodate the IOO-year recurrence interval flood event without raising the peak
stage, either upstream or downstream, more than 0.5 foot above the peak stage for the 100-year recurrence interval flood, as established in the adopted
comprehensive watershed plan. Larger permissible flood stage increases may be acceptable for reaches having topographic or land use conditions which
could accommodate the increased stage without creating additional flood damage potential upstream or downstream of the proposed structure.

3. The waterway opening of all new and replacement bridges shall be designed so as to readily facilitate the passage of ice floes and other floating
debris and thereby avoid blockages often associated with bridge failure and with unpredictable backwater effects and flood damages. In this respect it
should be recognized that clear spans and rectangular openings are more efficient than interrupted spans and curvilinear openings in allowing the pas
sage of ice floes and other floating debris.
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4. Certain new or replacement bridges and culverts over perennial waterways, including pedestrian and other minor bridges, so located with respect
to the stream system that the accumulation of floating ice or other debris may cause significant backwater effects with attendant danger to life, public
health, or safety, or attendant serious damage to homes, industrial and commercial buildings, and important public utilities, shall be designed so as to
pass the 100-year recurrence interval flood with at least 2.0 feet of freeboard between the peak stage and the low concrete or steel in the bridge span.

5. Standards 1, 3, and 4 shall also be used as the criteria for assessment of the adequacy of the hydraulic capacity and structural safety of existing bridges
or culverts over perennial waterways and thereby serve, within the context of the adopted comprehensive watershed plan, as the basis for crossing mod
ification or replacement recommendations designed to alleviate flooding and other problems.

6. Channel improvements, levees, and floodwalls should be restricted to the minimum number and extent absolutely necessary for the protection of ex
isting and proposed land use development, which development is consistent with the land use element of the comprehensive watershed plan; and any such
improvements which may significantly increase upstream or downstream peak flood discharges should be used only in conjunction with complementary
facilities for the storage and movement of the incremental floodwaters through downstream reaches. The height of levees and floodwalls shall be based
on the high water surface profiles for the 100-year recurrence interval flood prepared under the comprehensive watershed study, and shall be capable
of passing the 100-year recurrence interval flood with a freeboard of at least two feet. Channel improvements, levees, or flood walls shall not increase
the height of the 100-year recurrence interval flood by more than one-half foot in any unprotected upstream or downstream stream reaches. Increases
in flood stages in excess of one-half foot resulting from any channel, levee, or floodwall improvement shall be contained within the upstream or down
stream extent of the channel, levee, or floodwall improvement, except where topographic or land use conditions could accommodate the increased stage
without creating additional flood damage potential.

The construction of channel improvements, levees, or flood walls shall be deemed to change the limits and extent of the associated f100dways and flood
plains. However, no such change in the extent of the associated flood ways and floodplains shall become effective for the purposes of land use regulation
until such time as the channel improvements, levees, or flood walls are actually constructed and operative. Any development in a former flood way or
floodplain located to the landward side of any levee or flood wall shall be provided with adequate drainage so as to avoid ponding and associated damages.

7. All water control facilities other than bridges and culverts, such as dams and diversion channels, so located on the stream system that failure would
damage only agricultural lands and isolated farm buildings, shall be designed to accommodate at least the hydraulic loadings resulting from a 100-year
recurrence interval flood. Water control facilities so located on the stream system that failure could jeopardize public health and safety; cause loss of
life; seriously damage homes, industrial and commercial buildings, and important public utilities; or result in closure of principal transportation routes
shall be designed to accommodate a flood that approximates the standard project flood or the more severe probable maximum flood, depending on the
ultimate probable consequences of failure 1

8. Reduced regulatory flood protection elevations and accompanying reduced floodway or floodplain areas resulting from any proposed dams or diversion
channels shall not become effective for the purposes of land use regulation until the reservoirs or channels are actually constructed and operative.

9. All public land acquisitions intended to eliminate the need for water control facilities shall, in all areas not already in intensive urban use, encom
pass at least all of the riverine areas lying within the 100-year recurrence interval flood inundation line.

I
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OBJECTIVE NO.2

The attainment of sound groundwater resource development and protective practices to minimize the possibility for pollution and depletion of the ground- I
water resources.

PRINCIPLE

Sound practices in the location, installation, and operation of water supply wells and waste treatment and disposal facilities can reasonably assure a con
tinuing supply of good quality groundwater at reasonable cost.

STANDARDS

1. Groundwater withdrawals should be made so as to prevent undue interference with adjacent withdrawal points, and the capacities and withdrawal
rates should be related to potential yield and total demand on the aquifers penetrated.

2. Wells should be constructed so as not to permit contamination of the aquifer through the well during construction or during subsequent operation.

3. Waste conveyance, treatment, and disposal facilities, located above or below ground surface, both public and private, should be designed, constructed,
and operated in a manner to prevent migration or infiltration of contaminants into sources of usable groundwater. These facilities include pipes, tunnels,
spetic tanks, leaching areas, sanitary landfills, and injection wells.

JThese flood events, which have been formulated and used by the U. S. Army Corps of Engineers, are defined and discussed in Chapter VII, SEWRPC Plan
ning Guide No.5, Floodland and Shoreland Development Guide, November 1968.

Source: SEWRPC.

Tab Ie 77

SANITARY SEWERAGE SYSTEM PLANNING OBJECTIVES, PRINCIPLES, AND STANDARDS

OBJECTIVE NO.1

The development of sanitary sewerage systems which will effectively serve the existing regional urban development pattern and promote implementation
of the regional land use plan, meeting the anticipated sanitary waste disposal demand generated by the existing and proposed land uses.

PRINCIPLE

Sanitary sewerage systems are essential to the development and maintenance of a safe, healthy, and attractive urban environment, and the extension of
existing sanitary sewerage systems and the creation of new systems can be effectively used to guide and shape urban development both spatially and
temporally.

I
I
I
I
I
I
I

STANDARDS

1. Sanitary sewer service should be provided to all existing areas of medium-lor high-density2 urban development and to all areas proposed for such I
development in the regional land use plan.
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2. Sanitary sewer service should be provided to all existing areas of low-density] urban development and to all areas proposed for such development
in the regional land use plan, where such areas are contiguous to areas of medium- or high-density urban development. Where noncontiguous low
density development already exists, the provision of sanitary sewer service should be contingent upon the inability of the underlying soil resource base
to properly support onsite absorption waste disposal systems.

3. Where public health authorities declare that public health hazards exist because of the inability of the soil resource base to properly support onsite
soil absorption waste disposal systems, sanitary sewer service should be provided.

4. Lands designated as primary environmental corridors on the regional land use plan should not be served by sanitary sewers, except that develop
ment incidental to the preservation and protection of the corridors, such as parks and related outdoor recreation areas, and existing clusters of urban
development in such corridors, may be provided with sanitary sewer service. Engineering analyses relating to the sizing of sanitary sewerage facilities
should assume the permanent preservation of all undeveloped primary environmental corridor lands in natural open-space uses.

5. Floodlands4 should not be served by sanitary sewers, except that development incidental to the preservation in open-space uses of floodlands, such
as parks and related outdoor recreation areas, and existing urban development in floodlands not recommended for eventual removal in comprehensive
watershed plans, may be provided with sanitary sewer service. Engineering analyses relating to the sizing of sewerage facilities should not assume ulti
mate development of flood lands for urban use.

6. Significant concentrations5 of lands covered by soils found in the regional soil survey to have very severe limitations for urban development even
with the provision of sanitary sewer service should not be provided with such service. Engineering analyses relating to the sizing of sewerage facilities
should not assume ultimate urban development of such lands for urban use.

7. The timing of the extension of sanitary sewerage facilities should, insofar as possible, seek to promote urban development in a series of complete neigh
borhood planning units, with service being withheld from any new units in a given municipal sewer service area until previously served units are sub
stantially developed and until existing units not now served are provided with service.

8. The sizing of sewerage facility components should be based upon an assumption that future land use development will occur in general accordance
with the land use pattern recommended in the regional land use plan.

9. To the extent feasible, industrial wastes except clear cooling waters, as well as the sanitary wastes generated at industrial plants, should be dis
charged to municipal sanitary sewerage systems for ultimate treatment and disposal. The necessity to provide pretreatment for industrial wastes should
be determined on an individual case by case basis.

OBJECTIVE NO.2

The development of sanitary sewerage systems so as to meet established water use objectives and supporting water quality standards (see Map 49).

PRINCIPLE

Sewage treatment plant effluent is a major pollutant of the streams and lakes of the Region; the location, design, construction, operation, and maintenance
of sewage treatment plants and the quality and quantity of the effluent of such plants has a major effect on stream and lake water quaiity and the ability of
that water quality to support the established water uses.

STANDARDS

1. The level of treatment to be provided at each sewage treatment plant should be determined by water quality analyses directly related to the established
water use objectives for the receiving surface water body. These analyses should demonstrate that the proposed treatment level will aid in achieving the
water quality standards supporting each major water use objective as set forth in Table 73 of this report.

2. The discharge of sewage treatment plant effluent directly to inland lakes should be avoided and sewage treatment plant discharges to streams flowing
into inland lakes should be located and treated so as to contribute to the achievement of the established water use objectives and standards for those lakes.

3. The specific standards for sewage treatment at all sewage treatment plants discharging effluent to surface waters in the Lake Michigan drainage
basin shall be those established by the Federal Lake Michigan Enforcement Conference (see pages 302-303 of this report).

4. Existing sewage treatment plants scheduled to be abandoned within the plan design period should provide only secondary waste treatment and disin
fection of effluent, unless a further degree of treatment is determined to be required to meet the established water use objectives and standards for the
receiving su rface water body.

5. Interim sewage treatment plants deemed necessary to be constructed prior to implementation of the long-range plan should also provide levels of
treatment determined by water quality analyses directly related to the established water use objectives and standards for the receiving surface water
body

6. Bypassing of sewage to storm sewer systems, open channel drainage courses, and streams should be prohibited.

7. Combined sewer overflows should be eliminated or adequately treated to meet the established water use objectives and standards for the receiving
body of surface water.

8. Sewage treatment plants should be designed to perform their intended function to provide their specified level of treatment under adverse conditions
of inflow, should be of modular design with sufficient standby capacity to allow maintenance to be performed without bypassing influent sewage, and should
not be designed to bypass any flow delivered by the inflowing sewers.

OBJECTIVE NO.3

The development of sanitary sewerage systems that are properly related to, and that will enhance the overall quality of, the natural and man-made en·
vironments.

PRINCIPLE

The improper location, design, construction, operation, and maintenance of sewerage system components can adversely affect the natural and man-made
environments; therefore, every effort should be made in such actions to properly relate to these environments and minimize any disruption or harm
thereto.
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STANDARDS

1. New and replacement sewage treatment plants, as well as additions to existing plants, should, wherever possible, be located on sites lying outside of
the 100-year recurrence interval floodplain. When it is necessary to use floodplain lands for sewage treatment plants, the facilities should be located out
side of the flood way so as to not increase the 100-year recurrence interval flood stage, and should be flood proofed to a flood protection elevation of two
feet above the lOO-year recurrence interval flood stage so as to assure adequate protection against flood damage and avoid disruption of treatment and
consequent bypassing of sewage during flood periods. In the event that a flood way has not been established, or if it is necessary to encroach upon an ap
proved floodway, the hydraulic effect of such encroachment should be evaluated on the basis of an equal degree of encroachment for a significant reach on
both sides of the stream, and the degree of encroachment should be limited so as not to raise the peak stage of the lOO-year recurrence interval flood by
more than 0.5 feet.

2. Existing sewage treatment plants located in the IOO-year recurrence interval floodplain should be flood proofed to a flood protection elevation of two
feet above the lOO-year recurrence interval flood stage so as to assure adequate protection against flood damage and avoid disruption of treatment and
consequent bypassing of sewage during flood periods.

3. The location of new and replacement sewage treatment plants should be properly related to the existing and proposed future urban development pat
tern, as reflected in the regional land use plan and any community or neighborhood unit development plans prepared pursuant to, and consistent with, the
regional land use plan.

4. New and replacement sewage treatment plants, as well as additions to existing plants, should be located on sites large enough to provide for ade
quate open space between the plant and existing or planned future urban land uses; should provide adequate area for expansion to ultimate capacity as de
termined in the regional sanitary sewerage system plan; and should be located, oriented, and architecturally designed so as to complement their environs
and to present an attractive appearance consistent with their status as public works.

5. The disposal of sludge from sewage treatment plants should be accomplished in the most efficient manner possible, consistent, however, with any
adopted rules and regulations pertaining to air quality control and solid waste disposal.

OBJECTIVE NO.4

The development of sanitary sewerage systems that are both economical and efficient, meeting all other objectives at the lowest cost possible.

PRINCIPLE

The total resources of the Region are limited, and any undue investment in sanitary sewage systems must occur at the expense of other public and pri
vate investment; total sewerage system costs, therefore, should be minimized while meeting and achieving all water quality standards and objectives.

STANDARDS

1. The sum of sanitary sewerage system operating and capital investment costs should be minimized.

2. The total number of sanitary sewerage systems and sewage treatment facilities should be minimized in order to effect economies of scale and concen
trate responsibility for water quality management. Where physical consolidation of sanitary sewer systems is uneconomical, administrative and operational
consolidation should be considered in order to obtain economies in manpower utilization and minimize duplication of administrative, laboratory, storage,
sludge disposal, and other necessary appurtenant facilities and equipment.

3. Maximum feasible use should be made of all existing and committed sanitary sewage facilities. Such facilities should be supplemented with additional
facilities only as necessary to serve the anticipated sanitary waste demand generated by substantial implementation of the regional land use plan, while
meeting pertinent water quality use objectives and standards.

4. The use of new or improved materials and management practices should be allowed and encouraged if such materials and practices offer economies in
materials or construction cost, or if by their superior performance lead to the achievement of water quality objectives at lesser costs.

5. Sewer systems and sewage treatment facilities should be designed for staged or incremental construction where feasible and economical so as to limit
total investment in sewerage facilities and permit maximum flexibility to accommodate changing situations, such as changes in the rate of growth of popu
lation and economic activity or changes in water use objectives and standards, and changing technology, such as changes in the technology of sewage con
veyance and treatment.

6. When technically feasible and otherwise acceptable, alignments for new sewer construction should coincide with existing public rights-of-way in or
der to minimize land acquisition or easement costs and disruption to the natural resource base.

7. Clear water inflows to the sanitary sewerage system should be eliminated and infiltration should be minimized.

8. Sanitary sewerage systems and storm water drainage systems should be designed and developed concurrently in order to effect engineering and con
struction economies as well as to assure the separate function and integrity of each of the two systems; to immediately achieve pollution abatement and
drainage benefits of the integrated design; and to minimize disruption of the natural resource base and existing urban development.

lMedium-density residential development is defined as that development having an average gross population density of 10.2 persons per acre and a
net lot ranging from 6,333 to 19,819 square feet.

2High-density residential development is defined as that development having an average gross population density of 26.1 persons per acre and a net
lot area per dwelling unit ranging from 6,333 to 2,430 square feet.

3Low-density residential development is defined as that development having an average gross population density of 3.2 persons per acre and a net lot
area per dwelling unit ranging from 19,820 to 209,090 square feet.

4Floodlands are defined as those lands, including the floodplains, floodways, and channels subject to inundation by the one hundred (lOO)-year recurrence
interval flood or, where such data is not available, the maximum flood of record.

5Areas over 160 acres in extent.

Source: SEWRPC.
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to land use and sanitary sewerage system planning
and development, are set forth in Tables 75, 76,
and 77, and serve to facilitate quantitative appli
cation of the objectives in plan design, test,
and evaluation.

It should be noted that the planning standards
herein recommended fall into two groups: com
parative and absolute. The comparative stan
dards, by their very nature, can be applied
only through a comparison of alternative plan
proposals. Absolute standards can be applied
individually to each alternative plan proposal
since they are expressed in terms of maximum,
minimum, or desirable values. Standards should
not only aid in the development, testing, and
evaluation of sanitary sewerage system plans but
also in development, testing, and evaluation of
local land use and public utility plans and in
the development of plan implementation policies
and programs.

SUMMARY

The task of formulating objectives and standards
to be used in plan design and evaluation is a dif
ficult but necessary part of the planning process.
It is readily conceded that regional plan elements
must advance development proposals which are
physically feasible, economically sound, aestheti
cally pleasing, and conducive to the promotion of
public health and safety. The agreement on devel
opment objectives beyond such generalities, how
ever, becomes more difficult to achieve because
the definition of specific development objectives

and supporting standards inevitably involves value
judgements. Nevertheless, it is essential to state
such objectives for the development of regional
sanitary sewerage systems and to quantify them
insofar as possible through standards in order to
provide the framework through which the regional
sanitary sewerage system plan can be prepared.
Moreover, so that the regional sanitary sewerage
system plan will form an integral part of the
overall framework of long-range plans for the
development of the Region, the regional sanitary
sewerage system objectives must be compatible
with, and dependent upon, other regional devel
opment objectives. Therefore, the regional sani
tary sewerage system development objectives and
supporting principles and standards as set forth
in this chapter are based upon previously adopted
regional development objectives, supplementing
these only as required to meet the specific needs
of the regional sanitary sewerage system plan
ning program.

Four new development objectives, together with
supporting principles and standards, were formu
lated under the regional sanitary sewerage system
planning program. Together with the land USe
and related water control facility objectives pre
viously established under related Commission
work programs, these development objectives,
principles, and standards provided the basic
framework within which alternative regional sani
tary sewerage systems were formulated and a rec
ommended regional sanitary sewerage system
plan synthesized.
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Chapter IX

ENGINEERING DESIGN CRITERIA AND ANALYTIC PROCEDURES!
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INTRODUCTION

In addition to the objectives, principles, and stan
dards set forth in the preceding chapter of this
report, certain engineering design criteria and
analytic procedures were utilized in the regional
sanitary sewerage system planning program to
prepare alternative plan elements and the recom
mended sanitary sewerage system plan. These
engineering design criteria and analytic proce
dures include all of the engineering techniques
used to design alternative plan elements, test the
physical feasibility of those elements, and make
necessary economic comparisons between alter
native plan elements. Although many of these
criteria are widely accepted and firmly based in
current civil and sanitary engineering practice, it
was nevertheless believed important to document
these criteria in this report. The criteria and
procedures described herein were used to size the
principal components of the various alternative
plan elements, such as sanitary sewers, pumping
and lift stations, and sewage treatment plants, as
well as to estimate the cost of those alternatives.

The description of these criteria and procedures
in this chapter is intended to document the degree
of detail and level of sophistication employed in
the preparation of the recommended regional
sanitary sewerage system plan and thereby to
provide a better understanding of the plan and of
the need for refinements in that plan prior to
implementation. It should be understood that the
design criteria and analytic procedures described
herein were developed specifically for system
planning purposes. Consequently, refinements in
these criteria and procedures and in the recom
mendations based on these criteria and procedures
should be expected as projects envisioned in the
adopted system plan are advanced from the plan
ning to the engineering deSign phase during plan
implementation. Such refinements may include
both modifications in the deSign criteria to reflect
local conditions and changes in the analytic proce
dures to reflect both additional information and
improvements in methodology.

It should be noted that, while the design criteria
and analytic procedures described in this chapter
were used in the preparation of the regional sani
tary sewerage system plan, these criteria and
procedures do not comprise standards as defined
and discussed in the preceding chapter of this
report. The criteria and procedures discussed
in this chapter relate to the technical methods
used in the inventory, analyses, and plan design,
test, and evaluation rather than to relating alter
native plans to specific development objectives.
Nevertheless, an understanding of these criteria
and procedures is important since they were used
not only to size and cost the various components
of the alternative sanitary sewerage system plans
considered but also to establish the type and level
of sewage treatment required to meet the estab
lished water use objectives and supporting surface
water quality standards. Before the design cri
teria and analytic procedures are presented, it
is appropriate to review the state of the art of
sanitary engineering in order to provide a better
understanding of the reasons for selecting the
specific criteria and procedures used in the plan
ning program.

STATE OF THE ART OF SANITARY SEWERAGE

Technological advancement in sewage collection,
conveyance, and treatment has undergone accel
eration in recent years. Public concern for main
taining and restoring environmental quality has
stimulated substantial increases in state and fed
eral government funding of research in waste
water management and water pollution abate
ment. As a result of this surge in research
activity, many new or refined concepts, materials,
processes, and procedures have been propounded
in the technical literature. Substantiation of the
feasibility of these proposed advances in the art of
waste water management ranges from laboratory
experiment to full-scale operational experience~

I For definitions of water quality parameters used in

this chapter and for discussions of the significance

of each, re fer to Appendix C of this repor t, "Water

Quality Parameters--Definitions and Significance."
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It is important that the regional sanitary sewerage
system plan be based upon and incorporate the
best current technology. However, it is even more
important that the technological recommendations
in the plan have reasonable assurance of meeting
expected performance at the costs used in plan
formulation and selection. Therefore, it is neces
sary in the planning process to review the "state
of the art" to assure that the plan is consistent
with current advances in practice and to distin
guish between tested and proven technology and
unproven concepts which have risk of failure
in performance or cost. Accordingly, following
a discussion of basic sewerage concepts, the state
of the art in the fo llowing three subject areas
pertinent to regional sewerage system planning
is explored: the planning process itself, sewage
collection and conveyance, and sewage treatment.

Basic Sewerage Concepts
Water carriage of domestic wastes to central
locations for treatment and return to the land
and water environment is universally practiced
in urban areas of the United States and in other
developed countries of the world, and is expected
to remain the practice for at least the next sev
eral decades. This conclusion is fundamental to
regional sanitary sewerage system planning, and
is based on consideration of the technical, econo
mic' and sociological factors discussed below.

The question is often raised of the suitability
and desirability of continuing to utilize the water
carriage system to convey sanitary sewage to
a central location. In residential or domestic
sewerage systems, from 15 to 30 gallons per
capita per day, a considerable quantity of water,
are used solely for conveyance of human wastes.
These wastes must then be separated from the
water by costly treatment processes. The capital
cost of the sewer piping system is substantial
and must be publicly financed, often before the
ultimate land use and tax base have been fully
developed to contribute to the cost. Furthermore,
sewerage systems serve to concentrate the wastes
from a large area and, even after treatment,
impose a heavy waste load at a single point in the
,receiving environment.

It must, nevertheless, be concluded that the water
carriage system of sewage disposal has fewer
and less serious disadvantages than available and
foreseeable alternatives. The disadvantages of
the alternatives, which necessarily consist of
various onsite disposal systems, include one or

346

more of the following: higher unit costs, inability
to dispose of kitchen wastes and wash waters,
maintenance problems, and lack of demonstrated
technical feasibility.

Except for septic tanks, currently available alter
natives to the water carriage system do not appear
likely to present any economic advantage over
centralized waste collection and treatment. Given
suitable soil resource conditions and assuming
proper design, operation, and maintenance, the
septic tank alternative would appear to have an
economic advantage over centralized sewerage
systems. In widespread application, however,
septic tanks could be utilized only for very low
density urban development, an urban development
pattern that would not only make the provision of
other public facilities and services more costly,
but which entails heavy social costs. Because of
the area needed to properly dispose of wastes,
septic tanks as an alternative waste handling
system are simply not feasible for areas devel
oped for urban use at medium and high population
densities. Moreover, even at low population den
sities, septic tank sewage disposal does not
represent a viable alternative throughout much of
the Southeastern Wisconsin Region, since the soil
resource base simply is not well- suited for the
safe absorption of the volume of sewage effluent
that would be generated.

Even if human and kitchen wastes could be ade
quately disposed of without the use of water, large
quantities of water will continue to be used in
residences for bathing, clothes washing, and dish
washing. In areas of low residential density
located on suitable soils, this water, approxi
mately 40 to 70 gallons per capita per day, most
probably can be returned on site to the environ
ment with minimal damage. In medium- and high·
density residential areas, however, even this
reduced amount of water probably would overtax
the receiving capability of the soil, resulting in
the hazard of groundwater pollution or surface
seepage and runoff. In addition, any requirement
of two onsite waste disposal systems, one for
sanitary wastes and one for wash water wastes
instead of the present single offsite system, would
compound problems of maintenance and public
acceptance.

A number of onsite residential waste disposal
systems have been developed, some of which
use incineration and need ~mall water vol
umes and others which utilize water but provide
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onsite treatment before disposal to the soil or to
surface waters. All onsite waste disposal alter
natives, including septic tanks, require conscien
tious maintenance in order to properly perform
the primary functions of protecting the public
health and environment. With septic tanks, how
ever, maintenance is often not performed unbil
after gross malfunction has occurred. There is
little reason to expect the attitudes of residents
toward preventive maintenance of more compli
cated alternatives would be Significantly different.
When wastes are collected and treated in a pub
licly operated system, it is possible to exercise
competent professional supervision over operation
and maintenance. Effective public supervision of
operation and maintenance of individual residen
tial onsite waste disposal systems is, as a practi
cal matter, very difficult if not impossible in
present society.

Public acceptance of conventional sanitary sewer
age systems is high, primarily because little or
no involvement on the part of the user is required.
Public acceptance of alternative devices which
treat or dispose of wastes on site and, therefore,
require careful attention by the user may be
expected to be quite low. No change from the
present practice of water-borne waste collection
and disposal is discernible, nor does there appear
to be any significant expression of public desire
to motivate a change.

Contrary to the above-stated forecasted con
tinuance of present practice in domestic waste
management, it is likely that water carriage of
industrial wastes will decline, with a definite
trend in this direction already having been estab
lished. The reasons which may be advanced that
no change may be expected in the management
of domestic wastes generally do not apply to
industrial wastes. Many industrial wastes are
produced in sufficient quantity to justify recovery
and recycling or onsite treatment. Moreover,
adequate supervision and maintenance are more
apt to be provided for facilities serving industrial
plants than for facilities serving small, isolated
enclaves of residential development. In addi
tion, water conservation and waste recovery are
often economically advantageous to the industrial
firm. Finally, there is strong public pressure
on industries to reduce the volume of waste
water discharged.

The Sewerage System Planning Process
The use of planning procedures that are accepted
as best current practice is equally as important

in the preparation of a sound regional sanitary
sewerage system plan as is the incorporation of
best current techno 10 gy in the physical aspects
of the plan. The plan not only establishes the
physical nature of the recommended sewerage
system, but also can exert substantial influence
on the development of land use and on the environ
mental characteristics of the Region. Further
more, the U. S. Environmental Protection Agency,
the U. S. Department of Housing and Urban Devel
opment, and the U. S. Farmers Home Adminis
tration require the regional sewerage system
planning be completed as a prerequisite for fed
eral grants-in-aid for the construction of sanitary
sewerage facilities.

Aspects of the planning process that represent
recent advances in sewerage planning include the
extension of planning boundaries to the regional
or areawide scale; the increased participation
by public officials, citizens, and representatives
of interest groups in the planning process; the
setting of objectives, principles, and standards;
coordination with an areawide land use plan; and
the formulation of alternatives from which a rec
ommended plan can be selected. These planning
advances have all been incorporated in the overall
planning strategy and procedures used in prepara
tion of the regional sanitary sewerage system
plan, which strategy and procedures are fully
described in Chapter II of this report.

Sewage Collection and Conveyance
Techno 10 gical factors relating to the sewage
collection and conveyance system and affecting
system planning include system type, sanitary
sewage flow characteristics, separation of sani
tary and storm flows, extraneous flow contri
butions, and sewer materials and construction
practices. A brief discussion of the state of the
art concerning each of these factors is presented
in the following sections.

System Type: Sanitary sewers are currently
designed principally as single pipe gravity flow
systems. Several innovative alternative system
types have been suggested in the recent past.
These include pressurized and vacuum transport
systems, some of which are conceived as dual
pipe arrangements to allow for at-source separa
tion of high strength and low strength sewage.
Other proposals involve segmented or compart
mentalized sewers for separate conveyance, in
a siJ;lgle unit, of both sanitary and storm water
flows. None of the innovations has gained wide
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Table 78

ESTIMATED DOMESTIC WASTEWATER FLOWS
PER CAPITA BY TYPE OF WATER USE

acceptance because they do not offer the simplicity
in construction and operation nor the reliability
afforded by the conventional gravity flow system.
In view of this fact, and considering the extensive
existing utilization of conventional gravity flow
systems within the Region, it may be expected
that sanitary sewers will continue to be designed
and constructed as single pipe gravity flow sys
tems to and beyond the design year of the regional
sanitary sewerage system plan.

Sanitary Flows: Average and peak sanitary sewage
flows are an important basis for the determination
of collection and conveyance system capacity.
Currently, the discharge of waste waters from
homes averages 60 to over 100 gallons per capita,
though human consumption of water is only about
one and one-half gallons per capita per day.
Toilet flushinK accounts for about one-third of the
daily domestic sanitary discharge, with bathing,
clothes washing, and dish washing each compris
ing additional significant amounts (see Table 78).
Accordingly, attention has been given to possible
reuse of washing waters for toilet flushing in
order to reduce sewage flow vo Lumes. The pres
ent system of gravity flush tanks using few moving
parts is simple, highly reliable, and relatively
maintenance free; and it is unlikely that home
owners will forego the existing system to install
a more complicated and expensive system. Sig
nificant reductions in per capita discharge of
domestic sewage is not envisioned over the plan
ning period. Rather, a continuation of the trend of
increasing per capita domestic water use and sub
sequent increased discharges of domestic sewage
may be expected. This trend may be compensated
for to some extent by decreased industrial waste
flows in public sewerage systems as noted earlier.
Current practices in capacity determination to
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allow for peak-to-average flow ratios for sewers
serving various tributary areas are also assumed
to be valid for the planning period.

Technologically, the combination of storm flows
and sanitary flows is undesirable for a number of
reasons. Since pipe size would necessarily have
to be based on storm flows. which can exceed
sanitary flows by a ratio of 500 to 1. flow depths
and velocities of sanitary sewage during periods
of dry weather flow in these large pipes would be
very low. Unless special pipe shapes are used.
incorporating cunettes. such low velocities of
flow could lead to the undesirable deposition of
sewage solids in the pipe system. Sewage treat-

Separation of Sanitary and Storm Flows: The first
sewer systems developed in urban areas were
combined sewers designed to carry both sani
tary and storm water flows to the nearest water
course for disposal without treatment. Intercept
ing sewers were subsequently built to collect the
dry weather sanitary sewage from these combined
sewers and convey it to sewage treatment facili
ties. Storm flows mixed with sanitary sewage
were, and in most cases still are. bypassed to
the receiving waterways. Present practice in
sewering new areas is to provide separate sewer
systems for storm water and for sanitary sewage.
These separate systems avoid the mixing of
sanitary sewage with storm discharges to the
receiving waterways, and also minimize the storm
water dilution of sanitary sewage, thereby mini
mizing the quantity of water requiring treatment.
Recently, however. it has been determined that
storm water runoff from urban areas is signi
ficantly polluted in terms of microorganisms,
carbonaceous biochemical oxygen demand (CBOD).
suspended solids. and phosphorus compounds.2

Consequently. in some situations urban storm
water runoff may be a significant source of pollu
tion to streams and lakes. There is a strong
possibility that treatment of such storm water
runoff may be required in the future. and if it is.
the validity of the continued reliance upon separate
sewer systems may be questioned. It is concluded.
however. that although treatment of storm water
runoff may eventually be required. the continued
use of separate sewer systems will be technologi
cally and economically desirable.

2 e.g., See E. H. Bryan;'Quality of Stormwater Drain
age from Urban Land," Water Resources Bulletin, June
1972.

61-114

20 - 30
15 - 30
10 - 20
10 - 20
2 - 5
3 - 6
1- 3

Utilization Range
(Gallons per Day)

Total

Water Use

Bathing .
Toilets .
Clothes Washing Machine .
Dishwashing, Automatic .
Garbage Grinder .
Handwashing ..
Miscellaneous Washing ..

Source: Harza Engineering Company.
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ment plants designed for high levels of waste
removal from sanitary sewage may be expected
to experience some difficulty in handling the large
fluctuations in flow volume and sewage strength
which would result from combined flows in which
the daily flow volume of storm water might fre
qmently exceed the sanitary flow vo lume by factors
exceeding 10 to 1.

It is more likely that the concepts for treatment
of storm water will diverge from the concepts of
treatment of sanitary sewage. Also, it is unlikely
that storm water treatment will be required to
provide as high a level of treatment as will be
required for sanitary sewage. The present direc
tion of development in the treatment of storm
water, as well as the treatment of combined sewer
overflow, is toward the use of relatively small,
intermittantly operating treatment plants located
at the individual sewer outfalls; plants using
mechanical and chemical treatment processes for
removal of solids, including chemically coagu
lated phosphorus compounds; and chlorination,
rather than biological treatment processes. These
facilities are inherently unable to remove dis
solved oxygen-demanding organic substances, but
these constituents present minor problems when
associated with high receiving stream flows.
Present facilities capable of treatment of storm
water are considerably cheaper than sanitary
sewage treatment plants, and it is likely that costs
will diverge even more in the future.

Currently, most regulatory agencies either forbid
or discourage extensions of combined sewer sys
tems or construction of new combined sewer
systems. Moreover, no relaxation of the ban on
construction of new combined systems is foreseen.
Until recently, separation of existing combined
sewer systems has been regarded as a solution to
water pollution problems occurring from com
bined sewer overflows. It was, however, con
cluded by the Commission in its Milwaukee River
watershed study that, generally, separation of
existing combined Sewers is not economical in
comparison to the alternative means available for
the abatement of water pollution from combined
sewer overflows.

Extraneous (Clear Water) Flows: Clear water
flows result from infiltration of groundwat~r and
discharge of roof and foundation drainage into
the sanitary sewage collection and conveyance
system. Current technology addresses the prob
lem of infiltration through improvement of sewer

jointing systems, a topic which is discussed along
with Sewer pipe materials in detail in the subse
quent section of this chapter. Roof and foundation
drainage can only be prevented from entering
the conveyance system by implementation of pro
grams of rigorous code enforcement and inspec
tion relative to building connections.

The elimination of most extraneous water from
the sewer system is possible with current tech
nology. Many communities are undertaking pro
grams with this objective as the costs to provide
additional sewer and treatment capacity increase.
Such programs should actually be initiated during
home and other building construction in order to
eliminate rainwater and footing drain connections
to the sanitary sewer system, and to ensure
that only tightly joined building sewers in well
backfilled and compacted trenches are accepted
for connection to common sewers. In addition to
proper inspection of all new building sewer con
struction, communities should also provide means
for checking connections to common sewers after
homes and other buildings have been constructed
and connected. One such means is by providing
a riser pipe at the point where each house lateral
is connected to the street sewer. By inserting
a plug at this point, and at appropriate points
within the building basement, air or water leakage
tests will show whether the building lateral has
tight connections and whether footing drains have
been connected into the sewer system.

Several techniques are available to reduce infil
tration of street sewers. Estimates of infiltration
volume and repair or replacement costs to elimi
nate the infiltration sources can be made using
television inspection to locate cracked or broken
sections of line or illegal connections.

Building sewers typically account for 40 to 50
percent of the total sewer footage of sanitary
sewerage systems, and it is estimated that a dis
proportionate and substantial percentage-well in
excess of 50 percent-of the total system infiltra
tion is contributed by building sewers. Thus, it
is critical that the attainment of low infiltration
should be an important objective in the design of
new sanitary sewerage systems. Infiltration cri
teria used in the regional sewerage system plan
ning program are discussed later in this chapter.
Joint materials and methods are available for
reducing infiltration to less than 200 gallons per
inch diameter per mile. However, the institutional
means to fully implement the technology are gen-
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erally lacking. For this study, therefore, rela
tively high values of infiltration have been used
in sizing required facilities. The attendant cost
estimates are therefore also high, and the atten
dant economic analyses conservative. The com
parison of alternative development plans, which
involve trade-offs between conveyance and treat
ment capacities, should be only slightly affected by
any future reductions in extraneous flow volumes
because both sewer size and treatment capacity
requirements would be similarly reduced.

Sewer Materials and Construction Practices:
There are several requirements that must be met
by sewer materials and construction practices.
These include:

a. Durability-The sewer must not corrode or
erode during its anticipated life.

b. Strength-The sewer must be capable of
supporting soil and traffic loads.

c. Flow capacity-The sewer must be of
a material that is smooth to minimize
frictional losses and of sufficient size and
slope to reduce blockages.

d. Tightness-The sewer should be capable of
being joined tightly to reduce to an absolute
minimum the infiltration of groundwater.

e. Installed cost-The sewer must not be of
a prohibitively expensive material or be
difficult to install, since these features
raise costs.

There are numerous materials presently avail
able to meet all the above requirements. Vitrified
clay tile, concrete, asbestos-cement concrete,
cast iron lined with cement mortar, and plastic
pipe all excel in one or more of the particular
requirements listed above.

Clay tile has been used for conveying sewage
since sewers were first installed. With the devel
opment of portland cement, concrete pipes were
developed, and when steel-reinforced, could be
made structurally stronger than clay tile. Clay
tile is inert while concrete can be corroded by
the acid formed from gases generated by septic
sewage and by acids discharged into the sew
erage system. In southeastern Wisconsin there is
little evidence of concrete sewer corrosion except
in sewers serving industrial areas. Asbestos
cement, concrete, or clay tile sewers have been
successfully used for domestic sewers. With the
development of plastics, numerous new pipe mate-
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rials have been proposed combining various desir
able features of the listed sewer requirements.
For smaller diameter pipes, plastic compounds
such as polyvinyl chlorides (PVC), acrylonitrile
butadiene styrene (ABS) , and po lyethylene (PE)
solid watt pipes are competitive on an installed
cost basis with concrete and tile because of their
ease in handling. Due to their relatively light
weight, the plastic pipes are usually available in
longer laying lengths, thus reducing the number of
joints and, consequently, the possibilities for infil
tration. Two major considerations have slowed
acceptance of plastic pipe for sewers. These are
the concern over the structural strength and the
concern over the durability of the materials with
regard to abrasion, high temperature, and chemi
cal resistance.

When the manufacturer can guarantee that the
plastic pipe will perform according to the stand
ards of proven sewer materials, such as clay tile
and concrete, and where the municipality is con
fident that the contractor will install plastic pipe
to the manufacturer's specifications, the plastic
pipe is often selected.

Several features of sewer system construction
have significant impact on sewerage system costs.
These include pipe bedding, joints, and backfill
of sewer trenches. Good bedding is essential to
develop pipe strength and thus insure structur:fl.l
strength and stability, Class B bedding using
a granular bedding material up to the midpoint of
the pipe would be used for construction in well
suited soils. This method of bedding is illustrated
in Figure 100. Proper utilization of this type of
bedding, with a well-compacted base and backfill,
will minimize joint opening and reduce infiltration.
In soils poorly suited to sewer construction, con
crete bedding or envelopes may have to be used.

Figure 100

CLASS B SEWER PIPE BEDDING

SAND, GRAVEL OR SPOIL
BACKFILL--------'T~"",.. >..:;:I': >'):.':::¥

6"

COMPACTED GRANULAR
BEDDING MATERIAL.. ----+--..,;,

.:J¥~~..l~4"MtNIMUM

GRANULAR BEDDING MATERIAL TO
BE PLACED BEFORE SETTING PIPE

Source: National Clay Pipe Institute, Clay
Pipe Engineering Manual, 1968, p.~
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The joints of common pipe material today are far
better, and generally less costly to install, than
materials used in older systems. Previously,
cement mortar or jute and an asphaltic compound
were common joint-sealing materials. Today,
inert, resilient, synthetic materials are used for
joints that are Hght enough in many cases to
qualify for use in water distribution systems.
These joints include solvent welded plastic pipe
to compression fittings, either premolded on the
bell and spigot of the pipe (typical clay tile joint),
or rubber "0" rings (typical on asbestos-cement
and concrete pipe); or flexible, compressible
neoprene gaskets typical on tongue and groove
concrete pipe. A recent administrative deci
sion by the Wisconsin Department of Natural
Resources 3 requires that all new sanitary sewers
be constructed with joints that do not exceed
a leakage of 200 gallons per inch-diameter-mile
per day.

Sewage Treatment Levels
Sewage treatment may be defined as a process to
which sewage is subjected in order to remove or
alter its objectionable constituents so as to render
it less offensive and dangerous and less damaging
to the receiving environment. Such treatment may
be broadly categorized as to level or degree of
treatment by means of the terms primary, secon
dary, tertiary, advanced, and' auxiliary treatment.
These levels of treatment are illustrated in Fig
ure 101. The following definitions of treatment
levels were adopted for use in the regional sani
tary sewerage system planning program.

3Letter dated Decerrber 3, 1971 from Mr. R. M. Krill, Chief,

Municipal Wastewater Section, Wisconsin Department of
Natural Resources, to all consulting and municipal agencies
in Wisconsin on subject of infiltration limits into sani
tary sewers. The letter indicates that the Sewage Works
Committee of the Great Lakes-Upper Mississippi River Board
of State Sani tary Engineers had acted to change Sect ion 25.8
of the Recommended Standards for Sewage Works, commonly
referred to as the "Ten States Standards," reducing the
allowable infiltration for "any section of the system" from
500 gallons per inch diameter per mile per day to 200 gal
lons per inch diameter per mile per day. The allowable rate
is intended to apply to total sanitary sewer construction
projects. The new standard recognizes that there may be
certain sections of a system where the 200 gallon limit may
be impractical to attain, and provide that the limit between
adjacent manholes 011 sections of a total project may exceed
the 200 gallon limit up to 500 gallons per inch diameter
per mile per day, provided that the total project does not
exceed the 200 gallon limit.

Primary Treatment: This may be defined as
physical treatment of' raw sewage in which the
coarser floating and settleable solids are removed
by screening and sedimentation. Primary treat
ment normally provides 50 to 60 percent reduc
tion of the influent suspended matter and 25 to
35 percent reduction of the influent ultimate car
bonaceous biochemical oxygen-demanding organic
matter (CBODult). It removes little or no colloidal
and dissolved matter.

Secondary Treatment: This may be defined as
biological treatment of the effluent from pri
mary treatment, in which additional oxygen
demanding organic matter is removed by trickling
filters or activated sludge tanks and additional
sedimentation. Secondary treatment normally pro
vides up to 90 percent removal of the raw influent
suspended matter and 75 to 95 percent removal of
the raw influent CBODult. Secondary treatment
facilities can be designed and operated to also
remove 30 to 50 percent of the raw influent ulti
mate nitrogenous biochemical oxygen demand
(NBODult) and 30 to 40 percent of the raw influent
phosphorus content of the influent sewage.

Tertiary Treatment: This may be defined as
physical and biological treatment of the effluent
from secondary treatment, in which additional
oxygen-demanding matter is removed by use of
shallow detention ponds to provide additional bio
chemical treatment and settling of solids or fil
tration using sand or mechanical filters. Tertiary
treatment normally provides up to 99 percent
removal of the raw influent suspended matter and
95 to 97 percent of the raw influent CBODult.

Advanced Treatment: This may be defined as
additional physical and chemical treatment to
proVide removal of additional constituents, par
ticularly phosphorus and nitrogen compounds, by
such means as chemical coagulation, sedimenta
tion, charcoal filtration, and aeration. Although
advanced treatment is traditionally conceived of
as following secondary treatment or as combined
with tertiary treatment, it can be performed fol
lowing primary treatment or as an integral part
of secondary treatment. Advanced treatment may
remove 90 percent or more of the raw influent
phosphorus and may remove up to 90 percent of
the raw influent nitrogen or effect up to 95 per
cent reduction in the oxygen demand of ammonia
in the sewage treatment plant influent by convert
ing the ammonia compounds to nitrates.

Auxiliary Treatment: This may be defined as
a treatment measure used in combination with
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Figure 101

SEWAGE TREATMENT PROCESSES
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all other treatment methods, and inc ludes, for
example, effluent aeration and disinfection by
chlorination.

Sewage Treatment Processes
A number of processes occurring in a variety
of treatment units are currently employed in
municipal sewage treatment plants, as shown in
Figure 101, to achieve the previously discussed
levels of treatment. Some of these processes rely
primarily on bio logical phenomena while others
are predominantly physical-chemical in nature.

Current design practice in municipal sewage treat
ment involves principally the removal of some
of the oxygen-demanding wastes present in the
sewage and disinfection of the effluent prior to dis
charge to receiving waterways. Recent research,
development, and de'monstration have been ori
ented toward processes capable of removing
additional oxygen-demanding wastes, principally
ammonia, and removal of phosphorus compounds.
Of concern currently is concentration of heavy
metals in sewage effluent, the precise determina
tion of which has only' just begun. Another current
trend in research is land disposal of both sewage
sludge and effluent. Though this disposal method
had been practiced for some time on a limited
scale, examination of the technique for application
on a greatly expanded scale is underway. All of
the preceding are factors of the state of the art of
sewage treatment processes and are developed in
more detail in the following sections.

Biological Treatment: Removal of oxygen-demand
ing wastes from sewage is accomplished most
efficiently, within the framework of today's state
of the art, by biological treatment processes.
Of these processes, two are currently re lied
upon for the majority of sewage treatment: the
trickling filter process and the activated sludge
process. To accomplish more nearly uniform
treatment efficiency throughout the year by the
trickling filter process, the State of Wisconsin
now requires that the filters be provided with
covers when originally constructed, or when modi
fied or enlarged if plants are already built under
older regulations. Within the past 10 .years, syn
thetic media have been developed for trickling
filters which allow higher surface loadings. These
media have not been used extensively to replace
existing stone filter media because major changes
in plant components are required to attain the
higher hydraulic loadings. For new plants, how
ever, the synthetic media offer significant advan
tages over stone. The trickling filter biological

treatment process does not generally provide as
high a level of CBOD It removal as the activated
sludge treatment proc'~ss. For this reason, new
plants are generally using the activated sludge
process. The activated sludge process may be
employed in three basic variations: extended
aeration, conventional, or contact stabilization.
A plant may be designed to pro gress from one
variation to the next, since the major difference
between variations consists of modification of
sewage residence time in the aeration tanks.

Activated sludge plants can be designed to achieve
high quality treatment with increased loading
produced by a growing population. If the process
is initially designed as an extended aeration proc
ess, primary clarifiers may not be necessary to
reduce the CBODult loading, and sludge produc
tion is minimized. Consequently, the initial facili
ties may require only sludge-holding facilities
and intermittent, interim disposal facilities. As
population increases, the process may be modi
fied to a conventional activated sludge unit with
a higher sludge protection, requiring some method
of concentrating the sludge. The system can again
be modified to the contact stabilization process
as growth continues. This modification can be
accomplished without additional aeration tank pon
struction. However, additional (darifier surface
area must be provided as the flow to the pbant
increases. Finally, a primary clarifier must be
added to reduce the CBODult loading to the acti
vated sludge process to bring the entire system to
full capacity.

Another recent modification of the activated sludge
process that has been demonstrated as practical
is the use of pure oxygen instead of air to supply
the oxygen requirements of the bacteria in the
system. Based on recent research results,4 the
use of pure oxygen in the process can produce
significant cost savings in plant construction and
operation. Size of structures can be reduced,
less land area is required, and smaller volumes
of sludge are produced using the pure oxygen
system. The resulting savings are greatest when
oxygen is generated at the treatment plant site.
To date, however, there has not been enough
variety of experience with pure oxygen-activated
sludge plants to conclusively establish their cost
relationship with conventional activated sludge

4Investigatian of the Use of High Purity O<ygen Aeration in
the Conventiooal Activated Sludge Process, FlIQ4..

353



plants. For this report, it was assumed that
activated sludge plants would use the conven
tional aeration.

New equipment is available to introduce and dif
fuse compressed air throughout the activated
sludge tank. The most common methods of diffus
ing air are by use of permeable synthetic stone or
coarse bubble devices. Surface aerators or sub
merged turbine aerators, however, are being
used with increasing frequency in municipal waste
treatment, although some freezing problems have
been experienced with the former in colder cli
mates. Submerged turbine aerators develop cur
rents throughout the tank with air introduced at the
turbine blade by blower and piping equipment.
In overloaded plants, turbine aerators may be
added to activated sludge tanks using diffused air
to increase the oxygen input to the system.

Conventional activated sludge plants are capable
of achieving about 90 percent removal of influent
CBODult. The CBODult can be further reduced by
filtration following final sedimentation. Such fil
tration can be done with rapid sand filters similar
to the filters used in water treatment plants. It
has been recently demonstrated that performance
comparable to rapid saml filtration can be obtained
from rotating microstrainers. The microstrainers
utilize extremely fine mesh stainless steel or
nylon fabrics that are continuously backwashed.
The microstrainers require less maintenance
than rapid sand filters and only a fraction of
the space.s

A major consideration in currently developing
sewage treatment technology is the further reduc
tion of oxygen-demanding substances. Ammonia
is important among these substances inasmuch
as it may initiate the NBOD process. NBODult
levels in influent sewage can comprise as much
as 40 percent of the total influent oxygen demand
levels. Since conventional sewage treatment
plants remove only about 30 percent of the influent
NBODult but 90 percent of the CB0Dult. the efflu
ent generally contains a higher level of NBOCult
than of CB0Dult.

Ammonia is toxic to fish in concentrations as low
as 2.0 mg/l, as ammonia, at an alkalinity of
80 mg/l and a pH of 8.0 or less. The allowable
ammonia concentration increases with increasing

S
Process Design Manual for Suspended Solids Removal

for Environmental Protection Agency Technology Trans
fer, Burns and Roe. Inc., October 1971.
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alkalinity, but decreases with increasing pH.
Toxicity is also increased as dissolved oxygen
levels decrease.

Until the 1930 's, sewage treatment plants in the
United States were designed to produce a nitrified
effluent with ammonia compounds converted to
nitrate. Because treatment facilities required
to produce nitrified effluents were more costly
than plants required only to reduce CBOD I to
acceptable levels, the practice of nitrifigahon
declined. With the trend toward more rigorous
evaluation of pollution effects on receiving waters,
the oxygen demand of ammonia is again being
considered in the planning and design of sewage
treatment plants.

Physical-Chemical Treatment: Physical-chemical
treatment is the application of a series of unit
processes that do not incorporate biological proc
esses to reduce the CBODult and NBODult of the
sewage. The processes include chemical addition,
flocculation, sedimentation, adsorption, and fil
tration. The physical-chemical process concept
is not new, having been developed prior to the
biological processes. Current development of the
process is associated with improvement of the
adsorption and filtration steps.

The processes of chemical addition for coagula
tion and sedimentation are the same as used in
numerous water treatment plants throughout the
world. Similarly, the filtration step can be by
gravity, through sand and anthracite fi lters, 0 r by
pressure filtration. Generally, pressure filters
are only used in small installations. The filtra
tion process is also a typical water treatment
plant process.

The major change in the process is the inclu
sion of activated carbon for adsorption of organ
ics. Organic adsorption is nonspecific; that is,
both biodegradable and refractory organics are
adsorbed in the media surface. This nonspeci
ficity is advantageous where toxic organics might
inhibit normal biological treatment processes.
Activated carbon is the media most commonly
used in pilot and full-scale operation of physical
chemical treatment. The adsorbing capability of
the carbon can be restored by intensive heating.

The physical-chemical process requires only
about 30 percent of the land area of a conventional
biological treatment plant. Test results to date
indicate that the costs of operation of a physical
chemical system are competitive with biological
treatment plants when high removal percentages
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are required~,7As mentioned previously, the acti
vated carbon treatment removes organic materials
that would not be removed even in a sophisticated
biological treatment plant, unless the plant incor
porated actIvated carbon filtration of effluent as
a treatment step.

Currently, the primary disadvantage of the phy
sical-chemical process is its considerably higher
cost for levels of treatment comparable to conven
tional biological treatment plants. Another dis
advantage of the physical-chemical process is the
complexity of the system and the lack of experi
enced operators to cope with this complexity.

Current full-scale demonstration plant operational
and economic performance has not established the
superiority of the physical-chemical process for
general application. The use of physical-chemical
processes was not assumed as the typical treat
ment for the regional sanitary sewerage system.
As more construction and operating experience
with these plants is acquired, however, and as
stream water quality requirements, especially
with regard to trace organics and heavy metals,
become more stringent, the use of the physical
chemical processes will become more common
in the Region.8

Sludge Treatment and Disposal: The disposal of
sewage sludge continues to be one of the most
difficult and costly problems associated with
sewage treatment. Sewage sludge may be clas
sified as raw or digested. Raw sludge is the
mixture of water, inert minerals, and 0 rganic
matter that is settled and subsequently co llected
from the sewage stream at various points in
the treatment process. Raw sludge is unstable,
and the uncontrolled decomposition of the vola
tile compounds in such sludge creates obnoxious
odors. Raw sludge may be stabilized by anaerobic
or aerobic biologic decomposition of the volatile
organic compounds. The resulting product, which
is commonly called digested sludge, is also more

6R . V. Villiers, E. L. Berg, C. A. Brunner, and A. N.
Marse,"Municipal Wastewater Treatment by Physical
Chemical Methods," Water and Sewage Work~1971Reference
Edition.

7W. G. Weber, C. B. Hopkins, and R. J. Bloom, "Physico

chemical Treatment of Wastewater," Journal of the Water
Pollution Caltrol Federation, 42:83, January 1970.

8 rne physical-chemical process is proposed by a local

engineering consultant for a new sewage treatment plant
recommended in the Delafield-HartJand subarea of the
Region.

readily handled and dewatered than raw sludge
because of the concentration of solids that occurS
in the digestion process. After digestion, the
sludge is commonly dewatered by air drying on
sand beds, by vacuum filtering, centrifUging, or
heat drying, producing an inert product. Sludge
digestion is normally accomplished anaerobically
in a heated tank. The resultant gases are some
times utilized to fuel engines of the treatment
plant or to heat the digester. In addition to bio
chemical methods, undigested sludge can be
incinerated by either high temperature burning
or by the wet oxidation process. In the latter
process, sludge is burned at a temperature of
about 5000 F under pressures of from 150 to 3000
psi. Some odor remains in the wet oxidized
sludge.

In the midwestern United States, sewage sludge
is commonly ultimately disposed of on land. The
U. S. Environmental Protection Agency design
guidelines,9 however, prohibit the disposal of raw
sludge to land. Digested sludge with varying
amounts of moisture or heat-dried sludge may be
applied to the land, usually with no detrimental
effects, if the sludge application is controlled to
prevent ground or surface water contamination.
Land disposal of digested or heat-treated sludge
is frequently beneficial on sandy soils which are
low in natural nutrients, improving crop yields
because of the nutrients and water present in the
sludge. The Sewerage Commission of the City of
Milwaukee has successfully marketed heat-dried
sludge as a fertilizer under the name Milorganite
for about 50 years. Because of the uniquely
high nitrogen content of sludge from Milwaukee's
Jones Island plant, a high quality fertilizer and,
therefore, an adequate economic return could
be obtained to justify the cost of heat-drying
and marketing.

It is likely that utilization of wet-digested sludge
as a fertilizer and soil conditioner will increase.
An intensive three-year testing program carried
out by the University of Illinois has established
that agricultural utilization of wet-digested sLudge
has minimal hazard to crops and public health.lo

9Federal Guidelines, "Design, Q>eration and Maintenance of

Wastewater Treatment Facilities," FlIQ4 (now EPA), Septerrber
1970, p. 12.

lOT. D. Hinesly, O. C. Braids, and J. E. Molina, "Agricul

tural Benefits and Environmental Changes Resulting from
the Use of Digested Sludge on Field Crops," Universi ty of

Illinois, 1971.
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The Metropo litan Sanitary District of Greater
Chicago has purchased 6,000 acres of strip-mined
land for reclamation using wet-digested sludge
and is considering transportation by rail, barge,
and pipeline.

The U. S. Environmental Protection Agency re
cently investigated the economic aspects of the
various methods for sludge management and drew
the following general conclusions:ll

1. Anaerobic digestion of sewage sludges for
all small cities and cities located near the
coasts is justified. It allows relatively
inexpensive final disposal methods, such
as ocean dilution, lagooning, and spreading
liquid sludge on land as a soil conditioner.

2. Lagooning industrial sludges is an inexpen
sive disposal technique.

3. Pipeline transportation of sludge to desir
able disposal areas should be considered
because it is relatively inexpensive.

4. If heat-dried sludge can be sold as a ferti
lizer for about $15 a ton, only then should
the process be considered.

5. Digesting sludge before incineration cannot
be justified on the basis of economics.

6. Water plant sludges are normally disposed
of very inexpensively in sewerage systems,
lagoons, or directly to surface waters,
although the latter form of disposal is no
longer accepted in Wisconsin.

Sludge treatment costs will vary greatly. Costs of
sludge disposal from smaller plants located close
to the acceptable land disposal sites may be rela
tively low. However, for large facilities located in
intensively developed metropolitan areas, trans
port of sludge to distant land disposal sites may
make disposal very costly. The high cost of
transportation favors the use of sludge concentra
tion processes to reduce the volume of water in
the sludge transported to disposal sites. For this
reason, design engineers should make compara
tive studies and cost estimates for alternative
sludge disposal methods. The fact that sludge
handling and disposal represent 25 to 30 percent

llAStudy of Sludge Handling and Disposal. lJSl"MR:A. Publi
cation WP-20-4. May 1968, p. 320.
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of the total treatment plant capital and operating
cost justifies a thorough economic evaluation
of alternatives.

Nutrient Removal: The adverse effect of excessive
aquatic plant growth on rivers and lakes is caus
ing sewage treatment plants to be designed to
remove or treat compounds that stimulate these
growths. In addition to being unsightly, heavy
algae and weed growths produce large fluctuations
in the concentration of dissolved oxygen in receiv
ing waters. During sunlight periods algae growths
create supersaturated concentrations, while during
the nighttime hours the algae withdraw oxygen
from the water. This withdrawal can depress
oxygen levels to as low as one or two parts
per million, well below the minimum standards
necessary to maintain fish life. For these rea
sons, control of nutrients is proposed to limit
algae growths.

The three primary nutrients important to algae
and weed growth are carbon, nitrogen, and phos
phorus. The average ratio of the nutrient ele
ments carbon (C), nitrogen (N), and phosphorus
(P) is 100:20:1 in the cellular structure of aquatic
plants. It is generally accepted that the growth of
algae and other aquatic plants will be in propor
tion to the quantity of the nutrient element in most
limited supply. In the surface waters of south
eastern Wisconsin, carbon and nitrogen generally
are available in excess of plant needs as compared
to the availability of phosphorus. Therefore, phos
phorus is considered to be the limiting nutrient.
Fortunately, it is the nutrient most susceptible to
control. Both carbon and nitrogen are available
from the atmosphere and other natural sources,
while most sources of excessive phosphorus are
attributable to activities of man.

There are numerous forms in which carbon is
available as a nutrient source both to bacteria
and algae. However, of concern to the develop
ment of a sewerage system plan are the oxygen
depression effects of discharges to the receiving
waters of carbon compounds as measured by the
CBOD test.

Nitrogen in effluent is of concern in two forms.
When in the ammonia form,instream nitrification
may occur in the receiving waters, thereby seri
ously depleting oxygen levels in the stream. In the
nitrate form, the nitrogen is available as a direct
algal nutrient source entering streams. Some
algae species are capable of fixing nitrogen from
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the atmosphere directly into their cell structure.
Therefore, it is unlikely that control of aquatic
plant growth can be accomplished solely by nitro
gen removal from sewage sources.

It is possible to remove nitrogen from the waste
waters by several processes. One involves ammo
nia stripping in aeration towers or nitrification
denitrification steps in stabilization processes.
But ammonia stripping in towers has certain
major disadvantages. To date, lime has been
used to raise the pH of the sewage to the level
required for effective stripping. This use of lime
produces large volumes of sludge. In addition,
effluent pH level reduction is necessary before
discharge. Aeration tower efficiency is seriously
impaired during periods of below freezing weather.

Because of these drawbacks, other methods of
removing nitrogen are being explored. The re
search results currently indicate that a two-stage
process of nitrification-denitrification will pro
duce effective nitrogen removals of up to 90 per
cent. In this process, a nitrifying activated sludge
system is developed in series with the typical
activated sludge system. The nitrified effluent
from the second activated sludge system is then
passed through a deep bed filter or an anaerobic
tank reactor which contains denitrifying bacteria.
These bacteria reduce the nitrate to nitrogen gas.
The process is complicated and expensive, and
results in an oxygen deficient effluent. For these
reasons it is concluded that nitrogen removal
should not be anticipated as a future sewage treat
ment requirement except in special instances.
The primary concern in this study is the oxygen
demand exerted by the ammonia.

Ammonia nitrogen and its oxygen demand should
be of greatest concern in sewerage system plan
ning in southeastern Wisconsin on the basis of
the foregoing discussion. There are two methods
currently utilized to convert ammonia nitrogen
to nitrate nitrogen: raising the levels of active
solids in the activated sludge process, or creat
ing a separate nitrification system, the latter
being operated as a second stage system fol
lowing a first stage system designed primarily
for CBOD removal. The required design detention
time is a function of sewage temperature, the
reaction proceeding more rapidly with increasing
temperature. For this study it was assumed that
nitrification tank capacity should be designed
assuming a three-hour detention period. This
period of aeration should provide adequate nitri-

fication during the summer when normally the
need is greatest to remove oxygen demands on the
stream. During the winter months it may be
unnecessary to provide nitrification because of
reduced algae activity, greater streamflow, and
lower water temperatures. These factors all tend
to reduce the probability of decreases in dissolved
oxygen concentrations to values less than required
by established standards. Ice cover, however,
may limit natural reaeration and cause winter
decreases in dissolved oxygen concentrations.

Phosphorus removal can be accomplished by
precipitating phosphorus at one or more of several
points in the treatment process. Addition of
metal salts to aeration tanks requires minimal
additional faciUties construction. Alternatively,
chemicals may be added in a separate flocculation
sedimentation tank following the secondary clar
ifier. Processes for removal are now well
established, and the principal efforts in continu
ing research are toward reduction of cost. For
this study, it was assumed that chemicals to
precipitate phosphorus would be added in the
aeration tankS.12

Waste Stabilization Lagoons: In addition to the
conventional sewage treatment processes pre
vious ly discussed, waste stabilization lagoons
are becoming increasingly popular as a method
of treating sewage from small urban communi
ties. Stabilization lagoons are a means of pro
viding complete treatment and should not be
confused with final effluent polishing ponds some
times used in connection with conventional sewage
treatment plants. Waste stabilization lagoons may
be either naturally aerated or mechanically aer
ated. Both types, if properly designed and oper
ated, can produce effluents comparable in quality
to effluent from conventional secondary treatment
plants. The provision of both effluent aeration and
instream aeration may be necessary to maintain
required dissolved oxygen levels in small water
courses with relatively little dilution capacity
receiving effluent from stabilization lagoons.

Naturally Aerated Waste Stabilization Lagoons:

Stabilization lagoons consist of impervious earthen
dikes, with manual control structures and flow
metering equipment which can be used to maintain

12"Phosphorus Removal with Pic kle Liquor in an Activated

Sludge Plant," Sewerage Commission of the City of Mil

waukee for the U. S. Environmental Protection Agency,

March 1971.
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the depth of the lagoon at from 3 to 5 feet. Single
or multiple-cell lagoons may be used although
only multiple cell lagoons are approved by the
state for use in Wisconsin. For treatment of
domestic wastes, the primary cell or cells are
normally sized on the basis of one acre of liquid
surface area per 100 persons, or from 16 to 20
pounds of CBOD5 per acre of liquid surface per
day and an average detention period of 180 days.
The secondary cell or cells are sized at about
one-fourth to one-third the size of the primary
cell or cells. Naturally aerated waste stabiliza
tion lagoons can be utilized to treat many, but not
all, kinds of industrial wastes.

Naturally aerated waste stabilization lagoons use
natural processes to decompose and stabilize the
organic matter in raw sewage. Sunlight, natural
aeration, and evaporation over an extended deten
tion time all work together to reduce the raw
sewage to a safe and stable effluent. Because of
their relatively fail-safe operation and indepen
dence from human operator error, naturally aer
ated waste stabilization lagoons have proven to
be a particularly efficient method of treatment
for smaller communities. The advantages of
naturally aerated waste stabilization lagoons, as
compared to conventional biological forms of
treatment, include the fact that no chlorination
equipment, and only a minimal amount of labora
tory testing equipment, is presently required by
state regulations. Highly skilled operators are
not required; no power is required for operation;
the process is well-suited to shock loadings and to
treatment of the highly fluctuating flows commonly
associated with small sewerage systems; there is
very little depreciation; overall operating costs
are low; and overall treatment levels are rela
tively high in terms of CBOD removal, ranging up
to 90 percent CBOD removal. Sludge disposal
problems are minim&ed because sludge deposits
normally form slowly in the basins, at rates
ranging from one-quarter to 2.5 inches per year.
Rates approaching or exceeding the latter indicate
that excessive amounts of sand or silt may be
entering the tributary sewerage systems.

The major disadvantages of a naturally aerated
waste stabilization lagoon include little actual
phosphorus removal; an effluent which may fre
quently be relatively high in ammonia content
and, as such, toxic to fish life in the receiving
stream; development of algae during warm sum
mer months with resultant potential suspended
solids carry-over to receiving streams; and sig-
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nificantly reduced biological activity during cold
weather months resulting in nuisance odors during
the spring thaw. Stabilization ponds provide no
grease removal facilities, relying instead on bac
terial decomposition of the greases, on depth con
trol of releases to avoid carrying grease over into
the effluent, and occasionally on baffles.

In addition, there are several requirements which
make the lagoons unsuitable for certain applica
tions. The State of Wisconsin requires that all
proposed stabilization lagoon sites be located at
a minimum distance of 2,000 feet from all exist
ing dwellings. This distance can be reduced to
1,600 feet if the dwellings in question are located
upwind (prevailing) of the lagoon site and the
owners consent to having the lagoon located closer
than the prescribed 2,000 feet. Once a lagoon is
constructed, adjacent landowners can build as
close to the lagoon as they wish. The lagoons are
unsuitable for the treatment of certain industrial
wastes, such as those from cheese factories.
Excessive land costs may make this method of
treatment uneconomical. Finally, state regula
tions require that the bottom of the lagoon be
located at an elevation at least 3 feet above the
groundwater table and at least 8 feet above bed
rock strata.

Mechanically Aerated Waste Stabilization

Lagoons: Aerated lagoons are similar to natural
stabilization lagoons with the following major dif
ferences: liquid depths may be increased, ranging
from 10 to 14 feet; shorter detention times may
be used, ranging from 30 to 50 days; and mechani
cal aeration and chlorination are required. For
treatment of domestic wastes, aerated lagoons
are normally sized on the basis of one acre of
liquid surface area per 600 to 800 persons. The
exact sizing is dependent upon sewage volumes,
CBOD loadings, and oxygen transfer efficiency
of the

5
aerators. Many industrial wastes can be

treated by aerated lagoons.

Aeration may be accomplished by surface aera
tors, floating or fixed; agitators; or by subsurface
aerators (diffusers). In the climate of the Region
surface aerators are subject to freezing problems.
Consequently, the trend is toward use of the sub
surface aerators which are not subject to freezing,
although both initial and operating costs are
somewhat higher.

Aerated lagoons possess all of the advantages of
natural stabilization lagoons as compared to con-
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ventional biological forms of treatment. In addi
tion, aerated lagoons may provide a reduction
in ammonia concentration of up to 90 percent,13
a major advantage over natural stabilization
lagoons, particularly when the effluent is to be
discharged to streams with very low flows.

In addition, the state of Wisconsin requires that
all proposed aerated lagoon sites be located at a
minimum distance of 1,000 feet from all existing
dwellings. This distance can be reduced to 800
feet if the dwellings in question are located upwind
(prevailing) of the lagoon site and the owners
consent to having the lagoon located closer than
the prescribed 1,000 feet. Once an aerated lagoon
is constructed, adjacent landowners can build as
close to the lagoon as they wish. As for naturally
aerated stabilization lagoons, state regulations
require that the bottom elevation of the lagoon be
at an elevation of at least 3 feet above the ground
water table and 8 feet above the bedrock strata.

Effluent Disposal Methods: Seepage lagoons and
direct discharge to land are two alternatives
which avoid final effluent disposal directly to
streams. Under both methods of disposal, efflu
entpercolates through the soil, eventually reach
ing the shallow aquifer system.

Seepage lagoons should only be used after careful
study of the soils and groundwater movements
indicates suitability at the specific site. If there
is a potential for groundwater contamination of
nearby public or private wells, the direction of
groundwater flow in the area must be determined
to avoid or eliminate a buildup of dissolved min
erals and organic compounds in water supplies.

Effluent disposal by land application is considered
by some as an ideal solution to the problem of
stream pollution. The feasibility of this scheme,
however, is strongly dependent on numerous fac
tors, such as proximity of available land; land
value; climate; topography; depth to groundwater;
and perhaps most importantly, soil type. Unfor
tunately, land application appears to be suitable
within the Region only for rather small, isolated
urban communities located in rural, agricultural
areas. In such areas, land costs are relatively
low and crop and pasture land with soils and
topography suitable for effluent discharge are
located nearby.

13 See "Nutrient Removal from Sewage Effluents by Algal

Activity," Advances in Water Pollution Research, Pergamon
Press, 1969, pp. 701-715.

Climate and soils are the most significant fac
tors influencing the development of land disposal
schemes in southeastern Wisconsin. Effluent is
most effectively applied to land by spraying,
although flood irrigation (ridge and furrow) is also
practiced. A spray disposal operation requires
piping systems, reservoirs, pumps, and large
irrigation system sprayers. These sprayers are
usually designed to serve a 60-foot radius, but
models are available which can serve up to
a 250-foot radius. The long period of potential
below-freezing temperatures in southeastern Wis
consin, extending from about November 1 to
April 1, precludes the possibility of designing
spray irrigation systems without large storage
reservoirs. These reservoirs could be consid
ered as stabilization ponds, with discharge to
a stream during the spring when streamflow is
high. Alternatively, the holding basin effluent
could be sprayed on the disposal fields when
they are dry enough to allow for percolation. Of
the remaining factors, climate and groundwater
require further discussion.

The second major problem with land disposal in
the Region is the generally low permeability of the
soil. It is estimated by Pennsylvania state Uni
versity researchers that to sustain a stable land
disposal operation the application rate should not
exceed one inch per week. This loading is about
28,000 gallons per acre per week. With this
application rate, approximately 300 acres are
required for each 1 mgd of sewage. In addition to
this land, an additional 50 acres would be required
for construction of the necessary hOldmg basins.
Another potential problem related to soils is
the possible production of toxic conditions in the
soil or groundwater. The acidity or alkalinity of
the soils affects this potential. Wastewater ele
ments which are harmless in basic soils may
be toxic in acidic soils. The soils within the
Region,however, are predominantly neutral or
mildly alkaline and should, therefore, create
a serious problem in this respect.

The advantages of land disposal of effluent are
numerous. They include elimination of effluent
discharges to surface waters, resulting in a
simpler and cheaper plant operation, since the
removal of nitrogen and phosphorus from the
effluent is not necessary. Problems with stream
dissolved oxygen deficits caused by addition of
sewage effluent are eliminated. The sewage adds
nitrogen, phosphorus, trace elements, and mois
ture to the soils which can increase crop yields.
This would especially benefit higher portions of
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the croplands where loss of moisture and nutrient
usually result in poorer yields. In addition, sludge
could be added to the flood irrigation system
increasing the concentration of nutrient applied.

Land disposal of effluent by spraying, flooding, or
seepage all have the common problem of ground
water contamination. Experience indicates that
bacteria are normally quite effectively removed
by passage through five feet of soil. Less is
known, however, about the removal of viruses by
passage through soil. Dissolved minerals in the
effluent may create concentrations in the ground
water that exceed the values established by U. S.
Public Health Service. The most troublesome
element in this regard would probably be nitrogen,
whose compounds are quite soluble. The maxi
mum allowable concentration of nitrate nitrogen is
10 mg/l, or 45 mg/l as nitrate. A study of the
crop nitrogen balance must be conducted to
support recommendations for land disposal. In
addition, the continued practice of land disposal
might eventually require either construction of
a new water supply system or installation of
deeper wells for all potentially affected supplies.
The development of biodegradable detergents has
eliminated the problem of foaming, an obvious
indicator of pollution in contaminated supplies.
Therefore the presence of pollutants.is likely to
go unnoticed until illnesses or routine testing
programs indicate that groundwater is polluted.

Instream Aeration: As already noted, there is
little natural reaeration during cold winter months
when streams may have heavy ice covers. This
can cause dissolved oxygen concentrations to fall
below critical limits. There are two potential
solutions, or at least partial solutions," to this
problem: to provide a high quality treatment plant
effluent or to provide instream aeration at
selected stream stations. For the latter solution,
a diffused air system appears to be the most
practical approach, since a clear waterway will
be maintained. Turbine aerators are subject to
damage from ice and debris and would require
a flexible anchoring system to allow the units
to float during flood or high flow conditions.
Instream aerators would be of most use if
installed in impoundments where the diurnal fluc
tuation in oxygen concentration is likely to affect
the largest fish population.

In streams that are essentially comprised of sew
age treatment plant effluent during low flow, a
small residual of oxygen-demanding substances
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in the sewage treatment plant effluent may still
cause a dissolved oxygen depression. Methods of
dealing with this problem include the provision of
higher levels of effluent treatment, mechanical
aeration to increase the dissolved oxygen concen
tration in the sewage treatment plant effluent, or
instream aeration to raise the dissolved oxygen
level in the critical oxygen area of the stream. If
one or the other of these methods is insufficient,
a combination of methods can be utilized. Because
shallow water depths and relatively high tem
perature reduce the oxygen transfer efficiency,
operating costs for this solution may be more
expensive than for increased removal of oxygen
demanding substances. The capital costs for the
installation of these devices are low compared
with the costs of additional treatment units, how
ever, and depending on the specific situation,
intermittent use of instream aeration may be the
most economical alternative.

SEWER DESIGN CRITERIA AND
ANALYTIC PROCEDURES

Numerous hydraulic factors are involved in the
design of sewers and sewerage systems including
design sewage flows, hydraulic friction, pipe
capacity, flow velocities, depths of flow, and mini
mum sewer slopes. In addition to these hydraulic
tactors, consideration must be given to building
and sewer construction practices which may
determine minimum and maximum sewer depths.
The following discussion describes the sewer
design criteria selected for use in the regional
sanitary sewerage system planning program, and
sets forth the methods and procedures by which
cost estimates were prepared for all sewers
included in the regional sanitary sewerage sys
tem plan.

Sewage Flow
Sewage flow consists basically of domestic, com
mercial, and industrial waste water; storm water
inflow; and groundwater infiltration. One of the
most important criteria used in the design of
sewers is that used to determine the amount of
sewage flow contributed to a given sewer from
its tributary drainage area. Normally, sewage
flow is estimated in terms of gallons per capita
per day (gpcd) or cubic feet per second per acre
cfs/acre). Several sets of design criteria have
been used within the Region to estimate sewage
flow, including those formulated under the Com
mission's Fox and Milwaukee River watershed
studies, those utilized by the Milwaukee-Metro-
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politan Sewerage Commission, and those con
tained in the Recommended Standards for Sewage
Works ,14 popularly called the "Ten-States Stan
dards. " Each of these sets of sewage design flow
criteria is discussed below.

In both the Fox and Milwaukee River watershed
studies, design sewage flows were based on rela
tionships between population size and average
daily sewage flow established from empirical
data collected from communities of varying size
throughout the two watersheds. In the Fox River
watershed study, design sewage flows were based
on an average daily flow contribution of 120 gpcd
in communities with populations under 5,000, and
an average flow contribution of 180 gpcd in com
munities with 5, 000 or more population. Trunk
sewers were sized on a peak-to-average flow
ratio of 2 to 1, resulting in design flows of 240
gpcd and 360 gpcd respectively for the smaller
and larger communities. The average daily and
peak design sewage flows were assumed to include
normal storm water inflow and groundwater infil
tration, as well as domestic, commercial, and
industrial waste water flows.

In the Milwaukee River watershed study, average
daily design sewage flows were based on a con
tribution which varied from 120 gpcd for com
munities with under 1,000 population to 210 gpcd
for communities of more than 30,000 population.
Trunk sewers were sized on a peak-to-average
flow ratio of 2 to 1, resulting in peak design
flows ranging from 240 gpcd to 420 gpcd. As in
the Fox River watershed study, the average daily
and peak design flows were assumed to include
normal storm water inflow and groundwater infil
tration, as well as domestic and industrial waste
water flows.

The rules of the Milwaukee-Metropolitan Sewerage
Commissions specify that sanitary sewers built
by municipalities and connected to the Sewerage
Commission's trunk or interceptor sewers be
sized on the basis of a peak flow contribution of
0.015 cfs/acre in areas where the population
ranges from 10 to 14 persons per gross residen
tial acre, and on the basis of a contribution of
0.020 cfs/acre in areas where the population
ranges from 15 to 20 persons per gross residen-

14Great Lakes-lPPer Mississippi River Board of State Sani

tary Engineers, Recorrrnended StandardS for Sewage Works,
Public Health Education Service, 1971 Revised EditiOt1:

tial acre. These design flow rates are equivalent
to a peak contribution ranging from 970 gpcd to
650 gpcd, and include allowances for storm water
inflow and groundwater infiltration. Where the
population is less than 10 or more than 20 persons
per gross residential acre, special studies are
required to be made to determine the peak design
flow criteria to be used. Trunk and interceptor
sewers under the jurisdiction of the Milwaukee
Metropolitan Sewerage Commissions are designed
on the basis of a 450 gpcd instantaneous peak flow.

The Ten-States Standards recommend that sani
tary sewers be sized using a minimum average
daily design flow of 100 gpcd and a peak design
flow of at least 250 gpcd. Design criteria used in
the Fox and Milwaukee River watershed studies
closely approximate the Ten-States Standards
recommendations.

In the regional sanitary sewerage system plan
ning program, criteria were developed relating
average daily and instantaneous peak sewage flows
to the major land use categories identified on the
adopted regional land use plan. Criteria were also
developed pertaining to allowances for normal
groundwater infiltration and storm water inflow.
With respect to the regional land use plan, sewage
flow criteria were developed for low, medium,
and high density urban land use areas, for major
retail and service centers, and for major indus
trial centers, the urban areas and urban ac tivi ty
centers identified and spatially located on the
adopted regional land use plan. Since the low,
medium, and high density urban land use cate
gories of the plan include by definition minor
commercial, industrial, and institutional land
uses generally found throughout otherwise pre
dominantly residential land use areas, the criteria
developed were intended to account for all sewage
flow from the urban land use categories used in
the plan.

Based upon an analysis of sewage treatment plant
flow and water supply system pumpage records
for selected communities throughout the Region
(see Chapter VI of this report), it was determined
that an average daily sewage flow contribution of
125 gpcd would be utilized in the regional study
for sizing sewerage system components. This
base flow was intended to include all domestic,
commercial, and industrial sewage contributions
exclusive of storm water inflow or groundwater
infiltration. This per capita base flow was then
used in combination with groundwater infiltration
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and storm water inflow allowances to develop
design sewage flows from the low, medium, and
high density urban local use areas, which areas,
as already noted, include commercial, industrial,
and institutional, as well as residential, land
uses. For certain designated major retail and
service and industrial concentrations, shown as
such on the land use plan, a peak daily sewage
flow contribution of 7,500 gallons per acre was
also established.

Because of existing legal prohibitions against the
diversion of storm and groundwater from roof
downspouts and foundation drains into the sanitary
sewerage system, the sewage flow design criteria
did not include extraordinary allowances for con
tributions from these two sources. An additional
allowance was made, however, for the normal
groundwater 'infiltration and storm water inflow
which could be reasonably expected to occur in
new, well-constructed systems,IS in addition to
the per capita sewage flow contributions. Thus,
the design criteria are intended to be applied pri
marily to the design of new sewerage facilities.
Older existing sewerage systems may experience
peak wet weather flows considerably higher than
indicated by the design criteria.

It was determined that a variable peak-to-average
ratio for sanitary sewage, excluding infiltration
and storm water inflow, would be utilized to design
trunk sewers, with the ratio varying from a low of
2.5 to 1 to a high of 5.0 to 1 depending upon the
population of the service area tributary to the
given sewer. Table 79 presents the peak-to
average daily flow ratios adapted from data pre
sented in ASCE Manual of Engineering .Practice
No. 37, Design and Construction of Sanitary and
Storm Sewers, and utilized in the regional sani-

IS It should be noted that the groundwater infiltration
and storm water inflow allowances set forth in this
chapter were selected by the Technical Advisory Com
mittee on Regional Sanitary Sewerage System Planning
after very lengthy and careful deliberation. In this
deliberat ion, the Commi t tee substantially increased
the infiltration and storm water inflow allowances
initially recommended by the staff. In making this
decision, the Committee relied on the experienced
judgement of sanitary engineers actively engaged in
constructing, operating, and maintaining sewerage
systems throughout the Region. Thus, the criteria
selected reflect the best engineering judgement avail
able within the Region on the amount of infiltration
and storm water inflow which can reasonably be
expected in new sewerage systems currently being
installed in the Region.
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minimum flow velocities required investigation,
the ratio of average daily to minimum flow was
assumed to be the same as the ratio of peak flow
to average daily flow.

As previously noted, in addition Lo lhe sewage
flow from residential, commercial, institutional,
and industrial land uses, allowances were made
in the design criteria for normal storm water
inflow and groundwater infiltration. To determine
the criteria to be used for storm water inflows
and groundwater infiltration, analyses were made
of hypothetical sewerage systems to serve typi
cal low-, medium-, and high-density residential
neighborhoods. A sewer layout, including build
ing, lateral, branch, and trunk sewers ranging in
size from 4" to 15" in diameter, was prepared for
each typical neighborhood. The allowable infil
tration for new sewer construction, as set by the
Wisconsin Department of Natural Resources, is
200 gallons per inch-diameter-mile per day. The
infiltration rate indicated in a construction speci
fication, however, is not necessarily the same
infiltration rate which should be used in estab
lishing the required capacity of sewers. To be
conservative and account for possible settlement
of sewers and opening of sewer joints with age,
an infiltration allowance of 1,500 gallons per
inch-diameter-mile per day was used for all
common sewers. For building sewers, which are
seldom constructed with the same inspection stan
dards as common sewers, an infiltration allow
ance of 3,000 gallons per inch-diameter-mile per
day was used. Table 80 presents the calculations
utilized to determine the infiltration allowance in
the regional sanitary sewerage system planning
program for a typical medium-density residential
neighborhood in the Region. From this table, it

Table 79

RATIO OF PEAK FLOW TO AVERAGE DAILY FLOW
UTILIZED TO DETERMINE TRUNK SEWER

DESIGN FLOW IN THE REGIONAL SANITARY
SEWERAGE SYSTEM PLANNING PROGRAM

Population Range Ratio of Peak Flow to Average Daily Flow'

0- 2,000 5.0
2,000-10,000 4.0

10,000-20,000 3.0
More than 20,000 25

JThis ratio applies to sanitary sewage flow but not to infiltration and stormwater
inflow.

Source: Adapted by Harza Engineering Company from ASCE Manual No. 37, "De
sign and Construction of Sanitary and Storm Sewers," 1969, p. 33.
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was determined that a total of about 511,000 gal
lons per day of infiltration can be expected from
a typical medium-density residential neighbor
hood. This flow converts to a total infiltration
allowance of about 0.6 gpm per acre, which allow
ance was intended to represent a peak infiltration
flow and as such to be added to the peak flow rate
derived by factoring the base flow of 125 gpcd.

Storm water enters truly separate sanitary sewers
primarily through submerged manhole covers.
Tests made on manhole covers submerged in
only one inch of water indicated that the inflow of
water may range from 20 to 75 gpm per man
hole. Additional storm water may enter the sani
tary sewerage system through illegally connected
building foundation and roof drains and illegally
connected area drains. The design engineer,
therefore, must evaluate the situation and make
allowance for such amounts of storm water as
experienced judgement indicates may be unwork
able, under probable enforcement conditions for
the area under design. Because of a lack of
detailed data in the Region relating to actual
storm water additions to the total sewage flow,
it was conservatively assumed that storm water
inflow would be equivalent to infiltration. Thus
the total flow for infiltration and the storm water
inflow for a typical medium-density residential
neighborhood in southeastern Wisconsin would be
1. 2 gpm per acre. This allowance, like the infil
tration allowance, was intended to represent
a peak storm water inflow and as such to be added
to the peak flow rate derived by factoring the base
flow of 125 gpcd.

Table 80

CALCULATION OF INFILTRATION ALLOWANCE FOR
A TYPICAL MEDIUM DENSITY RESIDENTIAL

NEIGHBORHOOD IN THE REGION

Sewer Sewer Sewer
Diameter Lengtn Length Infiltration Infiltration Infiltration
(Inches) (Feet) (Miles) Allowance' (gals/day/mil per Day (gals)

4 130,000 24.60 3,000 12,000 295,000
6 8,000 1.52 1,500 9,000 13,670
8 74,400 1408 1,500 12,000 169,000

10 6,900 131 1,500 15,000 19,600
12 1,700 0.32 1,500 18,000 5,750
15 1,800 0.34 1,500 22,500 7,650

Total 510,670'

NOTE: A medium density residential neighborhood is defined as a one square
mile area with an average population density of 102 persons per gross acre. (See
Appendix 0 of SEWRPC Planning Report No.7, Volume 3)

'Gallons per day per inch-diameter-mile.
'Equivalent to 356 gpm and, therefore, infiltration may be expressed on an areal
basis as 356 gpm/640 acres = 0.56 gpm/acre or about 0.6 gpm/acre.

Source: Harza Engineering Company.

Because of fewer building, lateral, and branch
sewers, the allowance for infiltration and storm
water inflow for low-density residential neighbor
hoods was determined to be somewhat less than
for medium-density neighborhoods. Similarly, in
high-density neighborhoods the open space is sig
nificantly reduced, thus decreasing infiltration.
Table Sl presents the infiltration and storm water
contributions estimated for low-, medium-, and
high-density residential development.

The above sewage flow design criteria were
utilized to prepare a series of trunk sewer
design curves for each of the three residential
density ranges utilized in the regional land use
plan-low, medium, and high density. The curves
which are shown in Figures 102, 103, and 104
are recommended for refined and detailed trunk
sewer design during the plan implementation
phase of the regional sanitary sewerage system
planning program.

Each figure contains three sets of curves. The
first set in each figure shows the relationship
between tributary area in acres and gallons per
capita per day for the low, middle, and upper
ends of the appropriate density range. The second
set in each figure shows the relationship between
tributary area in acres and a flow rate expressed
in cfs per acre. The third set in each figure
shows the tributary area in acres and the flow
rate expressed in million gallons per day. Thus,
a total of nine sets of curves are presented in
Figures 102 through 104, three each for the low-,
medium-, and high-density residential land use
development categories.

In lieu of using the above design curves, a some
what more generalized procedure was used to size
trunk sewers under the regional sanitary sewer-

Table 81

INFILTRATION AND STORM WATER INFLOW ALLOWANCES
UTILIZED IN THE REGIONAL SANITARY SEWERAGE

SYSTEM PLANNING PROGRAM

Infiltration and Storm Water
Type of Residential Inflow Contributions

Development (gpm/acre)

Low Density 1.0
(0.5 to 5.5 persons/acre)

1.2Medium Density
(5.6 to 15.6 persons/acre)

1.0High Density
(15.7 to 39.1 persons/acre)

Source: Harza Engineering Company.
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Figure 102

TRUNK SEWER DESIGN CURVES/LOW DENSITY URBAN DEVELOPMENT

Relationship Between Tributary Area in Acres and Peak Sewage Flow in Gallons Per Capita Per Day

7,000

6,000

I

t ftttt "iTt ~h;
7,000

6,000

8
5.000 ~ .... +-+

0
()
Q.

+

'"
.......... ++-:-

Z
I-

~ 4,000 ~
tl

5,000

0
..J
LL

0

"'
tT >-t"'

()
a.

'" ~1'-J-.r

'"

<
~

.~ I

•

z

"' ~,OOO

-

Vi

~

'"

0

<l

..J

"'

LL

a.

"''"<l

2,000

j

~

"'Vi

'"<
"'a.

T R,
1,000 r .,.

I ~~

0~"~~~1DtJ.
100 500 1,000 5,000 10,000

TRIBUTARY AREA IN. ACRES
50,000

1,000

100;0~0

- - - - - - - - - - - - - - - - - - -



- - - -

Figure I02--continued

Relationship Between Tributary Area in Acres and Peak Sewage Flow in Cubic Feet Per Second Per Acre
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Figure I02--con tin ued

w

'"'" Relationship Between Tributary Area in Acres and Peak Sewage Flow in Mill ions of Gallons Per Day
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NOTES;
(I) PEAK SEWAGE FLOW RATES ASSUME THE FOLLOWING:

c. AVERAGE DAILY SEWAGE FLOW: I 2~ gpcd
b. PEAK- TO- AVERAGE RATIOS:

POPULATION RANGE
° 1,999

2,000- 9,999
10,000- 19,999
20,000 OR MORE

PEAK-TO-AVERAGE
RATIO

---------

c.INFILTRATION: 0.5 gpm/ACRE
d. STORM WATER INFLOW: 0.5 gpm/ACRE

(2) 0.5 PERSONS PER ACRE,3.2 PERSONS PER ACRE,AND ~.~ PERSONS
PER ACRE CORRESPOND TO THE LOWER ENOtMIODLE,ANO UPPER END,
RESPECTIVELY,OF THE SEWRPC LOW DENSJ Y URBAN
DEVELOPMENT RANGE.

--

5.0
4.0
3.0
2.5

-------
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Figure 103

TRUNK SEWER DESIGN CURVES/MEDIUM DENSITY URBAN DEVELOPMENT

Relationship Between Tributary Area in Acres and Peak Sewage Flow in Gallons Per Capita Per Day
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Figure I03--continued

Relationship Between Tributary Area in Acres and Peak Sewage Flow in Cubic Feet Per Second Per Acre
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Figure I03--continued
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NOTES:
(I) PEAK SEWAGE FLOW RATES ASSUME THE FOLLOWING:

a.AVERAGE DAILY SEWAGE FLOW: /25 gpcd
b. PEAK-TO-AVERAGE RATIOS:

w
0
'0

POPULATION RANGE
0- 1,999

2,000- 9,999
10,000 -19,999
20,000 OR MORE

PEAK-TO-AVERAGE
RATIO

5.0
4.0
3.0
2.5

c,INFILTRATIDN: O.6gpm/ACRE
d.STORM WATER INFLOW: O.6gpm/ACRE

(2) 5.6 PERSONS PER ACRE, 10.2 PERSONS PER ACRE, AND 15.6 PERSONS
PER ACRE CORRESPOND TO THE LOWER END, MIDDLE,AND UPPER END,
RESPECT1VELY,OF THE SEWRPC MEDIUM DENSITY URBAN
DEVELOPMENT RANGE.

Source: Harza En~ineering Company and SEWRPC.
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figure 104

TRUNK SEWER DESIGN CURVES/HIGH DENSITY URBAN DEVELGPMENT

Relationship Between Tributary Area in Acres and Peak Sewage Flow in Gallons Per Capita Per Day
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Figure IOq--continued

Relationship Between Tributary Area in Acres and Peak Sewage Flow in Cubic Feet Per Second Per Acre
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Figure I O~--con t i nued
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".., Relationship Between Tributary Area in Acres and Peak Sewage Flow in Mill ions of Gallons Per Day
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Source: Harza Engineering Company and SEWRPC.

NOTES:
(I) PEAK SEWAGE FLOW RATES ASSUME THE FOLLOWING:

a.AVERAGE DAILY SEWAGE FLOW: 125 oped
b. PEAK-TO-AVERAGE RATIOS:

POPULATION RANGE° 1,999
2,000- 9,999

10,000-'19,999
20,000 OR MORE

PEAK-TO-AVERAGE
RATIO

---------

c.INFILTRATION: O.5gpm/ACRE
d.STORM WATER INFLOW: O.50pm/ACRE

(2) IS.7 PERSONS PER ACRE,26.1 PERSONS PER ACRE,AND 39.1 PERSONS
PER ACRE CORRESPOND TO THE LOWER END, MIDDLE, AND UPPER END,
RESPECTIVELY, OF THE SEWRPC HIGH DENSITY URBAN
DEVELOPMENT RANGE.
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~.O
4,0
3.0
2.5
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age system planning program. This procedure
incorporates the stated assumptions with respect
to peak to average flow ratios, average daily per
capita contribution of sanitary sewerage, infiltra
tion, and storm water flows on an areal basis, but
assumes that the 1990 forecast population is dis
tributed within the sanitary sewer service area at
medium density defined as 10.2 persons per acre.
Thus the trunk sewer design criteria does not
explicitly account for those scattered areas that
may by 1990 contain low- or high-density resi
dential development, hut instead aSSumes that the
population served will be at medium density.

Under this simplified procedure, the trunk sewer
design flow was calculated by determining the
forecast resident 1990 population in the tributary
drainage area, multiplying this population by
125 gpcd, and multiplying this product by the
appropriate peak to average flow ratio, the latter
being based upon the forecast 1990 population level
to be served. A combined infiltration and storm
water inflow allowance of 1. 2 gallons per minute
per acre of tributary drainage area was then
added to the product to obtain the required design
flow. The forecast 1990 population was divided by
10. 2 persons per acre to obtain the area to which
the 1. 2 gallons per minute combined infiltration
and storm water allowance was applied.

The Simplified trunk sewer design procedure used
in the regional sanitary sewerage system planning
program is set forth in Table 82. This design
procedure is equivalent to using the curves for
10.2 persons per gross acre in Figure 103, pro
vided that the designer enters that graph with an
area computed as the quotient of forecast 1990
populati-on and 10.2 persons per gross acre.

Although the trunk sewer design procedure applied
under the sanitary sewerage study did not explic
itly utilize the refined design procedures set forth
in the aforementioned design curves, the adopted
flow-generating procedures were determined to
be precise enough for the intended purpose of
comparing alternative trunk sewer configurations
and selecting the most economic arrangement.
A detailed analysis of the sensitivity of trunk
sewer diameter to design flow and of trunk sewer
costs to design flow revealed that the simplified
trunk sewer design procedure, relative to the
refined technique, will yield trunk sewer sizes
within one or two standard pipe sizes, and more
importantly, trunk sewer costs generally within
plus or minus 20 percent regardless of which of
the five sewer construction methods is used.

More specifically, if trunk sewers are sized for
a low-density residential area with the assumption

I
I

I

Table 82

CRITERIA FOR TRUNK SEWER ~ESIGN FLOWS UTILIZED IN THE
REGIONAL SANITARY SEWERAGE SYSTEM PLANNING PROGRAM

Stormwater
Sanitary Sewage Infiltration' Inflow'

Sanitary Sewer Service Area Average Peak Percent of Average Percent of Average Percent of
Daily Peak-to- Daily Total Daily Total Daily Total

1990 Implicit Size' Contribution Average Contribution Instantaneous Contribution Instantaneous Contribution Instantaneous
Population (Acres) (gpcd) Ratio (gpcd) Peak Flow (gpcd) Peak Flow (gpcd) Peak Flow

0- 2,000 0- 196 125 5 625 78_6 85 10.7 85 10.7
2,000-10,000 196- 982 125 4 500 74.6 85 12.7 85 12.7

10,000-20,000 982-1,960 125 3 375 68.8 85 15.6 85 15.6
20,000+ 1,960+ 125 2.5 313 64.8 85 17.6 85 17.6

Total Instantaneous Peak Flow

Sanitary Sewer Service Area
Expressed in Gallons
Per Capita Per Day Expressed in Equivalent Units

1990 Implicit Size' Percent Million Gallons/Day Gallons/Acre/Day Cubic Feet/Second Cubic Feet/Second/
Population (Acres) (gpcd) Total (mgd) (gpad) (cis) Acre (cfs/Acre)

0- 2,000 0- 196 795 100.0 0- 1.59 8.120 0- 2.46 0.0126
2,000-10,000 196- 982 670 100.0 1.34- 6.70 6,830 2.08-10.40 0.0106

10,000-20,000 982~1,960 545 100.0 5.45-10.90 5,550 8.45-16.90 0.00860
20,000+ 1,960+ 483 100.0 9.67+ 4,930 15.0+ 0.00765

I
I
I
I
I

'All sanitary service areas were assumed to be composed of medium den
sity. urban land uses With 10.2 persons per acre. The size, in acres, of the
samtary sewer service area resulting from. this assumption is obtained by
dlvldmg the population served by 10.2 people per acre.

Source: Harza Engineering Company and SEWRPC.

'The infiltration rate and the stormwater inflow rate for medium density
residential land use are each 0.6 gpm per acre of residential area served.
Since population density is assumed to be 10.2 people per acre, infiltration
and stormwater inflow may each be expressed on a per capita basis as 85
gpcd.
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that the forecast 1990 population is distributed at
a medium density of 10.2 persons per acre, the
resulting trunk sewer design flow could be as little
as 60 percent of the design flow that would be
obtained from the design curves for a low-density
distribution of 3.2 persons per acre. The design
trunk sewer diameter would be smaller than,
but within two standard pipe sizes of, that needed
to carry the precisely determined flow, and
the design cost would be less than, but within
20 percent of the cost of, the precisely determined
sewer size.

If, on the other hand, trunk sewers are sized for
a high-density residential area with the assump
tion that the 1990 forecast population is distributed
at a medium density of 10.2 persons per acre, the
resulting trunk sewer design flow would be as
much as 130 percent of the design flow that would
be obtained from the design curves for a high
density distribution of 26. 1 persons per acre.
The design trunk sewer diameter would be larger
than, but within one standard pipe size of, that
needed to carry the precisely determined flow,
and the design cost would be more than, but within
15 percent of the cost of, the precisely determined
sewer size.

There are, of course, relatively few sanitary
sewer service areas that are projected to have
primarily low- or high-density residential devel
opment in 1990. This is especially true for densi
ties of less than 3,500 persons per square mile or
5.5 persons per acre since, as discussed else
where in this report, sanitary sewer systems are
generally not economic for such low-density areas
and therefore not recommended unless soil condi
tions are unsuitable for onsite sewage disposal
systems. Furthermore, the bulk of the forecast
1990 sanitary service areas contains at least
some medium-density residential land use and,
therefore, the aforementioned pipe size and pipe
cost tolerances are in excess of that which will be
associated with most trunk sewers in the alterna
tive and recommended plans.

In summary, then, the simplified procedure used
to size trunk sewers under the regional sanitary
sewerage system planning program is precise
enough for the stated purpose of evaluating alter
native trunk sewer configurations and selecting
the most economic system; that is, the simplified
procedure will adequately determine the re lative
costs between alternative sewerage system con
figurations. It might be added that although it
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would be technically possible to use both 1990
forecast population and forecast population density
to design trunk sewers for the sanitary sewerage
system plan, this degree of detail would not be
warranted because of local variations in land use
relative to those projections that are likely to
occur between now and 1990.

The design criteria set forth above were utilized
in the regional sanitary sewerage system planning
program to size all sewerage system components
except sewage treatment plants. The criteria
were not, however, used to size trunk sewers
lying within the service area of the Milwaukee
Metropolitan Sewerage Commissions, the long
range system plan adopted by those Commissions
being incorporated into the regional system plan
without change.

The sanitary sewerage system plans developed
by the Regional Planning Commission under the
Fox and Milwaukee River watershed studies were
reanalyzed under the regional sanitary sewerage
system planning program, utilizing the afore
mentioned design criteria. In each case, it was
determined that the application of the design cri
teria selected for use in the regional sanitary
sewerage system planning program would not
substantially alter the design of the sewerage
system components already recommended in the
comprehensive plans for the Fox and Milwaukee
River watersheds.

A tabular comparison of the trunk sewer design
criteria used in the sanitary sewerage system
planning program with certain design criteria
commonly used in other sewer planning efforts
within the Region is set forth in Table 83. Sewer
age study trunk sewer design criteria are com
pared with those used in the SEWRPC Fox and
Milwaukee River watershed studies, with trunk
sewer design criteria included in the "Ten States
Standards" and with those recommended by the
Milwaukee-Metropolitan Sewerage Commissions
and the City of Milwaukee Bureau of Engineers.

There are, of course, other design criteria used
in the planning region, but the selected ones
included in Table 83 are sufficient to illustrate
the relatively wide range in existing design cri
teria applied to sanitary sewer service areas
containing primarily residential land use. This
variability in design criteria is probably attri
butable to a variety of factors, inc luding observed
behavior of local sewer systems and different

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

Table 83

COMPARISON OF TRUNK SEWER DESIGN FLOW CRITERIA

Planning Study, Agency, or Organization
SEWRPC SEWRPC SEWRPC Metropolitan Sewerage
Fox River Milwaukee River Regional Sanitary Sewerage Ten States Commission of

Population Watershed Study Watershed Study' System Planning Study Standards3 Milwaukee County' City of Milwaukee'
Served (gpcd) (gpcdj (gpcd) (gpcd) (gpcd) (gpcd)

0- 2,000 240 240 to 290 795 250 700 - 970 760

2,000-10,000 240 or 360 290 to 370 670 250 700 - 970 760

10,000-20,000 360 370 to 400 545 250 700 - 970 760

20,000+ 360 400 - 483 250 700 - 970 760

I
I
I
I
I
I
I
I
I

I
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'Restricted to sanitary sewer service areas containing primarify residen
tial development; includes allowance for infiltration and storm water in
flow.

'Per capita contribution is a continuous function of population as shown on
page 235, Figure 36 in SEWRPC Planning Report No. 13, Volume I.

3Minimum recommended per capita flows.
'Sewerage Commission criteria specify a design flow of 0.015 cfs per gross
acre for population densities in the range of 10 to 14 people per gross acre
which is equivalent to instantaneous peak design flow range of 700 to 970
gpcd. At medium urbal1 populatiol1 del1sity, defil1ed for purposes of this
study as 10.2 people per acre, Sewerage Commissiol1 il1stal1tal1eous desigl1
flows are equivalel1t-to 950 gpcd. These desigl1 criteria are applicable to
sal1itary sewers cOl1l1ected directly to trul1k al1d il1terceptil1g sewers ul1der
the jurisdicatiol1 of the Sewerage Commissiol1. Those trul1k sewers al1d
il1terceptil1g sewers are desigl1ed to carry 450 gpcd.

Source: SEWRPC.

judgements among design engineers with regard
to the absolute and relative magnitude of sewage
flow components such as sanitary sewage, infil
tration, and storm water inflow which should be
considered in establishing peak flows. Design
criteria used in the sewerage system ·planning
program are seen to be high on a per capita basis
relative to all other criteria except those of the
Milwaukee-Metropolitan Sewerage Commissions.
The criteria selected for use in the sewerage
study are considered reasonable, however, since
as discussed in this chapter they were ration
ally developed by combining projected average
per capita contributions of sanitary sewage flow
(125 gpcd) , documented sanitary sewage peak to
average flow ratios (ranging from a low of 2. 5 to
a high of 5.0) as reported in the ASCE Manual
Design and Construction of Sanitary and Storm
Sewers, medium-density population dis tribution
(10.2 persons per acre), and estimates of infiltra
tion and storm water inflow (0.6 gpm per acre for
each) in general conformance with both accepted
infiltration rates and with regional experience as
discussed later in this chapter.

'City of Mifwaukee desigl1 criteria specify a desigl1 flow of 0.010 to 0.014
cfs per gross acre for sil1gle family residential areas havll1li 4.86 to 3.64
dwelling ul1its per l1et residel1tial acre. At medIUm del1s/ty, defll1ed by
SEWRPC as having all average of 4.3 dwellll1g Ul1lts per l1et res/del1tlal
acre, City of Mifwaukee desigl1 flows are, by il1terpolatiol1, about. 0.012 cfs
per gross acre. At medium del1sity, defilled by SEWRPC as havll1g all av
erage of 10.2 people per gross acre, the City of Milwaukee il1stal1tal1eous
desigl1 flow is equivalel1t to 760 gpcd. .

'240 gpcd for a populatiol1 of less thal1 5,000 al1d 360 gpcd for a populatlOl1
of 5,000 or more.

Sewer Hydraulics
The selection of design criteria for determining
hydraulic factors involved in sewer design such
as friction, capacity, veLocity, slope, and depth
of sewage flow is equally as important as the
determination of the amount of sewage flow antici
pated in a given component of a sanitary sewerage
system. This section of the chapter presents the
hydraulic design criteria utilized in the regional
sanitary sewerage system planning program.

Considerable attention has been directed in recent
years to the analyses of the relationship between
sewage flow velocity and deposition in sewers. If
the average depth of flow in a sewer decreases,
the slope necessary to provide a scouring velocity
increases. Since sewers installed with a flow
capacity corresponding to projected population
development for a 20-year plan design period will
initially be flowing at partial depths, it is impor
tant to determine the self-cleansing velocity at
partial depth flow. Sewers designed to provide
self-cleansing velocity at full pipe flow may well
not be self-cleansing at pa.rtial depth flow.
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The Manning equation, V = 1.4~6 R2/3 81/2, was
used in the regional sanitary sewerage system
planning program to determine the hydraulic char
acteristics of components of the sanitary sew
erage systems contained in the plan.16 Values for
the Manning roughness coefficient "n" vary with
the type and conditions of the sewer, the depth of
flow in the sewer, and the diameter of the sewer.
For velocity calculations at less than full depth,
the values of "n" are selected from the curves
shown in Figure 105. The significant variation of
Manning's "n" with depth is evident from an
examination of the curves shown in Figure 105.
In the past, sanitary engineers have assumed
that the same velocity existed in a sewer when
it flowed one-half full as when it flowed full.
The relationships portrayed in Figure 105, how
ever, indicate that the full-flow velocity is not
attained until the ratio of partial depth to full-flow
depth equals 0.78, instead of 0.5 ratio as pre
viously assumed. However, the self-cleansing
velocity decreases as the depth decreases, as
shown by the curve in Figure 106 labeled "velocity
for equal cleansing. "

In the regional sewerage plan, sewers were
designed to flow full at a velocity of two feet per
second for the peak design flow. The concept of
constructing sewers on slopes great enough to
provide self-cleansing velocities for the flow from

16Several forrtl.1las may be used in hydraulic computations.

The Chezy formula, experimentally developed about 1770 by

the French engineer Antoine Chezy, is the basis for most
formulas used for turbulent flow in open channels, that is,
liquid flow in which the fluid surface is in contact with
the atmosphere, as well as closed conduit or pipe flow
defined as fluid flow in which the fluid does not have
a free surface but instead completely assumes the shape
of the conduit and is generally at a pressure greater
than that of the atmosphere. Sanitary sewers are normally

designed to function as open channel conveyance devices
although it is occasionally necessary for them to be
designed to operate under pipe flow conditions, such as
when they are connected to the discharge end of lift sta
tions or when they are an integral part of an inverted
siphon beneath a stream or other obsta~le. The Chezy
formula is:

v = C(RS)112

where: V is the mean velocity in feet per second, C is
a flow resistance factor called Chezy's C, R is the hydrau
lic radius of the channel or cooduit in feet defined as the
quotient of the cross-sectional area of flow A and the
wetted perimeter P, and S is the slope of the hydraulic
grade line. Although Antoine Chezy originally developed
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and verified the formula using experimental data for open
channel flcm, it nay be mathematically derived for both open
channel flow and pipe flow.

From the time of its introduction, the principal problem
associated with practical application of the Chezy formula
has been determination of the Chezy flow resistance factor
C. As a result, many investigators have developed and

repor ted on exper imentally der ived formulas for Chezy' s C.

Tne more significant formulas include one by Ganguillet and

Kutter, two Swiss engineers, which was published in 1869
and expressed Chezy's C as a function of S, R112 andacoef

ficient of channel roughness called Kutter's n; the Basin
formula proposed in 1897 by the French engineer of that
name which expressed C as a function uf only R112 and
Bazin's m, the latter being a coefficient of channel

roughness. In 1867 P. G. Gauckler, a French engineer, pro
posed an experimentally derived equation for open channel
flow that was equivalent to expressing Chezy's C as being
directly proportional to R116. Subsequently, many other
investigators, including the Irish engineer Robert Manning
in 1889, proposed the same dependence of Chezy's C on Rl/~.

The proportionality constant was later determined to be
1.491n where n, the coefficient of channel roughness, has
been incorrectly attributed to Manning, inasmuch as it
is now referred to as Manning's n. Manning's n may be
considered identical to Kutter's n for sanitary sewer
hydraulics computation. Thus. based on the work begun by
Gauckler, and completed by others, Chezy'sCis expressed as:

C = 1.49 ~/6
n

and this expression, combined with the Chezy formula,
yields the familiar open channel formula

V = 1.49 A R 213 S 112
n

which has been misnamed and is now corrrnooly accepted as the
Manning forrrula.

The Ganguillet and KUtter formula, the Basin formula, and
other available formulas are generally not as suitable for
practical application as the Manning formula because they
are either based on limited experimental data, as is the
Bazin formula, or are cumbersome to use without computa
tional aids, as is the Ganguillet-Kutter formula. The
Manning formula produces results equal to or better than
all other formulas and lends itself to rapid calculations,
primarily because of its relatively simple form and the
availability of a variety of nomographs and other computa
tional aids. Because of this combination of accuracy and

ease of use, the Manning formula is the most widely used of
all open channel flow formulas both internationally and in
the United States, and was recorrmended for international
use in 1936 by the Third World Power Conference. Therefore,
the Manning equation is recommended by SEWRAC for open
channel computations related to sanitary sewerage system
analysis and design. (References: V. T. Chow, <:Pen Channel
Hydraulics, Chapter 5, McGraw-Hill Book Company, Inc., 1959;
and G. P. Williams, "Manning Formula- -A Misnomer," Journal
of the Hydraulics Division, ASCE, Volume 96, Number BYl,
January 1970, page 193.)
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Figure 106

Source: ASCE Manual No. 37. Design and Con
struction of Sanitary and Storm
Sewers. 1969. p. 90.

for "n" for all full-flowing pipes was used. This
value is equal to 0.013. An "n" of O. 015 was used
for cement-lined cast iron force mains.
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Design conditions which tend to cause stoppages in
sewers should also be avoided wherever feasible.
These conditions include changes in grade from
a steep slope to a flatter slope causing subsequent
reduction in velocity and resulting sedimentation,
and changes in grade from a relatively flat slope
to a considerably steeper slope where the depth
of sewage decreases to less than critical depth,
thereby possibly stranding settleable materials
which may eventually block the sewer.
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Figure 105

the 1970 population was investigated but rejected
because of the increased frequency of pumping
stations which this would require and the asso
ciated costs and maintenance problems. Sewers
designed for 1990 flows may experience Some
deposition under initial flow conditions, but scour
ing velocities should occur at least once a day
even under such initial flow conditions. For
example, a 48-inch diameter sewer with a capa
city of about 15 mgd at two fps will serve a popu
lation of 30,000 persons assuming medium-density
development. If only 30 percent of the assumed
tributary population, about 9,000 persons, were
initially connected, an initial peak flow of about
6.0 mgd and a resulting self-c leansing velocity
would be achieved. This relationship can be cal
culated using the ratio of flows and Figure 106.
For flows from a population less than 30 percent
of the design population, self-cleansing velocities
will not be developed and sewer flushing will be
required periodically.

As shown by the curves in Figure 106, partially
full sewers develop the same self-cleansing char
acteristics at lower velocities. The maximum
velocity allowable in gravity flow sewers was
assumed to equal 15 feet per second. In addition,
since slime growths and grease deposition are
anticipated on all pipe materials, a uniform flow
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In summary, the following hydraulic design cri
teria were utilized for the sizing of sewers
included in the regional sanitary sewerage system
plan:

1. The Manning formula was used for calcu
lation of sewer flow velocities, discharges,
and slopes.

2. A Manning roughness coefficient, "n value,"
of 0.013 was used for sewer hydraulics
calculations with the exception of cement
lined cast iron force mains where a coef
ficient of 0.015 was used.

3. Sewers were designed to flow full at
a maximum velocity of 15 feet per second
and at a minimum velocity of two feet per
second under peak design flow conditions.

Construction Practices
In addition to design criteria relating to sewage
flow and the hydraulic characteristics of sewers,
assumptions must be made in the design of sewers
as to construction practices. Included in this
category of design assumptions are such factors
as minimum and maximum depth of sewers, mini
mum diameter of sewers, manhole spacing, and
sewer trench excavation.

Trench excavation represents a significant compo
nent of sewer construction costs. It is, therefore,
desirable to locate trunk sewers at as shallow
a depth as possible. In glaciated areas such as
southeastern Wisconsin, soil conditions may vary
greatly with depth. Consequently, the deeper the
sewer the less certainty there is about potential
construction conditions such as bedrock, soil
texture, and groundwater levels.

The minimum depth of trunk sewers is dictated
by the frost depth, the ability to provide gravity
drainage of sewage from basements, live and
dead loads on trenches, interference with other
utilities, and existing and proposed street grades.
In the regional sanitary sewerage system planning
program, the sewers were designed to provide
a gravity flow system wherever possible. In some
cases, however, a small collection system must
be located relatively deep in the ground. It is
more economical to locally pump the collected
sewage to the trunk sewers than to lower the trunk
sewers to influent sewer elevation.

A prac~ical minimum depth of trunk sewers is
established by the depth of the frost line. Based
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upon a conservative interpretation of the frost
penetration data presented in Chapter IV of this
report, a minimum cover of 7 feet to the top
of the sewer was maintained in the design of
all sewers in the regional sanitary sewerage
system plan. In those instances where sewers
cross streams having a continuous flow through
out the winter, the top of the sewer was held
to a minimum depth of 3 feet below the bottom
of the stream bed. Where streamflow is not
ensured during the winter, a minimum depth
of 7 feet was maintained where sewers cross
such streams. Where inverted siphon crossings
are required, a minimum of two conduits was
assumed with appropriate control structures to
prevent deposition of sewage solids.

Areas covered by soils poorly suited for the
construction of sanitary sewerage systems were
avoided where possible in siting of the system
components. In some situations, it was not pos
sible to avoid such poor soil areas. In such
cases, the cost estimates were adjusted to reflect
increased construction costs due to rock excava
tion or trench dewatering.

The minimum diameter trunk sewer contained in
the regional sanitary sewerage system plan is
8 inches. Such small trunk sewers occur in some
of the smaller communities in the Region. In the
urbanized areas of the three metropolitan areas
of the Region, the regional sanitary sewerage
system plan includes only those gravity trunk
sewers greater than 12 inches in diameter.

The spacing of manholes along trunk sewers con
tained in the regional sanitary sewerage system
plan was varied depending upon the size of the
sewer. Table 84 presents the maximum manhole
spacing utilized in the program. In addition, it
was assumed that manholes would be constructed

Table 8q.

MAXIMUM SPACING OF MANHOLES UTILIZED
IN THE REGIONAL SANITARY SEWERAGE

SYSTEM PLANNING PROGRAM

Diameter Maximum Spacing
(inches) (feet)

8 - 30 400
33 - 36 600
39 - 42 700
48 800
54 - 60 900

Larger than 60 1,000

Source: Harza Engineering Company.
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at all changes in grade, direction, and diameter
of sewer. It is recognized that the spacing utilized
in the design of these sewers in part exceeds that
now permitted under the Wisconsin Administrative
Code. The spacing utilized, however, reflects
good current engineering practice and meets cur
rent maintenance requirements.

Cost Estimates
In order to permit economic evaluation and com
parison of alternative sewerage system plans,
a consistent method of sewerage system construc
tion and operation cost estimation was developed
based upon the use of a series of estimation
curves. The curves, intended for use in the
economic evaluation of alternative system plans,
are not intended to be used for project cost esti
mating purposes. In order to provide consistency
in the necessary economic evaluations and com
parisons, the same unit costs were used through
out the Region. It should be recognized that actual
costs will vary somewhat throughout the Region,

with the costs in the larger urbanized areas of the
Region tending to be higher than in the outlying
rural areas of the Region, primarily because of
varying labor rates. All costs are adjusted to
January 1970.

The costs utilized in the regional sanitary sewer
age system planning program for trunk sewers
are shown in a series of curves contained in Fig
ures 107 through 111. These cost curves, which
were applied to all gravity flow trunk sewers
and to force mains contained in the regional sani
tary sewerage system plan, were developed to
include sewer construction costs such as trench
excavation, pipe and related materials, backfill,
and labor, but not costs related to engineering,
inspection, and contingencies. An allowance of
35 percent was added to cover these latter items.
All necessary manholes and appurtenances are
included in these cost estimates, which were
developed especially for the Southeastern Wis
consin Region utilizing 1970 as a base year and

I
Figure 107

CONSTRUCTION COSTS OF TRUNK SEWERS IN HARD, SOLID, AND DRY SOILS WITH MINIMUM SHEETING
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Figure 108

CONSTRUCTION COSTS OF TRUNK SEWERS IN HARD, SOLID, AND ORY SOILS WITH FULL SHEETING I
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Figure 109 I
CONSTRUCTION COSTS OF TRUNK SEWERS IN WET SOILS WITH WELL POINTS AND MINIMUM SHEETING

Harza Engineering Company and SEWRPC.
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Figure 110

CONSTRUCTION COSTS OF TRUNK SEWERS IN WET SOILS WITH WELL POINTS AND TIGHT SHEETING
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utilizing prevailing unit costs for labor, equip
ment, and materiaL No land costs were included.
These costs were considered typical of the sewer
construction costs in the Milwaukee urbanized
area and may be conservatively high in the more
rural portions of the Region.' As typical costs,
they represent averages rather than costs involved
in extraordinary situations, such as constructing
a new trunk sewer in a heavily urbanized area
where extensive relocation of underground utility
facilities would be involved.

The curves in Figures 107 and 108 represent costs
of constructing trunk sewers in urban or rural
areas where the soils are predominantly dry and
where a minimum amount of sheeting and full
sheeting, respectively, would be required. The
curves in Figure 109 represent costs of con
structing trunk sewers in developed urban areas
where the soils are primarily wet, where well
points would have to be utilized to dewater the
trench, but where only minimum sheeting would
be required. The curves -in Figure 110 represent
costs of constructing trunk sewers in developed

urban areas where soils are predominantly wet,
where wellpoints would have to be utilized to
dewater the trench, and where full sheeting would
be required. The curves in Figure 111 represent
costs of constructing trunk sewers in areas under
going transition from rural to urban use where the
soils are predominantly wet, where wellpoints
would have to be utilized to dewater the trench,
and where the layback method of construction
would be feasible. In any case where the open cut
method of sewer construction would not be fea
sible and where, therefore, tunneling would be
required, the costs of such tunnel sections were
individually determined.

It was assumed that the annual operation and
maintenance costs of all sewers in the regional
sanitary sewerage system plan would average
$250 per mile. This average cost was utilized
in the study in order to complete the total cost
analysis. It is recognized that the actual cost
of operating and maintaining sewers could vary
widely from the estimated average cost depending
upon the location, alignment, age, and condition
of the sewers.
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Figure III

CONSTRUCTION COSTS OF TRUNK SEWERS IN WET SOILS WITH WELL POINTS AND LAYBACK CONSTRUCTION

26 ,-------,-,-11 ---'1-------'-1-iT--VIflI77i- /- / I V I V
24 r--t--~____+__t_I-+-HI~t-H'I/ I-++!/_.-It/_.--~/.--t-II_. I !'i i --+1----+---I+--+-_~+---+-_+___t___+_--t----I

VI/IIj YI 11 / / _.Vr---t--r----jll__+_~--+-/-+--I--+-~_+__II__+__+___+___I
h '/; IV / II /. 11 I I /

22 f---+-=±=::-::i:-:-::-±::--I--Mi,--/-;I+-I-~r----!i~·H'··-.~ ---{.-+-/-t---+--+----+_++--+---+-+----,I---+--I----+-+_-+--1
f~ ~~H~AME ER I;J/I 1/I / ! 1 / i V

i I ; /I//t /V~ ! / I / / 1 I
~ 20 I--+--,~-l-i---4--I!JHI-~1-I-I/1'r--l-1/i+i-/,:-1'---+,"'--""/..... Jf----e'-/-I~·---,'--+---1I'I_++---+_--+--I__+_~+___jI__+__+___+___I

~ 18 -r 1/// 11- / I / -+---t-I-i---i---+---f-rl-ti-+--+--+--+---+--+-+--+--+--+--+---I
~ I !J?III I I, ; I I / II'
! 16 f-f------I-----HlVI/-fl(j'--jlctf/_-+l-

i

1_+1_+1+1--vl/ +-I/_+__+-_+-+-+/+-,I-+-_+--+-1-+-+--+---+--+-+--+-+--+---1
g iJr//; 1 I 1/ I / / II I
I

~ //IVI I, I I I1 I,' I / !
Cl 14 I---+--tff.f-/rf--fhl--H-+-++-~-+-++----+--'---+'----I-f-+·_-+_-+--+---+--+--+--+--j--f----+--'1----I--+-----1i(j/; III V / / / II

--1-+----+1--+--;-----,'- -J/---I---i- -+--+--+--+---+--j--f---i-

12 r----t-f1!J'ff--://1ff--r1l-frl/I-++1/-+-'1-+-II----+I/'--+---cf+-1(----:-__ +----i--i/'+--f--+~_+_I__+__+__+___I__+__+___+__I---+-___j
11/~r/ / 1/ 1/ / I I / '/ NOTE: I~II~~ NS~~E ?:dN~ ~~AT VE CO E (SE TION NO. &0) REQ IRES

IA

Ii 'II II I /1 / ! I --+V"I--'-.+--~--+---/-fJ'---+--i---+--+----Ijc'-(I)"'~'-':':.I':TR""UON'='6-l::'N'=Ri"';L':fc D=",.s=-TicC±:;'A:-:~:::-:~t-::'..'-~C:-o.+-:::FE=ET::+D=-=E=Epc+.-NC:-SA:-CN:C-::cOR=-+---1

//1 / A (2) N ROW TRENC ES 10 20 FE T DEE IN S NO, GAVEL R WE

8 1I..LL.J.JL..-1.L.lL11/-----"-,--1-.L..L1---'--'_..L-L1 1--,-1--.-J , . .LLI ..---'__._i,. ---'_~_'__ ---,-----,-I----c---'-----L.-"-----'------'-----'------'------'------'
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

COST IN DOLLARS PER LINEAL FOOT

Source: Harza Engineering Company and SEWRPC.

I
I
I
I
I
I
I
I
I
I
I

PUMPING AND LIFT STATION DESIGN
CRITERIA AND ANALYTIC PROCEDURES

In the regional sanitary sewerage planning pro
gram, the term "pumping station" is defined as
a relatively large sewage pumping device designed
not only to lift sewage to a higher elevation but
to convey it through force mains to gravity flow
points located relatively long distances from the
station. The term "lift station" is defined as
a relatively small sewage pumping device to lift
sewage to a gravity flow sewer at a higher ele
vation when the continuance of the gravity flow
sewer would involve excessive depths of trench.
In addition, lift stations might be designed to lift
sewage to areas too low to drain into available
sewers. Lift stations normally discharge through
relatively short force mains to gravity flow points
located at or very near the lift station.

382

Hydraulic and Construction Considerations
In the regional sanitary sewerage system planning
program, pumping and lift stations were sized
to pass the peak flow rates from the tributary
sewers discharging to the station. Wet wells in
the stations were designed to have sufficient
depth to eliminate surcharging of influent sewers
under all but the most unusual conditions. A mini
mum of two pumping units were provided at each
station. Sufficient pump capacity was provided at
each station to meet the peak flow assuming that
the largest unit would be out of service.

Analyses of construction costs were made to
determine the most economical maximum size
unit for prefabricated lift and pumping stations.
Based on these analyses, prefabricated stations
were assumed to be installed wherever a capacity
of up to 1 mgd was required, with greater capa-
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Cost Estimates
The construction costs utilized in the regional
sanitary sewerage system planning program for
pumping and lift stations were determined from
a curve shown in Figure 112. This curve was
developed from actual cost data compiled by Harza
Engineering Company and adjusted to meet pre
vailing (1970) wage and material costs for the
Southeastern Wisconsin Region. The operation
and maintenance costs of pumping and lift sta
tions used in the program were determined from
a series of curves shown in Figure 113. These
curves were developed by Harza Engineering
Company from national data and adjusted to meet
prevailing (1970) wage and material costs for the
Southeastern Wisconsin Region.

Alternative sanitary sewerage system plans were
developed and compared under the regional sani
tary sewerage system planning program for the
purpose of determining the optimum combination
of municipal sewage treatment plant location and
treatment processes such that existing and prob
able future sanitary sewage flows in southeastern
Wisconsin might be treated and discharged in
a manner that will help to abate and prevent water
pollution and contribute to the achievement of the
adopted water use objectives and supporting water
quality standards.

SEWAGE TREATMENT PLANT DESIGN
CRITERIA AND ANALYTIC PROCEDURES

Several factors must be considered in the design
of sewage treatment plants, including hydraulic
loadings, pollution loadings, streamflows, and
waste aSSimilative capacities; the kind and level
of treatment to be provided; and construction and
operation costs. The following discussion sum
marizes the design criteria and analytic proce
dures utilized in the regional sanitary sewerage

cities requiring onsite-constructed stations. For
onsite-constructed stations, costs for the pro
vision of a standby source of power of sufficient
capacity to provide peak pumping power was
included in the cost estimates. In small lift and
pumping stations where maintenance-free opera
tion is desired, it was assumed that relatively low
efficiency nonclog pumps and pneumatic ejectors
would be utilized. In larger pumping stations
where econo my of 0 peration is paramount, it was
assumed that bar screens and/or comminutors
would be installed to minimize pump clogging, and
centrifugal nonclogging pumps would be used.
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system planning program for the design of sewage
treatment plants, and in addition discusses the
basis of the cost estimates for such plants.

Hydraulic Loading
Sewage treatment plants frequently are sized to
treat sewage at an average daily flow rate includ
ing a constant groundwater infiltration volume.
Plants can be sized at slight additional costs to
provide a hydraulic capacity up to four times the
organic design flow rate without bypassing but
with a resultant loss in treatment efficiency.
Generally, the flow at sewage treatment plants
is more than the average daily flow from about
8 a. m. until about 8 p. m., and is less than the
average daily flow for the remainder of the day.
The concentrations of suspended solids and CBOD5
are also greater than the average concentrations
during the period when the flow is higher. Rates
of sewage flow at selected sewage treatment plants
in the Region are shown in a series of figures
presented in Chapter VI of this report.

In the regional sanitary sewerage system planning
program the design capacity of sewage treatment
plants was obtained, basically, by calculating the
estimated sewage flow from the entire tributary
service area based on a flow rate of 125 gpcd.
In addition, a constant rate of infiltration was
assumed at 0.6 gpm per acre, with the acreage
being computed by dividing the forecast 1990
population by a medium population density of
10.2 persons per acre. This procedure results in
an equivalent infiltration flow of 85 gpcd which,
when added to the sanitary sewage flow of 125 gpcd,
yields a design flow of 210 gpcd. Design flows for
sewage treatment plants serving primarily resi
dential development were, therefore, computed
as the product of 210 gpcd and the forecast 1990
population of the service area, except where 1970
sewage treatment plant flows were lmown, in which
case the design flow was calculated as the 1970
flow plus the product of 210 gpcd and the fore
cast 1990 population increment. In instances where
the 1970 per capita flow was less than 210 gpcd,
however, the design flow was computed as the
product of 210 gpcd and the 1990 design population.

The above simplified design procedure was ade
quate for determining the approximate size of
most sewage treatment plants as well as for
determining the approximate cost and relative
costs of treatment facilities in alternative sewer
age system plans. In the extreme, unrealistic
case of sewage treatment plants serving areas
composed almost entirely of either low- or high-
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density residential land use, the adopted procedure
would underestimate or overestimate, respec
tively, treatment plant average hydraulic design
capacities by as much as 40 percent. An analysis
of the sensitivity of sewage treatment plant capital
cos t and annual operation and maintenance costs
to variations in average hydraulic design capacity
under those extreme and unrealistic conditions
indicates that this 40 percent error in hydraulic
capacity would be equivalent to an approximately
30 percent error in both capital cost and annual
operation and maintenance costs.

The above relatively large percent of error in
average hydraulic design capacity, in treatment
plant capital costs, and in operation and main
tenance costs is not present in the analyses
conducted under the sanitary sewerage system
planning program since it assumes extreme, unre
alistic conditions. There are, for example, no
existing municipal sewage treatment plants serv
ing areas that are composed almost entirely of
low- or high-density residential areas. Further
more, no such situations exist in the recom
mended sanitary sewerage plan. A few alternative
plans did incorporate sewage treatment facilities
serving populations of less than 3,000 persons at
a low density, but these alternatives were found to
be uneconomic or not feasible for other reasons.
A refinement of the analysis of those alternatives
using higher per capita flows consistent with low
density development would simply increase the
costs and, therefore, make the alternative even
less attractive. The peak hydraulic design loading
for each sewage treatment plant contained in the
regional sanitary sewerage system planning pro
gram was obtained by doubling the design load
ing described above. The 2 to 1 ratio of peak
hydraulic loading to sewage flow design loading
was selected after reviewing similar design fac
tors utilized throughout the Southeastern Wis
consin Region.

Pollution Loading
Domestic sewage is the waste water from kitchen,
bathroom, lavatory, toilet, and laundry. Domestic
sewage contains human excretion, paper, soap,
dirt, food wastes, grease, and other substances
in dissolved and suspended states. Much of the
waste is of an organic nature that can be decom
posed by microorganisms. In addition, domestic
sewage contains disease-producing organisms and
for this reason sewage effluent must be disin
fected. The strength of domestic sewage is most
commonly measured in terms of suspended solids
and CBOD5•
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For the purposes of the regional sanitary sewer
age system planning program, average daily per
capita contributions of 0.21 pounds of suspended
solids and CBOD5 each were assumed. With an
assumed per capita sewage flow rate excluding
infiltration flow of 125 gcpd, these loadings pro
duce CBOD5 and suspended solids concentrations
each of 200 mg/I. For a sewage treatment plant
design flow of 210 gpcd, which includes infil
tration, the CBOD5 and suspended solids con
centrations would be 120 mg/I. Each pound. of
carbonaceous material, as measured by the five
day CBOD test, requires about L 4 pounds of
oxygen for complete oxidation assuming a deoxy
genation rate constant of 0.26 per day (base e
computations).

Figure II~

ASSUMED NITROGEN BUDGET FOR A MUNICIPAL
SEWAGE TREATMENT PLANT PROVIDING

SECONDARY WASTE TREATMENT

TOTAL NITROGEN
0.0540
(100%)

.--11----.
AMMONIA NITROGEN ORGANIC NITROGEN NITRATE NITROGEN

(NH 3 -N) 0.0243 (N03 )
0.0270 (45%) 0.0027
(50%) (5%)

Source: Harza Engineering Company and SEWRPC.

Industrial wl;lste waters are derived from manu
facturing processes, and inc!ude manufacturing
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TROGEN DISCHARGED TO THE RECEIVING WATERS IS
EQUIVALENT TO AN AMMONIA NITROGEN CONCENTRA
TION OF 10.7 MG/L FOR A MUNICI PAL SEWAGE TREAT
MENT PLANT SERVING MEDIUM DENSITY RESIDENTIAL
AREAS UNDER CONDITIONS OF AVERAGE SANITARY
SEWAGE FLOW PLUS INFILTRATION (TOTAL: 210 GPCD)
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gen contribution is equivalent to a sewage treat
ment plant influent concentration of 31 mg/l.
Phosphorus waste loads were assumed in the
regional sanitary sewerage system planning pro
gram to equal 0.01 pounds (as elemental phos
phorus) per capita per day. With an assumed per
capita sewage flow rate, excluding infiltration, of
125 gpcd, this loading is equivalent to a phospho
rus concentration of 9.6 mg/l. For a sewage
treatment plant design flow of 210 gpcd, which
includes infiltration, this per capita phosphorus
contribution is equivalent to a sewage treatment
plant influent concentration of 5. 7 mg/l.17

C. N. Sawyer, et a1, Metcalf & Eddy, Inc., "Nitrifi-
cation and Denitrification Facilities," Design Seminar
for Wastewater Treatment Faci1ities--Chicago.,I11inois.
Naverrber 1972.

The nitrogen loading to a municipal sewage treat
ment plant was assumed as O. 054 pounds per
capita per day as total nitrogen, with 0.027 pounds
per day of this nitrogen as ammonia. This repre
sents approximately 50 percent of the total nitro
gen in the influent. Nitrogen in the organic form
is assumed as 45 percent of the total nitrogen in
the influent or 0.0243 pounds per capita per day.
The remaining 5 percent of the total nitrogen,
O. 0027 pounds, is assumed to be in the nitrate
form. It was further assumed for a secondary
treatment facility, based on plant studies, that
about 45 percent of the influent nitrogen was
removed in the sludge or lost as gases from the
system. Of the remaining 55 percent discharged
to the stream, 35 percent of the total was in the
ammonia form, 15 percent was organic nitrogen,
and 5 percent was nitrate. This represents
a removal of 30 percent of the nitrogenous oxygen
demand excluding the effect of further decomposi
tion of the organic nitrogen to ammonia, and
assumes that only nitrogen in the ammonia form
will exert an oxygen demand. The nitrogen budget
of a municipal sewage treatment plant providing
secondary treatment is illustrated in Figur-e 114.17

With an assumed per capita sewage flow rate,
excluding infiltration, of 125 gpcd, this total
nitrogen loading of O. 054 pounds per capita per
day to a municipal sewage treatment plant is equi
valent to a nitrogen concentration of 51 mg/l. For
a sewage treatment plant design flow of 210 gpcd,
which includes infiltration, this per capita nitro-
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Table 85

LOW FLOW DATA AT U. S. GEOLOGICAL SURVEY GAGING STATIONS
,

Station Identification
Sanitary Sewerage Study
7-Day, 10 Yr. Low Flow

Upstream
Tributary Sewage

USGS Drainage Period of Period of Low Treatment Natural Unit Natural U.S. Geological Survey
Gage Area Record 7-Day Low Flows Plant Low Flow Low Flow 7-Day, 10 Yr. Low Flow 2, )

Gage Name Number Stream Watershed County (Sq. Mi.) Examined' Flows (cfs) Flow (cfs) (ets) Icts/mi') (cfsl

Cedarburg... 4-0865 Cedar Creek Milwaukee Ozaukee 121 1960-1969 8/16-8122, 1963 4.4- 01 43 0.0357 1.5
Clinton ... 5-4315 Turtle Creek Rock Rock 186 1960-1969 9/12-9/18, 1963 29.0 2.9 261 D140 24.0
Franklin ... 4-0872.2 Root River Root Milwaukee 49 1963-1969 12126,1963-1/1,1964 1.6- 1.4 02 0.00403 0.9
Franklin ... 4-087233 Root River Canal Root Racine 57 1963-1969 1112-1118,1964 0.3 03 0.0 0.00 0.4
Mayville.... 5·4240 East Branch of Rock River Rock Dodge 179 1960-1969 7/4-7/10,1964 2.2 0.4 1.8 0.010 0.7
Russell, III... 5-5278 Des Plaines Des Plaines Lake 124 1967-1970 8128-9/3, 1970 0.0 04 00 0.00 -
Waukesha ... 5-5438.3 Fox River Fox River Waukesha 127 1963-1969 9/4-9110,1963 5.8 2.3 3.5 0.0276 1.7
Wauwatosa .. 4-0871.2 Menomonee River Menomonee River Milwaukee 123 1961-1969 9/6-9112, 1963 4.4 2.6 1.8 0.0146 2.7
WiI",ol... 5-5465 Fox River Fox River Kenosha 868 1959-1969 9122-9128, 1964 67.0 16.0 51.0 0.059 50.0

process, washing, and flushing waste waters. Of
these various types of waste water, some are
highly organic, some are partly organic and partly
inorganic, while others, such as cooling water,
contain almost no addition of wastes to the water
supplied. The tes ts that identify, and even the
characteristics which apply to, the strength of
domestic sewage frequently cannot be applied to
industrial waste discharges. Strong acids and
alkalies, toxic substances, and high values of
oxygen demand produce erratic CBOD~ values,
because frequently the chemicals present in the
waters interfere with biologic action. For this
reason, industrial wastes are frequently expressed
in terms of chemical oxygen demand (COD) or
total organic carbon (TOC). Where sufficient
information was available, the individual waste
loadings from the industries within each service
area were separately evaluated.

Stream Low Flows
As noted earlier in this chapter, the Wisconsin
Department of Natural Resources evaluates com
pliance of a given municipal sewage treatment
plant discharge with state water use objectives
and supporting standards by assuming a stream
flow at the discharge point that is equivalent to the
lowest average for any period of seven consecu
tive days in the most recent 10 years. Develop
ment of alternative plans for the treatment and
discharge of sanitary sewage, therefore, requires
an estimate of the 7 day-l0 year low flow at each
potential site for a new or an expanded municipal
sewage treatment plant.

Seven day-l0 year low flows at all existing sewage
treatment plant sites had previously been esti
mated for locations throughout the Fox and
Milwaukee River watersheds as part of the Com
mission's comprehensive studies of those two

lID-year period of 1960·1969 Dr portion of that period for which streamflow records are
avatlable.

2Low flows determined by the U.S. Geological Survey as reported ~ In Hydrologic Investi·
gations Atlas HA-390, "Low-flow Frequency of Wisconsin Strea"!s, " 1971. A~ .discussed
In the text, these low flows are based on the new recurrence Interval definitIOn of low
flow and are presented here for comparison purposes.

Source: SEWRPC.
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watersheds. It was necessary, however, under
the sanitary sewerage system planning program,
to estimate low flows for many locations in the
Region lying outside of the Fox and Milwaukee
lHver watersheds and for a few additional loca
tions within these two watersheds. The most
recent 10-year period for which streamflow data
were available and which could be used in devel~

oping streamflows for the regional sanitary sew
erage system planning program was the period
1960 through 1969. Records for nine streamflow
gaging stations were used in the analysis, with
three of the gaging stations being located outside
the Region. The location of the nine gaging sta
tions is shown on Map 50, while low-flow data for
the stations are summarized in Table 85.

Streamflow records for the nine gaging stations
were examined to determine the low flow in cubic
feet per second. These recorded flows were
adjusted to represent natural conditions by sub
tracting the flow component attributable to exist
ing upstream sewage treatment plants, and the
unit low flow was then computed in cubic feet
per second per square mile of tributary area.
Table 85 summarizes the above computational
process for each of the nine gaging stations.

The forecast 1990 7 day,...10 year low flows were
estimated for existing and potential sewage treat
ment y(~nt locations as the sum of the natural flow
plus the forecast 1990 flow from upstream sewage
treatment plants. The natural flow was based on
the unit low flow in cfs/square mile deve loped for
each watershed, and the tributary drainage area
upstream from the discharge point in question.
The calculated natural flow then was adjusted for
1990 conditions by adding the 1990 design flow of
upstream sewage treatment plants.

'For a detailed comparison of SEWRPC and U.S.G.S. low flow estimates
available at the time of report publication, and an analysis of the effect of
differences in these estimates on sewage treatment level recommendations,
see Appendix E.
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Recommended levels of treatment for lIlunicipal sevage treatment plants must result in the removal
of sufficient quantities of "pollutants so that the stream water use objectives and supporting water
qual ity standards are met under conditions of extreme low streamflow. In the regional sanitary sewer
age system planning program, low streamflow at potential sewage treatment plant discharge points was
defined as the lowest average flow for any period of seven consecutive days during the most recent
IO-year period. Historic streamflow data collected at the nine U. S. Geological Survey stream gaging
stations in or near the Region as indicated on this map were utilized as the basis for developing low
streamflow estimates in the program to supplement such estimates previously made under the Commis
sionls comprehensive studies of the Fox and Milwaukee River watersheds.

Source: SEWRPC.
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An example of this procedure is the calculation of
the 7 day-l0 year low flow at the point where the
City of Delavan sewage treatment plant discharges
to Turtle Creek in the Rock River watershed.
The Turtle Creek gaging station at Clinton in
Rock County has a drainage area of 186 square
miles, and that tributary area contains the City
of Delavan. The recorded 7 day-l0 year low flow
of 25 cfs at the Clinton gaging station less the
estimated sewage treatment plant's flow from
upstream sewage treatment plants of 2. 9 cfs
resulted in a natural low flow of 26. 1 cfs. The
watershed unit runoff was, therefore, calculated
as 0.14 cfs/square mile. To determine the natural
streamflow at the Delavan sewage treatment plant,
this unit runoff factor was multiplied by the
63. 5 square mile drainage area located upstream
of the plant site, producing an estimated natural
low flow of 8.9 cfs. The estimated sewage con
tribution, 2.1 cfs from Elkhorn, was then added
to the upstream natural flow, resulting in a dilu
tion water discharge rate of 11. 0 cfs at the
Delavan sewage treatment plant outfall.

The U. S. Geological Survey (USGS), in coopera
tion with the Wisconsin Department of Natural
Resources, is currently (1973) conducting a state
wide low-flow study. The objective of this study is
to collate existing streamflow records, to deter
mine low flows at gaging stations and to develop
a methodology for predicting low-flow character
istics at sewage treatment plant outfalls and other
points of concern. Because of this work, the
Wisconsin Department of Natural Resources is
proposing to change its definition of the term "low
flow" as used in relation to sewage treatment
plant design. The new definition uses a recurrence
interval concept and defines the 7 day-l0 year low
flow as the minimum 7 day mean flow that may be
expected to occur on the average of once every
10 years. There is thus under this definition
a 10 percent probability that the actual 7-day low
flow in any given year will be equal to or less than
the 7 day-l0 year low flow.

The first phase of the study, which consists of an
analysis of low streamflows at selected gaging
stations throughout the state, has been completed}8
The resulting USGS low flows corresponding to the
continuous gaging stations utilized in the regional

18 W. A. Gebert. "Low Flow Frequency of Wisconsin
Streams," Hydrologic Investigations Atlas HA-390,
U. S. Geological Survey, 1971.
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sanitary sewerage study are presented in Table 85
to permit comparison to the low flows used as the
basis for sewerage study analysis. The USGS
values are seen to be somewhat lower than the
values derived in the sewerage study for seven of
the eight gaging station locations compared in the
table. There are several possible reasons for the
differences noted in the table. While the values
derived in the sewerage study are based on, at
most, ten years of streamflow record as is con
sistent with the former low-flow definition, the
USGS values utilize longer periods of record
where available. In several instances, the periods
of record do not overlap because whereas the
sanitary sewerage study incorporated up to ten
years of flow records ending in 1969, some of the
USGS analyses use streamflow data for a period
ending in 1959. A possible explanation for the
generally lower streamflow values obtained by the
USGS is the inclusion, either directly or by extra
polation, of a period of severe drought that
occurred in the early 1930s.

The aforementioned differences between the sani
tary sewerage study 7 day-l0 year streamflows
and those reported by USGS are not of major
concern in the regional sanitary sewerage system
planning program. Seven day-l0 year streamflows
in southeastern Wisconsin, irrespective of how
they may be defined, are generally so low relative
to municipal sewage treatment plant average
hydraulic design flows as to require the highest
of the three levels of treatment utilized in the
planning study in order to achieve adopted water
use objectives. The practical overall effect of
incorporating the lower USGS low-flow values
presented in Table 85 into the sanitary sewerage
study may be expected to be generally insignifi
cant since most sewage facility recommendations
already prescribe the highest of the three avail
able levels of sewage treatment. The engineering
design phase of sanitary sewerage system plan
implementation may encounter some unusual situ
ations where, because of low-flow differences,
treatment levels recommended in the plan may
have to be adjusted either upward or downward.
As noted in the introductory section of this
chapter, however, such plan refinements are to
be expected as recommended sanitary sewerage
system projects advance from the planning phase
to the engineering design phase.

The USGS anticipates publishing another report
setting forth the findings and recommendations of
the low-flow study late in 1973. During implemen-
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tation of the regional sanitary sewerage system
plan, it is recommended that the low flows and
methodologies presented in USGS Hydrologic
Investigation Atlas HA-390 and other anticipated
USGS reports to be used in lieu of the flows and
methodologies included in this report except
where the latter are judged to be more appropriate
or where more refined information is available.

The Waste Assimilative Capacity of Streams
Flowing streams have, under careful manage
ment, the ability to accept waste water discharges
resulting from human activity without producing
pollution problems. This characteristic of a flow
ing stream is commonly referred to as its waste
assimilative capacity. Streams assimilate wastes
by diluting the potentially troublesome substance
in a waste water discharge, and in some cases,
by effecting favorable biochemical changes in
those substances. For example, a flowing stream
may effectively assiinilate the oxygen-demanding
organic material in a waste water discharge both
by diluting the organic material, effecting an
immediate reduction in the concentration of
CBOD and NBOD It; and by providing an envi
ronme'hVin which a~robic bacteria gradually bio
degrade the organic matter to stable compounds.

The waste assimilation processes that occur in
a flowing stream are very similar to those that
exist in a conventional municipal sewage treat
ment plant. In fact, optimum utilization of natural
resources and economic resources requires that
water quality management seek to integrate the
waste assimilative processes that occur within
the confines of a man-made sewage treatment
plant with the waste assimilative processes that
occur in the natural stream receiving the effluent
from that sewage treatment plant. This integra
tion of the sewage treatment processes with the
natural waste assimilative capacity of the stream
seeks to make maximum use of the latter.

Although the waste assimilative, or self-purifica
tion, processes of a stream are always opera
tive, the processes may become ineffective from
a practical standpoint if the stream's waste
assimilative capacity is exceeded. A stream's
waste assimilative capacity is said to be exceeded
when pollution occurs, that is, when foreign sub
stances originating from human activity occur in
the stream in such a form and concentration so as
to render the flowing water unsuitable for desired
beneficial uses as set forth in adopted water use
objectives.

The major interrelated factors that determine
whether extensive gross pollution will occur are
the amount and quality of water available in the
stream to dilute the wastes relative to the quantity
and concentration of these wastes. No single
water quality indicator can be used to determine
the extent to which a stream has assimilated
wastes. Under the regional santtary sewerage
system planning program, stream waste assimila
tive capacity was determined by the effect that
a given waste discharge would have on two
important water quality indicators downstream of
the discharge point-dissolved oxygen level and
ammonia concentration.

The minimum dissolved oxygen concentration was
determined as a function of stream background
quality, sewage treatment plant effluent quality,
rate constants for biochemical processes occur
ring in the stream, and the ratio of streamflow
to sewage treatment plant effluent flow. In the
deve lopment of alternative water quality plan ele
ments, the type of treatment was selected so as
to achieve acceptable dissolved oxygen levels. An
oxygen sag curve model was developed and used,
as discussed later in this chapter, for the purpose
of assessing the probable impact of a given sewage
treatment plant on the oxygen resources of the
receiving stream.

The maximum allowable effluent ammonia concen
tration was computed as a function of the dilution
ratio, stream background ammonia concentration,
and the maximum concentration of ammonia that
can be tolerated by fish. Alternative water quality
plan elements were designed such that the maxi
mum allowable stream ammonia concentration
would not be exceeded.

Provision for Secondary
Treatment and Disinfection
The State of Wisconsin, as noted in Chapter VII of
this report, requires that all municipal sewage
treatment plants provide at least secondary treat
ment and that the effluent be disinfected before
discharge to surface waters. Each alternative
plan evaluated under the regional sanitary sewer
age system planning program includes, therefore,
provision for at least secondary treatment with
effluent disinfection. The secondary treatment
components of new sewage treatment plants were,
in most cases, assumed to be of the activated
sludge type.
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Provision for Phosphorus Removal
As a result of recommendations of the Lake
Michigan Enforcement Conference, the Wisconsin
Department of Natural Resources has imposed
minimum phosphorus removal criteria for all
sewage treatment plants located within the Wis
consin portion of the Lake Michigan Basin. Cer
tain municipal sewage and industrial waste water
plants discharging directly to Lake Michigan or to
any of its tributaries, in accordance with the legal
requirements set forth in Chapter VII of this
report, are required to remove at least 85 per
cent of the influent phosphorus. At a November
1972 session, the Lake Michigan Environment
Conference supplemented its earlier phosphorus
removal recommendations so as to also require
a maximum effluent total phosphorus concentra
tion of 1. 0 mg/l.

The per capita phosphorus and flow contributions
assumed in the regional sanitary sewerage system
planning program for treatment plant design are
such that an 85 percent removal of influent phos
phorus will result in the discharge of treated
waste with slightly less than 1.0 mg/l of phos
phorus. Therefore, the original 85 percent phos
phorus removal requirement governs under the
sanitary sewerage system study since it is more
stringent than the more recently established
1. 0 mg/l maximum.

These phosphorus removal criteria are strictly
applicable to sewage treatment plants located east
of the subcontinental divide, and similar criteria
are not in effect for that portion of the, seven
county planning Region lying west of the subcon
tinental divide. The Wisconsin Department of
Natural Resources retains, however, the option
of requiring special phosphorus removal facilities
for municipal sewage treatment plants located
west of the subcontinental divide where such
removal is considered necessary for achievement
of water use objectives.

As described in Chapter IV of this report, the
Commission's recently completed Milwaukee and
Fox River watershed studies, the latter of which
is not tributary to Lake Michigan, as well as
the Commission's earlier regional water quality
study, revealed serious algae and weed growth
problems in the lakes and streams of southeas
tern Wisconsin, with excessive nutrient loadings
being a principal cause of these problems. Lake
Michigan Enforcement Conference phosphorus
recommendations notwithstanding, the Milwaukee
River watershed study concluded that phosphorus
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removal should be provided at most municipal
sewage treatment plants. Similar phosphorus
removal recommendations were made under the
Fox River watershed study.

The regional sanitary sewerage system plan in
cludes recommendations with respect to levels of
treatment in general, and phosphorus removal in
particular, for municipal sewage treatment plants
located west of the subcontinental divide and out
side of the Fox River watershed on the western
fringe of the seven-county planning Region. These
treatment facilities, all of which are located in
the extreme headwater areas of the Rock River
watershed, are subject to neither the Lake Michi
gan Enforcement Conference phosphorus removal
recommendations nor the SEWRPC Fox and Mil
waukee River watershed study phosphorus re
moval recommendations.

Individual analyses were made for each of these
treatment facilities to determine if phosphorus
removal should be provided. The need for this
form of advanced treatment was based, in each
case, on the adopted water use objectives and
supporting standards. More particularly, phos
phorus removal recommendations were included in
those instances where such treatment would sub
stantially contribute to maintaining instream phos
phorus levels below the approximate O. 10 mg/l
threshold level for algal blooms. Where phos
phorus removal was recommended, it was assumed
that it would be accomplished primarily through
the addition of chemicals in aeration tanks.

The effects of discharging various amounts of
phosphorus which contribute to algae and other
aquatic plant growth in streams cannot be accu
rately predicted at present, due to the limitations
of existing knowledge about interaction among
nutrients, growth of aquatic life, and the stream
environment. It is reasonable to assume, how
ever, that high levels of nutrient are indeed
directly responsible for excessive algae and weed
growths. It is also reasonable to expect that dis
charge to surface waters of large amounts of
phosphorus in the effluent from sewage treatment
plants will contribute to excessive growth of algae
and aquatic weeds which will, in turn, severely
interfere with the maintenance of a healthy fishery
in, and the recreational and aesthetic enjoyment
of, the Region's streams and lakes. Excessive
daily fluctuations in the dissolved oxygen content
of the stream sufficient to render the stream
unsuitable for fish life may also be expected
to occur.
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Because of the effects of urban and rural storm
water rllnoff and septic tank effluent seepage, it
may not be possible to continuously maintain,
through control of the waste contribution from the
municipal sewage treatment plants alone, phos
phorus levels at all points in the stream below the
approximate threshold level for algal blooms of
0.10 mg/I. High levels of phosphorus removal at
sewage treatment plants, however, should serve
to minimize nuisance growths of algae and other
aquatic plants.

Oxygen Sag Curve Model for Determination
of Treatment Levels Required to
Provide Adequate Dissolved Oxygen
The computations which must be executed in order
to determine the minimum dissolved oxygen con
centration in a given stream that would result
from a particular waste being discharged into that
stream are complex and, therefore, a mathemati
cal model was formulated using these relation-

ships and a digital computer program was ,written
to perform computations. A schematic represen
tation of the oxygen sag curve model, including
assumed values of all variables, is shown in
Figure 115. The minimum dissolved oxygen con
centration in a stream downstream of a sewage
treatment plant discharge point was computed as
a function of the following types of data:

1. Background quality of the stream ex
pressed in terms of temperature, dis
solved oxygen, carbonaceous biochemical
oxygen demand, and nitrogenous biochemi
cal oxygen demand.

2. Sewage treatment plant effluent quality
expressed in terms of temperature, dis
solved oxygen, carbonaceous biochemical
oxygen demand, and nitrogenous biochemi
cal oxygen demand.

Figure 115

OXYGEN SAG CURVE MODEL USED IN THE PREPARATION OF ALTERNATIVE
SEWAGE TREATMENT PLANT PLAN ELEMENTS

.MODEL IN PUT - - DILUTION RATIO AND
COMPUTATIONAL TIME PERIOD

RATIO OF STREAMFLOW TO SEWAGE
TREATMENT PLANT EFFLUENT FLOW:
0.2 TO 5.0

TIME INTERVAL MODELED: 0.03 TO
2.25 DAYS

.MODEL INPUT--ASSUMED BACKGROUND
QUALITY OF STREAM

TEMPERATURE 77°F (25°C)
DI SSOLVED OXYGEN

MINIMUM OR NIGHTTIME: 4.0 MG/L
MAXIMUM OR DAYTIME: 8.0 MG/L

CBOD
5

: 2.0 MG/L

NBODu1t :

1.0 MG/L (APPROX. 0.2 MG/L
NH 3 -N)

• MODEL INPUT--ASSUMED RATE CONSTANTS FOR MIXTURE OF STREAMFLOW AND SEWAGE
TREATMENT PLANT EFFLUENT (AT 20°C AND FOR NATURAL LOGARITHM COMPUTATIONS)

CBOD DEOXYGENATION RATE CONSTANT: 0.26 I/DAY
NBOD DEOXYGENATION RATE CONSTANT: 0.50 1/ DAY
ATMOSPHERIC REAERATION RATE CONSTANT: 3.0 I/DAY

NBODult

SECONDARY TREATMENT AND TERTIARY TREATMENT:
46.0 MG/L (10.0 MG/L NH -N)

ADVANCED TREATMENT: 7.0 ~G/L (1.5 MG/L NH
3
-N)

.MODEL INPUT--ASSUMED QUA LI TY OF SEWAGE TREATMENT PLANT EFFLUENT
TEMPERATURE: 77°F (25°C)
DISSOLVED OXYGEN (AERATED EFFLUENT): 6.0 MG/L

CBOD5

SECONDARY TREATMENT AND ADVANCED TREATMENT:
15.0 MG/L

TERTIARY TREATMENT: 5.0 MG/L

MIXTURE OF STREAMFLOWAND SEWAGE TREATMENT PLANT EFFLUENT _

I ZONE OF OXYGEN DEPLETION AND RECOVERY IN WHICH THE FOLLOWING PROCESSES
......----ARE ASSUMED OPERATIVE AND INCLUDED IN THE MODEL:

• DEOXYGENATION DUE TO CBOD EXERTION
• DEOXYGENATION DUE TO NBOD EXERTION

• REAERATION BY DIFFUSION OF ATMOSPHERIC OXYGEN••

MUNICIPAL
SEWAGE

TREATMENT
PLANT

•••.
••SEWAGE •

TREATMENT·
PLANT

EFFLUENT

---STREAM

••••
••••

I
I

I

I
I

I

DISSOLVED
OXYGEN
CONCEN
TRATION

I
I

.MODEL OUTPUT--OXYGEN SAG CURVE DOWNSTREAM OF THE
SEWAGE TREATMENT PLANT EFFLUENT FOR EACH SET OF
IN PUT CONDIT IONS

~--
~ MINIMUM D.O.

TIME

I Source: SEWRPC.
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3. Rate constants for biochemical processes
occurring in the mixture of streamflow and
sewage treatment plant effluent, which
processes include deoxygenation due to
carbonaceous biochemical oxygen demand,
deoxygenation due to nitrogenous biochemi
cal oxygen demand, and reaeration by dif
fusion of atmospheric oxygen across the
air-water interface.

4. Dilution ratio, defined as the ratio of
streamflow to sewage treatment plant
effluent flow and time interval to be
modeled.

This section compares the model to stream oxygen
models used in Commission watershed studies,
describes the mathematical formulation used to
express minimum dissolved oxygen as a func
tion of the aforementioned four factors, and
then describes the assumed model input and the
manner in which the computer computations were
executed. The results of the dissolved oxygen
analysis are presented in the graphic form actu
ally used in establishing the type of treatment for
sewage treatment plants considered under alter
native water quality plans.

Comparison of Regional Sanitary Sewerage Study
Oxygen S?g Curve Model to Watershed Study
Models: In Chapter II of this report the relation
ships existing between the CommissionJs sanitary
sewerage system planning program and the Com
mission's comprehensive watershed planning pro
grams were discussed; and the subtle as well as
complex nature of the interrelationships between
these two quite different, yet inextricably inter
related, planning programs was pointed out. One
of the more subtle interrelationships between
these two kinds of planning programs involves the
characteristics of the water quality simulation
models used in the two programs. A general com
parison of the two modeling methodologies is
appropriate in order to provide a better under
standing of the models used in the comprehensive
watershed planning programs as well as in the
sanitary sewerage planning program, and in order
to further clarify the relationship between these
two kinds of planning programs and the plans
produced by these programs.

Stream water quality simulation models-or more
specifically, stream oxygen utilization and reaera
tion models-were developed for use in both the
Commission's Fox and Milwaukee River water-
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shed studies. Certain important differences, as
well as similarities, exist between these models
and the oxygen sag curve model developed for use
in the regional sanitary sewerage system planning
program. The basic concepts on which the water
shed and the sanitary sewerage system models
are based are identical in that both are intended
to simulate the same basic processes affecting
oxygen levels in flowing streams and do so by
using the same mathematical equations to repre
sent these processes. Thus the models incor
porate three basic processes as the primary
determinants of the dissolved oxygen content of
stream water, namely deoxygenation due to the
exertion of carbonaceous biochemical oxygen
demand, deoxygenation due to the exertion of
nitrogenous biochemical oxygen demand,I9 and
reaeration by the diffusion of atmospheric oxygen
into the flowing stream across the air-water
interface.

The fundamental difference between the watershed
models and the sanitary sewerage system model
lies in the manner in which the equations repre
senting the fundamental processes were applied.
For watershed planning purposes, the stream
systems of the watershed were modeled on a con
tinuous flow basis whe,rein the stream water
quality level outputs of the model equations from
one river reach provided inputs to the next down
stream reach, thus simulating the behavior of the
total stream system with respect to water quality
under varying pollution loads. This procedure
takes into account the varying physical charac
teristics of the river system and any interaction
of the effects of one waste source on river condi
tions upstream from another waste source. The
models used in the watershed studies thus were
intended to reflect the interaction between various
elements in the surface water quality system by
incorporating such phenomena as the combined
effect of a series of sewage and industrial waste
treatment plant discharges on a long stream reach

1917le dissolved oxygen models used in the sanitary sewerage
system planning program and in the Milwaukee River water
shed study contain almost identical conceptual formulatioos
and TIatheTIatical equations. These two models differ from
the dissolved oxygen model used in the earlier Fox River
watershed planning .rrogram in that the Fox River model did
not consider the effects of nitrogenous biochemical oxygen
deTIand. Its inclusion in the more recent Milwaukee River
watershed and regional sanitary sewerage system planning
pogram models reflects an advance in the state-of-the-art
of water quality modeling since p-eparation of the Fox
River watershed model.
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and the effect of diffused sources of oxygen
demanding substances, such as those attributable
to urban and rural runoff. The watershed study
models were in effect calibrated on a reach-by
reach basis to the stream system of the watershed
as it existed in the base year of the study. The
purpose of the watershed study models was to
provide a means of analyzing the effect of various
watershed stream system adjustments on surface
water quality and to ultimately select the best
combination of treatment facility location, levels
and types of treatment, and land use practice
necessary to achieve the adopted water use objec
tives and supporting standards.

A more generalized single-reach procedure was
used in the application of equations representing
the basic oxygen utilization and reaeration proc
esses in the model developed and applied in the
regional sanitary sewerage system planning pro
gram. In this approach, sewage treatment needs
are based on 7 day-IO year low streamflows as
forecast for each existing and proposed sewage
treatment plant site. These forecasts assume that
through implementation of the adopted watershed
plans and the attendant abatement of all major
diffused as well as all point sources of pollution,
stream water quality conditions immediately
upstream of a sewage treatment plant discharge
point will, under low flow conditions, meet or
exceed the established water quality standards.
The primary purpose of the sewerage system
planning program model is to determine, glven
forecast low streamflow conditions and design
year sewage flows, the level of treatment required
to assure that the treatment plant effluent can be
assimilated by the stream without depressing the
stream water quality levels below those required
by the adopted water use objectives and support
ing standards.

Thus, three factors dictated the use of a gener
alized single-reach approach to stream water
quality modeling in the sanitary sewerage system
planning program as opposed to the more specific
prevailing streamflow condition model in the com
prehensive watershed studies. The first, and most
important, reason for using a more generalized
single-reach procedure in the sanitary sewerage
system planning program modeling was the dif
faring yet interrelated objectives of the sanitary
sewerage system planning program and the com
prehensive watershed planning programs. The
watershed planning programs were intended to
take a comprehensive approach to the problem of

surface water quality management and to consider
the effects of not only municipal sewage treatment
plant discharges on surface water quality but the
effects of other point sources of pollution such as
industrial waste discharges, and the effects of
such diffused sources of pollution as sanitary
and combined sewer overflows and agncultural
runoff. The comprehensive nature of the water
shed studies thus necessitated the adoption of an
equally comprehensive water quality simulation
model. In contrast to the comprehensive nature
of the watershed studies, the sanitary sewerage
system planning program was limited to consid
eration of the water quality effects of the muni
cipal sewage treatment plants, and therefore
a more limited water quality simulation model
was selected for application. The watershed study
model was selected in conformance with this
assumption in that it serves the limited purpose
of determining the effect of a municipal sewage
treatment plant discharge on a stream which
meets the adopted water use objectives and
standards.

A second reason for using a generalized, single
reach approach to oxygen modeling in the sewer
age study is the nature of prevailing streamflow
conditions outside of the Fox and Milwaukee River
watersheds. Streams in, the Region which will
receive sewage treatment plant effluent and are
outside the Fox and Milwaukee River watersheds
are generally small with very low minimum flows.
The precision in modeling such streams is inher
ently very poor because of the typically widely
varying hydraulic conditions along their length
as compared to the more uniform hydraulic char
acteristics of larger rivers.

The third reason for using a more generalized
single-reach procedure in the sanitary sewerage
system planning program modeling is the gener
ally wide separation of existing and potential
municipal sewage treatment plant sites in the
more rural areas of the Region outside the Fox
and Milwaukee River watersheds. The relatively
long distance and concomitant long flow times
between existing and potential municipal sewage
treatment plant sites reduce the need for a model
that can simulate thE;! cumulative water quality
effect of sewage treatment plant discharges, since
under such conditions the oxygen demand resulting
from a given sewage treatment plant discharge
will be essentially satisfied before the next major
downstream discharge point is encountered. More
specifically, the sanitary sewerage study water
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quality model indicates that the oxygen sag effects
of sewage treatment plants providing secondary,
tertiary, or advanced treatment as discussed in
this chapter will be essentially dissipated within
about one day's flow time downstream of the dis
charge point. At a streamflow velocity of 0.5 feet
per second, which may be reasonably expected
to occur during low flow periods, stream oxygen
levels would be recovered within a distance of
about eight miles downstream of the sewage treat
ment plant. Plant site spacings within the Region
generally exceed this distance, and assuming that
the recommendations contained in the adopted
watershed plans are implemented to eliminate the
effects of other water pollution sources, inter
actions shouLd not occur.

The data requirements of the two types of water
quality simulation models differ greatly. The
watershed study models, which were intended to
simulate the water quality conditions of the stream
systems as they existed in the base year of the
study, required extensive water quality data for
model calibration so that the models would ade
quately reproduce the water quality behavior of
the existing stream system. These data had to be
provided by relatively expensive field sampling
and laboratory analysis procedures.

Extensive data on existing levels of water quality
were not required for the sanitary sewerage sys
tem pLanning program model since that model is
based on the assumption that the quality of the
receiving waters would meet or exceed the stan
dards required by the established water use
objectives. Some water quality inputs to this
model were generalized from regional water
quality data collected by the Commission under
its initial stream water quality surveys under
taken in 1964.

In summary, the water quality simulation model
used in the regional sanitary sewerage system
planning program is similar to the water quality
simulation models used in the Commission's Fox
and Milwaukee River watershed studies in that
both models are based upon· the same basic reoxy
genation processes, although the Fox River model
does not include nitrogenous biochemical oxygen
demand, and utilizes essentially the same mathe
matical equations to represent these processes.
The difference in the models relates to the dif
ferent purposes which they are intended to serve
within the framework of the Commission's com
prehensive watershed planning as opposed to sani-
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tary sewerage system planning. The former
planning programs require a comprehensive ap
proach to water resource management and, there
fore, a continuous flow approach to water quality
modeling with specific calibration of the model to
existing stream water quality conditions. The
latter program, having a more limited objective,
requires a modeling effort which can readily
determine the effect of municipal sewage treat
ment plant discharges on a receiving stream that
satisfies adopted water use objectives and stan
dards in the design year.

Mathematical FormuLation of Model: The basic
relationship used in the computer program for
determining stream dissolved oxygen deficit down
stream of a sewage treatment plant outfall is
a modification of the Streeter-Phelps equation.
The Streeter-Phelps equation, which has long
been a standard analytic tool used to predict the
effect of a waste water discharge on the oxygen
level in a stream, expresses dissolved oxygen
deficit at a given time or distance downstream of
a discharge point as a. function of two opposing
processes-deoxygenation due to the exertion of
CBOn and reaeration attributable to the diffusion
of atmospheric oxygen into the flowing stream
across the air-water interface. A graph of stream
dissolved oxygen versus flow time or distance
downstream of a sewage treatment plant discharge
point as computed by the Streeter-Phelps equa
tion characteristically exhibits a decline in dis
solved oxygen occurring at a decreasing rate until
a minimum level is reached, after which there
is a gradual rise in dissolved oxygen. This char
acteristic dissolved oxygen decline, minimum,
and subsequent increase as predicted by the
Streeter-Phelps equation are commonly called the
oxygen sag curve.

The modified equation used in the model for the
regional sanitary sewerage system planning pro
gram incorporates one important process in addi
tion to the two included in the Streeter-Phelps
formulation. That additional process is the utili
zation of dissolved oxygen in oxidizing ammonia
to nitrate, that is, the model explicitly accommo
dates nitrogenous biochemical oxygen demand.2o

20 W. Whit;p1e, et a1, Instream Aeration of Polluted Rivers,
Chapter III, "Dissolved Oxygen Dynamics and Analytic
Procedures," Water Resources Research Institute, Rutgers
University, August 1969.
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The equation used in the computer program to
compute the dissolved oxygen sag curve in
a stream reach beginning at a municipal sewage
treatment plant effluent discharge point is:

Where:

t = Flowtime from the beginning of the reach
in days.

D = Dissolved oxygen defiCit in mg/l, that
is, saturation concentration of dissolved
oxygen minus actual concentration of dis
solved oxygen, at a flow time (t) down
stream of the beginning of the reach.

Do= Dissolved oxygen deficit of the stream
flow-effluent mixture at the beginning of
the reach in mg/l.

e = Natural logarithm base.
K = Atmospheric reaeration rate constant in

a day-I. Fraction of remaining oxygen
deficit satisfied per unit of time.

Kct= CBOD deoxygenation rate constant in
day-I. Fraction of CBOD remaining ex
erted per unit of time.

Ku= NBOD deoxygenation rate constant in
day-I. Fraction of NBOD remaining ex
erted per unit of time.

Lo;'" CBODult of the streamflow-effluent mix
ture at the beginning of the reach in mg/l.

No=NBODult of the streamflow-effluent mix
ture at the beginning of the reach in mg/I.

It is important to note that the parameters Do, Lo '
and No, which pertain to the beginning of a stream
reach immediately downstream of a municipal
sewage treatment plant outfall, represent the
oxygen deficit, CB0Dulb and NB0Dult of the mix
ture of streamflow and sewage treatment plant
effluent. These parameters are calculated within
the computer program as a function of streamflow
water quality data, sewage treatment plant efflu
ent quality data, and the ratio of streamflow to
sewage treatment plant effluent flow, all of which
are provided as input to the computer program.
The three rate constants, Ka , Kd' and Ku are
input to the model for conditions of 200 C and
adjusted by the computer program for tempera
tures other than 20oC.

Dissolved oxygen deficit is computed by the model
and printed in the model output as a function of
flow time in the reach, rather than distance down
stream of the beginning of the reach. Any flow
time, such as the flow time corresponding to the
maximum dissolved oxygen deficit, may be con
verted to a corresponding distance downstream
of the beginning of the reach by multiplying the
flow time by the estimated average velocity of
the stream.

Model Input: As stated above and as depicted in
Figure 115, input data for the computer program
used to generate curves for evaluating the effect
of sewage treatment plant effluent on streamflow
dissolved oxygen levels may be placed in four
categories: background quality of streamflow,
sewage treatment plant effluent quality, rate con
stants for biochemical processes, and the ratio
of streamflow to sewage treatment plant effluent
flow and computation time interval. The assumed
values for variables in each of these four cate
gories are presented below along with the ration
ale for the selections.

Stream Background Qual i ty: Background stream
water quality is defined as the set of values of
selected water quality indicators that are most
likely to occur upstream of sewage treatment plant
discharge points during the period of summer low
streamflow, with the additional assumption that the
stream quality is sufficient to satisfy the quality
standards corresponding to the adopted water use
objectives. The following stream water quality
indicators were used in the model: temperature,
dissolved oxygen, carbonaceous biochemical oxy
gen demand, ammonia, and nitrogenous biochemi
cal oxygen demand. Stream water quality values
most likely to occur during the summer low
streamflow period were selected, since a stream's
waste assimilative capacity is normally minimal
at that time because of the relatively small vol
ume of water available for dilution, because of
low dissolved oxygen, and because of high water
temperature and attendant increased reaction
rates for aerobic biochemical processes.

o 0
A temperature of 77 F (25 C) was used to repre-
sent probable stream background temperature
and sewage treatment plant effluent temperature
throughout the Region during critical summer,
low flow conditions. The selected temperature
approximates that which may be expected to occur
in streams during summer daytime hours.
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DO levels as low as O. 5 mg/l have been observed
upstream from sewage treatment plants on the
Fox and Milwaukee Rivers, while super saturation
DO concentrations as high as 18.4 mg/l have been
observed in impoundments on the Milwaukee River
on hot, sunny days. These extreme variations are
attributed primarily to respiration and photosyn
thesis by algae and other aquatic plants. It is
assumed that in the future these extreme fluctua
tions will be reduced as steps are taken to reduce
the input of nutrients which foster excessive
aquatic plant growth. To reflect the diurnal varia
tion of DO due to respiration and photosynthe
sis during the summer low streamflow period,
4. 0 mg/l was assumed as the minimum or night
time background concentration of DO, and 8.0 mg/l
was assumed as the maximum or daytime concen
tration. A minimum or nighttime dissolved oxygen
concentration of 4.0 mg/l was selected since it is
the minimum concentration specified by the Wis
consin Department of Natural Resources for pres
ervation and enhancement of fish and other aquatic
life. The maximum or daytime concentration of
8.0 mg/l was chosen since it approximates the
saturation concentration of dissolved oxygen in
a stream·at 770 F (25

0
C).

The background CBOD5 is probably attributable
to natural sources of organic oxygen-demanding
materials such as decaying plants and agricultural
runoff. The concentration of five-day, 200 C CBOD
as would be determined by a standard laboratory
test was assumed to be 2.0 mg/l, which is equi
valent to a CB0Dult of 2.6 mg/l assuming a labo
ratory environment deoxygenation rate constant
(base e) of 0.30 per day. The selected background
CBOD5 was based partly on average values of
water samples taken on the Milwaukee River
under the Commission's Milwaukee River water
shed study. The assumed background concentra
tion of CBOD5 has little effect on a stream's
waste assimilative capacity relative to other
stream background quality indicators, and is
therefore not a particularly critical parameter.

Background ammonia is attributable to natural
sources such as decaying plant material and agri
cultural runoff. Ammonia is considered acutely
toxic to fish life at a concentration in excess of
2.50 mg/l ammonia nitrogen, and the biochemical
conversion of ammonia to nitrate requires 4. 6
pounds of oxygen for each pound of ammonia nitro
gen that is converted. The background concentra
tion of ammonia nitrogen was set at 0.20 mg/l,
based partly on ammonia measurements made on
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the upper Milwaukee River under the Commis
sion's Milwaukee River watershed study. Since,
as noted above, 4.6 pounds of oxygen are required
to convert one pound of ammonia nitrogen to
nitrate, the background NB0Dult was set at
1. 0 mg/l which approximately corresponds to
the assumed background ammonia nitrogen of
0.20 mg/I.

Sewage Treatment Plant Effluent Quality: Re
quired computer program input for sewage treat
ment pLant effluent quality includes temperature,
dissolved oxygen, carbonaceous biochemical oxy
gen demand, and nitrogenous biochemical oxygen
demand. The expected values of these indicators
that would be anticipated in effluents from sewage
treatment plants employing various treatment
processes were, therefore, used in the model and
are set forth in Table 86. These sewage treatment
plant effluent characteristics were based partly on
the performance of existing municipal sewage
treatment plants in the planning region and partly
on treatment efficiencies reported in the litera
ture. The assumed sewage treatment plant efflu
ent quality values in Table 86 are intended to
represent three categories of treatment: cate
gory T, secondary treatment; category II, tertiary
treatment consisting of secondary treatment plus
provision for !J.i.gh CB0Dult removal; and cate
gory m, advanced treatment consisting of secon
dary treatment plus provision for nitrification.

Rate Cons tants: As noted above, oxygen sag
curve computations as performed by the model
require the assignment of values for K, the
atmospheric reaeration rate constant; I\i, the
CBOD deoxygenation rate constant; and Kn , the
NBOD deoxygenation rate constant. Water quality
analyses and estimates of stream hydraulic char
acteristics required to determine rate constants
were available for the Milwaukee River watershed
stream system as a result of the Commission's
comprehensive study of that watershed, and values
for the three rate constants were selected for use
in the sewerage study model primarily on the
basis of values previously determined for the Mil
waukee River watershed.

In the Milwaukee River watershed study, the value
of the reaeration rate, Ka , was computed using
an empirical equation21 relating the constant to
stream velocity and stream depth:

21 W. Whipple, et al.
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Table 86

ASSUMED MUNICIPAL SEWAGE TREATMENT PLANT EFFLUENT
qUALITY FOR USE IN THE OXYGEN SAG CURVE MODEL

Treatment Effluent Quality

Dissolved Ammonia Nitrogen
Tem perature Dxygen CBODs NH 3 -N

Category Level Typical Process (OF) (mg/l)l (mg/l) (mg/l)'

I Secondary Activated Sludge
Trickling Filter, 77 6 15' 10

Naturally Aerated
Sta bilization Lagoon

II Tertiary Filtration
(high CBOD s removal) 77 6 5' 10

III Advanced Mechanically Aerated
(Nitrification) Stabilization Lagoon 77 6 15' 1.53

Modified Activated Slu~ge

I
I
I
I
I
I

I

I
I
I
I
I
I
I
I
I
I

'Effluents are assumed to be aerated to assure a minimum dissolved oxy
gen concentration of 6 mg/l.

2Approximately 4.6 pounds of oxygen are required to convert 1.0 pound of
ammonia nitrogen (ammonia, NH 3, expressed as nitrogen, N) to nitrate.
Therefore effluent ammonia nitrogen concentrations of 10 mg/l and 1.5
mg/l are equivalent to effluent ultimate nitrogenous biochemical oxygen
dement (NBOD ult ) values of 46 mg/l and 7 mg/l, respectively.

Source: Harza Engineering Company

where:

K = reaeration rate constant at 200 C in
days -1.

U = average stream velocity in feet per
second.

H = average stream depth in feet.

Under the Milwaukee River watershed study, esti
mates of stream velocity and depth for 32 locations
on the watershed stream system were substituted
into the equation and Ka was computed for each
location. The 32 computed reaeration rate con
stants for 200 C conditions ranged from 0.34 to
14.0 with a median of 3.60. A Ka value of 3.00
at 200 C was selected as representative of the
Region's streams and used in the regional sani
tary sewerage system planning program oxygen
sag curve mode l.

Values of the CBOD deoxygenation rate constant,
Kd , were determined under the Milwaukee River
watershed study from an analysis of long-term
biochemical oxygen demand tests, with suppres
sion of nitrification. These analyses, which were
conducted on water samples obtained at three
locations along the river system, yielded 200 C
K

d
values ranging from 0.10 to 0.26 day-I.

A value of 0.26 day-l was selected as represen-

'This optimum or lowest value is expected to occur during summer low
flow period but not necessarily throughout the year.

'At sewage treatment plant average hydraulic design capacity, the influent
flow, which is composed of sanitary sewage plus infiltration, is 210 gpcd
with a CBOD s of 120 mg. per 1. (equivalent to domestic sewage contribu·
tion of 125 gpcd with a CBOD s of 200 mg. per 1.) Therefore, secondary
and advanced treatment are assumed to effect at least an 88.5 percent
CBOD s reduction, while tertiary treatment is assumed to provide at least
a 95 percent reduction.

tative of the Region's streams and used in the
oxygen sag curve model. This value is in general
agreement with numerous suggested deoxygenation
rate coefficients cited in the literature.

The NBOD deoxygenation rate constant, Ku, was
evaluated under the Milwaukee River watershed
study using a sampling and laboratory procedure
similar to that used for the CBOD deoxygenation
rate constant. Long-term biochemical demand
tests were used without suppression of nitrifica
tion and compared to similar analyses conducted
with suppression of nitrification. The Milwaukee
River watershed analyses yielded 200 C Kn values
of O. 10 and 0.70. A value of O. 50 day-l at 200 C
was selected as representative of the Region's
streams and used in the oxygen sag curve model.

Dilution Ratio and Computational Time Period:

The ratio of streamflow upstream of a sewage
treatment plant effluent discharge point to the
effluent discharge is an important factor in an
oxygen sag analysis, since it determines the rela
tive influence of stream background water quality
and sewage treatment plant effluent quality on the
quality of the mixture of streamflow and treatment
plant effluent.

The oxygen sag curve model was, for a given set
of streamflow and effluent quality characteristics,
programmed to compute oxygen sag curves for
streamflow-effluent ratios ranging from 0.2 to

397



I
Figure 116

Source: Harza Engineering Company and SEWRPC.

NIGHTTIME OXYGEN SAG CURVES DOWNSTREAM OF A
CONVENTIONAL SECONDARY SEWAGE TREATMENT PLANT

gory III, advanced treatment providing nitrifica
tion. Each pair contains a solid curve denoting
minimum or nighttime dissolved oxygen conditions
and a dashed curve for maximum daytime dis
solvecl oxygen conditions.
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Points used to construct anyone of the six curves
were obtained from the oxygen sag curve model
by holding constant all input for stream back
ground quality, sewage treatment plant effluent
quality, and rate constants, and then operating the
model for a range of streamflow-effluent flow
ratios. Each dilution ratio produced an oxygen
sag curve and the minimum dissolved oxygen con
centration on that curve was plotted versus the
flow ratio on the graph. A smooth curved Line
connecting all pairs of minimum dissolved oxygen
flow ratio values produced one of the six curves.
It is important to note that each of the six curves
in Figure 117 is not an oxygen sag curve, but
instead represents many oxygen sag curves. Each
curve is a graph of minimum downstream dis
solved oxygen versus dilution ratio for one of the
three treatment categories in combination with
daytime or nighttime dissolved oxygen conditions.

Figure 117 contains three pairs of curves, with
each pair corresponding to one of the three treat
ment categories set forth in Table 86, which
categories may be generalized as category I,
secondary treatment; category II, tertiary treat
ment providing high CB0Dult removal; and cate-

Model Runs and Resulting Design Curves: The
oxygen sag curve model was operated to generate
oxygen sag curves which were then used to con
struct design curveS for use in the preparation of
alternative plans. Figure 116 shows three repre
sentative oxygen sag curves obtained from the
model along with the input data and information
used to generate the sag curves. These curves,
which represent the nighttime effect of the dis
charge of secondary sewage treatment plant efflu
ent to a stream, are a portion of the 150 oxygen
sag curves computed by the model and then used to
develop the six design curves shown in Figure 117.
These design curves give the minimum dissolved
oxygen concentration downstream of a sewage
treatment plant outfall as a function of the type of
treatment and the ratio of streamflow to sewage
treatment plant effluent flow. Implicit in the
curves, of course, are the assumptions with
respect to stream background quality, sewage
treatment plant effluent quality, and rate constants
in the stream-effluent mixtures.

With respect to the time period used in the oxygen
sag curve model, the computer program was, for
a given set of streamflow and effluent quality char
acteristics and a given flow ratio, programmed to
compute the oxygen deficit for a 2. 25-day period
or flow time downstream of the effluent discharge
point. Experience with the model indicated that
this time period was more than sufficient to
include the time in which the oxygen depletion
would achieve its maximum value and also include
most of the oxygen recovery.

5. O. This ratio range was selected to inc lude
most existing and potential municipal sewage
treatment sites in the planning region after an
examination of 7 day-l0 year low streamflows
estimated for each of those sites and the design
sanitary sewage flow for each site. The 7 day
10 year low streamflow was used in establishing
the ratio range since, as discussed earlier in
this chapter, that flow is used by the Wisconsin
Department of Natural Resources in evaluating
compliance of a given municipal sewage treatment
plant discharge with state water use objectives
and supporting standards.
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Figure 117

MINIMUM DISSOLVED OXYGEN DOWNSTREAM OF A TREATMENT PLANT
AS A FUNCTION OF DILUTION AND TREATMENT TYPE

5

Assume, for example, that the streamflow-effluent
ratio for a potential municipal sewage treatment
plant is O. 5. The design curves indicate that
sewage treatment plants in categories I and II,
secondary treatment and tertiary treatment for
high CB0Dult removal, respectively, would be
inadequate because of excessive oxygen depletion
during both daytime and nighttime periods. The
minimum dissolved oxygen concentration down
stream of a secondary treatment plant would be
2.40 mg/l during the day and 2.25 mg/l at night,
which concentrations are below the allowable day
time and nighttime minimums of 5.0 and 4.0 mg/l,
respectively. The minimum dissolved oxygen con
centration downstream of a tertiary treatment
plant providing high CB0Dult removal would be

terized by low DO Levels during the nighttime
hours and relatively higher DO levels during the
daylight period.
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Use of Design Curves: The design curves were
intended for USe in determining the leve1 and type
of treatment required at a potential treatment
plant site in order that the adopted water use
objectives and supporting standards with respect
to the oxygen requirements of fish and aquatic
life may be met. As shown on Map 49, most sur
face waters in the Region are intended to support
a warm water fishery. Water quality standards
commensurate with such a fishery stipulate main
tenance of a minimum dissolved oxygen concen
tration of 4.0 mg/l, with the added requirement
that the DO level be maintained at 5. 0 mg/l or
more for at least 16 hours of any 24-hour period.
For use with the design curves, these DO stan
dards are interpreted to mean that nighttime dis
solved oxygen concentrations shall not drop below
4.0 mg/L while daytime levels must be 5.0 mg/l
or more, since the diurnal DO variation attribut-·
able to algae and other aquatic plants is charac-
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3.00 mg/l during the day and 2.75 mg/l at night,
which concentrations are also below the allowable
daytime and nighttime maximums of 5. 0 and 4. 0
mg/l, respectively. A sewage treatment plant in
category m, that is, advanced treatment providing
nitrification, would produce acceptable down
stream dissolved oxygen levels in that the mini
mum downstream 00 concentration would be
6. 25 mg/l during the day, which is greater than
the 5.0 mg/l daytime minimum, and 5.40 mg/l
at night, which is greater than the 4.0 mg/l night
time minimum.

The above example, in addition to illustrating
a specific application of the design curves, sug
gests some generalizations that can be made upon
examination of the rule curves. If the streamflow
effluent ratio is equal to or greater than 1.85, any
of the three categories of treatment are acceptable
with respect to their effect on downstream dis
solved oxygen levels. All three categories of
treatment will produce, for ratios of 1. 85 or
more, minimum daytime downstream oxygen
leve ls of 5. 0 mg/l or more, thereby satisfying
the daytime oxygen requirement, and minimum
nighttime downstream oxygen levels of 4.0 mg/l
or more, thereby satisfying the nighttime oxygen
requirement.

If the ratio of streamflow to effluent discharge is
less than 1. 85, secondary sewage treatment will
produce daytime DO values below the 5.0 mg/l
minimum. Therefore, secondary treatment can
J1·)t be utilized for flow ratios be low 1. 85, and
advanced treatment providing nitrification, or
tertiary treatment providing higher CB0Dult re
moval, should be considered.

If the ratio of streamflow to effluent discharge
is less than 1. 55, tertiary treatment providing
higher CB0Dult removal will produce daytime DO
values below the 5.0 mg/l minimum. Therefore,
neither secondary treatment nor tertiary treat
ment may be utilized for flow ratios below 1. 55.
Only advanced treatment providing nitrification
is capable of maintaining the required dissolved
oxygen level when the streamflow-effluent dis
charge ratio falls below 1. 55. The design curves
indicate that advanced treatment will maintain
satisfactory DO levels for all dilution ratios
including zero dilution.

In summary, if the standards for fish and aquatic
life are to be met downstream of a municipal
sewage treatment plant outfall, the following
treatment levels must be provided for the indi-
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cated dilution ratio ranges in order to maintain
adequate dissolved oxygen levels: 22

1. Dilution ratio of 1. 85 or more-secondary
treatment.

2. Dilution ratio of 1. 55 to 1. 85-minimum of
tertiary treatment required.

3. Dilution ratio of less than 1. 55-advanced
treatment required.

These generalizations are indicated in Figure 117
and are strictly applicable only for the critical
sewage treatment plant effluent conditions, back
ground stream quality conditions, and rate con
stants shown in Figure 115 of this chapter.

It is interesting to note the minimum downstream
DO levels predicted by the model for very large
dilution ratios. As the dilution ratio becomes
larger, the minimum downstream DO for the
three nighttime condition curves approaches the
assumed nighttime stream background DO of
4.0 mg/l, while the minimum downstream DO for
the three daytime condition curves approaches
the assumed daytime stream background 00 of
8.0 mg/l. That is, as the dilution of the effluent
increases for a given treatment category, oxygen
demands on the stream effluent mixture, as
reflected by the sewage treatment plant effluent
CBOD5 and N0Dult. are diminished and the mix
ture acquires dissolved oxygen characteristics
that approach those of the stream.

Treatment Required to Avoid Ammonia Toxicity
The toxic effect of sewage treatment plant effluent
ammonia on fish was considered in the develop
ment of alternative municipal sewage treatment
plant locations and treatment levels. As stated
earlier, ammonia is considered acute ly toxic to
fish life at concentrations in excess of 2. 50 mg/l
ammonia nitrogen. This was used to develop the

22 The analyses described in this chapter for deter
mining the level of sewage treatment required to meet
the dissolved oxygen standards associated with a water
use objective which seeks to maintain fish and aquatic
life were completed prior to the adoption by the Wis
consin Natural Resources Board in CCtober 1973 of more
stringent dissolved oxygen standard supporting this
objective (see Tables 72 and 73). Although the revised
dissolved oxygen standard would require a higher level
of treatment to maintain the specified higher night
time instream dissolved oxygen levels, that level of

treatment would not be as high as that required to
avoid ammonia toxicity. Therefore, the revision of

the state standard for dissolved oxygen content has no

effect on the selection of treatment levels required
to meet the water use objectives.
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Figure 118

MAXIMUM ALLOWABLE SEWAGE TREATMENT PLANT
AMMONIA NITROGEN AS A FUNCTION

OF DILUTION RATIO

The earlier discussion of the oxygen sag curve
model indicated that sewage treatment plant efflu
ents were assumed to have an ammonia nitrogen
concentration of either 10. 0 mg/l or 1. 5 mg/l
depending on the type of treatment (see Table 86).
The larger ammonia nitrogen levei corresponds to
secondary and tertiary municipal sewage treat-

Source: Har za Engineer ing Company and SEWROC.

relationship shown in Figure 118, which gives the
maximum allowable concentration of ammonia
nitrogen in a sewage treatment plant effluent as
a function of the available dilution ratio. The
graph illustrates the positive effect of dilution of
a wastewater discharge in that an increasing
dilution, as reflected by a larger ratio of low
streamflow to effluent flow, allows a larger con
centration of ammonia nitrogen in the treatment
plant effluent. For example, when the dilution
ratio is 1. 0, the maximum allowable ammonia
nitrogen concentration in the sewage treatment
plant effluent is 4. 80 mg/l in order that the
ammonia nitrogen concentration in the stream
effluent mixture not exceed 2. 50 mg/l. At a higher
dilution ratio of 2.0, however, the sewage treat
ment plant effluent may contain up to 7.10 mg/l
ammonia nitrogen because of the increased avail
ability of streamflow having a low ammonia nitro
gen concentration.

The significance of the ammonia nitrogen analysis
as presented in Figure 118 is that if the receiving
stream is to support a warm-water fishery, and
if the dilution ratio is less than 3. 26, which cor
responds to an effluent ammonia nitrogen concen
tration of 10.0 mg/l, nitrification must be pro
vided to reduce effluent ammonia nitrogen below
10.0 mg/l such that the ammonia nitrogen level
in the stream-effiuent mixture will be less than
2.50 mg/l. A comparison of treatment required
to avoid the toxic effects of ammonia nitrogen to
the treatment requirements necessary to maintain
sufficient downstream dissolved oxygen reveals
that the former governs. That is, nitrifica
tion is not required for dilution ratios in excess
of 3.26, but when the dilution ratio falls below
3.26 a sewage treatment process providing nitri
fication is required to prevent fish poisoning, with
nitrification being required for that purpose down
to a dilution ratio of 1. 85. Below a dilution ratio
of 1. 85, nitrification is required to prevent fish
poisoning, and nitrification, or tertiary treatment,
for dilution ratios of 1. 55 to L 85 is needed to
maintain adequate instream dissolved oxygen, that
is, to prevent asphyxiation.

In summary, existing and potential sewage treat
ment plants were assumed to have treatment in
category III, that is, provision for nitrification,
when the dilution ratio is less than 3.26 and the
facility is located on a stream intended to support
fish and aquatic life as set forth in state water use
objectives. A decision flow chart is shown in
Figure 119. This chart summarizes procedures,
discussed in detail above, that were used to deter
mine required treatment levels for municipal
sewage treatment plants.

Evolving Concepts With Respect
to Nitrogen Compounds
The water quality control components of the Com
mission's Fox River watershed study, Milwaukee
River watershed study, and regional sanitary sew
erage system planning program reflect significant
changes with respect to the effect of sewage treat
ment plant effluent nitrogen and ammonia on
receiving waters. In particular, these successive
planning studies reflect a decreased emphasis on
the critical nature of nitrogen as a nutrient and
the increased emphasis on the oxygen demand
imposed by effluent nitrogen in the form of ammo
nia and on the toxic effect of that ammonia.

ment plants, that is, those not employing nitri
fication' whereas the lower ammonia nitrogen
concentration corresponds to advanced sewage
treatment plants, that is, facilities having provi
sion for nitrification.
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Figure 119

CRITERIA FOR DETERMINING TREATMENT LEVELS AS APPLIED UNDER THE
REGIONAL SANITARY SEWERAGE SYSTEM PLANNING PROGRAM
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The Fox River watershed study placed strong
emphasis on nitrogen removal, reflecting con
temporary thinking on the importance of nitrogen
as a limiting nutrient in the growth of algae and
aquatic plants. Present information indicates that
nitrogen is not as critical a nutrient as phos
phorus and therefore nitrogen removal is not
a primary consideration in municipal sewage
treatment. Although nitrogen removal was rec
ommended in the Fox River watershed study, it
was not recommended in the Milwaukee River
watershed study or in the sewerage study.

Current understanding of water quality phenomena
indicates that municipal sewage treatment should
provide for nitrification in order to significantly
reduce the oxygen demand exerted by nitrogen in
the form of ammonia because of the significance
of that demand on the oxygen balance of the
Region's streams, and in order to prevent fish
poisoning due to the toxic effects of ammonia.
The detrimental toxic effect of .ammonia nitrogen
was not considered in the Fox and Milwaukee
River watershed studies, and although nitrogenous
biochemical oxygen demand was an important
factor in the Milwaukee River watershed study,
the toxic effect of ammonia was not incorporated

in that planning program. It is now apparent,
however, that the possibility of both downstream
fish asphyxiation and fish poisoning must be exam
ined at each municipal sewage treatment plant,
and if sufficient dilution is not available at low
streamflow conditions, nitrification must be pro
vided in order to achieve the adopted water use
objectives with respect to maintenance of a fishery.

Accordingly, then, the sewerage study recom
mends provision for nitrification at near ly all
municipal sewage treatment plants in the planning
region. Treatment recommendations previously
set forth in the Fox River watershed study were
altered, using regional sanitary sewerage system
study design criteria so as to replace nitrogen
removal with nitrification and effluent aeration.
Milwaukee River watershed recommendations with
respect to municipal sewage treatment plants
wer.e supplemented, where necessary, so as to
include nitrification where it would be necessary
to prevent fish toxicity.

Action of the Technical Coordinating and
Advisory Committee with Respect to
Nitrification Recommendations
Most of the recommendations in this report with
respect to the treatment levels to be provided at

municipal sewage treatment plants include provi
sions for producing a nitrified effluent. This
nitrification is necessary partly to reduce the
ammonia nitrogen levels in treatment plant efflu
ents so as to eliminate, or significantly reduce,
the possibility of detrimental oxygen utilization
by the process of nitrification in the receiving
stream. Although provisions for nitrification are
not normally included at present in the design of
municipal sewage treatment plants, it is probable,
as discussed in Appendix C of this report, that
instream nitrification may be expected to occur
with sufficient severity in stream reaches down
stream of secondary sewage treatment plants
employing biological processes so as to merit
consideration of such nitrification in assessing the
impact of the discharge on the oxygen budget of
the receiving waters. The need for discharging
a nitrified effluent is reinforced by the likelihood
of fish toxicity problems associated with the dis
charge to the stream of secondary treatment plant
effluent containing high concentrations of ammonia.

The Technical Coordinating and Advisory Com
mittee on Regional Sanitary' Sewerage System
Planning, after lengthy and careful deliberation,
unanimously endorsed both the need to eXplicitly
consider instream nitrification when evaluating
the impact of a given sewage treatment plant dis
charge on the receiving water and the nitrifica
tion treatment recommendations included in this
report. The Committee's unanimous recommen
dations were, however, qualified. This qualifica
tion was based upon the need to consider three
factors that may, in the future, require a refine
ment of, or a change in, the nitrification rec
ommendations for any given municipal sewage
treatment plant ultimately included in the regional
sanitary sewerage system plan.

The first of these factors relates to the limita
tions of the nitrification data base for the Region
and the very real possibility of expanding that
base in the near future. Although field data from
other areas of the country judged to be represen
tative of river reaches downstream of biological
treatment plants in southeastern Wisconsin indi
cate the need to consider instream nitrification,
only minimal nitrification data are currently
available for streams within the seven-county
planning Region. It is anticipated, however, that
the regional nitrification data base will be en
larged upon in the next few years as a result of
alterations in the continuing SEWRPC-DNR annual
stream water quality monitoring program, surface
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water quality data obtained under the Commis
sion's current comprehensive study of the Menom
onee River watershed, and other special studies
that may be undertaken in response to increased
interest in surface water quality in general and
instream nitrification in particular.

A second factor that was of concern to the Tech
nical Coordinating and Advisory Committee, be
cause it might result in a future refinement to, or
change in, the nitrification treatment recommen
dations, is the current state of the art of water
quality simulation modeling, particularly the man
ner in which instream nitrification is accommo
dated. Future laboratory and field studies may
result in a better understanding of the NBOD
process, thereby permitting an improved mathe
matical representation of that process. Water
quality simulation model runs using these model
ing improvements, in combination with local
streamflow and local or regional water quality
data that may become available in the future, may
suggest alterations in the nitrification treatment
recommendations for a given site.

The third factor of concern to the Committee with
respect to the recommendations of providing a
nitrified effluent at municipal sewage treatment
plants was the imminent changes expected in both
state and federal water use objectives and sup
porting standards. These changes, which are
expected to incorporate more stringent require
ments with respect to both sewage treatment plant
effluent quality and instream water quality, may
make it necessary to alter the nitrification treat
ment recommendations of the regional sanitary
sewerage system plan.

Accordingly, the Technical Coordinating and Advi
sory Committee on Regional Sanitary Sewerage
System Planning unanimously endorsed the rec
ommendations concerning nitrification set forth in
this report upon the condition that the Commis
sion, as a part of its continuing areawide water
resources planning effort within the Region, and
in cooperation with the Wisconsin Department of
Resources, propose to undertake the collection
and analysis of additional data concerning in
stream nitrification and undertake a detailed
stream water quality simulation modeling pro
gram for selected stream reaches within the
Region designed to achieve a better understanding
of the relationship between sewage treatment,
instream nitrification, and resulting instream
water quality. The Commission is to review the
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recommendations contained in this report in light
of the results of these recommended planning and
research efforts and in light of any revisions in
both sewage treatment plant effluent and instream
water quality standards which may be made by the
state or federal government in relation to cur
rently established water use objectives and sup
porting water quality standards.

Cost Estimates
The costs utilized in the regional sanitary sewer
age system planning program for sewage treat
ment facilities are shown in a series of curves
contained in Figures 120 through 126. These cost
estimates were developed especially for the South
eastern Wisconsin Region utilizing 1970 as a base
year and utilizing prevailing unit costs for labor,
equipment, and material by the Harza Engineering
Company from national cost data compiled by the
American Society of Civil Engineers, Engineering
News-Record, and the U. S. Environmental Pro
tection Agency.

For purposes of cost estimates, existing mumCl""'"
pal sewage treatment plants were assumed to be
abandoned whenever significant additional hydrau
lic capacity or levels of treatment were required
to meet the 1990 conditions. For example, the
regional sanitary sewerage system plan recom
mends abandonment of existing treatment facilities
at the Village of Dousman and the City of Ocono
mowoc and construction of new facilities at these
locations, since the existing hydraulic capacity
at both of these plants is small relative to 1990
needs and existing treatment levels are well below
those needed to meet water use objectives. In
contrast, existing sewage treatment plants at the
Cities of Racine and Kenosha were not assumed
to be abandoned and serve as examples of situa
tions where existing facilities constitute a signifi
cant portion of the 1990 needs, both in terms
of hydraulic capacity and treatment levels, and
therefore could be economically enlarged.

The above assumptions with respect to abandon
ment of treatment facilities will tend to result in
conservative, or high, construction cost esti
mates. It may be possible to reduce the construc
tion costs of certain plan elements calling for
plant abandonment by closely examining, during
the plan implementation phase, the treatment units
and other facilities at existing municipal sewage
treatment plants in order to determine if some
of those units and facilities could be salvaged and
integrated into the recommended new treatment
plants, thereby achieving a cost reduction.
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Figure 120

CONSTRUCTION COSTS FOR SECONDARY SEWAGE TREATMENT PLANTS
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The curves in Figure 120 represent the 1970 cost
of constructing a secondary treatment plant of the
activated sludge or trickling filter type, and for
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Figure 121

ANNUAL OPERATION AND MAINTENANCE COSTS FOR SECONDARY SEWAGE TREATMENT PLANTS I

AVERAGE HYDRAULIC DESIGN CAPACITY IN MGD

Source: R. Smith, A Compilation of Cost Information for Conventional and Advanced Wastewater
Treatment Plants and Processes, FWQA, 1967. Data adjusted to January 1970 using PHS
index. Data for package treatment plants is from Harza Engineering Company.
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operation and maintenance costs for secondary
sewage treatment facilities, including package
plants, are presented in Figure 121. The curves
include the cost of constructing, operating, and
maintaining primary treatment facilities. The
curves in Figure 122 represent the 1970 construc
tion costs and annual operation and maintenance
costs for providing 85 percent phosphorus removal
by the addition of the coagulant alum in aeration
tanks. Costs are presented for the construction
of the necessary supplemental facilities on exist
ing aeration tanks and for the construction of new
separate facilities for phosphorus removal such
as would be required at trickling filter type treat
ment plants.

The curves in Figure 123 represent the 1970 cost
of constructing aeration facilities and also include
the annual operation and maintenance costs asso
ciated with those facilities. The curves assume
that diffused aeration will be utilized in a tank at
the effluent of an activated sludge plant and the
effluent dissolved oxygen concentration will be
raised from 1. 0 mg/f -to 5. 0 mg/l. Aeration
facility construction costs and operation and main
tenance costs were not applied at treatment plants
using mechanically aerated waste stabilization
lagoons, since it was assumed that the effluent
from such units would contain sufficient dis
solved oxygen.
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CONSTRUCTION COSTS AND ANNUAL OPERATION
AND MAINTENANCE COSTS FOR PHOSPHORUS

REMOVAL FACILITIES AT SEWAGE
TREATMENT PLANTS

The curves in Figure 124 represent the 1970 cost
of constructing disinfection facilities and the
associated annual operation and maintenance
expenditures. These cost curves assume that the
disinfection agent is chlorine. The curves in
Figure 125 represent 1970 construction costs for
naturally aerated and mechanically aerated waste
stabilization lagoons. Annual operation and main
tenance costs for waste stabilization lagoons .are
presented in Figure 126.
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The curves in Figure 127 demonstrate the large
land needs of waste stabilization lagoons relative
to land requirements for municipal sewage treat-

Figure 123

CONSTRUCTION COSTS AND ANNUAL OPERATION
AND MAINTENANCE COSTS FOR EFFLUENT
AERATION AT SEWAGE TREATMENT PLANTS

1.000

Land requirements for secondary treatment plants
employing activated sludge or trickling filter
processes, and for treatment facilities using
naturally aerated and mechanically aerated waste
stabilization ponds, are represented in Figure 127.
Indicated areal requirements for secondary treat
ment include the land needed for primary treat
ment units. The incremental land area needed
for advanced treatment and auxiliary treatment is
negligible compared to the land required for the
basic secondary treatment plant, and is, there
fore, not included in the curves. Using land area
requirements from Figure 127, land acquisition
costs were computed on the basis of $5,000 per
acre except where unusual site preparation prob
lems dictated a higher unit value.

.001

.500

would provide nitrification without additional
facilities or operation and maintenance.

Source: R. Smith, A Compilation of Cost
Information for Conventional and
Advanced Wastewater Treatment Plants
and Processes, FWQA, 1967. Data
adjusted to January 1970 using
PHS index.
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Special cost curves were not developed for the
provision of nitrification treatment. If the sewage
treatment plant design criteria called for nitrifi
cation and if the facility was to use an activated
sludge process, a construction cost increment
and an annual operation and maintenance cost
increment were provided, and were assumed to
be 40 percent of the construction cost and 40 per
cent of the annual operation and maintenance
costs, respectively, of the secondary sewage
treatment facility. In those instances where
mechanically aerated waste stabilization lagoons
could be utilized, a cost increment for nitrifica
tion was not applied, since it was assumed that
a mechanically aerated waste stabilization lagoon
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Fig u re 124-

CONSTRUCTION COSTS ANO ANNUAL OPERATION
ANO MAINTENANCE COSTS FOR EFFLUENT

OISINFECTION BY CHLORINATION AT
SEWAGE TREATMENT PLANTS

Figure 126

ANNUAL OPERATION ANO MAINTENANCE
COSTS FOR NATURALLY AERATED AND

MECHANICALLY AERATEO WASTE
STABILIZATION LAGOONS
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Total Costs, Cost Comparisons, and Economy of
Scale: Having presented cost criteria for the
various components in sewage treatment plants,
it is useful to compare, for a wide range of aver
age hydraulic design capacity, the relative magni
tude of the capital costs of each level of treatment
and the relative magnitude of the annual operation
and maintenance costs for each treatment leveL
It is also important to demonstrate the economy
of scale in both capital costs and annual operation
and maintenance costs that is associated with
increased sewage treatment plant size as that
size is expressed in terms of average hydraulic
design capacity,
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ment plants employing the activated sludge or
trickling filter processes. At a design flow o[
0.5 mgd, for example, a mechanically aerated
lagoon would require 15 acres of land or about
five times as much as the approximately 3. 0 acres
of land required for an activated sludge or trick
ling filter plant. A naturally aerated lagoon for
a O. [) mgd design flow would require 110 acres of
land or about 37 times as much as the 3.0 acres
needed [or the activated sludg'0 or trickling filter
plant.

Source: HarzB Engineering Company and SEWRPC,
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Figure 128 presents absolute capital costs and
capital cost per mgd of average hydraulic design
capacity of various treatment levels as a function
of sewage treatment plant capacity. Figure 129
shows absolute annual operation and maintenance
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Fig urei 27

LAND RE~UIREMENTS FOR SELECTED SEWAGE TREATMENT PROCESSES
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costs and annual operation and maintenance cost
per mgd of average hydraulic design capacity as
a function of sewage treatment plant capacity.
These two figures, which were prepared from the
previously presented cost curves, serve to illus
trate the relative cost of various levels of treat
ment as well as the economy of scale achieved by
large municipal sewage treatment plants employ
ing primary treatment followed by secondary
treatment using the activated sludge process;
advanced treatment consisting of phosphorus
removal and nitrification; and auxiliary treatment
consisting of effluent disinfection and aeration.

Regardless of the average hydraulic design capa
city, primary and secondary treatment facilities
account for about two-thirds of the capital cost of
a new municipal sewage treatment plant, with
most of the remaining one-third of the capital
costs being represented by advanced treatment
facilities, as shown in Figure 128. Auxiliary
treatment facilities and land costs constitute
a small part, less than 4 percent, of the total
capital costs.

Economy of scale in the capital costs of treat
ment levels and processes is also illustrated in
Figure 128. The total sewage treatment plant
capital cost per mgd of average hydraulic design
capacity, as well as the capital cost of each treat
ment level and process, decreases markedly with
increased capacity. For example, a 1. 0 mgd
facility providing complete treatment would have
a unit capital cost of $1. 53 million per mgd of
average hydraulic design capacity, a 10.0 mgd
plant would have a smaller unit capital cost of
$0.80 million per mgd of capacity, and a 100 mgd
would have an even smaller unit capital cost of
$0.44 million per mgd of capacity.

An examination of annual operation and mainte
nance costs shown in Figure 129 indicates that,
regardless of average hydraulic design capacity,
advanced treatment accounts for over half of
annual operation and maintenance costs, with an
excess of three-quarters of that being attributable
to phosphorus removal. Seconqary treatment,
which accounts for about two-thirds of the capital
costs, represents only about one-quarter of the
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Figure 128
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annual operation and maintenance expenditure,
with auxiliary treatment representing somewhat
less than one-quarter of the operation and mainte
nance costs'.

Figure 129 also serves to illustrate the economy
of scale that can be achieved in sewage treatment
plant operation and maintenance expenditures.
The total annual operation and maintenance cost
per mgd of average hydraulic design capacity
decreases markedly with increased capacity. For
example, a 1. 0 mgd facility providing completa
treatment would have a unit annual operation and
maintenance cost of $135,000 per mgd; and
10.0 mgd plant would have a smaLLer unit annual
operation and maintenance cost of $75,000 per
mgd; and a 100 mgd plant would have an even
smaLLer unit annual operation and maintenance
cost of $50,000 per mgd.

In summary, Figures 128 and 129 demonstrate
that primary and secondary treatment facilities
account for about two-thirds of the capital cost of
a municipal sewage treatment plant that provides
secondary, advanced, and auxiliary treatment.
Over half of the annual operation and maintenance
costs of such a treatment facility, however, are
attributable to the advanced treatment component.
Finally, there is a significant economy of scale,
both with respect to capital costs and operation
and maintenance costs, associated with large
municipal sewage treatment plants.

COMPARISON OF DESIGN CRITERIA
WITH REGIONAL SEWAGE FLOW
AND QUALITY VALUE

The various design sewage flow and strength cri
teria as set forth in this chapter and used in
the preparation of the regional sanitary sewerage
system plan can be compared with the sewage flow
and sewage strength values found in the South
eastern Wisconsin Region under the investigations
described in Chapter VI of this report. This com
parison is summarized in Table 87. In general, it
may be concluded that the sewage flow and sewage
strength criteria selected for use in the regional
sanitary sewerage system planning program com
pare favorably with the actual sewage flow and
sewage strength data collected within the Region.
In this respect it should be recognized that the
estimation of sewage flow and strength character
istics for design purposes is less than an exact
science and necessarily involves the exercise of
experienced engineering judgement. Therefore,
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the design criteria used were not based solely
upon the measured sewage flow and strength data
presented in Chapter VI, but were also based upon
and incorporated the results of a careful search of
the literature and the experienced judgement of
the very knowledgeable sanitary engineers who
served as the Commission's Technical Coordi
nating and Advisory Committee on Regional Sani
tary Sewerage System Planning.

With respect to those design criteria relating to
sewage flows, it may be cone luded that the selected
design criteria are conservative in nature, in that
the criteria selected for use, with but one excep
tion, exceed somewhat the observed values. The
design of sanitary sewerage systems under the
regional sanitary sewerage system planning pro
gram should, therefore, be fully adequate to
accommodate the anticipated 1990 demand for
sewage conveyance and treatment. The utilization
of a 125 gaLLons per capita per day criterion for
domestic sewage flow, as compared to the average
of 88 gaLLons per capita per day currently found
in the Region, is justified based upon the increas
ing trend in per capita water consumption dis
cussed in Chapter VI of this report (see Table 64).
It is reasonable to assume that persons living
within the Region wiLL increase their per capita
consumption of water over the next 20 years,
much as they have increased such consumption
over the past 10 years.

The 7,500 gallons per acre per day design crite
rion for sewage flow contribution from major
industrial land use concentrations is somewhat
less than the average such values found today in
the Region, or 12,270. This design criterion can
be justified, however, on the basis of recent
trends toward industrial water conservation and
reuse in order to avoid increasing costs of treat
ing industrial waste waters in municipal sewage
treatment plants. The 7,500 gallons per acre per
day design criterion for sewage flow contribution
from major commercial land uses corresponds
very closely to, but is slightly below, the existing
value found in the Region.

The infiltration design criteria selected for use
exceed the regional average, but lie well within
the range of such values found in the Region. The
storm water inflow design criteria correspond
very closely to the average found in the Region.
The peak-to-average flow ratios selected for use
in the design of trunk sewers and sewage treat
ment plants very closely approximate the observed
peak-to-average ratios in the Region.
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Tab 1e 87

COMPARISON OF SEWAGE FLOW AND STRENGTH VALUES FOUND IN THE
REGION WITH DESIGN CRITERIA SELECTED FOR USE IN THE

REGIONAL SANITARY SEWERAGE SYSTEM PLANNING PROGRAM

Sewage Flow
Major Major Peak-to-AveragePer Capita Industrial Commercial RatiosDomestic Land Use Land Use

Determined Values Sewage Flow Sewage Flow Sewage Flow Groundwater Storm Water Sewage
or Contribution Contribution Contri bution Infiltration Inflow Treatment

Selected Criteria (gpcd) (gpad) (gpad) (gpm/acre) (gpm/acre) Trunk Sewers Plants

Average Values Found in Region' ................................................................. 88 12,270 7,640 0.24 0.57 3.72 1.87
Range of Values Found in Region' ............................................................... 78-103 1,430-24,660 2,580-13,620 0.09-0.73 0.23-1.68 2.83-461 1.34-2.66

Type of Type of Population
Develop- Develop- Range
ment ment

Design Criteria Selected for Regional Sanitary High ~
Sewerage System Planning Program' .. .................................................. 125 7,500 7,500 Density 0.5 Density 0.5 0- 2,000 5.0

2-10,000 4.0
Medium Medium
Density 0.6 Density 0.6 10-20,000 3.0 2.00

>20,000 2.5
Low Low
Density 0.5 Density 0.5

Sewage Strength

Ca rbonaceous
Biochemical

Determined Values Oxygen Demand Suspended Organic Ammonia
Or (Five-Day) Solids Phosphorus Nitrogen Nitrogen ,

Selected Criteria (Ibs/ca pita/day) (Ibs/capita/day) (Ibs/capita/day) (Ibs/capita/day) (Ibs/capita/day)

Average Values Found in Region' ................................. .......... ............... 0.259 0.219 0.0138 0.0111 0.0143 i
Range of Values Found in Region'. ................... .......... ............................ 0.0627-1.523 0.0656-0.676 0.0055-0.0535 0.0061-0.0208 0.0063-0.0233 i

Design Criteria Selected for Regional Sanitary
0.024 0.027Sewerage System Planning Program' ......... .................................... 0.21 0.21 0.01

lAs determined In sewage flow and strength investigatIOns deSCrIbed In
Chapter VI of this report.

2As set forth in Chapter IX of this report.

Source: SEWRPC.
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With respect to sewage strength criteria, it may
be concluded that the design criteria selected for
use in the regional sanitary sewerage system
planning program correspond very closely to the
average of such values found in the Region. In
particular, the design criteria selected for bio
chemical oxygen demand, suspended solids, and
phosphorus are very close to the observed values.
The design criteria for organic and ammonia
nitrogen exceed by a factor of two the observed
values. This difference may be attributed to
a nonrepresentative sample selected for use in
the analyses presented in Chapter VI, since such
samples were largely from very small sanitary
sewerage systems in the Region exhibiting rela
tively high dilution, and as such are not typical
of the larger systems.

ECONOMIC EVJ\LUATION CRITERIA

The alternative regional sanitary sewerage sys
tem plans identified in the planning program were

evaluated and compared both by economic analysis
procedures and through the identification and con
sideration of intangible factors. The weight or
degree of consideration given the intangible faQ
tors in the process of synthesizing a recomi
mended regional sanitary sewerage system plan
was determined by the Technical Coordinating and
Advisory Committee on Regional Sanitary Sewer
age System Planning and by other elected and
appointed public officials and concerned citizens
during the public hearing process. The economic
analysis and evaluation which was carried out
by the planning and engineering staff during
the planning program is described in the follow
ing discussion.

It is customary to evaluate plans for water
resource development projects on the basis of
benefits and costs. This is particularly appro
priate if the prospective development represents
opportunities for investments to provide economic
return to the public and if a comparison of alter-

413



native investments is desirable. In the case of
public sanitary sewerage systems, however, it is
assumed that such systems must be proVided to
meet a fundamental need of the community, and
that the alternative of investment in another
economic sector does not exist. Accordingly, it
is assumed that the least cost plan that meets
statutory requirements and the adopted regional
development objectives will be economically the
most desirable plan.

No attempt was made to calculate monetary bene
fits of meeting the statutory requirements and
the regional development objectives. Benefit-cost
ratios were not, therefore, calculated. If mone
tary benefits are created in other sectors such as
recreation or agriculture, however, from the
multiple-purpose use of elements of sanitary
sewerage plans, these benefits may be used to
reduce the economic cost of that element and the
plan of which it is a part.

The economic evaluations conducted under the
regional sanitary sewerage system planning pro
gram included the selection of a design period and
an economic life; an interest rate; depreciation
and salvage values; and various costs, including
construction, capital, present worth, and equiva
lent annual costs.

Design Period and Economic Life
The physical life of a property is that period
between the original acquisition and final disposal
of the property. The physical life of a given prop
erty is usually longer than the economic life. The
economic life is defined as the period after which
the incremental benefits from continued use no
longer exceed the incremental cost of operation.
In the economic analyses conducted under the
sanitary sewerage system planning program, the
time period over which the facility is totally
depreciated is made equal to the economic life.

The design period for the regional sanitary sew
erage system planning program was selected at
20 years. This 20-year design period is fully
coordinated with the design period utilized by the
Commission in its other planning programs and in
particular represents the design period utilized
for the regional land use plan. It is recognized,
however, that the economic life of sanitary sewer
facilities exceeds that of the plan design period.
For purposes of economic analysis, economic
lives of 50 years for sewers, force mains, and
land, and 25 years for pumping and lift stations
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and sewage treatment facilities were selected for
use in the program.

The foregoing 25-year economic life of sewage
treatment facilities was selected based upon an
analysis of the cost of various treatment plant
components relative to the total cost and antici
pated useful life for the various components. This
analysis is summarized in Table 88. This table
presents the computation of the weighted capital
recovery factor for sewage treatment plants. The
weighted total, 0.079495, is approximately the
capital recovery factor for a 24-year economic
life. For convenience, then, an economic life of
25 years was used for lift and pumping stations
and sewage treatment plants included in the
regional sanitary sewerage system plan.

While the plan design period is 20 years, from
1970 to 1990, the economic analysis period was
taken as 1970 to 2020, based on the longest eco
nomic life of components of the regional sanitary
sewerage system plan. Cost computations under
the regional sanitary sewerage study assume that
construction of major system elements such as
sewers, pumping and lift stations, and sewage
treatment plants and the acquisition of land will
begin in 1975. All costs, however, are expressed
as 1970 values.

Following the principles of engineering economic
analyses, no escalation of costs for construction,
operation, maintenance, or replacement was con
sidered. In the economic evaluations, provisions
for the replacement of shorter-lived components
are incorporated in total economic costs through
the selection of an economic life. The economic
analyses of alternatives assumes replacement of

Table 88

COMPUTATION OF WEIGHTED CAPITAL RECOVERY
FACTOR FOR SEWAGE TREATMENT PLANTS

Capital Recovery Product at Capital
Economic Factor at 6 Percent Fraction of Recovery Factor and

Item Life Annual Interest Plant Cost Fraction of Planf Cost

Concrete structures 40 0.06646 032 0.021267
Piping, valves, fittings, 25 007823 012 0.009388
miscellaneous iron,
and steel
Process equipment 15 010296 032 0.032947
Excavation and 40 006646 0.09 0.005981
backfill
Electrical, heating and 25 0.07823 0.05 0.003912
ventilating, and piping
Engineering, legal and -- 0.06 010 0006
financial costs

Weighted Total 0.079495

Source: Harza Engineering Company.
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facilities at specified life intervals. Although it
can be rightly argued that concrete structures
have longer lives than 25 years, it can be coun
tered that sewers may have longer lives than
50 years. Therefore, the relative economics
comparisons will result in the same conclusions.
A salvage value was credited to facilities whose
economic life extended beyond the year 2020. For
example, a sewer with a life of 50 years assumed
to be constructed in 1990 was given a credit for
20 years of life after 2020.

Interest Rate
An interest rate of 6 percent was used in all of the
economic analyses under the regional sanitary
sewerage system planning program. The 6 per
cent interest rate had previously been used by
the Commission in economic evaluations under
the Root, Fox, and Milwaukee River watershed
studies. While interest rates from 4 to 10 per
cent are often proposed for studies of this nature,
a value of 6 percent is considered reasonable
because it represents the approximate rate to
citizens on conservative investments and, there
fore, is representative of the cost to the indi
vidual of foregoing opportunities for investment
elsewhere.

Depreciation and Salvage Values
For the purposes of the economic analyses con
ducted under the regional sanitary sewerage sys
tem planning program, it was assumed that all of
the facilities would depreciate at an average
annual rate over the economic life. At the end
of economic life it was assumed that no value
remained; thus, no salvage values were included
in the economic analysis except for those facili
ties with an economic life extending beyond the
year 2020.

Construction the Capital Costs
The construction costs of all facilities included in
the regional sanitary sewerage system plan were
estimated from the series of curves previously
presented in this chapter. These construction
costs were multiplied in the economic analysis by
a factor of 1. 35 to obtain capital costs. The addi
tional 35 percent of the estimated construction
costs is added to account for unforeseen itenls in
the cost estimates (contingencies), engineering
and legal fees, administrative costs, and financing
costs. The multiplier was derived as shown in
the following tabulation.

Construction Cost 1.0
Contingencies 0.15

Subtotal 1. 15

Engineering 1. 15 x O. 08 0.092
Legal and

Administrative 1. 15 x 0.02 0.023
Interest during

Construction 1. 15 x 0.045 0.052
Subtotal 1. 317

Financing 1. 317 x 0.03 0.039
Total (rounded) 1. 35

Present Worth and Annual Costs
Four terms are commonly used in preparing eco
nomic analyses of important engineering projects.
These are the single payment present worth factor
(PWF) , the uniform series present worth factor
(SPWF), the gradient present worth factor (GPWF) ,
and the capital recovery factor (CRF).

The single payment present worth factor converts
the cost of a single expenditure at some future
time to a value at present or close to the present.
The uniform annual series present worth factor
converts a series of uniform annual payments to
equivalent present value. Where annual payments
are increasing by a fixed amount per year, the
gradient present worth factor is used to determine
the present value of the series. This facto 1',

multiplied by the gradient (annual increase) is
added to the present worth of a series of payments
equal to the first year's payment to obtain total
present worth. In a 10-year series, the gradient
is equal to the difference between the 10th year
cost and the first year cost divided by the time
base minus one year. The divisor is always one
less than the series length because the amount of
the gradient is zero for the first period. This
method was applied to sewage treatment plant
operation and maintenance costs, assuming that
they increase in a straight line from the costs at
the initial operating flow to the maximum at plant
capacity. After the facility is operating at capa
city, the present worth of operation and mainte
nance costs is calculated as the present worth of
a uniform annual series starting at a point in the
future equal to the gradient tiIre base.

The present worth of future single, uniform, or
nonuniform annual series payments is always less
than the absolute value of the single payment or
the sum of the annual payments. The capital
recovery factor converts a lump payment at the
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beginning of a period into a series of uniform
annual payments over the length of the period.
The sum of these uniform annual payments is
always greater than the lump payment.

The following is an example of the use of present
worth and annual cost analyses:

Assume that a sewage treatment plant
designed with 20 mgd of capacity is to
be constructed immediately at a cost of
$5.5 million. The initial flow is 5 mgd
and the plant will reach the design flow
in 10 years. The annual operation and
maintenance cost at 5 mgd is $0.11 mil
lion and the annual operation and main
tenance cost at 20 mgd is $0.29 million.
The present worth of this plant for a
25-year operation period is computed as
follows: (ALL VALUES IN MILLIONS
OF DOLLARS)

P. W. of construction = $5.5

P. W. of operation and maintenance

6% 6%
= SPWF25 ($0. 11)+ GPWF 10 (0. 29 - 0.11)

+ SPWF~~($O. 29 - O. 11) PWF~~

= (12.783) ($0.11) + (24.58) ($0. 18)

+ (9.712) ($0. 18) (0.5584)

= $2.9

Total P. W. = $8.4

The annual cost calculation is as follows:

Annual cost of construction

6%
CRF x $5. 5 = 0.07823 x $5. 5 = $0.43

25

Annual cost of operation and maintenance

6%
CRF 25 x $2. 9 = O. 07823 x $2. 9 = $0. 66

Total annual cost = $1. 09

In addition to the present worth and equivalent
cost analyses as described above, annual per
capita costs were calculated for each of the rec
ommended plan elements in order to provide
a perspective for the evaluation of financial as
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opposed to economic feasibility. Annual per capita
costs were computed by dividing the annual cost
by the average of the existing (1970) and future
(1990) population of the service area of the
plan element.

SUMMARY

A review of the state of the art of sanitary sewer
age conducted as a part of the regional sanitary
sewerage system planning program concluded that
the system of using water carriage for domestic
wastes to central locations for treatment can be
expected to remain the normal sewerage practice
for at least the next several decades. Despite
the seemingly high capital costs of the sewerage
system necessary to co llect and con vey the
sewage to central locations, it was concluded
that the water carriage system of sewage dis
posal has fewer and less serious disadvantages
than the practically available alternatives. The
disadvantages of alternatives, which necessarily
consist of various onsite disposal systems, include
higher unit costs, inability to dispose of kitchen
wastes and wash water, maintenance problems,
and lack of demonstrated technical feasibility.
Except for septic tanks, currently available alter
natives to the water carriage system do not appear
likely to present any economic advantage over
centralized waste collection and treatment. Septic
tanks may have an economic advantage over cen
tralized systems in areas of very low population
density and where suitable soils may be found.
A widespread pattern of low-density urban devel
opment, however, would not only make the pro
vision of other public facilities and services more
costly, but would also entail heavy social costs.
Moreover, much of the Southeastern Wisconsin
Region simply does not have soils suitable for
septic tank development even at very low develop
ment densities.

The review of the state of the art of sanitary
sewerage also concluded that the current policy
of building separate storm and sanitary sewer
age systems is sound, and there is no reason
to question the validity of continued reliance on
separate sewerage systems. This conclusion was
reached even though it was conceded that treat
ment of storm water may eventually be required.
Treatment of combined sewage presents serious
problems resulting from the handling of large
fluctuations of flow volume and sewage strength.
Even though storm water treatment might even
tually be required, it it unlikely that such treat-
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ment will have to provide as high a level of
treatment as required for sanitary sewerage.
Present facilities capable of treatment of storm
water, such as relatively small, intermittently
operating treatment units located at individual
sewer outfalls are considerably cheaper than
sanitary sewerage treatment plants and it is
likely that these costs wiLL diverge even more in
the future.

The state of the art discussion included a review
of treatment levels currently achievable at muni
cipal sewage treatment plants, which levels
include primary, secondary, tertiary, advanced,
and auxiliary treatment. A number of sewage
treatment processes occurring in a variety of
interconnected treatment units are available for
achieving these treatment levels and were dis
cussed in thiE, chapter.

In addition to reviewing the state of the art of
sanitary engineering and interpreting the signifi
cance of the state of the art for the regional sani
tary sewerage system planning program, this
chapter presented the engineering design criteria
applied and analytic procedures used under the
sanitary sewerage study. These criteria and
procedures were used to synthesize a regional
sanitary sewerage system plan capable of meeting
the study objectives. Sewerage study engineering
design criteria and analytic procedures were
applied in the inventory and analysis of data, in
the synthesis and testing of alternative plans, and
in making economic comparisons between those
plans. Sewer systems, pumping and lift stations,
and municipal sewage treatment plants comprise
the three major types of sanitary sewerage system
components that are combined to form an alterna
tive plan.

Sanitary sewer design and pumping and lift sta
tion design require determination of peak hydrau
lic loadings which are composed of sanitary
sewage, infiltration, and storm water inflow.
Hydraulic considerations and construction prac
tices are also important factors, as are estimates
of construction costs and, particularly in the case
of pumping and lift stations, operation and main
tenance costs.

For purposes of the regional sanitary sewerage
system planning program, only those major trunk
sewers which have areawide significance by virtue
of the fact that they serve a multiple municipal
area were analyzed, even though additional minor

trunk sewers will be required for service within
each service area. The trunk sewer planning
design makes maximum use of gravity drainage
concepts for cost comparisons of alternative
areawide systems, although gravity systems are
usually only one of several ways to interconnect
various sewer service areas.

Alternative municipal sewage treatment plant
locations, sizes, and levels of treatment were
synthesized under the regional sanitary sewerage
planning program and subjected to technical and
economic analyses. To assist in the formulation
and evaluation of the sewage treatment plant por
tion of the plan, a standard procedure generalized
for the Region was developed to establish the type
of treatment required at each existing and poten
tial municipal sewage treatment plant site. The
procedure used to establish the type of treatment
at a given location involved determination of
hydraulic and pollution loadings; consideration
of Wisconsin Department of Natural Resources
requirements with regard to secondary treatment,
effluent disinfection, and phosphorus removal;
requirements with respect to phosphorus removal
for locations west of the subcontinental divide;
maintenance of adequate dissolved oxygen levels
downstream of sewage treatment plant outfalls,
as determined by an oxygen sag curve model; and
protection against toxic concentration of ammonia.
The methodology recognizes the waste assimila
tive capacity of streams in that it matches the
sewage treatment plant processes that would be
required for a given site with the natural waste
assimilative processes of the receiving stream
under 7 day-IO year low flow conditions, such that
the quality of the resulting streamflow--effluent
mixture would be adequate to meet the water use
objectives for the reach.

Explicit in the aforementioned standard procedure
is the assumption that through implementation of
the adopted watershed plans and the attendant
abatement of all major diffused as well as all
point sources of pollution, stream water quality
conditions immediately upstream of a sewage
treatment plant discharge point will, under low
flow conditions, meet or exceed the established
water quality standards. The primary purpose of
the municipal sewage treatment plant design cri
teria and analytic procedures is to determine,
given forecast low streamflow conditions and
design year sewage flows, the level of treatment
required to assure that the treatment plant effluent
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can be assimilated by the stream without depress
ing the stream water quality levels below those
required by the adopted water use objectives and
supporting standards.

This chapter also presented a comparison of
sewage flow and sewage quality values used in the
sewerage study with regional sewage flow and
quality data. It was generally concluded that
sewage flow and quality criteria applied under the
sanitary sewerage study compare favorably with
actual data available for the Region. The differ
ences that did occur were such that the sanitary
sewerage study criteria would generally result in
conservative designs, that is, tending to provide
for some modest reserve capacity for sewers,
pumping and lift stations, and municipal sewage
treatment plants.
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The chapter concluded with a discussion of the
criteria that were utilized to make economic com
parisons between alternative sanitary sewerage
system plan elements. For purposes of these
economic analyses, an interest rate of six percent
was used and sewers and land were assumed to
have an economic life of 50 years, whereas treat
ment facilities and pumping and lift stations were
assigned a 25-year economic life. Although the
plan design period is for the 20-year period from
1970 to 1990, the economic analysis period was
taken as the 50-year period from 1970 to 2020.
Cost computations assume that construction of
major sewerage system plan elemen.ts such as
sewers, pumping and lift stations, and sewage
treatment plants will commence in 1875. All con
struction costs and all equivalent annual costs,
however, are expressed as 1970 values.
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Chapter X

ANTICIPATED GROWTH AND CHANGE IN THE REGION
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INTRODUCTION

In any planning effort, forecasts are required of
all future events and conditions which lie outside
of the scope of the plan but which affect either
the design of the plan or its implementation.
With respect to the regional sanitary sewerage
system plan for southeastern Wisconsin, the
future demand for sewerage facilities in the
Region will be determined primarily by the size
and spatial distribution of future population and
employment. Although the spatial distribution of
future population and employment levels can be
influenced by public land use regulation, control
of changes in the population and economic activity
levels per se lies largely outside the scope of
governmental activity at the regional and local
level. In the preparation of a regional sanitary
sewerage system plan, therefore, future popula
tion and economic activity levels within the Region
must be forecast. These forecasts, when con
verted to either a proposed or a forecast land use
pattern and combined with engineering design
criteria, can then be used to quantify the probable
future demand for sewerage facilities in the
Region, and a sewerage system plan prepared to
meet this demand.

As discussed in Chapter I of this report, sound
planning and engineering practice dictates that
individual sewer lines, such appurtenant facilities
as pumping stations, and sewage treatment plants
be planned and designed as integral parts of an
areawide system in which the major sewerage
facilities are carefully fitted to projected waste
loadings derived from a desirable future land use
pattern as proposed in adopted areawide and local
land use plans. Thus, a regional sanitary sewer
age system plan should provide for the orderly
and economical extension of sanitary sewer ser
vice to developing areas of the Region consistent
with adopted areawide and local land use plans,
and should further provide for the abatement of
water pollution problems and the protection and
wise use of the natural resource base. Since the
Commission has adopted a regional land use
plan-a plan which incorporated to the maximum
extent practicable adopted local land use plans
and zoning ordinances-and since this plan was

based upon carefully prepared forecasts of prob
able future levels of population and economic
activity within the Region, the potential future
demand for sewerage facilities in the Region could
be derived from the adopted regional land use
plan by applying sewage flow generation criteria
to that plan. Accordingly, separate forecasts of
population and economic activity and of the future
demand for land in the Region were not prepared
under the regional sanitary sewerage system
planning program.

The following sections of this chapter provide
a brief overview of the regional land use plan and
the population and economic activity forecasts
which formed important inputs to that plan. Atten
tion is focused on recent analyses of population
al1d economic activity levels within the Region
made possible by the 1970 U. S. Census of Popu
lation; upon revised forecasts of probable future
population and employment levels in the Region;
and upon land use development in the Region since
adoption of the regional land use plan in Decem
ber 1966. In addition, the revised forecasts of
population change in the Region are compared
with recent population projections promulgated by
the U. S. Environmental Protection Agency and
the Wisconsin Departments of Administration and
Natural Resources for sewerage system plan
ning purposes.

REGIONAL LAND USE PLAN DESCRIPTION

The regional land use plan for the seven-county
Southeastern Wisconsin Planning Region as adopted
by the Commission is fully documented in a three
volume Commission planning report. l The basic
forecasts of probable future levels of population
and economic activity in the Region underlying the
land use plan are presented in Volume Two of that
planning report, while the recommended regional
land use plan is fully described in Volume Three
of that report. A very brief description of the

lSEWRPC Planning Report No.7, The Regional Land Use
Transportation Study, Volume One, Inventory Findings-
1963; Volume Two, Forecasts and Alternative Plans--1990;
and Volume Three, Recommended Regional Land Use and
Transportation Plans--1990.
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adopted regional land use plan and the forecast
levels of population and economic activity incor
porated in that plan follows.

Commission forecasts prepared as part of the
initial regional land use-transportation study in
1965 indicated that the population of the South
eastern Wisconsin Region could be expected to
reach a level of about 2.7 million persons by
1990, an increase of approximately one million
persons over the 1963 population level, while
employment could be expected to reach nearly
the one million job level by 1990, an increase of
nearly 350,000 jobs over the 1963 level. The
regional land use plan was designed to aC,Jom
modate this anticipated growth in population and
employment through the conversion of approxi
mately 200 square miles of land from rural to
urban use over the 27 -year period extending from
1963 to 1990. The future land use pattern pro
posed by the plan is shown graphically on Map 51
and is quantified by major land use category in
Table 89. It is this plan that forms the basic
framework for the design of the regional sanitary
sewerage system plan.

Residential Development
The adopted regional land use plan proposes to
add about 71,000 acres of land to the existing
stock of residential land within the Region in
order to meet the housing needs of the antiCipated
population increase over the 27-year period. Of
this total, about 75 percent, or 54,000 acres,
would be developed at medium densities, with lot
sizes ranging from 6,300 to 19,800 square feet
per dwelling unit and with gross residential popu
1ation densities ranging from 3,500 to 9,999 per
sons per square mile. An additional 21 percent,
or about 15,000 acres, would be developed at low
densities, with lot sizes ranging from 19,800
square feet to five acres per dwelling unit and
with gross residential population densities ranging
from 350 to 3,499 persons per square mile. The
remaining 4 percent of the new residential land,
or about 2,800 acres, would be developed at high
densities with lot sizes ranging from 2) 400 to
6,300 square feet per dwelling unit and with
gross residential population densities ranging
from 10,000 to 25,000 persons per square mile.
These three urban residential categories are
shown in orange, yellow, and brown, respectively,
on Map 51.

The adopted land use plan recommends that all
new medium- and high-density residential devel-
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opment be served with public sanitary sewer and
public water supply facilities, so that by 1990
over 95 percent of the total urban area within the
Region and about 95 percent of the total regional
population would be served by such facilities. To
accomplish this objective, it was recognized in
the plan that the historic trend in the post World
War II development era toward highly dispersed,
low density, large lot residential development
utilizing onsite septic tank sewage disposal sys
tems would have to be reversed. The adopted
land use plan thus envisions urban residential
development occurring in a concentric fashion
along the full periphery of and outward from
existing urban centers. The plan further envisions
new urban residential development occurring in
planned residential development units, commonly
called neighborhood units, providing a full range
of housing costs, types, and styles, and incor
porating all of the supporting land uses required
for sound residential development.

Commercial Development
The recommended regional land use plan proposes
to add by 1990 about 5,000 acres of new com
mercial land to the existing stock of such land
within the Region. This increase would meet the
areal requirements of the anticipated increase in
retail and service employment and the demands of
the growing population within the Region. In addi
tion to retaining 13 of 15 major commercial cen-

Table 89

EXISTING AND PROPOSED LAND USE IN THE REGION:
1963 AND 1990 ADOPTED LAND USE PLAN

Existing (1963) Planned Increment Total 1990
Land Percent Percent
Use of Major Percent of Major

Category Acres Category Acres Change Acres Category

Urban Land Use
Residential ........... 129,358 44.6 71,187 55.0 200,545 48.0

High-Density ........ 34,463 11.9 2,790 8.0 37,253 8.9
Medium-Density ... 24,748 8.5 53,784 217.3 78,532 18.8
Low-Density .... 70,147 242 14,613 20.8 84,760 20.3

CommerciaP .... 6,706 2.3 5,048 75.2 11,754 2.8
Industrial' .......... 9,746 3.4 5.123 52.5 14,869 3.6
GovernmentaI2 ....•.... 14,722 51 9,573 65.0 24,295 5.8
Transportation 3 .•.• 96,117 33.1 28,623 297 124,740 29.8
Recreation ................ 33,262' 11.5 8,718' 26.2 41,980 100

Total Urban Land Use 289,911 100.0 128,272 44.2 418.183 100.0
Rural Land Use

Agriculture ............... 1,085,144 75.8 -102,837 - 9.4 982,307 75.4
Prime Agriculture.... 443,952 31.0 - 21,267 - 47 422,685 32.5
Other Agriculture ... 641,192 448 - 81,570 -127 559,622 42.9

Other Open Lands' .... 345,951 24.2 - 25,435 - 7.3 320,516 24.6
Total Rural Land Use 1,431,095 100.0 -128,272 - 89 1,302,823 1000

Total 1,721,006 -- -- -- 1,721,006 --

Note: Figures in italics indicate subtotals.
'Includes on-site parking.
'Includes institutional uses and on·site parking.
31ncludes communications and utilities uses.
~includes the entire site areas at public and nonpublic recreation sites.
Includes only that increment recommended lor public recreation uses.
tncludes woodlands, water, wetlands, and uarries.

Source: SEWRPC.
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Map 51

PLAN
1990

LEGEND

LOW DENSITY RESIDENTIAL
(O.~-72 PERSONS PER RES. ACRE)

MEDIUM DENSITY RESIDENTIAL
(7.3- 22.8 PERSONS PER RES. ACRE)

HIGH DENSITY RESIDENTIAL
(22.9- 59.2. PERSONS PEA RES. ACRE)

MAJOR RETAIL ANO SEAVICE CENTER

MAJOR INDUSTRIAL CENTER

PUBLIC AIRPORT

MAJOR PUBLIC OUTDOOA
RECREATION SITE

PRIMARY ENVIRONMENTAL
CORRIDOR

AGRICULTURAL

The adopted regional land use plan places heavy emphasis on the continued effect of the urban land market in deter
lIining the rocaticn, intensity, and character of future development. In so doing, however, It seeks to lIodify the
effect of this lIarket on regional developllenl by attempting to guide new urban develop.ent into those areas of the
Region .oat suitable for such develop.enL Host i.portantly, the plan seeks to prevent urban developlllent from
intruding on the prillary environ.ental corridors of the Region, which contain all of the lakes and streams and
associated undeveloped shorelands and floodlands; the best rellaining woodlands, wetlands, and wildlife habitat: and
the b.est remaining potential park and open-space sites within the Region, aswell as the recharge areas for the deep
aquifer underlying the Region.

Source: SEWRPC.
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ters found within the Region in 1963, the plan
proposed the addition of 10 new major commercial
centers to provide employment for over 14,000
persons. Each new center would serve a market
area containing between 75,000 and 150,000 per
sons. The locations of the 23 major retail and
service centers proposed in the plan are shown
on Map 51. Although not spatially distributed on
the regional land use plan map, the plan pro
posed to accommodate about 4,000 new acres of
highway-oriented and local commercial develop
ment, which areas would be distributed throughout
the 1990 urban area as needed and would employ
nearly 113,000 persons.

Industrial Development
The adopted regional land use plan also proposes
to add by 1990 more than 5,000 acres of industrial
land to the existing stock of such land within the
Region. This is proposed to be accomplished
through the development of planned industrial
centers properly located with respect to the exist
ing and proposed transportation system; through
the protection and enhancement of existing indus
trial areas; and through the efficient provision of
adequate public utility services. In addition to
retaining the 17 major industrial areas existing
within the Region in 1963, the plan proposed to
add six new major industrial centers, which cen
ters would provide employment for over 35,000
persons. The locations of the existing and pro
posed industrial centers within the Region are
shown on Map 51. These major industrial cen
ters are of particular importance in the design
of the regional sanitary sewerage system plan
because of the potential for major waste load
ings emanating from the centers. Although not
spatially distributed on the regional land use plan
map, the plan also provides for more than 1,500
acres of new industrial land in small industrial
centers distributed throughout the 1990 urban
area. Such local industrial areas would employ
over 24,000 persons.

Recreational Development
The recommended regional land use plan proposes
an additional 8,700 acres of public recreational
lands by 1990. About 60 percent of this amount,
or about 5,300 acres, would be utilized to create
12 new major regional parks (see Map 51). The
remaining 40 percent, or about 3,400 acres, would
be utilized to provide loe al park acres. Because
of the potential for daytime waste loadings, such

422

major regional outdoor recreation areas must be
considered in the design of the regional sanitary
sewerage system plan.

Other Land Use Development
In addition to the land use categories of residen
tial, commercial, industrial, and recreational,
the adopted regional land use plan proposes to add
by 1990 about 9,600 acres of new governmental
and institutional land to the existing stock of such
land within the Region. Similarly, the plan pro
posed to add by 1990 more than 28,000 acres of
new street and highway, other transportation, and
public utility land to the existing stock of such
land within the Region. Neither of these land use
categories was specifically allocated in the plan
but rather was assumed to be distributed as
needed throughout the designated 1990 urban area
in proportion to the more basic land uses.

Primary Environmental Corridors
The most important elements of the natural
resource base of the Region, including the best
remaining woodlands, wildlife habitat, and surface
water, together with the natural flood lands , wet
land areas, and historic, scenic, and scientific
sites were found to occur within the Region in
linear patterns termed "primary environmental
corridors." As discussed in Chapter IV of this
report, the preservation and protection of these
corridors is essential to the maintenance of
a wholesome environment within the Region and
the preservation of the economic, cultural, and
natural heritage of the Region, as well as its natu
ral beauty. The plan proposes the permanent pro
tection and preservation of about 283, 000 acres of
primary environmental corridor land. It is essen
tial that the design of the regional sanitary sewer
age system plan seeks to promote implementation
of this important land use plan recommendation.

Prime Agricultural Lands
Certain rural areas were delineated in the regional
land use planning effort as prime agricultural
lands based upon soil capabilities, the size and
extent of the area farmed, and the historic capa
bilities of the area to consistently produce better
than average crop yields. About 444,000 acres of
the approximately 1. 1 million acres of land within
the Region devoted to agricultural use were con
sidered to be prime agricultural land. Under the
adopted regional land use plan, urban expansion
within the Region would require the conversion of
about 21,000 acres of the prime agricultural land
from rural to urban use. The remaining nearly
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423,000 acres of prime agricultural lands are
proposed in the plan to be set aside for preserva
tion in permanent agricultural use.

Population Distribution
As noted earlier, the adopted regional land use
plan was designed to accommodate a forecast
1990 regional population level of about 2. 7 million
persons, or an increase in population of about
one million persons over the 1963 level. This
population increment was forecast to be distri
buted by county as shown in Table 90, and the
land use pattern shown in the adopted regional
land use plan was designed to accommodate the
forecast regional and county population levels.
The absolute increases in county population levels
were anticipated to range from about 360,000 per
sons in Milwaukee County to about 32,000 persons
in Walworth County, while the relative increases
would range from 155 percent in Ozaukee County
to 33 percent in Milwaukee County. As proposed
in the plan, the population density within the
developed urban area of the Region would continue
to decrease but at a substantially slower rate than
in the recent past, decreasing from a density of
about 4,800 persons per square mile in 1963 to
about 4,400 persons per square mile by 1990.
This important change in historic development
trends was to result from implementation of plan
proposals which recommended that the majority
of new residential land uses within the Region be
developed at medium-instead of low-densities
and be provided with public sanitary sewer and
water supply services.

Employment Distribution
Total employment within the Region was forecast
to increase by nearly 350,000 jobs, distributed by

Tab 1e 90

EXISTING AND PROPOSED POPULATION
DISTRIBUTION IN THE REGION BY COUNTY:

1963 AND 1990 ADOPTED LAND USE PLAN

Existing (1963) Planned Increment! Total 1990
Percent Percent Percent

County Number of Region Number Change Number of Region

Kenosha .. 106,700 6.4 95,300 89.3 202,000 7.5
Milwaukee... 1,086,300 64.9 359,700 33.1 1,446,000 54.0
Ozaukee...... 41,600 2.5 64,400 154.8 106,000 4.0
Racine ... 150,600 9.0 132,400 87.9 283,000 10.6
Walworth ........ 55,500 3.3 31,500 56.7 87,000 3.2
Washington .... 49,500 2.9 46,500 93.9 96,000 3.6
Waukesha... 184,200 11.0 273,800 148.6 458,000 17.1

Regional Total 1,674,400 100.0 1,003,600 59.9 2,678,000 100.0

lfhe planned increment is equal to the forecast increment because the adopted
plan was designed to meet the forecast population level for each county.

Source: SEWRPC.

county as shown in Table 91. Implementation of
the regional land use plan would result in employ
ment increases for each county in the Region,
ranging from an addit~onal 9,400 jobs in Walworth
County to an additional 156,000 jobs in Milwaukee
County. Only about 15 percent, or 50,000 jobs,
would be provided for in the new major commer
cial and industrial centers, with nearly 300,000
new jobs provided for in existing employment
centers or new local employment centers.

Public Sanitary Sewer and Water Supply Services
In 1963 about 217 square miles, or 64 percent
of the total developed urban area of the Region,
and about 1,419,000 persons, or 85 percent of
the total population of the Region, were served
by public sanitary sewer facilities; and about
200 square miles, or 59 percent of the total
developed urban area of the Region, and about
1,372,000 persons, or 82 percent of the total
population of the Region, were served by public
water supply facilities. Under the recommended
plan, about 480 square miles, or 95 percent of the
developed urban area, and about 2,547,000 per
sons, or 95 percent of the total population, would
by 1990 be served by both public sanitary sewer
facilities and public water supply facilities (see
Table 92).

The plan seeks to discourage the development of
residential areas dependent upon onsite sewage
disposal systems and shallow private wells and to
encourage development served by gravity drained
centralized sanitary sewer facilities tributary
to existing sewerage systems and by public
water supply systems. The plan proposals would
thus serve to reduce and control the amount of
untreated and partially treated domestic and
industrial wastes discharged into the streams,

Table 91

EXISTING AND PROPOSED EMPLOYMENT
DISTRIBUTION IN THE REGION BY COUNTY:

1963 AND 1990 ADOPTED LAND USE PLAN

Existing (1963) Planned Increment Total 1990

Percent Percent Percent
County Number of Region Number Change Number of Region

Kenosha .... .... 41,900 66 38,100 90.9 80,000 8.1
Milwaukee ..... 471,700 74.3 156,000 30.9 627,700 63.8
Ozaukee... 10,800 1.7 15,700 145.3 26,500 2.7
Racine .... 52,100 82 45,000 86.3 97,100 9.9
Walworth ... 12,700 2.0 9,400 740 22,100 2.2
Washington ... 12,100 1.9 14,000 115.7 26,100 2.7
Waukesha........ 33,600 5.3 70,900 211.0 104,500 10.6

Regional Total 634,900 100.0 349,100 54.9 984,000 100.0

Source: SEWRPC.

423



I
Table 92

EXISTING AND PROPOSED DEVELOPED AREA AND
POPULATION SERVED BY PUBLIC SANITARY SEWER

AND PUBLIC WATER SUPPLY IN THE REGION:
1963 AND 1990 ADOPTED LAND USE PLAN

EXisting Planned Total
(19631 Increment 1990

Public Public Public Public' Public Public
Sewer Water Sewer Water Sewer Water

txtent of Service Service Supply Service Supply Service Supply

Developed Area:
Total Square Miles

J
••• 339.7 3397 2693 2693 6090 609.0

Square Miles Served ...... 217.0 200.0 362.9 3799 5799 579.9
Percent of Total Served_. 63.9 58.8 952 952

lit should ~e n~ted that the proposed increment in ~otal area developed for urban purposes of 269.3 square miles
inclu.ded In thIS table represents a conceptually dIfferent but related. mdicator of land area proposed _for con
versIOn fro~ rural to urban use ~ver the 27·year plannmg period 1963-1990. .than the 200 sauare mile urban
land area Increment referred to In the accompanymg text. The 200 square mile flgvre represents the estlmat
eel amount of land that would be actually converted from a specific rural to a specific urban land use. The 269.3
square mile figure refers to the in.crementalland area that would be include~ withi~ the proposed 1990 ur~an

growth ring under the adopted regional land use plan and, therefore, Includes, In addition to the 200 square miles
of actually converted land, about 69 squ?re mlles.of open space type lan.d - consisting of woodlands, wetlands. and
other open lands - that would remam m essentially the same use as In 1963 but would be enveloped by lands
actually converted to urban land uses.

Source: SEWRPC
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DE VE LOPMENTS SUBSEQUENT TO
REGIONAL LAND USE PLAN ADOPTION

As noted above, the regional land use plan, which
was adopted in December 1966 and which was
based upon basic data collected in the year 1963,
comprised a very important input to the prepara
tion of the regional sanitary sewerage system
plan. Ideally, the regional land use plan and the
regional sanitary sewerage system plan would
have been prepared concurrently. In a broad
comprehensive planning effort such as that estab
lished for the Southeastern Wisconsin Region,
however, it is simply not practicable to prepare
all elements of the comprehensive plan on a con
current basis. For this reason the preparation of
two interrelated plan elements at two different
points in time may pose several problems with
respect to developments occurring since adoption
of the initial-in this case regional land use-plan
element. It is important, therefore, to consider
the potential effects that such recent developments
may have upon the overall validity of the sub
sequent plan element-in this case the regional
sanitary sewerage system plan-which is based
upon the initial plan element. Accordingly, this
section of the chapter attempts to briefly discuss
pertinent developments in the Region since adop
tion of the regional land use plan, including the
findings of the 1970 U. S. Census of Population,
the 1970 land use reinventory conducted by the
Commission, the preparation by the Commission
of revised 1990 population and employment fore
casts and the extension of such forecasts to the,
year 2000, and a comparison of the new Commis
sion population forecasts with population projec
tions prepared by state and federal agencies
involved in water quality management planning.

1970 U. S. Census of Population
Upon adoption of the regional land use plan in
1966, the Commission mounted in 1967 a con
tinuing regional land use-transportation study
designed in part to monitor development in the
Region and to assess the continued validity of the
regional population forecasts that underlie the
regional land use plan. In April 1970 the 19th
Decennial U. S. Census of Population was con
ducted, thus providing important new base year
socioeconomic data for regional planning pur
poses. This census effort enabled a comparison
to be made between the census results, in terms
of total population size and distribution, against
the initial Commission population forecast for the
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2,678,000
2,546,670

950

1,003,600
1.174,190
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1.674.400
1,372,480
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1,674,400
1,419,025

847
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Total Population ....
Population Served ." .
Percent of Total Served ,..

rivers, lakes, and groundwater reservoirs of the
Region; would reduce and control the number of
points at which treated wastes are discharged
into the surface and ground waters of the Region;
permit a better adjustment of waste treatment and
disposal facilities to the waste assimilation capa
cities of the streams and rivers; and assure a pure
supply of water for all existing and potential users
within the Region.

Concluding Remarks-Regional Land Use Plan
The foregoing brief description of the adopted
regional land use plan provides an overview of
the plan recommendations with particular respect
to the plan's relationship to the regional sani
tary sewerage system plan. Such a regional
land use plan is an essential input into the design
of a regional sanitary sewerage system plan,
since sewerage system planning must assume
some anticipated distribution of future urban
land uses in order to properly size and locate
sewage conveyance and treatment facilities and
must further assume anticipated population and
economic activity levels in order to determine
future waste loadings on the existing and proposed
sewerage systems. Thus, the interrelationship
between land use and sewerage system planning
is quite evident. It is not possible to rationally
prepare a regional land use plan without certain
general assumptions concerning the provision of
sanitary sewerage service. Similarly, it is not
possible to prepare a regional sanitary sewerage
system plan without certain assumptions concern
ing the future distribution of land uses and future
population and economic activity levels. The two
planning processes are inextricably interrelated.
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Table 93

Figure 130

Source; U.S. Department of {A)mmerce, Bureau of the Census and SEWRPC.

Source: u. S. Bureau 0 f t he Census and SEWRPC.
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Difference
Population SEWRPC forecasl Minus

U.S. Census

U.S. Census SEWRPC Forecast
Counly IAp,,1 1. 19701 (July 1. 19701 Number Percent

Kenosha .. .. 117,917 124.900 • 6.983 • 592
Milwaukee... 1,054.249 1,170,400 + 116,151 + 11.01
Ozaukee.... 54,461 53.900 - 561 - 0.97
Racine ",.. 170.838 173,100 • 2,262 • 1.32
Walworth .., ' 63,444 62,100 - 1.344 - 2,12
WaShm~on ,....... , 63.839 57,900 - 5.939 - 9.30
Waukes a,...... 231,338 228,000 - 3,338 - 1.44

Region 1,756,086 1.870,300 + 114,214 • 6.50

RegIon Except
701.B37 699.900 1,937 - 0.27Milwaukee County -

COMPAR ISON OF THE 1970 U. S. CENSUS OF
POPULATION AND THE 1970 SEWRPC POPULATION

FORECAST FOR THE REGION BY COUNTY

Commission conducted a complete reinventory of
existing land use within the Region utilizing aerial
photographs taken in April 1970. This reinven
tory of land use within the Region indicated
that between 1963 and 1970 about 96 square miles
of land were committed to urban use within
the Region, representing a conversion rate of
approximately 14 square miles per year. In
general, the inventory revealed that subs,tantial
progress had been made in implementing the
recommendations contained in the regional land
use plan with respect to the establishment of the
major activity centers, that is, the new major
retail and service, industrial, and public outdoor
recreation centers. Of the 10 proposed new retail
and service centers, three were under develop
ment in 1970, with the remaining seven sites

i'-
r l,tlloO•i '.000
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COMPARISON OF INITIAL
FORECAST AND ACTUAL U.

POPULATION LEVELS FOR
In general, then, the results of the 1970 U. S.
Census of Population indicated that population is
tending to grow more rapidly in the outlying areas
of the Region than originally anticipated and less
rapidly in the three counties having the large cen
tral cities of the Region-Kenosha, Milwaukee,
and Racine.

In comparing the census figures with the forecast
population levels, however, it must be realized
that the census figures represent a measurement
of the population level at a given point in time and
like all measurements contain a certain degree of
error. In fact, the U. S. Bureau of the Census
acknowledges that the 1970 Census undercounted
the population of the Unlted States, with the
overall degree of undercounting approximately
2.5 percent, ranging from 1. 9 percent of the
white population up to 7.7 percent of the black
population. The core areas of large metropolitan
regions could accordingly be expected to be
affected more than the outlying suburban areas.
It is probable, therefore, that the true population
levels of Milwaukee~ Kenosha, and Racine Coun
ties lie somewhere between the reported census
counts and the 1970 Commission forecast levels,
with the differences ranging from approximately
3.5 to 8.5 percent.

1970 SEWRPC Land Use Inventory
In order to provide basic land use data which
could be correlated with the data obtained from
the U. S. Census of Population and Housing, the

year 1970. This comparison is shown in Table 93.
Tbe forecast regional level of population differed
from the actual level by about 6 percent in 1970
and, as shown in Figure 130, the trend in actual
regional population growth was apparently depart
ing from the trend in the forecast population level.
This departure was due, in part, to significant
changes in the rates of the two components of
population change-natural increase and migra
tion-which occurred within the Region during
the late 1960s. In terms of actual numbers of
persons, the most significant difference in com
paring the 1970 population level with the 1970
forecast level occurred in Milwaukee County,
where the cenSus count was about 116,000, or
11 percent, below the anticipated forecast level.
In two additional counties-Kenosha and Racine
the forecast level was also above the U. S. Census
level. In the remaining four counties, however,
the U. S. Census count exceeded the anticipated
forecast level.
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properly zoned for future commercial develop
ment. One new major retail and service center
was under development in 1970 in a location not
recommended in the regional land use plan. The
inventory further revealed that development was
proceeding at each of the proposed six new major
industrial centers. Of the 12 proposed new major
regional outdoor recreation centers, nine had been
acquired and at least partially developed by 1970.

With respect to the recommendations contained
in the regional land use plan pertaining to the
placement of new residential development, includ
ing supporting local commercial, industrial, park,
and other auxiliary land uses, the inventory
revealed a somewhat mixed pattern. Substantial
development occurred within the Region in areas
recommended for development by 1990 in the
plan. On the other hand, the inventory revealed
that although new residential development without
public sanitary sewer service had virtually halted
in most of the communities within the Kenosha,
Milwaukee, and Racine urbanized areas, substan
tial amounts of new highly diffused, low-density
residential development occurred in scattered
fashion throughout the Region where soils more
suitable to the use of septic tank sewage disposal
systems could be found.

Revised Population and Employment Forecasts
In light of the results of the 1970 Census of Popu
lation and the 1970 reinventory of land use, and
in accordance with sound planning and engineering
practice, the Commission began in 1972 a major
effort toward reevaluation of the adopted regional
land use and transportation plans. As a first step
in this reevaluation, the Commission prepared
revised population and employment forecasts for
the year 1990 and extended such forecasts to the
year 2000 in order to provide a new target year
for regional plan preparation.

Revised Population Forecasts: In order to pro
vide a basis for selecting a single best forecast
for population growth in the Region and the coun
ties which comprise the Region, the Commission
prepared a series of population projections based
on varying assumptions with respect to fertility,
mortality, and migration, the factors which affect
population change. 2 From 1950 to 1960 the popula
tion of the Region increased from about 1. 24 mil
lion to about 1. 57 million. About one-third of this

2See SEWRPC Technical Report No. 11, The Population of
Southeastern Wisconsin, February 1973.
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increase was accounted for by net in -migration
to the Region and about two-thirds by natural
increase. The accompanying crude birth rate was
very high, at about 26 births per 1,000 population.
During the 1960 to 1970 decade, the Region's
population increased from 1. 57 million to about
L 76 million. Since the Region actually experi
enced net out-migration during this decade, all
of the population increase was due to natural
increase. The crude birth rate, however, dropped
to about 17 births per thousand population.

Given these changing factors that affect population
size and distribution, 12 alternative population
projections were prepared for the year 2000.
These projections ranged from a low of 2. 18 mil
lion persons in the Region by 2000 under the
assumptions of replacement fertility, current
mortality, and no migration; to a high of nearly
3.76 million under assumptions of current fer
tility, current mortality, and the resumption of
the 1950-1960 net in-migration pattern. These
12 alternative population projections were pre
sented to the Commission Socioeconomic Subcom
mittee of the Technical Coordinating and Advisory
Committee on Regional Land Use-Transportation
Planning for review and selection of a single best
projection to be utilized as a forecast of future
population growth in the Region for comprehen
sive planning purposes. The Committee indicated
that the future population of the Region could
be reasonably expected to range from a low of
2.38 million in the year 2000 to a high of 2.70
million, with the most significant factor influ
encing where in this range the actual future popu
lation level will fall being economic development
and its effect upon migration.

The projection ultimately selected for use as
a forecast-and therefore as a basis for plan
preparation and evaluation-was based upon the
assumption of a continuation of the current fer
tility rates to 1985, replacement fertility from
1985 to 2000, a continuation of current mortality\
rates to 2000, and current migration to 2000.
These assumptions result in a forecast population
for the Region in 2000 of about 2.59 million, or
approximately 90,000 less than the initial 1990
regional population forecast prepared in the mid
1960s of about 2.68 million. The attendant revised
1990 population forecast, based upon the stated
assumptions, is about 2.29 million. On a gross
regional basis, therefore, it may be concluded
that the population anticipated for the Region by
1990 at the time of the preparation of the regional
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Table 94

INITIAL AND REVISED 1990 AND NEW 2000 SEWRPC POPULATION FORECASTS FOR THE REGION BY COUNTY

Difference
Between Initial

Initial SEWRPC 1990 Revised SEWRPC 1990 and Revised 1990 New SEWRPC 2000 Increment
1970 Population Population Forecast Population Forecast Population Forecasts Population Forecast 1990 (Revised)-2000

Percent Percent Percent Percent Percent Percent
County Number oITotal Number oITotal Number oITotal Number Change - Number oITotal Number Change

Kenosha ............. 117,917 6.7 202,000 7.5 152,400 6.7 - 49,600 -24.6 168,400 6.5 16,000 10.5
Milwaukee.......... 1,054,249 60.1 1,446,000 54.0 1,122,200 49.6 - 323,800 -22.4 1,147,500 44.3 25,300 2.3
Ozaukee.............. 54,461 3.1 106,000 4.0 100,400 4.5 - 5,600 - 5.3 136,600 5.3 36,200 36.0
Racine ................ 170,838 9.7 283,000 10.6 233,100 10.3 - 49,900 -17.6 270,600 10.4 37,500 16.1
Walworth ............ 63,444 3.6 87,000 3.2 92,100 4.1 + 5,100 + 5.9 107,000 4.1 14,900 16.2
Washington ........ 63,839 3.6 96,000 3.6 108,500 4.8 + 12,500 +13.0 138,900 5.4 30,400 28.0
Waukesha........... 231,338 13.2 458,000 17.1 452,400 20.0 - 5,600 - 1.2 621,100 24.0 168,700 37.3

Region Total 1,756,086 100.0 2,678,000 100.0 2,261,100 100.0 - 416,900 -15.6 2,590,100 100.0 329,000 14.6

Source: SEWRPC.
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land use plan-about 2.68 million-will probably
now be reached by the year 2000, and that the
regional population in 1990 will approximate 2026
million persons, or 420,000 persons less than
originally forecast.

It is important to compare the initial and revised
1990 population forecasts for the Region on
a county-by-county basis in order to determine
the anticipated changing population distribution
within the Region. Table 94 shows such a com
parison between the initial 1990 population fore
cast and the revised 1990 population forecast on
a county-by-county basis. As noted above, for
the Region as a whole the 1990 population forecast
has been revised downward from about 2.7 mil
lion to about 2.3 million persons, representing
a decrease of about 400,000 persons, or about
15 percent. When viewed on a county basis, how
ever, it is apparent that three of the seven
counties-Kenosha, Milwaukee, and Racine-are
expected to experience population growth by 1990
substantially less than that initially forecast; two
counties-Ozaukee and Waukesha-are expected to
experience virtually the same population increase
as initially forecast; while two counties-Walworth
and Washington-are expected to experience an
even greater population growth by 1990 than
initially forecast. By far the greatest change in
terms of absolute difference between the initial
and revised 1990 population forecasts occurs in
Milwaukee County, which is now anticipated to
increase by only about 70,000 over its current
level of 1. 05 million (see Table 94).

Table 94 also shows the anticipated increment
between the revised 1990 population forecast and

the new 2000 population forecast on B. county
by-county basis. With respect to the Region as
a whole, the population is expected to increase
from about 2.3 million in 1990 to about 2.6 mil
lion in 2000, representing an increase of about
329,000 persons, or about 15 percent, over the
revised 1990 level. It is significant to note that
the new year 2000 population forecast of about
2.6 million is very close to the initial 1990 popu
lation forecast of 2.7 million used in the prepara
tion of the regional land use plan. When viewed
on a county-by-county basis, however, there are
substantial differences between the initial 1990
and new 2000 population forecasts, reflecting
changing trends in the distribution of population
throughout the Region, which trends may have
significant ramifications with respect to land use
and supporting public facility development. As in
the case of the revised 1990 forecast noted above,
the population in Milwaukee County is forecast for
the year 2000 to increase by only 93,000 persons
above the 1970 level. The substantial difference
noted in Kenosha County between the .init.ial and
revised 1990 population forecasts remains when
the initial 1990 forecast is compared with the 2000
forecast. In Racine County, however, the 2000
forecast is within 4 percent of the initial 1990
forecast. The populations of the four remaining
counties in the Region are all anticipated to grow
by the year 2000 to levels substantially beyond
that initially forecast for 1990. This is particu
larly true of Waukesha County, where the differ
ence between the initial 1990 and the new 2000
forecasts is over 160,000 persons. On a relative
basis, an even greater difference is seen in Wash
ington County where an increase of about 45 per
cent, or about 43,000 persons, is found between
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Table 95

INITIAL AND REVISED 1990 AND NEW 2000 SEWRPC EMPLOYMENT FORECASTS FOR THE REGION BY COUNTY

Difference
Between Initial

Initial SEWRPC 1990 Revised SEWRPC 1990 and Revised 1990 New SEWRPC 2000 Increment
1970 Employment Employment Forecast Employment Forecast Employment Forecasts Employment Forecast 1990 (Revised)-2000

Percent Percent Percent Percent Percent Percent
County Number oITotal Number oITotal Number oITotal Number Change Number oITotal Number Change

Kenosha ............. 39,200 5.3 80,000 8.1 43,500 4.6 - 36,500 -45.6 45,100 4.3 + 1,600 + 3.7
Milwaukee.......... 510,900 68.9 627,700 63.8 580,700 61.4 - 47,000 - 7.5 614,100 58.6 + 33,400 + 5.7
Ozaukee.............. 17,900 2.4 26,500 2.7 32,100 3.4 + 5,600 +21.1 39,800 3.8 + 7,700 +24.0
Racine ................ 61,900 8.3 97,100 9.9 87,000 9.2 - 10,100 -10.4 99,600 9.5 + 12,600 +14.5
Walworth ............ 24,200 3.3 22,100 2.2 38,800 4.1 + 16,700 +75.6 46,100 4.4 + 7,300 +18.8
Washington ........ 20,300 2.7 26,100 2.7 32,200 3.4 + 6,100 +23.4 37,700 3.6 + 5,500 +17.1
Waukesha........... 67,200 9.1 104,500 10.6 131,500 13.9 + 27,000 +25.8 165,600 15.8 + 34,100 +25.9

Region Total 741,600 100.0 984,000 100.0 945,800 100.0 - 38,200 - 3.9 1,048,000 100.0 + 102,200 +10.8

Source: SEWRPC.

I
I
I
I
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the initial 1990 and new 2000 population forecasts.
The anticipated impact of these changes in fore
cast population levels on a county-by-county basis
on the regional sanitary sewerage system plan is
discussed below.

Revised Employment Forecasts: As noted earlier
in this chapter, the adopted regional land use plan
was based in part upon a forecast distribution of
employment in 1990 throughout the Region. As
part of the plan reevaluation effort under the con
tinuing regional land use-transportation study,
new forecasts were prepared for the Region by
county for the year 1990 and extended to the new
plan target year of 2000. 3 Table 95 presents
a comparison between the initial and revised
1990 employment forecasts for the Region on
a county-by-county basis. As was the case above
in population distribution, the three counties of
the Region having large central cities-Kenosha,
Milwaukee, and Racine -are now expected to
experience less job growth, with a concomitant
increase in job growth in the four outlying coun
ties of Ozaukee, Walworth, Washington, and
Waukesha. For the Region as a whole, the revised
1990 employment forecast is only about 4 percent
below the initial 1990 forecast, as compared with
a 16 percent difference in the initial and revised
1990 regional population forecasts. The difference
in magnitude in the revisions in the 1990 popula
tion and employment forecasts may be attributed
primarily to substantial growth in the service

3 See SEWRPC Technical Report No. 10, The Economy of
Southeastern Wisconsin, December 1972.
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sector of the economy and an increasing partici
pation rate of persons in the work force, particu
1arly with respect to women.

Table 95 presents the anticipated increment
between the revised 1990 employment forecast and
the new 2000 employment forecast for the Region
on a county-by-county basis. Total employment
in the Region is expected to surpass the one
million mark by 2000 representing an increase
of about 102,000, or about 11 percent, over the
revised 1990 regional employment forecast of
about 946,000. When viewed on a county-by-county
basis, only Kenosha and Milwaukee Counties are
not expected to reach by the year 2000 the job
level initially forecast for the year 1990. The
Kenosha County forecast in particular has been
substantially revised downward, reflecting in
large part recent job trends in the automotive
equipment industry. Large increases injob growth
are anticipated in Ozaukee, Walworth, Washington,
and Waukesha Counties.

Comparison of Revised Population
Forecasts With Population Projections
of State and Federal Agencies
The revised year 1990 and new year 2000 popula
tion forecasts for the Region as prepared by the
Commission may be compared with year 1990 and
year 2000 population projections prepared by
various state and federal agencies concerned with
water quality management planning. Table 96
presents such a comparison, including population
projections prepared by the Wisconsin Department
of Administration, the Wisconsin Department of
Natural Resources, and the U. S. Environmental
Protection Agency.
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Table 96

COMPARISON BETWEEN REVISED SEWRPC 1990 POPULATION FORECAST, SEWRPC 2000 POPULATION FORECAST,

AND 1990 AND 2000 POPULATION PROJECTIONS PREPARED BY STATE AND FEDERAL AGENCIES

FOR THE REGION BY COUNTY AND STANDARD METROPOLITAN STATISTICAL AREA

1990 2000
Wisconsin Department Wisconsin Department U.S. Environmental U.S. Environmental

of Administration of Natural Resources Protection Agency Protection Agency
Revised SEWRPC Population Population Population SEWRPC Population

Population Forecast Projection I Projection' Projection' Population Forecast Projection'

Percent Percent Percent Percent Percent Percent
County and SMSA Number ofTotal Number of Total Number ofTotal Number ofTotal Number ofTotal Number ofTotal

Kenosha County
and SMSA .................. 152,400 6.7 148,900 6.8 150,068 6.5 153,200 -- 168,400 6.5 171,100 --

Milwaukee County ......... 1,122,200 49.6 1,089,700 49.5 1,180,213 50.7 N/A -- 1,147,500 44.3 N/A --
Ozaukee County............. 100,400 45 95,500 4.3 104,301 4.5 N/A -- 136,600 5.3 N/A --
Washington County ....... 108,500 4.8 113,900 5.2 136,603 5.9 N/A -- 138,900 5.4 N/A --
Waukesha County.......... 452,400 20.0 420,800 19.1 419,182 18.0 N/A -- 621,100 24.0 N/A --

Subtotal
Milwaukee SMSA ..... 1,783,500 78.9 1,719,900 78.1 1,840,299 79.1 1,848,400 -- 2,044,100 79.0 2,082,000 --

Racine County
and SMSA .................. 233.100 10.3 250,100 11.4 222,770 9.6 220,300 -- 270,600 10.4 248,100 --

Walworth County ...... ... 92,100 4.1 81,600 3.7 112,594 4.8 N/A -- 107,000 4.1 N/A --

Region Total 2,261,100 100.0 2,200,500 100.0 2,325,731 100.0 N/A -- 2,590,100 100.0 N/A --

I
I
I
I
I
I
I
I
I
I

N/A means data not available.
IWisconsin Population Projections (Second Edition), Wisconsin Department
of Administration, March 1972.

Source: SEWRPC.

With respect to the year 1990, the revised
Commission regional population forecast lies in
between the Wisconsin Department of Adminis
tration population projection and the Wisconsin
Department of Natural Resources population pro
jection, there being a difference of about 125,000
persons in the two state agency population projec
tions. On a county-by-county basis, however,
there are some differences between the revised
Commission 1990 population forecast and the
population projections prepared by the state agen
cies, although the pattern of difference is not
consistent. Perhaps the most significant differ
ence lies in Waukesha County, where both state
agency projections anticipate a 1990 population of
only about 420,000, whereas the Commission
population forecast anticipates a population level
of about 452,000.

The U. S. Environmental Protection Agency (EPA)
population projections are available only on a stan
dard metropolitan statistical area (SMSA) basis.
In the Southeastern Wisconsin Region there are
three SMSA's: the Kenosha SMSA, consisting
entirely of Kenosha County; the Milwaukee SMSA,
consisting of Milwaukee, Ozaukee, Washington,
and Waukesha Counties; and the Racine SMSA,

'Small Area Population Projections for Wisconsin, Technical Bulletin No.
59, Wisconsin Department of Natural Resources, 1972.

'Population and Economic Activity in the United States and Standard Met·
ropolitan Statistical Areas 1950·2020, U.S. Environmental Protection Agen·
cy and U.S. Department of Housing and Urban Development, July 1972.

consisting entirely of Racine County. Since the
EPA makes no population projection for Walworth
County, it lying outside of any SMSA, it is not
possible to compare the EPA projections with the
Commission forecasts on a regional basis. With
respect to the year 1990, the EPA population
projection for the Kenosha SMSA is slightly above
that of the revised Commission forecast; that
for the Milwaukee SMSA substantially above the
revised Commission forecast; and that for the
Racine SMsA somewhat below the revised Com
mission forecast. With respect to the year 2000,
as shown in Table 96, these relationships remain
the same except that the gap between the two fore
casts in the Milwaukee SMSA is considerably
narrowed, whereas that for the Racine SMSA is
somewhat widened.

In general, then, there are some differences
between the various population forecasts and
projections promulgated by regional, state, and
federal agencies involved in comprehensive water
quality management planning efforts. Since popu
lation forecasting is a difficult task at best, such
differences are to be expected, particularly for
areas smaller than the Region. It is, neverthe
less, necessary to select a single forecast to be
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utilized in the preparation of a plan. In the South
eastern Wisconsin Region the Commission has
utilized for planning purposes its own indepen
dently prepared population forecast, which, as
noted above, corresponds very closely to state
and federal agency population projections on
a regional level-but differs somewhat on a county
level. With respect to the regional sanitary sew
erage system plan, those design engineers work
ing for local units of government in the Region and
charged with the responsibility for plan imple
mentation should be aware of the various fore
casts and projections that are available and, in
light of the best available knowledge at the time,
select the forecast level believed most likely to
be achieved for the given community or group of
communities being served by a planned sewerage
facility. Except in rare instances, this level
should very likely closely approximate the level
utilized in the preparation of the regional sanitary
sewerage system plan.

The Effect of Changing Development
Patterns on the Regional Sanitary
Sewerage System Plan
In light of the changing patterns of population size
and distribution and job distribution noted for the
Region in the foregoing discussion, which changes
have come about since preparation and adoption
of the regional land use plan, it is necessary to
assess the probable impact of such changes on the
regional sanitary sewerage system plan. Since,
as noted earlier in this chapter, it is not always
possible to prepare every interrelated regional
plan element simultaneously, even though such
a course of action would be highly desirable, it is
to be expected that, in this case, a subsequently
prepared regional sanitary sewerage system plan
might require some changes and modifications in
light of changes in actual land use development
patterns, and in light of the implications which
these changes, in turn, hold for the adopted
regional land use plan upon which the sewerage
system plan must be based. Indeed, the process
of monitoring areawide growth and development
and adjusting already adopted and completed area
wide plan elements is at the very heart of the
continuing regional planning process. It is also
the point at which many planning programs-local
as well as areawide-have failed. By recognizing
in advance the potential ramifications of change
on a given plan element, it is, then, possible
to set the stage for future plan adjustment and
modification.
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For the Region as a whole, the revised population
forecasts indicate that the initially forecast 1990
population level of 2. 68 million persons will
probably now be reached by the year 2000, and
that the regional population in the year 1990 will
approximate 2.26 million persons. Perhaps the
most significant change in the population and
employment forecasts for 1990, and as extended
to the year 2000, occurs in Milwaukee County,
where it is now anticipated that population growth
will increase only moderately from its existing
level and where most job growth is anticipated to
be in the service sector of the economy. At first
it may seem that this substantial departure from
the initial assumptions in the regional land use
plan that Milwaukee County would continue to grow
by about 360,000 persons over the 1963 population
level of 1,086,300 would have a substantial impact
upon the regional sanitary sewerage system plan.
Upon more careful analysis, however, it becomes
apparent that whether or not Milwaukee County
grows by an additional 360,000 persons, remains
at its current level, or even decreases in absolute
population size, the basic areawide sanitary sew
erage system for the county is already substan
tially in place and, for system continuity as well
as surface water pollution abatement purposes,
must be completed as initially planned by the
Milwaukee-Metropolitan Sewerage Commissions.
As discussed in Chapter XI of this report, the
long-range trunk and intercepting sewer system
plan adopted and already substantially imple
mented by the joint Commissions in Milwaukee
County was taken as a committed decision for
purposes of regional sanitary sewerage system
plan preparation, and is necessary in any case to
abate existing major sources of surface water
pollution from separate sanitary sewerage system
surcharging and overflows.

As a practical matter, then, the changing pattern
of population distribution throughout the Region
will have a very limited effect upon the basic
sanitary sewerage system plan for Milwaukee
County and the existing and committed service
areas in Ozaukee, Racine, Washington, and Wau
kesha Counties tributary to the Milwaukee-metro
politan sewerage system. Indeed, as documented
in Chapter V of this report, there is evidence to
indicate that despite the fact that the total resident
population served by sanitary sewers in Milwaukee
County declined from 1963 to 1970, the total
average daily sewage flow from within the county
substantially increased over the same period.
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Finally, it should be recognized that substantial
new urban development could occur in Milwaukee
County in future years while not increasing the
overall county population level, if densities in the
older developed portions of the county decline
substantially from the present levels.

With respect to Racine and Kenosha Counties,
which, as noted earlier, are also anticipated to
experience less growth than initially forecast, it
is also likely that densities may decline in the
older central cities that are already served by
sewerage systems, while new urban development
takes place in other areas of these counties not
now provided with sewer service. Thus, despite
a decrease in the forecast population level for
each county, even by the year 2000, it is most
probable that the sewerage facilities proposed in
the regional sanitary sewerage system plan, as
based upon the adopted regional land use plan,
will be needed. To the extent that development
takes place in areas beyond those recommended
for development in the adopted regional land use
plan, reflecting population redistribution within
these counties, even additional sewerage facilities
would be required.

In the remaining four counties of the Region,
either no change or an actual increase in popula
tion levels over the initially forecast 1990 level
may be anticipated. Thus, there is every reason
to expect that not only will the sewerage facilities
contained in the recommended sanitary sewerage
system plan for the Region be needed but that
additional facilities will be needed as well to
handle even greater anticipated future growth.
This becomes even more apparent when the new
year 2000 county population forecasts for these
four counties are examined.

In general, then, it may be concluded that,
despite the changes made iIi the regional popula
tion and employment forecasts since preparation
of the regional land use plan, it is highly unlikely
that the land use plan now being revised and
extended to the year 2000 will depart substantially
from that initially prepared for the year 1990,
except perhaps for those areas of the Region
already served by centralized sanitary sewerage
systems. There will be differences, to be sure,
but, as discussed above, such differences are
likely to consist of even greater areas of urban
growth in at least four counties of the Region
coupled with lesser growth in the three counties
of the Region having the older, well-established

urban plants and, hence, the already existing and
committed major sewerage systems. Thus it
may be concluded that the adopted land use plan
still provides a sound basis for the preparation
of the regional sanitary sewerage system plan.
Obviously, as is the case in any planning effort,
the regional sanitary sewerage system plan will
have to be continuously reevaluated after its adop
tion. Such reevaluation must take place not only
at the areawide level, as a new regional land use
plan for the year 2000 is prepared, but also at the
local level as design engineers prepare prelimi
nary engineering reports for the various sewerage
facilities proposed in the recommended plan.

SUMMARY

In the preparation of a sanitary sewerage system
plan for the Southeastern Wisconsin Region, future
population and economic activity levels must be
forecast. These forecasts, when combined with
engineering design criteria, can then be converted
to future demand for sewerage facilities in the
Region, and a sewerage system plan prepared to
meet the demand. Individual sewerage facilities
must be planned and designed not in isolation on
an ad hoc basis, but rather as integral parts of an
areawide system in which the major sewerage
facilities are carefully fitted to projected waste
loadings derived from an adopted areawide land
use plan. Accordingly, in the Southeastern Wis
consin Region the adopted regional land use plan
was utilized as a basis for preparation of the
regional sanitary sewerage system plan. Since
the regional land use plan was based upon care
fully prepared forecast levels of population and
economic activity in the Region, separate fore
casts of such activity and of the future demand
for land in the Region were not prepared as part
of the regional sanitary sewerage system plan-

l

ning program.

The adopted regional land use plan was based upon
an initial 1990 forecast population level of about
2.7 million persons, representing an increase of
approximately one million persons over the 1963
population level. Employment in the Region was
expected to reach nearly the one million job level
by 1990, an increase of nearly 350,000 jobs over
the 1963 level. The regional land use plan was
designed to accommodate this anticipated growth
in population and employment through the conver
sion of about 200 square miles of land from rural
to urban use over the 27-year period 1963-1990.
The regional land use plan contains specific rec-
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ommendations for the amount and spatial location
of future residential development, as well as the
establishment of major commercial, industrial,
and recreational centers. In addition, the plan
recommends the permanent protection and pres
ervation of about 283,000 acres of primaryenvi
ronmental corridor land and about 423, 000 acres
of prime agricultural lands.

The regional land use plan was prepared to
meet 1990 county forecast population levels, with
increases in county population anticipated to range
from about 3pO,000 persons in Milwaukee County
to about 32,000 persons in Walworth County. The
plan further recommended that the majority of
new residential land uses within the Region be
developed at medium densities and be provided
with public sanitary sewer and water supply
services. By 1990 the plan envisioned about
580 square miles, or 95 percent of thedevel
oped urban area, and about 2.5 million persons,
or 95 percent of the total popuiation, being
served by both public sanitary sewer and water
supply facilities.

The regional land use plan was an essential input
into the design of the regional sanitary sewerage
system plan, since sewerage system planning
must assume some anticipated distribution of
future urban land uses in order to properly size
and locate sewage conveyance and treatment
facilities, and must further assume anticipated
population and economic activity levels in order to
determine future waste loadings on sewerage sys
tems. Thus, the interrelationship between land
use and sewerage system planning is clearly evi
dent, it being impossible to prepare a regional
land use plan without certain assumptions con
cerning the provision of sanitary sewer service
nor a regional sanitary sewerage system plan
without certain assumptions concerning the future
distribution of land uses and future population and
economic activity levels.

The regional land use plan was adopted in 1966.
Since that time changes in the existing trends of
population and economic activity levels have begun
to appear, as evidenced in the 1970 U. S. Census
of Population. While the forecast regional level
of population for 1970 differed from the actual
level by only about 6 percent, the trend in actual
regional population growth was apparently depart
ing from the trend in the forecast population level,
which level was utilized as the basis for regional
land use plan preparation. Significant changes
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have been noted in the rates of the two components
in population change during the late 1960s-natural
increase and migration. Particularly significant
changes in population trends were evidenced in
1970 in the three counties containing the major
central cities of the Region-Kenosha, Milwaukee,
and Racine. In each of these three cases, the 1970
population forecast was above the U. S. Census
level. In the remaining four counties of the
Region, however, the census counts exceeded the
1970 forecast level. Thus, the results of the 1970
Census of Population indicated that population is
tending to grow more rapidly in the outlying areas
of the Region than originally anticipated and less
rapidly in the three counties containing the large
central cities of the Region.

The Commission began in 1972 a major effort
toward reevaluation of the adopted regional land
use plan, and as a first step prepared revised
population and employment forecasts for the year
1990 and extended such forecasts to the year 2000.
After examining' alternative population projec
tions, a new population forecast for the Region
was selected based upon the assumptions of cur
rent fertility to 1985, replacement fertility from
1985 to 2000, current mortality to 2000, and cur
rent migration to 2000, which, during the 1960s,
was a pattern of out-migration. This forecast
anticipates a 1990 regional population of about
2.3 million persons and a 2000 regional population
of about 2.6 million persons. On a regional basis,
therefore, the population initially anticipated for
the Region by 1990 at the time of the preparation
of the regional land use plan appears now most
likely to be reached in the year 2000. On a county
by-county basis, however, more significant dif
ferences are found between the initial and revised
population forecasts. Of particular significance is
the anticipated change in growth within Milwaukee
County, where it is now considered most likely
that the county will not substantially increase its
present population level. In Kenosha and Racine
Counties the initially assumed rates of growth
have also been revised downward, whereas in the
remaining four counties of the Region-Ozaukee,
Walworth, Washington, and Waukesha~substan

tially greater rates of population growth than
initially anticipated have now been forecast.

The probable impact of these changing regional
development patterns on the regional sanitary
sewerage system plan was evaluated. With respect
to Milwaukee County and the basic Milwaukee
metropolitan sewerage system, it may be con-
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eluded that whether or not Milwaukee County grows
as initially forecast, remains at its current level,
or even decreases in absolute population size, the
basic areawide sanitary sewerage system for the
metropolitan area is already substantially in place
and, for system continuity and water pollution
abatement purposes, must be completed as initi
ally planned. Similarly, in Kenosha and Racine
Counties the anticipated growth may take place in
areas not now served with centralized sewerage
systems, accompanied by decreased densities in
central city areas. With respect to the remaining
four counties in the Region, it is clear that not
only would sewerage facilities based upon the

adopted regional land use plan for the Region be
needed, but that additional facilities may be
needed as well to handle even greater anticipated
future growth. Clearly, the basic structure of
a regional sanitary sewerage system plan based
upon the adopted regional land use plan would be
sound and would need to be adjusted and modified
only as changes to the regional land use plan itself
are made. Indeed, to the extent that regional
growth takes place beyond that anticipated in the
adopted regional land use plan, reflecting not only
population growth but also population redistribu
tion, additional sewerage facilities would likely
be required.
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Chapter XI

ALTERNATIVE REGIONAL SANITARY SEWERAGE SYSTEM PLANS
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INTRODUCTION

Plan design, test, and evaluation comprise the
very heart of the planning process. It is at this
point in the planning process that the outputs of
previous planning operations, including the formu
lation of objectives and standards, the conduct of
inventories and analyses, and the preparation of
forecasts of future demand, become inputs to
the design problem of plan synthesis. The sani
tary sewerage system design problem requires
a reconciliation among the hydraulic and pollution
loadings derived from the adopted regional land
use plan, the ability of the environment to assimi
late the treated wastes to be discharged, agreed
upon sanitary sewerage system design standards,
existing sanitary sewerage system capacity, and
facility capital and operating costs. In the system
design phase, future sanitary sewerage system
networks are synthesized to satisfy the regional
land use, water use and quality, and sanitary
sewerage development objectives and standards,
while meeting criteria of system integration and
cost minimization. The purpose of this chapter is
to present the results of the plan design, test, and
evaluation phase of the regional sanitary sewerage
system planning program in terms of alternative
sanitary sewerage system plans for subareas of
the seven-county Southeastern Wisconsin Region.

The various alternative sanitary sewerage system
plans considered were designed to meet the estab
lished water use objectives and supporting water
quality standards as set forth in Chapter VII of
this report, and, in addition, to contribute to the
implementation of the adopted regional land use
plan as presented in Chapter X of this report.
There are a number of alternative means by which
these objectives can be achieved. Alternatives
relating to sewerage system technology were dis
cussed in the section of Chapter IX of this report
dealing with the state of the art of sanitary sew
erage. In that discussion it was concluded that the
present technique of water carriage of wastes can
be expected to continue to be practiced at least
through the 20-year plan design period. It was
further concluded that the biological sewage treat
ment processes currently in use may be expected
to continue in use through the plan design period,

although physical-chemical treatment processes
will be introduced at some sewage treatment
facilities within the Region during the planning
period. It was also concluded that treated sewage
effluent would continue to be discharged to natural
surface waters or be disposed of on lands either
through seepage ponds or irrigation processes.

Earlier Commission studies, including the water
shed studies, and an assessment of present tech
nology, as set forth in Chapter IX of this report,
indicated that in the regional sanitary sewerage
system plan preparation, continued reliance should
be placed upon conventional centralized sanitary
sewerage systems, providing high degrees of
treatment with discharge of treated wastes to sur
face waters. In both the Fox and Milwaukee River
watershed studies, it was concluded that the
provision of advanced waste treatment at a rela
tively small number of sewage treatment facilities
serving centralized sewerage systems was the
most economical and feasible alternative. Hence,
for regional sanitary sewerage system planning
purposes, the basic alternatives considered cen
tered on the provision of advanced waste treat
ment where necessary to achieve established
water use objectives, with the alternatives differ
ing primarily with respect to the question of
whether a given urban subarea of the Region
should be served by a single sewage treatment
facility or by multiple sewage treatment facilities.
This required consideration of alternative trunk
sewer or force main arrangements to convey the
sewage to the treatment facility or facilities. The
specific analytical procedures utilized in the
preparation of alternative system plans are dis
cussed in Chapter IX of this report and will not be
repeated here.

The plan design process was thus basically one
of finding successive approximations to the best
arrangement of treatment and conveyance facili
ties, with specific solutions being proposed to
specific problems in each iteration, then tested
and evaluated through application of the hydraulic
and pollution loadings and the objectives and sup
porting standards and criteria. The first step in
the plan design was to determine the deficiencies
of the existing sanitary sewerage systems under
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probable future land use and sewage loading con
ditions, such deficiencies including the lack of
sanitary sewer service to existing and proposed
urban development requiring such service. Pro
posals to overcome the indicated deficiencies
were then advanced, tested, and evaluated.

I t is important to note that the preliminary design
solutions to be tested and evaluated were drawn
from three important sources. The first and most
important source consisted of proposals advanced
in local sanitary sewerage system plans. These
proposals originated with experienced profes
sional engineers in the employ of, or in a consul
tant capacity to, the local units of government
within the Region, and were consequently founded
in an intimate knowledge of, and long-standing
experience with, the existing sanitary sewerage
systems. The second source for design solutions
was developed directly from the system analyses
conducted under the study, wherein solutions to
correct system deficiencies became apparent from
the knowledge acquired of the existing and proba
ble future sewerage problems within the Region.
The third source for design solutions was devel
oped indirectly from the land use planning pro
gram of the Commission, wherein suggestions
for service based upon land use development
objectives were advanced. Wherever the analyses
indicated that the existing and committed sew
erage facilities were inadequate to meet the
anticipated demand and the objectives and sup
porting standards, local system plans and local
engineers were consulted for suggestions concern
ing possible system improvements which might
alleviate the deficiency. These improvements
were added to the existing system and the result
ing new system tested and evaluated. Where
design solutions drawn from the first source
proved inadequate to alleviate deficiencies or
where no solutions had been so proposed, resort
was made to the second source of design solu
tions. The third source for design solutions was
used primarily in the newly developing areas of
the Region.

While major emphasis was placed in the study on
the basic alternative of providing advanced levels
of waste treatment at varying treatment plant
locations throughout the Region and on the alter
native means of conveying sewage to these loca
tions, other concepts of waste management, such
as the diversion of effluent from one watershed
to another, particularly across the subcontinen
tal divide traversing the Southeastern Wisconsin
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Region, and land disposal of effluent as an alter
native to high degrees of waste treatment, were
also considered. None of these alternative con
ceptual solutions to the water quality management
problems of the Region were, however, considered
viable on a regionwide scale.

DIVERSION OF SEWAGE EFFLUENT
FROM LAKE MICillGAN BASIN

Interest has been expressed from time to time,
particularly by environmental interest groups,
certain adjacent states, and federal officials, in
the concept of eliminating all sewage effluent dis
charges to Lake Michigan or to streams which
drain into Lake Michigan through the diversion
of such effluent across the subcontinental divide
traversing the Southeastern Wisconsin Region and
into streams of the Rock, Fox, and Des plaines
River watersheds which are part of the larger
Mississippi River drainage basin. The principal
reason expressed for such interest in large-scale
diversion of sewage effluent is the potential for
possible irreversible deterioration of Lake Michi
gandue to eutrophication (overfertilization) attrib
utable to the discharge of nutrients-particularly
phosphorus-to the lake in sewage treatment plant
effluent. Even though this concern is being directly
addressed through the provision of phosphorus
removal at all major sewage treatment plants in
Wisconsin which discharge directly to Lake Michi
gan or to streams which drain into Lake Michigan,
there nevertheless continues to be interest in the
prospect of total diversion of effluent out of the
Lake Michigan basin. Accordingly, representa
tives of the Wisconsin Department of Natural.
Resources and the U. S. Environmental Protection
Agency requested that an "order-of-magnitude"
cost estimate be prepared for a Lake Michigan
diversion alternative as part of the regional
sanitary sewerage system planning program for
the Region.

It should be noted that, as discussed in Chapter V
of this report, about 243 million gallons per day
(mgd) , or 92 percent of the 265 mgd of sewage
effluent discharged in the Region, is discharged
either directly to Lake Michigan or to streams
which drain into Lake Michigan. Thus, total
diversion in the Southeastern Wisconsin Region
would constitute a task of major proportions. It
should be further noted that the cost of diversion
of all sewage effluent out of the Lake Michigan
basin would almost totally be an "add on" cost
to any of the alternative system plans considered
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herein. That is to say, conveyance facilities
required to effect diversion would represent an
additional cost above and beyond what would be
needed to provide sanitary sewer service and
adequate sewage treatment if sewage effluent con
tinued to be discharged either to Lake Michigan or
to streams tributary to Lake Michigan.

One method of carrying out a diversion alternative
is illustrated on Map 52. This map shows the
recommended 1990 sanitary sewer service areas
for that portion of the Region tributary to Lake
Michigan, the location of all proposed sewage
treatment facilities to serve the recommended
area under a diversion scheme, and the approxi
mate alignment of those additional trunk and
effluent outfall sewers needed to provide complete
diversion of the treated sewage effluent into the
Mississippi River drainage basin. Under this con
ceptual alternative, diversion would occur at five
locations. One location would serve the existing
communities in the Washington County portion of
the upper Milwaukee River watershed. Trunk
sewers would convey raw sewage from the Vil
lages of Jackson and Kewaskum, the Newburg
Sanitary District, and the Green Lake area to
the site of the existing West, Bend sewage treat
ment facility. The West Bend facility would be
expanded to handle all of the anticipated demand,
and a diversion outfall sewer would be constructed
from the West Bend plant to the East Branch of
the Rock River at a point just north of the Allen
town Sanitary District in the Town of Addison.

The second locationwould accommodate all sewage
from existing communities in Ozaukee County,
except the Village of Thiensville and the City of
Mequon, which would discharge to the Milwaukee
Metropolitan system. Major trunk sewers would
be constructed to connect the Belgium-Lake
Church, Fredonia, Saukville, Port Washington,
and Grafton sewer service areas to a major
sewage treatment facility located at or near the
site of the existing City of Cedarburg facility.
From there a diversion outfall sewer would be
constructed westerly to a location on the Ashippun
River, a tributary of the Rock River, in the Town
of Erin.

The third location would accommodate all sewage
from the Milwaukee-Metropolitan sewer service
area. Major deep tunnel diversion outfall sewers
would be constructed to connect the Jones Island
and South Shore sewage treatment facilities oper
ated by the Milwaukee-Metropolitan Sewerage

Commissions. The City of South Milwaukee sewage
treatment facility would be abandoned and its ser
vice area connected to the South Shore plant. All
effluent would be discharged to the Wind Lake
drainage canal, a tributary of the Fox River, just
below Wind Lake.

The fourth location would accommodate all sewage
from the Kenosha and Racine metropolitan areas.
Deep tunnel diversion effluent sewers would be
constructed to convey effluent from the Kenosha
and Racine sewage treatment plants jointly to
a point on the Des Plaines River in the Town
of Paris.

Finally, the fifth location would accommodate
sewage flow from the Village of Union Grove and
would consist of a minor diversion effluent sewer
from the existing Union Grove sewage treatment
facility across the subcontinental divide to the
Des Plaines River in the Town of Paris.

As noted above, all costs associated with the
diversion alternative would be in addition to sew
erage facility costs associated with any of the
alternative plans providing for advanced waste
treatment and disposal of effluent within the Lake
Michigan basin. The cost of providing treatment
at the various facilities under the diversion alter
native would approximate the cost of providing
treatment under the advanced waste treatment
alternatives, since nitrification would supplant
phosphorus removal under the diversion alter
native. In addition, all trunk sewers needed to
abandon minor existing treatment facilities, as
discussed later in this chapter under advanced
waste treatment alternatives, would continue to
be needed.

The cost for each of the major facilities needed
to accommodate large-scale diversion out of the
Lake Michigan basin are set forth in Table 97. It
should be recognized that these are Iforder-of
magnitudell cost estimates and have not been
prepared to the level of precision afforded the
advanced waste treatment alternative plans pre
sented later in this chapter. These estimates
do provide, however, an lIorder-of-magnitudell

approximation of the cost involved in any diver
sion of treated sewage effluent from Lake Michi
gan as an alternative waste managelhent concept.
As shown in Table 97, these costs would approxi
mate $140.7 million.

437



I
Map 52

ImLLJ LbJ-
'.," .... 'rM .....

I
I
I

I
I

I

I
I

I
I
I

I

I

I
I

I
I

PROPOSED OlVERSION TRUNK SEWER

PUBLIC SEWAGII!: TR£ATMENT PLANT-1990

SUBCONTINENTAL
OIVIOE

ElClSTlNG PUBL.IC SEWAGE TRt:IloTMENT
PLANT - TO 8£ ABANDONED

LEGEND

PROPOSED DivERSION OUTFALL SEWER

PRoPOS£O 1990 SEWER SERVICE AREA
IN OR TRIBUTARY TO THE LAKE M1CHIGIloN
DRAINAGE BASIN

•
~

D

SEWRPC.

MAJOR fACILITIES NEEOED TO EffECT
DIVERSION Of ALL MUNICIPAL SEWAGE
TREATMENT PLANT EffLUENT fROM THE

LAKE MICHIGAN DRAINAGE BASIN TO THE
MISSISSIPPI RIVER DRAINAGE BASIN

IN THE REGION: 1990

Source:

T~. tr~ft~ ...d outf.lI •• "ere s~ft·~n 0 .. t~e .bov•••p rUr •••nt tho.e co"vet.nce hcilili.s .. hich "ft.ld b. r.qUir.d to f.l1t .ff.ct dlversio .. 0' .11 .... icip.l
.....ge tr •• I t pl ... t .ffluent fro. tb. t.ke Mlclli .... dr.i".,. b.sl ...erou t~e ubeonti .... t.l divide to l~. Mi .. i .. iP.; liv••• .,I .... e b~'ln. lbe eo.. c•• t
of tot.1 .ffl t div.rsio .. fro& 1I1. t.ke lIielll, •• d., ...,. b.sln r.eelves uppor! fto. ti •• to ti •• b.e.... of co .. c.r" ov.r the poulble Irrever.ibl. d.t.-
rior.tion of t.k. Mic~i,a.. fro. overlertlHzaUo... ttribatabl. to tb. dl,ch.r,. of .... tti.nts.- •• dicul.rlt .lIo •• bor.,--to the l.k. I .. ,ev.ge Ir •• I....1 ,I.nt
.ffl ••"t. 1 I. div.r.lo .. sch ,repered .t U. r •••• st of fldU.l ."d .t.t. offlci.ls in ord.r to Provlo••11 "orO.r of ••,nlt.oe" COlt uti.ete for
• t.t. Michi,.n div.rslon .1ter tl ••• It il i••orta .. t to .. ote t~lt lb. cost of d' ... rsion "olio coa.rlse .n ·.do 0"" cost In t~e sense th.t n. co.t 01 t~e

d'v.r.;o.. hc;lllti., reqllred ..ould be O",r ."0 .bov. t~ole heilili •• Includ.d i .. t~. r.co..... deo reglo".l u"llarJ .......,. 'J.t •••1.". DIversion of
.....<)•• ffl •• nt fro. the L.ke lIic~I,." h.. i" .~ould b....ded.kell onlt .ft.r •• rt c~rehl conslder.tio" d docu••nt.tionof t~. n••o to ucl.d c~ ell, .... t
fro. L~ke M1C~i.u. Lo... -t.r. efhcte of the co.. tlnued disc~.,•• of tr •• tad .fflue.. t to L.ke Mlc~i••n d, th.r.for., the ....d for divereion. c b••• t-b_
IIshed o .. ly 0" the louis of ,lIr ~uaiit1 ent ,ho, rot t~, '~tlr. t.ke H"lIigan bul .

436

I



I
I
I
I
I
I

I
I
I

Table 97

COST ESTIMATES OF MAJOR FACILITIES NEEDED TO EFFECT DIVERSION OF ALL

MUNICIPAL SEWAGE TREATMENT PLANT EFFLUENT FROM THE LAKE MICHIGAN

DRAINAGE BASIN TO THE ~lISSISSIPPI RIVER DRAINAGE BASIN IN THE REGION

Estimated Cost

Present Worth 1970-2020 Equivalent Annual

Major Diversion
Operation Operation

Capital and and
Facility Construction Construction Maintenance Total Construction Maintenance Total

Washington County
Diversion System

Kewaskum-Green Lake-Newburg-Jackson Trunk Sewers. ................. $ 3,562,600 $ 3,202,900 $ 264,800 $ 3,467,700 $ 203,200 $ 16,800 $ 220,000
Outfall Sewer to East Branch Rock River .................................... 5,950,000 4,366,100 31,500 4,397,600 277,000 2,000 279,000

Subtotal ...... ................. ............................................. 9,512,600 7,569,000 296,300 7,865,300 480,200 18,800 499,000

Ozaukee County
Diversion System

Belgium-Fredonia-Saukville-Port Washington-
Grafton Trunk Sewers ...................... .... ............... .......... 7,851,900 5,926,500 584,800 6,511,300 376,000 37,100 413,100

Outfall Sewer to Ashippun River .............. .................... .......... 11,147,000 8,306,600 323,100 8,629,700 527,000 20,500 547,500

Subtotal ........ .......... ....................... .......................... 18,998,900 14,233,100 907,900 15,141,000 903,000 57,600 960,600

Milwaukee-Metropolitan
Area Diversion System
South Milwaukee Trunk Sewer ...... .... ............. ....... ........... 920,000 788,100 189,100 977,200 50,000 12,000 62,000
Outfall Sewer to Wind Lake Canal ... ...... ...... .. ..... ... , ............ 77,700,000 58,414,000 34,219,300 92,633,300 3,706,000 2,171,000 5,877,000

Subtotal .... ........... ......... .... .... ............. ......... .. ....... 78,620,000 59,202,100 34,408,400 93,610,500 3,756,000 2,183,000 5,939,000

Racine-Kenosha Metropolitan Area
Diversion System
Outfall Sewer to Des Plaines River .. ................. ........ .. .......... 33,040,000 24,368,100 9,848,100 34,216,200 1,546,000 624,800 2,170,800

Subtotal ................................ ...... ....... ........ ............. 33,040,000 24,368,100 9,848,100 34,216,200 1,546,000 624,800 2,170,800

Union Grove
Diversion System

Outfall Sewer to Des Plaines River ........... ......... , ..................... 572,000 419,300 6,300 425,600 26,600 400 27,000
Subtotal .... .... ....... .... ............... ....... ....................... 572,000 419,300 6,300 425,600 26,600 400 27,000

Total ..... ............ .. ......................... ....................... $140,743,500 $105,791,600 $45,467,000 $151,258,600 $6,711,800 $2,884,600 $9,596,400

Source: SEWRPC.
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As already noted, the primary advantage of this
alternative plan element would be the elimination
of all discharges of treated sewage effluent to
Lake Michigan, thereby reducing the potential for
possible irreversible deterioration of the lake
due to eutrophication. Other attendant advantages
would include low-flow augmentation in the head
water areas of the Rock, Des Plaines, and Fox
Rivers, which would receive the diverted effluent,
and positive, although very minor if not negligible,
effects upon high lake levels and attendant shore
line flooding and erosion problems.

The primary disadvantage of this alternative plan
element would be the substantial additional cost
entailed, a cost over and above the costs attendant
to other alternatives which would meet the estab
lished water use objectives. other disadvantages
include the potential contribution to flooding prob
lems on the receiving streams, and the direct
confltct of the proposal with present legal con-

straints which operate against any major diversion
of surface water between the Lake Michigan and
Mississippi River basins. These very complex
legal constraints were more fully discussed in
Chapter VII of this report and would be very dif
ficult to remove, involving, as they do, inter
national, as well as interstate, considerations.
Finally, it is possible that diversion would have
to be accompanied by higher levels of treatment
because of the very limited waste assimilation
capacities of the small receiving streams, with
nitrification, as well as phosphorus removal,
becoming necessary.

Clearly, the diversion of all sewage effluent from
the Lake Michigan basin to the Mississippi River
basin would entail substantial additional costs and
should be undertaken only after very careful
consideration and documentation of the need to
exclude such effluent from Lake Michigan. Long
term effects of the continued discharge of treated
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effluent to Lake Michigan, and, therefore, the need
for diversion, can be established only on the basis
of a basinwide water quality management study.
Such a study lies beyond the responsibility of
the Regional Planning Commission and should be
undertaken by the Great Lakes Basin Commission,
which has water resource planning responsibilities
for the entire Great Lakes basin, as well as the
Lake Michigan basin. In this respect, it should be
understood that the diversion alternative remains
available to the Region at any point in time with
any of the alternative plans presented later in
chapter, and that costs required to implement
the advanced waste treatment management con
cept, as set forth later in this chapter and in
Chapter XII of this report, would have to be
incurred in any case to provide for sewage collec
tion, conveyance to, and treatment at central
locations prior to diversion.

EFFLUENT DISPOSAL BY LAND IRRIGATION

A second waste management concept in which
environmental interest groups and certain public
officials have expressed interest involves effluent
disposal by land irrigation, as opposed to effluent
disposal through direct discharge to surface water
bodies. The advantages and disadvantages of
effluent disposal by land irrigation have been dis
cussed in Chapter IX of this report and will not
be repeated here. The Region's viable suitability
for liquid waste disposal, based primarily on soil
and geologic conditions, was discussed in Chap
ter IV of this report, with the conclusion reached
that only a relatively small portion of the South
eastern Wisconsin Region is well-suited for land
disposal of liquid wastes. In addition, Commission
studies conducted as part of comprehensive plan
ning programs for the Fox and Milwaukee River
watersheds resulted in findings that effluent dis
posal by land irrigation was considerably more
expensive than the provision of advanced waste
treatment and direct effluent discharge into the
surface waters of the Region. The cost for such
an alternative stream water quality management
plan for the Fox River watershed within south
eastern Wisconsin, for example, was found to be
approximately 30 percent higher on an equivalent
annual cost basis than the provision of advanced
waste treatment facilities for the watershed. The
costs for land irrigation, moreover, were based
on the assumption that a $20 per acre annual bene
fit from crop production yield could be achieved
through the irrigation, thus offsetting the overall
cost of the land disposal.
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Perhaps the single biggest problem encountered
in implementing this waste management concept
is the extremely large amount of land needed to
successfully dispose of the very large volumes of
waste generated daily within the Region. This fac
tor alone would militate against its serious con
sideration on a regionwide basis, although the
possibility certainly remains that individual com
munities, particularly small urban communities
located in predominantly rural areas of the Region,
could utilize the land irrigation method for liquid
waste disposal.

In order to demonstrate the magnitude of the land
area problem at the regionwide scale, an estimate
was made of the total land area that would be
needed to accommodate the anticipated 1990
sewage flow from throughout the Region. Based
upon studies conducted at the University of Penn
sylvania, an assumption was made that sewage
effluent, after conventional primary and secon
dary treatment, could be applied to agricultural
lands at a rate of one inch per week over the
30-week growing season in the Region extending
from May to October. Under this assumption,
approximately 450 acres of land would need to be
acquired to accommodate each million gallons of
average daily sewage flow, including area for
storage of the treated effluent during winter
months. Since the total average daily sewage flow
within the Region in 1990 is estimated at about
520 mgd, the resulting gross land requirement
for land disposal of effluent is about 230,000
acres, or about 360 square miles. This repre
sents an area larger than Racine County and
clearly demonstrates the impracticality of apply
ing this method of effluent disposal on a region
wide basis. In addition, another 16 square miles
of land would be needed to accommodate the esti
mated average annual overflow from the combined
sewer areas in Milwaukee, Racine, and Kenosha.

A recent study commissioned by the U. S. Army
Corps of Engineers 1 for the Chicago metropolitan
area utilized a more liberal assumption concern
ing land requirements for land disposal. The
preliminary conclusion drawn in this study was
that 190 acres of land would be needed to accom
modate each million gallons of average daily

1 Regional Waste Water Management Systems for the

Chicago Metropolitan Area--Summary Report, Office of
the Chief of Engineers, U. S. Department of the Army,

March 1972.
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sewage flow, including area for storage of the
treated effluent during winter months. The concept
applied by the Corps of Engineers in this instance,
however, includes the recovery of effluent after
passing through the soil by tile drainage systems,
with ultimate discharge to surface waters. Thus,
under this concept of land disposal, the effluent
continues to be discharged to surface waters with
the soil serving as a form of advanced waste
treatment. If the rate of application of sewage
effluent proposed by the Corps of Engineers were
applied to southeastern Wisconsin, the total area
required for disposal of effluent by land treat
ment would approximate 96,000 acres,or about
150 square miles. This area would approximate
the combined area of four normal sized townships
and would be nearly 20 times as large as the
abandoned Bong Air Force Base in the Town of
Brighton, Kenosha County.

Clearly, land disposal of sewage effluent is a waste
management concept having many interrelated
problems. As already noted, the most severe
problem is the extremely large amount of land
needed to accommodate the concept when applied
to large urban regions. Irrespective of this and
other problems, however, Commission studies
have indicated that land irrigation is more costly
than advanced waste treatment. Since advanced
waste treatment will meet the established stream
water use objectives and supporting water quality
standards, there appears to be little advantage
in consideration of land irrigation on a large
scale. In addition, the Commission studies have
indicated that the economic disadvantage of land
irrigation increases proportionately with the size
of the population served. Its application to wastes
generated in the large Milwaukee, Racine, and
Kenosha metropolitan areas, therefore, seems
highly unlikely. Given these problems, then, the
alternative waste management concept of land dis
posal of effluent was not fully costed out as an
alternative in the preparation of the regional sani
tary sewerage system plan. Its application on
a regionwide scale is highly questionable. Its
application on a small individual community scale,
particularly in the more rural reaches of the
Region, however, is within the realm of possibility
and should be considered by design engineers
during plan implementation. Indeed, Chapter 147
of the Wisconsin Statutes, created by the Wiscon
sin Legislature in 1973, requires that the feasi
bility of land disposal be considered during such
plan implementation.

Finally, it should be noted that the foregoing dis
cussion and the conclusions relate to the land
disposal of sewage effluent and not to the land
disposal of sewage sludge. Land disposal of the
latter is feasible and widely practiced within the
Region. Sludge disposal is discussed further
as an auxiliary plan element in Chapter XII of
this report.

FORMULATION OF ALTERNATIVE PLANS

As noted earlier, major emphasis in the regional
sanitary sewerage system planning program was
placed upon the formulation of alternative plans
centered on the provision of advanced waste treat
ment where necessary to achieve established
water use objectives, with the alternatives differ
ing primarily with respect to tbe degree of cen
tralization of treatment within urban subareas of
the Region. The following discussion describes
the process by which alternative plans were for
mulated, including the designation of subregional
areas for system analysis, the determination
of 1990 sewer service areas, the screening of
potential alternative plans, the determination of
the type and level of treatment required, and
the consideration given to private sewage treat
ment facilities.

Designation of Subregional Areas
In order to provide a rational basis for the prepa
ration, test, and evaluation of alternative plan
elements, it was necessary to delineate geo
graphic subareas of the Region for sewerage
system planning purposes. This concept of geo
graphic subareas, particularly with respect to
natural watersheds, is discussed in Chapter II of
this report. The boundaries of these 11 areas were
based upon natural major watershed divides, the
exterior boundaries of the Region, the existing
and potential service areas of existing centralized
sanitary sewerage systems, and existing and
probable future areas of urban concentration.
Eleven such areas were designated (see Map 53).

1, The Milwankee-metropolitan subregional
area, including all of Milwaukee County
and those portions of Ozaukee, Racine,
Waukesha, and Washington Counties which
either presently contract, or are pro
posed to contract, with the Milwaukee
Metropolitan Sewerage Commissions for
sewage treatment services.
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Map 53
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11.

SEWRPC.

SUBREGIONAL AREAS DESIGNATED FOR
SANITARY SEWERAGE SYSTEM PLANNING PURPOSES

IN THE REGION

T1.UNOIS

Eleven distinct subregional areas were identified for sanitary sewerage system planning purposes within the
Region. The boundaries of these II areas were delineated on the basis of natural major watershed divides,
existing and pot.entia! service areaS of e)l,isting centralized sanitary sewerage sy.s.lems, and existing and
probable future areas of urban concentration as recommended in the adopted regional land use plan. In deter
mining the boundaries of the subregional areas. natural watershed divides were crossed only where necessary
to recognize the effects of potential urban development and attendant sewerage facilities which crossed
such divides.

Source:
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2. The Upper Milwaukee River subregional
area, including all of the Milwaukee River
watershed within the Region north of the
northern limits of the City of Mequon. 2

3. The SalIk Creek subregional area, including
all of the Sauk Creek watershed, that por
tion of the Sheboygan River watershed lying
within the Region, and minor tributary
areas which drain directly to Lake Michi
gan lying generally north of the City of
Port Washington.

4. The Racine-Kenosha subregional area,
including all that area of Racine and Keno
sha Counties lying east of IH 94 except
that portion within the Des Plaines River
watershed lying west of the subcontinental
divide.

5. The Root River Canal subregional area,
including all that part of the Root River
watershed in Racine County west of IH 94
which generally drains northerly toward
Milwaukee County and the main stem of
the Root River at the Milwaukee-Racine
County line.

6. The Des Plaines River subregional area,
including all of the Des Plaines River
watershed within the Region.

7. The Upper Fox River subregional area,
including nearly all of the Fox River
watershed north of the Vernon Marsh in
Waukesha County.

8. The Lower Fox River subregional area,
including all of the Fox River watershed
within the Region south of the Vernon
Marsh, except the urban concentrations
at the west end of Geneva Lake in Wal
worth County.

2The Commission has completed and adopted a compre

hensive plan for the entire Milwaukee River watershed,

including the headwater areas of the watershed in Fond

du Lac and Sheboygan Counties outside the Region. This

plan includes a series of recommendations relating to

sewerage facility development to serve urban areas in

this portion of the watershed. These recommendations

are set forth in SEWRPC Planning Report No. 13, A Com

prehensive Plan for the Milwaukee River Wate~

Volume 2, Alternative Plans and Recommended Plan, and

have been reiterated and updated as necessary in

Appendix D of this report.

9. The Upper Rock River subregional area,
including all that area of the Rock River
watershed within the Region lying within
Walworth County.

10. The Middle Rock River subregional area,
including all that area of the Rock River
watershed within the Region lying within
Waukesha County.

11. The Lower Rock River subregional area,
including all that area of the Rock River
watershed within the Region lying within
Walworth County and the urban concentra
tions in the Fox River watershed at the
western end of Geneva Lake.

The boundaries of these 11 subregional areas
generally follow natural major watershed divides.
Such natural watershed divides were crossed
only where necessary to provide a more rational
planning area or a more convenient method of
presenting the alternative plans considered. In
general, it was possible to consider all of the
alternative plans within each subregional area,
although in a few instances it became necessary
to consider, at least in the preliminary analysis
stage, alternative plans which transcended sub
regional area boundaries.

Determination of 1990 Sewer Service Areas
The a.dopted regional land use plan provided the
basis for the delineation of land areas to which
sewer service should be extended by the plan
design year of 1990. In addition, an analysis
was undertaken to identify those areas committed
to urban development since preparation of the
regional land use plan which lay beyond the urban
area limits as recommended on the regional land
use plan map. Any areas so identified, when con
tiguous or in close proximity to areas recom
mended for development in the regional land use
plan, were added to the proposed 1990 sewer
service areas.

Several distinct 1990 sewer service areas were
thus identified within each subregional sewerage
system planning area. The number of areas so
identified was based upon several factors, includ
ing existing minor civil division boundaries and
known communities of interest, particularly with
respect to urban development along lakeshores.
Once the 1990 sewer service areas within each
subregional area were identified, the process of
formulating alternative plans could begin. It is
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important to note that under any of the alternative
plans considered for a given subregional area,
the total area proposed to be served remained
the same.

The recommended sewer service standards set
forth in Chapter VITI of this report were utilized
in the delineation of areas recommended to be
served with centralized sanitary sewer service
by 1990. Therefore, the recommended sewer
service areas include most of the urban concen
trations-high, medium, and low density-as rec
ommended in the adopted regional land use plan.
There exist throughout the Region, however, addi
tional urban areas identified in the plan which
were not included within the recommended 1990
sewer service areas. In most cases, these areas
are very small and consist of clusters of resi
dential and commercial land uses located either
along the shorelines of small lakes or at rural
highway intersections. In some cases, however,
these areas lie within incorporated municipali
ties. Taken together, these areas were not rec
ommended for sewer service by 1990 because they
are very small and isolated from other urban
development; consist in part of seasonal homes;
are located in or adjacent to the Kettle Moraine
State Forest where additional urban development
should not be encouraged; or are located on soils
generally well suited for the use of onsite soil
absorption sewage disposal systems. Such areas
were included in the proposed service area, how
ever, if there was substantial evidence of wide
spread septic tank system failure, if the Wisconsin
Department of Natural Resources had ordered the
installation of sanitary sewers, or if there existed
local proposals for the installation of such sewers.
With respect to those urban areas not included
within the recommended 1990 sewer service area,
it is recommended that, should public health
authorities, after careful investigation, advise at
some future date that centralized sewer service is
needed, analyses then be made of the alternatives
that are available for the provision of such ser
vice. Because of remoteness, it is anticipated
that in most cases such service could only be
economically provided through construction of
a new sewage treatment facility.

Formulation of Subregional Alternatives
Many potential alternative interconnections between
municipal sewerage systems are possible within
each subregional sanitary sewerage system plan
ning area. Most of these potential interconnec
tions, however, are clearly impractical in terms
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of the costs and benefits involved. For this
reason, it was necessary to establish a system
atic procedure for eliminating from consideration
those alternatives that are clearly impractical.
A two-step screening procedure was utilized to
reduce the number of alternatives to be studied
in greater detail. The two steps consisted of an
initial screening using guidelines established by
the Wisconsin Department of Natural Resources,
and the conduct of preliminary economic analy
ses. All alternatives remaining in consideration
after these two steps were included in the more
detailed engineering investigations presented in
this chapter.

Initial Screening: As discussed in Chapter VII of
this report, the Wisconsin Department of Natural
Resources has prepared guidelines for evaluating
the potential economic feasibility of interconnect
ing municipal sewerage systems. These guidelines
relate the sewer lengths required for intercon
nection to the populations of the "sending" and
"receiving" communities (see Table 74). These
guidelines are not intended as a substitute for
economic analysis, but rather are designed to
identify situations where the possibility of inter
connection should be investigated. As such, the
guidelines deliberately tend to favor interconnec
tion, and it may be expected that, in many cases,
more detailed subsequent investigation will reveal
that interconnection is uneconomical. The follow
ing assumptions were used by the Wisconsin
Department of Natural Resources in developing
the guidelines:

1. The connecting sewer would flow by gravity
along a direct line between the communi
ties, or sewer service areas, proposed to
be interconnected.

2. There are no existing sewage treatment
plants at either community.

3. The per capita design flow would equal
100 gallons per day.

4. Conventional activated sludge secondary
treatment would be provided at each site
or at the combined site.

5. The interest rate would be 6 percent.

The first three assumptions all bias the guidelines
toward favoring interconnection, since the need
for pumping stations, larger per capita flows, and
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the need to abandon existing sewage treatment
plants would all tend to increase the cost of inter
connection. In addition, measuring the distance
between communities as a straight line rather than
along potential sewer routes further increases
the bias toward interconnection.

In formulating alternative sanitary sewerage sys
tem plans for each subregional area, the WiscQn
sin Department of Natural Resources guidelines
were applied to make an initial determination of
those potential interconnections of systems that
merited more detailed engineering investigations.
Straight line distances were measured between
the centers of the communities involved and com
munity populations were derived from Commis
sion 1990 population forecasts. Thus, whenever
the measured distance between two urban com
munities fell within the guidelines set forth in
Table 74 of this report, the potential interconnec
tion was considered to be an alternative meriting
further study.

Preliminary Economic Analysis: The second trip
in the screening process consisted of the prelimi
nary sizing of connecting conveyance and sewage
treatment facilities for those interconnections
which passed the initial screening. The sewerage
facility design criteria presented in Chapter IX
of this report were utilized in this preliminary
analysis. This preliminary economic analysis was
also deliberately biased in favor of interconnec
tion, being based upon the following assumptions:

1. The connecting sewer would flow by gravity
along a direct line between the communi
ties, or sewer service areas, proposed to
be interconnected.

2. The sewers would be sized to accommodate
the design flow derived from application of
the engineering criteria developed under
the study at the minimum slope required to
achieve a velocity of two feet per second,
flowing full.

3. Conventional activated sludge secondary
treatment would be provided at each site,
or at the combined site.

4. Sewer construction would occur in favor
able soils, with no dewatering of trenches
during construction necessary.

5. The equivalent annual cost of construction,
operation, and maintenance for the treat
ment plant or plants would be 10 percent of
the capital cost of construction, based upon
a capital recovery factor of 0.7823, the
factor for amortization over a 25-year
period at a 6 percent rate of interest with
an additional allowance to account for
operation and maintenance costs.

6. The equivalent annual cost of sewers would
include construction, operation, and main
tenance costs and contingencies for con
struction in less favorable soils. This cost
was estimated at 6.5 percent of the capital
cost of construction, based upon a capital
recovery factor of O. 06444 over a 50-year
period at a 6 percent interest rate, with an
additional allowance to account for opera
tion and maintenance.

More detailed economic analyses were considered
to be merited only for those alternatives for which
the preliminary economic analyses indicated a cost
for the interconnected system of no more than
20 percent above the total cost of two or more
independent systems. Interconnectionwas rejected
as a feasible alternative, and more detailed eco
nomic evaluations were not made, when the cost
increment for interconnection was greater than
20 percent.

Detailed Analysis. Each of the alternatives which
passed the initial screening and the preliminary
economic analysis steps was subject to more
detailed engineering and economic analyses. Docu
mentation of all such analyses is presented in
this chapter. The detailed analyses consisted of
a detailed sizing and costing of all sewerage
facility components needed to carry out the alter
natives, utilizing the design criteria, costs, and
economic analysis criteria presented in Chap
ter IX of this report. In this detailed evalua
tion, sewer alignments were located on standard
7. 5 minute U. S. Geological Survey quadrangle
maps (scale: 1" = 2000', contour interval: 10 feet);
pumping and lift stations and force mains were
included as required; and credit was given to
existing treatment plant capacities available at
"receiving" communities in determining additional
treatment plant capacity requirements.

Determination of Type and Level of Treatment
The specific criteria established for determining
the type and level of treatment recommended to be
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provided at sewage treatment facilities included
within each alternative plan were described in
detail in Chapter IX of this report. Briefly, the
particular level of treatment recommended for'
each sewage treatment facility relates to the
established water use objectives and supporting
water quality standards for the particular stream.
Water quality simulation models developed in
the Commission watershed studies for the Fox
and Milwaukee River watersheds and under the
regional sanitary sewerage system planning pro
gram were utilized to determine the particular
level of treatment. With respect to Lake Michigan,
the recommended level of treatment consisted
uniformly of primary treatment, secondary treat
ment, advanced treatment in terms of phosphorus
removal, and auxiliary treatment in terms of
effluent disinfection.

It is important to note that the water quality simu
lation models developed in the Commission water
shed studies and in the regional sanitarY sewerage
system planning program are based upon the same
theoretical concepts and related mathematical
equations. The amount of actual stream water
quality data available, however, for use in appli
cation of the models was significantly different.
Because the watershed studies include special
stream water quality sampling surveys, a richer
data base is available for the model application
and thus permits the model to more precisely
represent the actual stream water quality condi
tions within the watershed. These data include
reaeration and deoxygenation rate constants and
such indicators of background water quality condi
tions as CBOD

5
and NBOD • In the sewerage study

it was necessary to make ~eneralized assumptions

concerning these same data with respect to all
streams lying outside of the Fox, Milwaukee, and
Root River watersheds. For this reason, it should
be recognized that, as plan implementation pro
ceeds, refinements in the specific treatment level
recommendations for a given sewage treatment
plant location may be possible and should be
investigated by the design engineer.3

3 For a more detailed discussion of the differences

between the application of the water quality simula

tion model in the Commission watershed studies and in

the Commission sewerage system study, see Chapter IX
of this report. For a more detailed discussion of the

conceptual differences between the Commission water

shed planning programs and the Commission regional

sanitary sewerage system planning program, see Chap

ter II of this report.
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While in most cases the conventional activated
sludge sewage treatment facility was selected for
use in the analysis, in a few instances aerated
waste stabilization lagoon treatment facilities
were evaluated. These few instances occurred
where no existing sewage treatment facility was
in operation, where the average daily design flow
was less than O. 5 mgd and where large fluctua
tions in the design flow exist due to seasonal
sewage flows from industries or intensive use
recreational facilities, where phosphorus removal
is not required, and where relatively large
amounts of land were readily available for use as
lagoon sites. It should be noted that while such
aerated waste stabilization lagoons were utilized
in costing out the alternative plans, local deci
sions to implement the plan through an alternate
waste treatment design, such as activated sludge
or physical-chemical treatment, would be fully
compatible with the plan recommendations.

In constructing the alternative plan elements,
decisions had to be made for economic analysis
purposes concerning the abandonment of existing
sewage treatment facilities approaching the end
of their economic lives. For analysis purposes,
existing sewage treatment facilities were assumed
to be abandoned and completely replaced if one or
more of the following factors was found to exist:

1, The existing sewage treatment facility was
more than 10 years old in 1970, and thus
would be more than 15 years old by 1975,
the earliest year in which plan implemen
tation involving major facility improve
ment could be expected to take place;

2. The capacity of the existing sewage treat
ment facility was less than one-third that
needed to accommodate 1990 demand; and

3. The existing facility was of a trickling
filter design, a design which cannot be
readily adapted to phosphorus removal.

The foregoing assumptions concerning the aban
donment of existing sewage treatment plants,
although considered realistic, were made in order
to facilitate consistent economic analyses for
system planning purposes. In practice, the deci
sion to abandon or reconstruct all or parts of an
existing sewage treatment plant will have to be
determined on the basis of detailed engineering
investigations during plan implementation.
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It should be noted that the recommended sewage
treatment plant performance standards set forth
in this chapter and in Chapter XII were the result
of not only the technical analyses conducted under
the study, but also of very lengthy and careful
deliberation by the Technical Coordinating and
Advisory Committee. In its review of the per
formance standards as derived from the technical
analyses, which analyses are discussed in Chapter
IX, the Committee addressed itself particularly to
two interrelated issues: 1) the time frame to which
the standards should be referred; and 2) the
expression of the standards in terms of effluent,
as opposed to removal, efficiencies. The Com
mittee, after careful consideration of the possible
use of maximum, average monthly, and average
annual effluent quality standards to specify per
formance, as well as the use of removal effi
ciency standards, concluded that for long-range
system planning purposes the performance stan
dards could best be expressed in terms of annual
average sewage treatment plant effluent quality.

The specific performance standards, per se, were
also the subject of very lengthy and careful delib
eration by the Committee, which in its delibera
tions sought to strike a balance between the prac
tical problems involved in treatment plant design,
operation, and maintenance and the attainment of
the performance standards required as indicated
by the planning analyses. The Committee con
cluded that an ordinary secondary activated sludge
sewage treatment plant incorporating the recircu
lation of sludge digestion tank supernatant should
not be expected, even under the best management,
to consistently produce an effluent with less than
15 mg/l CBOD5 and, therefore, it was unreason
able to specify this level of effluent quality as a
"maximum" or even "average monthly" goal.
Consequently, this level of effluent quality on an
"annual average" basis was selected as the per
formance standard for all ordinary secondary
activated sludge sewage treatment plants dis
charging effluent to Lake Michigan. This standard
represents, in the considered opinion of the Com
mittee, the application of best practical available
technology. In this respect it should be realized
that the effect on water quality objectives and
supporting standards could not be analyzed under
the study for Lake Michigan as it could for the
streams and watercourses of the Region; and,
therefore, recourse to the letter and spirit of
the recommendations of the past Lake Michigan
Enforcement Conference was necessary. In addi
tion, the Committee believed that all secondary

sewage treatment plants discharging wastes to
Lake Michigan should, in the interests of con
sistency and fairness, be required to produce
the best quality of effluent practical with that type
of treatment.

It was, moreover, the opmlOn of the Technical
Advisory Committee that only marginal improve
ments in the efficiency of secondary treatment
plants could be achieved in the near future through
the use of such devices as flow equalization tanks
and chemical additives. The effect of such mar
ginal improvements on plant efficiencies could
well be offset by the increasing strength of the
influent sewage which may occur as industrial
waste loadings on the public system are reduced
and clear water inflows are abated. Consequently,
where the analyses conducted under the study
indicated that the stream water use objectives
required the provision of a higher performance
standard with respect to the removal of oxygen
demanding organic matter, tertiary or advanced
treatment is specified.

It is important to note that the recommended
performance standards are consistent with the
assumptions made in the stream water quality
simulation efforts conducted by the Commission
under the comprehensive watershed planning pro
grams and with the other stream water quality
analyses conducted by the Commission under the
sewerage study, which modeling and analyses
efforts, as reported in Chapter IX of this report,
assumed that secondary sewage treatment plants
would be capable of producing an effluent with a
maximum CBOD5 content of 15 mg/l. The ability
of ordinary secondary activated sludge sewage
treatment plants to produce an effluent of this
quality is affected by a number of very complex
interrelated factors, including the strength of the
influent sewage, air and sewage temperatures,
sunlight, and even by the effects of the changing
seasons on the biological organisms involved. It
was the Committee's conclusion that the specifi
cation of this particular performance standard in
terms of an annual average is actually more con
servative than the specification of such a perform
ance standard on the basis of a 3D-day average.
This is true because, in order to achieve the
annual average, a sewage treatment plant would
have to be operated at a very high level of effi
ciency during the summer months when activated
sludge plants exhibit their pest performance-a
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time when the critical low flows and low dissolved
oxygen contents occur in the receiving streams
and watercourses.

In the interest of consistency, the performance
standards set forth in this chapter and in Chapter
XII were all expressed in terms of annual average
effluent quality goals. Depending upon the char
acter of the influent sewage and other factors
which can only be properly considered during pre
liminaryengineering, these goals can be achieved
by CBOD5 removal efficiencies of 90 to 95 percent
and total phosphorus removal efficiencies of 85 to
95 percent.

Consideration of Private Sewage Treatment Plants
The inventory of lmown existing point sources of
water pollution in the Region conducted as part of
the regional sanitary sewerage system planning
program revealed the existence of 217 lmown
point sources of wastewater other than municipal
sewage treatment plants (see Chapter V). Fifty
nine of these lmown point sources of wastewater
were categorized as private sewage treatment
plants. In general, major industrial or commer
cial chemical or biological treatment facilities
which discharge treated effluent directly or indi
rectly via storm sewer systems to surface water
were considered to be private sewage treatment
plants. In addition, major waste sources provid
ing treatment of wastewater followed by effluent
disposal in seepage lagoons or spray irrigation
facilities were also classified as private sewage
treatment plants. Excluded from this classifica
tion were certain highly specialized industrial
waste treatment facilities which provided minor
levels of treatment, such as sedimentation for
grit removal and skimming or flotation for oil and
grease removal, and which discharged an effluent
which was essentially clear water and, as such,
should not, unlike the effluent from other types
of industrial waste "pretreatment" facilities, be
discharged to a sanitary sewerage system. Also
not included were septic tanks followed by conven
tional soil absorption seepage fields, or clear
cooling water discharges having no pretreatment.

In the preparation of the alternative plans, existing
private sewage treatment facilities were recom
mended to be abandoned if the land uses they
serve lie within the proposed 1990 sewer service
area and if the facility was not of a type especially
designed to treat unusual industrial wastes. Con
versely, if the facility is a special-purpose facility
accommodating unusual industrial wastes, it was
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recommended to be retained. Those facilities
serving isolated land uses beyond the 1990 recom
mended sewer service area were recommended to
be retained provided that satisfactory operation
is achieved and continued. Since those private
sewage treatment facilities recommended to be
retained in the plan generally are unique in terms
of the type of wastes to be treated, recommenda
tions concerning the type and level of treatment to
be provided must be formulated on a case-by-case
basis during plan implementation.

MILWAUKEE-METROPOLITAN
SUBREGIONAL AREA

The Milwaukee-metropolitan subregional area con
sists of all of Milwaukee County and those portions
of Ozaukee, Racine, Washington, and Waukesha
Counties which contract, or are proposed to con
tract, with the Milwaukee-Metropolitan Sewerage
Commissions for sewage treatment services. The
Milwaukee..,metropolitan subregional area is com
prised of all or portions of several major water
sheds, including all of the Menomonee, Kinnickin
nic, and Oak Creek watersheds; major portions
of the Milwaukee and Root River watersheds;
a minor portion of the Fox River watershed in
the Muskego Lakes area; and minor areas which
drain directly to Lake Michigan. The area con
tains by far the largest single concentration of
urban development within the Southeastern Wis
consin Region and, indeed, comprises the urban
industrial heart of the Region.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Milwaukee-metro
politan subregional area was provided by 10 sys
tems in 1970: the large Milwaukee-metropolitan
sewerage system and smaller systems operated
within the Cities of Franklin, Oak Creek, and
South Milwaukee in Milwaukee County; the Cities
of Muskego and New Berlin and the Village of
Menomonee Falls in Waukesha County; the Vil
lage of Germantown in Washington County; the
Village of Thiensville in Ozaukee County; and
the Caddy Vista Sanitary District in the Town
of Caledonia, Racine County. All but the South
Milwaukee system are considered locally to be
temporary, with ultimate connection to the Mil
waukee-metropolitan sewerage system. Together
these 10 systems served a total area of about
207 square miles and an estimated population
of about 1,096,300 persons. Specific popula
tion, service area, and related characteristics
of the 10 systems are presented in Chapter Vof
this report.
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In 1970 there were nearly 65,000 persons living
within the Milwaukee-metropolitan subregional
area not served by centralized sanitary sewers.
This development was concentrated iwithin the
Milwaukee-Metropolitan Sewerage District pri
marily within the Cities of Franklin, Greenfield,
and Oak Creek and within the existing and proposed
contract service areas in the Cities of Brookfield,
Mequon, Muskego, and New Berlin and the Vil
lages of Menomonee Falls and Gennantown.

Sewer Service Ap.alysis Areas
The boundaries of the Milwaukee-metropolitan
subregional area reflect not only the existing,
large centralized sanitary sewer system operated
by the Milwaukee-Metropolitan Sewerage Com
missions but also the committed future sewer
service area designated by the Commissions in
their long-range planning efforts. Commission
watershed studies for the Root and Milwaukee
River watersheds have resulted in several small
additional areas proposed for eventual sewer ser
vice by the joint Commissions. This total area
may be divided into 13 sewer service analysis
areas (see Table 98). These 13 sewer service
analysis areas are also shown on Map 54 and may
be described as follows:

1: Area A-This area consists of the entire
Milwaukee-Metropolitan Sewerage District
and includes all that area of Milwaukee
County except the City of South Milwaukee,
which has not elected to become part of
the District. In 1970, sewer service was
provided in this area to about 174 square
miles having a total resident population
slightly in excess of one million persons.
By 1990 the total area anticipated to be
served approximates 234 square miles with
a projected population of about 1. 4 million
persons. This subarea is referenced as
the "Milwaukee-Metropolitan" sewer ser
vice area in the ensuing discussion.

2. Area B-This area consists of the City of
South Milwaukee. In 1970, sewer service
was provided in this area to nearly five
square miles having a total resident popu
lation of about 23,000 persons. The entire
area may be considered served by central
ized sanitary sewer service. By 1990 the
area is anticipated to contain a population
of about 27,000 persons. This subarea is
referenced as the "South Milwaukee" sewer
service area in the ensuing discussion.

3. Area C-This area consists of that por
tion of the City of Mequon recommended
for sewer service by 1990. In 1970, sewer
service was provided in this area to nearly
nine square miles having a total re~i

dent population of about 6, 600 persons.
By 1990 the total area anticipated to be
served approximates 25 square miles with
a forecast population of about 49, 000 per
sons. This subarea is referenced as the
"Mequon" sewer service area in the ensu
ing discussion.

4. Area D-This area consists of the Village
of Thiensville. The adopted Milwaukee
River watershed plan recommended that
this area be connected to the Milwaukee
metropolitan sewerage system with con
comitant abandonment of the existing
Thiensville sewage treatment facility. In
1970, sewer service was provided in this
area to nearly one square mile having
a total resident population of about 3, 600
persons. The entire area may be consid
ered to be served by centralized sanitary
sewer service. By 1990 the total popula
tion anticipated to be served is about 4,100
persons. This subarea is referenced as
the "Thiensville" sewer service area in
the ensuing discussion.

5. Area E-This area consists of that portion
of the Village of Germantown recommended
for sewer service by 1990. In 1970, sewer
service was provided in this area to nearly
0.6 square mile, having a total resident
population of about 2,400 persons. By 1990
the total area anticipated to be served
approximates 7 square miles with a pro
jected population of about 26,700 persons.
This subarea is referenced as the "Ger
mantown" sewer service area in the ensu
ing discussion.

6. Area F-This area generally consists of
that portion of the Village of Menomonee
Falls lying east of the subcontinental
divide. In 1970, sewer service was pro
vided in this area to nearly four square
miles, having a total resident population of
about 17,400 persons. By 1990 the total
area anticipated to be served approximates
19 square miles with a projected popula
tion of about 72,000 persons. This sub
area is referenced as the "Menomonee
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Table 98

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS IN THE

MILWAUKEE-METROPOLITAN SUBREGIONAL AREA: 1970 AND 1990

Existing 1970 Planned 1990
Unserved

Average Population Average
Sewer Service Analysis Areal Area Hydraulic Residing in Area Hydraulic

Served Population Loading Proposed ·1990 Served Population Loading
Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Milwaukee-Metropolitan
Sewerage District ............ 174.32 1,011,400 178.8 19,600 234.48 1Al4,OOO 263.44

B South Milwaukee . 4.68 23,300 3.8 -- 4.80 27,500 6.00
C Mequon ., .................. 8.882 6,600 0.9 3,700 25_062 49.100 9.77
D Thiensville . 0.99 3,600 0.7 -- 1.03 4.100 0.82
E Germantown ............... 0.56 2,400 0.4 1,600 7.453 26,700 5.50
F Menomonee Falls 3.77 17,400 2.4 11,700 19.37 72AOO 13.88
G Butler . . . . . . . . . . . . . . . . . . 0.78 2.100 0.4 -- 0.78 3,100 0.61
H Brookfieici 3.70 8,500 1.5 7,500 11.79 21,200 3.92
I Elm Grove. 3.25 6,600 0.9 -- 3.25 7,900 1.17
J New Berlin .......... 4.59 8,700 1.7 14,900 21.48 63,200 13.41
K Muskego ........ 1.80 4,500 0.4 5,100 12.09 31,600 5.69
L Raymond ................. -- -- -- 800 5.20 8,200 1.72
M Caddy Vista . . . . . . . . . . . . ... 0.18 1,200 0.1 -- 0.45 1,900 0.23

Total 207.50 1,096,300 192.0 64,900 347.23 1,730,900 in6.16

'See Map 54.
2/ncludes 0.09 square mile in the Village of Bayside, Ozaukee County.
3/ncludes 0.02 square mile in the City of Milwaukee, Washington County.
Source: SEWRPC.
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Falls" sewer service area in the ensuing
discussion.

7. Area G-This area consists of the Village
of Butler. In 1970, sewer service was pro
vided to the entire village, having a total
area of about O. 8 square mile and a total
resident population of about 2,100 persons.
By 1990 the population served is antici
pated to reach 3,100 persons. This sub
area is referenced as the "Butler" sewer
service area in the ensuing discussion.

8. Area H-This area consists of all of the
City of Brookfield lying east of the sub
continental divide except for certain areas
already served by the City of Brookfield
through the Fox River watershed sanitary
sewerage system, generally located west
of the subcontinental divide. In 1970, sewer
service was provided in this area to about
four square miles, having a total resident
population of about 8,500 persons. By 1990
the total area anticipated to be served
approximates nearly 12 square miles, with
a total projected population of about 21,000
persons. This subarea is referenced as
the "Brookfield" sewer service area in the
ensuing discussion.

9. Area I-This area consists of the Village
of Elm Grove. In 1970, sewer service was
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provided to the entire village with a total
sewer service area of about three square
miles and a total served resident popula
tion of about 6,600 persons. By 1990 the
total population projected to be served is
about 7,900 persons. This subarea is
referenced as the "Elm Grove" sewer
service area in the ensuing discussion.

10. Area J-This area consists of all of the
City of New Berlin lying east of the sub
continental divide. In 1970, sewer service
was provided in this area to nearly five
square miles, having a total resident popu
lation of about 8,700 persons. By 1~90

the total area anticipated to be served
approximates 21 square miles with a pro
jected population of about 63,000 persons.
This subarea is referenced as the "New
Berlin" sewer service area in the ensuing
discussion.

11. Area K-This area consists of all of that
portion of the City of Muskego recom
mended for sewer service by 1990. In
1970, sewer service was provided in this
area to nearly two square miles with
a total resident population of about 4, 500
persons. By 1990 the total area antici
pated to be served approximates 12 square
miles with a projected population of nearly
32,000 persons. This subarea is refer-
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Map 5~

For analysis purposes, the Milwaukee-Metropolitan Subregional Area was divided into 13 sewer service analysis
areas. Two of the 13 analysis areas are located in Milwaukee County, one consisting of the entire Milwaukee

Metropolitan Sewerage District and the other consisting of the City of South Milwaukee. The remaining II areas
consist of existing or proposed contract sewer service areas in Ozaukee, Washington, WaUkesha, and Racine Counties.
The Milwaukee-Metropo! itan subregional area conlains by far the largest single concentration of urban development
within the Region. This subregional area is comprised of all or portions of several major watersheds, inclUding
all of the,Menomonee, Kinnickinnic, andOak Creek watersheds; major portions of the Milwaukee and Root River water
$heds; a minor portion of the Fox River watershed in the Muskego Lakes area; and minor areas which drain directly
to Lake Michigan.
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Source: SEWRPC.
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enced as the "Muskego" sewer service
area in the ensuing discussion.

12. Area L-This area consists of a portion
of the Town of Raymond recommended in
the regional land use and Root River
watershed plans for urban development by
1990. No sewer service was provided in
this area in 1970. By 1990 the total area
anticipated to be served is approximately
5 square miles with a projected total popu
lation of about 8,000 persons. This subarea
is referenced as the "Raymond" sewer
service area in the ensuing discussion.

13. Area M-This area consists of the Caddy
Vista Sanitary District in the Town of
Caledonia, which is recommended in the
adopted Root River watershed plan to be
connected to the Milwaukee-metropolitan
sewerage system, with concomitant aban
donment of the existing Caddy Vista sewage
treatment facility. In 1970, sewer ser
vice was provided in this area to about
0.2 square mile with a total resident
population served of about 1,200 persons.
By 1990 it is anticipated that the total
population served in this area will approxi
mate 1,900 persons. This subarea is
referenced as the "Caddy Vista" sewer
service area in the ensuing discussion.

Formulation of Alternatives
The Milwaukee-Metropolitan Sewerage Commis
sions and the local communities within the Milwau
kee-Metropolitan Sewerage District, as well as the
existing and proposed contract areas, have over
the years conducted many long-range sewerage
planning and engineering studies. The sewerage
facilities recommended as a result of these studies
were considered committed for the purposes of
the regional sanitary sewerage system planning
program. The typical procedure of formulating
alternative plans developed in the study for use
in the remainder of the Region is not, therefore,
applicable to the Milwaukee-metropolitan sub
regional area. With but one exception, all of
the communities located within the Milwaukee
metropolitan subregional area have agreed to the
construction of essentially a single centralized
sanitary sewerage system served by two major
treatment facilities-the Jones Island and South
Shore plants operated by the Milwaukee-Metro
politan Sewerage Commissions-with ultimate
abandonment of all remaining public and private
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sewage treatment facilities that currently serve
urban development in the subregional area. The
single exception involves the City of South Mil
waukee, which has historically declined to join
the Milwaukee-Metropolitan Sewerage District.
Since the City of South Milwaukee and the Milwau
kee-Metropolitan Sewerage Commissions operate
sewage treatment facilities on an almost side-by
side basis along the Lake Michigan shoreline, it
was determined to evaluate an alternative plan
that would involve the ultimate connection of
the City of South Milwaukee to the Milwaukee
metropolitan sewerage system and abandonment
of the South Milwaukee treatment facility.

South Milwaukee Alternatives
The City of South Milwaukee lies along the Lake
Michigan shoreline immediately north of the South
Shore treatment facility placed into operation
during 1968 by the Milwaukee-Metropolitan Sewer
age Commissions. The existing (1970) average
hydraulic design capacity of the City of South
Milwaukee sewage treatment facility is 3. 0 mgd.
In 1971, the city began construction of additions
to the treatment facility designed to provide
secondary and, in accordance with the Lake
Michigan Enforcement Conference recommenda
tions, advanced levels of treatment for an average
hydraulic design capacity of 6. 0 mgd. In effect,
then, a decision has been made by the City of
South Milwaukee, and has been reinforced by
approval of the Wisconsin Department of Natural
Resources and the U. S. Environmental Protection
Agency, to continue to operate the South Mil
waukee sewage treatment facility at least through
1990, the design year of the regional sanitary
sewerage system plan. Since an economic analy
sis was performed under the regional sanitary
sewerage study concerning the alternative of
abandonment of the South Milwaukee plant, how
ever, it was deemed desirable to document for
the historical record the results of that analysis.

The analysis concerning South Milwaukee basically
centered on two alternatives. The first alterna
tive would provide for the expansion of the South
Milwaukee sewage treatment facility to a total
average hydraulic design capacity of 6. 0 mgd
and the construction of an outfall sewer. This
facility would provide primary treatment, secon
dary treatment, advanced waste treatment in
terms of phosphorus removal, ana the auxiliary
treatment of effluent disinfection. As shown in
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Table 99, the capital costs for this alternative
were estimated at about $1. 9 million, with an
equivalent annual cost of about $330,000.

Under the second alternative, the South Milwaukee
facility would be abandoned and the sewage con
veyed to the South Shore sewage treatment facility
through a pumping station and force main (see
Map 55). An additional 6 mgd of primary, secon
dary,and advanced treatment capacity would be
provided at the South Shore plant to accommodate
the South Milwaukee wastes. The costs of carry
ing out this alternative are also presented in
Table 99. The capital cost totals about $2.9 mil
lion, with an equivalent annual cost of about
$309,000.

The cost data presented in Table 99 thus indicate
that the most economical, long-term solution for
treating the City of South Milwaukee sewage would
be to convey the sewage to the South Shore plant
operated by the joint Milwaukee-Metropolitan Sew
erage Commissions. As noted above, since the
City of South Milwaukee has proceeded to under
take the required expansion of the facility and has
completed (July 1973) all but the installation of
phosphorus removal facilities, it may be con
cluded that the retention of the South Milwaukee
facility has become a committed decision and
should be incorporated as such in the recom
mended plan for the Milwaukee-metropolitan sub
regional area.

Subregional Area Plan
As noted above, many decisions have been made
pertaining to the future development of the Mil
waukee-metropolitan sewerage system, including
the adoption by the joint Commissions of a long
range sewerage facility development plan designed
to provide for sewage conveyance and treatment
for the entire sewerage district, as well as the
existing and proposed contract service areas.
This sewerage facility development plan, together
with related development plans by the contract
area communities, were taken as committed deci
sions in the preparation of the regional sanitary
sewerage system plan. The following paragraphs
describe the basic areawide components of these
well-established long-range sewerage facility
planning efforts.

Treatment Facilities: The Milwaukee-Metropolitan
Sewerage Commissions have rapidly been moving
toward the provision of the treatment facilities
necessary to serve the entire Milwaukee-metro
politan subregional area, excepting only the City
of South Milwaukee. Major renovations have
been made in the recent past at the Jones Island
sewage treatment facility, and for purposes of
the regional sanitary sewerage system plan, no
expansion of that facility has been envisioned
during the 20-year design period through 1990,
although major improvements of a maintenance
nature will probably be required. In addition,
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Tab 1e 99

DETAILED COST ESTIMATES
SOUTH MILWAUKEE ALTERNATIVE PLANS

MILWAUKEE-METROPOLITAN SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

South Milwaukee Capital and and
Alternative Plan Construction Construction Maintenance Total Construction Maintenance Total

Expand Existing Facility
$5,061,700 $118,300 $203,000 $321,300Treatment Facilities (6.0 MGDl' ........................... $1,668,000 $1,862,000 $3,199,700

Outfall Sewer ............................ 270,000 198,600 -- 198,600 12,600 -- 12,600
Total. ............................. 1,938,000 2,060,600 3,199,700 5,260,300 130,900 203,000 333,900

Connect to Milwaukee-Metropolitan Sewerage District
2,091,600' 3,899,500 114,700 132,700' 247,400Treatment Facilities (6.0 MGDl' .......... . . . . . . . . . . . 2,004,100 1,807,900

Trunk Sewer. ..................... 920,000 788,100 184,400 972,500 50,000 11,700 61,700
Total. $2,924,100 $2,596,000 $2,276,000 $4,872,000 $164,700 $144,400 $309,100

'Assumes the addition of the following: 3.0 MGD of primary capacity; 6.0
MGD of secondary capacity; and facilities for phosphorus removal and
effluent disinfection.

'Assumes the addition of the following to the South Shore sewage treatment
plant: 6.0 MGD of primary capacity; 6.0 MGD of secondary capacity; and
facilities for phosphorus removal and effluent disinfection.

'Operation and maintenance costs are based on the ratio of the South Mil
waukee flow to the total flow at the South Shore plant.

Source: SEWRPC.
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Source: SEWRPC.

Map 55
SOUTH MILWAUKEE ALTERNATIVE SANITARY SEWERAGE

SYSTEM PLAN 2--CONNECTION TO
MILWAUKEE-METROPOLITAN SEWERAGE SYSTEM

An alternative method of providing treatment for sewage generated
'in the City of South Nllweukee would entail the abandonment of

the existing South Milwaukee sewage treatment facility and con
nection of the tributary service area to the South Shore sewage
treatment plant operated by the Mi Iwaukee-Metropa! Itan Sewerage
Commiasions and located lIDout one mile south of the South Mil~

waukee plant on the Lake Michigan shoreline. Economic analyses
pedonned under the regional seweral/e systems stUdy found that,
on an equivalent annual cost basis, it would be more economical
to abandon the South Miliofaukee faeil ity in the manner proposed
on the above map than to expand and continue to operate the
South Milwaukae facility and make necessary improvemenla to
provide secondary and advanced waste treatment. During the
course of conducting the study, however, the City of South Mil~

waukee did requeat and receive approval from the Wisconsin
Department of Katural Resources and the U. S. Envi ronmenta\
Protection Agency to increase the average hydraul ic design
capacity of the plant and to provide for secondary and advanced
levels of waste treatment. Since these improvements have been
made, it was concluded that retention of the South Hilwaukee
facility was and Iofould remain a committed decision at least
through the desil/n year 1990.
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Metropolitan District Trunk Sewers: Proposed
extensions to the existing trunk sewer system
operated by the Milwaukee-Metropolitan Sewerage
Commissions are shown on Map 56. Many of the
extensions involve key sewers designed to provide
sewer service to existing and proposed contract
service areas. Several of the sewers will al_""
provide relief to portions of the trunk sewer
system now experiencing periods of overloading.
The total cost of constructing the recommended
metropolitan trunk sewer extensions is estimated

since the treated effluent from the Jones Island
Sewage Treatment Plant is presently discharged
to the Milwaukee Harbor, costs have been included
in the plan for the construction of an outfall sewer
to convey and discharge the treated effluent out
side of the quiescent Harbor area. It should be
noted that the economic analysis presented in
Table 100 does assume replacement of the entire
Jones Island facility in the year 2000, 10 years
beyond the plan design year of 1990. Thus, the
equivalent annual cost shown in Table 100 for the
Jones Island facility includes a capital investment
component. As discussed in Chapter V of this
report, the South Shore treatment facility has an
average hydraulic design capacity of 120 mgd and
provided in 1970 only a primary level of treat
ment. The plan proposes, and construction is
already underway on, the addition of secondary
and advanced waste treatment facilities at the
South Shore plant. The total capital cost of pro
Viding such additional treatment is estimated at
nearly $27 million (see Table 100). The third
public sewage treatment facility proposed to serve
the Milwaukee-metropolitan subregional area is
the recently expanded facility serving the City
of South Milwaukee. Costs associated with the
expansion of this facility are also included in
Table 100.

In total, then, the plan provides for sewage treat
ment facilities in the Milwaukee-metropolitan sub
regional area with a combined average hydraulic
design capacity of about 326 mgd. The three
plants involved-Jones Island, South Shore, and
South Milwaukee-would serve one large system
in the case of the Jones Island and South Shore
plants, and one small system in the case of the
South Milwaukee plant. The total estimated capi
tal cost for providing the necessary improvements
to the treatment facilities is about $31. 4 mil
lion. Recommended performance standards for
the three treatment facilities are set forth in
Table 101.
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Table 100

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

MI LWAUKEE-METROPOLITAN SUBREGIONAL AREA

Estimated Cost

I Plan Subelement

Present Worth (1970-2020)
Operation

Capital and
Construction Construction Maintenance Total

Equivalent Annual (1970-2020)
Operation

and
Construction Maintenance Total

$4,143,500 $ 4,694,800
122,400

4,143,500 4,817,200I
I

Sewage Treatment Plants

Milwaukee-Metropolitan Sewerage G.ommissions-
Jones Island Plant (200.0 MGD) _ .
Outfall Sewer _ .

Subtotal .
Milwaukee-Metropolitan Sewerage Commissions-
South Shore Plant (120.0 MGD) _.. _ _.. _..

Subtotal .
South Milwaukee (6.0 MGD) .
Outfall Sewer .

Subtotal .
Subtotal- Sewage Treatment Facilities _ .

$ -- $ 8,689,600 $ 65,309,800 $ 73,999,400 $ 551",300
2,632,500 1,929,300 1,929,300 122,400
2,632,500 10,618,900 65,309,800 75,928,700 673,700

26,865,000 25,805,500 40,057,500 65,863,000 1,637,200
26,865,000 25,805,500 40,057,500 65,863,000 1,637,200

1,668,000 1,862,000 3,199,700 5,061,700 118,300
270,000 198,600 -- 198,600 12,600

1,938,000 2,060,600 3,199,700 5,260,300 130,900
$ 31,435,500 $ 38,485,000 $108,567,000 $147,052,000 $2,441,800

2,541,400
2,541,400

203,000

203,000
$6,887,900

4,178,600
4,178,600

321,300
12,600

333,900
$ 9,329,700

$ 5,936,500
9,200

68,900
35,400
24,000
22,600
24,500

115,500
32,000

$ 6,268,600

$ 25,300
1,800

700
500
400
300
200

55,700
4,400

$ 89,300

$5,911,200
7,400

68,200
34,900
23,600
22,300
24,300
59,800
27,600

$6,179,300

398,800 $ 93,571,100
28,400 144,500
11,000 1,086,000
7,900 558,000
6,300 378,300
4,800 356,600
3,200 386,200

878,000 1,819,700
69,300 504,300

$ 1,407,700 $ 98,804,700

$ 93,172,300 $
116,100

1,075,000
550,100
372,000
351,800
383,000
941,700
435,000

$ 97,397,000

$126,401,300
151,200

1,466,000
749,700
507,200
480,600
522,000

1,067,900
558,400

$131,904,300

Trunk Sewers

Milwaukee-Metropolitan Sewerage District .
Caddy Vista .
Muskego .
New Berlin ..
Greenfield-New Berlin .
Brookfield-Menomonee Falls ..
Menomonee Falls' .
Germantown .
Thiensville-Mequon .

Subtotal- Trunk Sewers ..I
I

I
I

Total _.. _ $163,339,800 $135,882,000 $109,974,700 $245,856,700 $8,621,100 $6,977,200 $15,598,300

'This trunk sewer has already been constructed (1973) but cannot be placed
into service until completion of certain key metropolitan trunk sewer seg·
ments.

Source: SEWRPC.

I
I
I
I
I
I
I

at about $126 million, representing an equivalent
annual cost of nearly $6 million (see Table 100).4

The Milwaukee-metropolitan trunk sewer system
is being designed in part to provide for selective
routing of sewage flows to the two major treat
ment facilities. Map 57 shows those portions of
the District and contract area directly tributary
to the Jones Island treatment facility, those por
tions directly tributary to the South Shore treat
ment facility, and those portions which may
be selectively routed to either facility as needs
dictate.

4Because all of the metropolitan trunk sewers are

to be constructed in deep tunnels, the cost data

presented in Chapter IX could not be used in this

analysis. Rather, a cost estimate of $6 per inch

diameter foot was obtained from the staff of the

Milwaukee-Metropolitan Sewerage Commissions and applied

to all the deep tunnel trunk sewers.

Local Trunk Sewers: A number of major trunk
sewers will be needed in the District and the
existing and proposed contract sewer service
areas to provide for abandonment of existing
temporary sewage treatment facilities as well as
the future extension of sewer service to areas not
now served. A total of eight such major sewers
are shown on Map 56 and have been specifically
included in the recommended plan. These eight
sewers may be described as follows:

1. A trunk sewer designed to permit abandon
ment of the existing sewage treatment
facility serving the Caddy Vista Sanitary
District. This abandonment, which was
initially recommended in the adopted Root
River watershed plan, is proposed to be
accommodated through a local trunk sewer
constructed by the City of Oak Creek with
sufficient capacity to provide for Caddy
Vista sewage conveyance. This particular
method of connection to the Milwaukee-

I
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Tab 1e 101

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN
MILWAUKEE-METROPOLITAN SUBREGIONAL AREA

Sewage Type of
RecommendedTreatment Plant Sewage Treatment

and Estimated Recommended Assumed Performance Standards
1990 Average Sewer Service Estimated Sewage for Cost Analysis in Terms of Effluent Quality

Hydraulic Analysis 1990 Treatment Purposes in (All Numbers Represent
Design Capacity Areas Served' Population level(s) Plan Preparation Annual Averages)

Milwaukee-Metropolitan Milwaukee-Metropolitan 1,701,100
CBOD 5 Discharge: 15 mg/ISewerage Commissions- Sewerage District Secondary Activated Sludge

Jones Island Plant Mequon Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I(200.0 MGD) Thiensville
Germantown Auxiliary Disinfection Fecal Coliform Concentration:
Menomonee Falls 200/100 ml
Butler Secondary Activated Sludge CBOD 5/ Discharge: 15 mg/IMilwaukee-Metropolitan Brookfield

Sewerage Commissions- Elm Grove Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
South Shore Plant New Berlin Auxiliary Disinfection Fecal Coliform Concentration:(120.0 MGD) Muskego 200/100 mlRaymond

Caddy Vista
South Milwaukee

(6.0 MGD) South Milwaukee 27,500 Secondary Activated Sludge CBOD51 Discharge: 15 mg/I
Advanced Phosphorus Removal Phosphorus Discharge: 1 mgil
Auxiliary Disinfection Fecal Coliform Concentration:

2001100 ml

'See Map 54.
Source: SEWRPC.
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metropolitan system for the Caddy Vista
Sanitary District differs slightly from that
presented in the adopted Root River water
shed plan, reflecting plan implementation
decision-making since the Root River Plan
was completed and adopted. This sewer
would have an estimated capital cost of
about $151,000, with an equivalent annual
cost of about $9,200.

2. A trunk sewer designed to permit abandon
ment of two sewage treatment plants cur
rently (1973) operated by the City of Mus
kego on a temporary basis. This major
trunk sewer would extend from a proposed
metropolitan trunk sewer at the Milwaukee
Waukesha County line about one-half mile
south of W. Rawson Avenue extended. The
estimated capital cost of constructing this
sewer is about $1.5 million, with an equiv
alent annual cost of about $68,900.

3. A trunk sewer designed to permit abandon
ment of the existing Regal Manors sewage
treatment facility currently operated by
the City of New Berlin on a temporary
basis. This sewer would connect to a pro
posed metropolitan trunk sewer at the
Milwaukee-Waukesha County line near
W. Grange Avenue. The estimated capital
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cost of constructing this trunk sewer is
about $750,000, with an equivalent annual
cost of about $35,400.

4. A trunk sewer designed to permit abandon
ment of the existing Greenridge sewage
treatment facility operated by the City of
New Berlin on a temporary basis. This
sewer would be constructed jointly by
the City of New Berlin and the City of
Greenfield and would connect to an exist
ing metropolitan trunk sewer on W. Cold
Spring Road near S. 104th Street. The
estimated capital cost of constructing this
trunk sewer is about $507, 000, with an
equivalent annual cost of about $24, 000.

5. A trunk sewer designed to serve portions
of the City of Brookfield and Village of
Menomonee Falls and to be constructed
by a joint sewerage commission recently
formed for that purpose. While this trunk
sewer would not permit the abandonment of
any existing sewage treatment facilities, it
has been included in the plan since it is
areawide in nature, serving more than
a single contract area community. The
estimated capital cost of constructing this
sewer is about $481,000, with an equivalent
annual cost of about $22,600.
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PROPOSED SAN ITARY SEWERAGE SYSTEM PLAN FOR THE
MILWAUKEE-METROPOLITAN SUBREGIONAL AREA: 1990
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6. A trunk sewer designed to permit the
abandonment of the two existing sewage
treatment facilities operated by the Village
of Menomonee Falls. 5 This trunk sewer
would be connected to a proposed metro
politan trunk sewer at the Milwaukee-Wau
kesha County line near the Menomonee
River crossing.

7. A trunk sewer designed to permit aban
donment of the sewage treatment facility
serving the Village of Germantown. The
village recently (1973) abandoned a smaller
sewage treatment facility at the Waukesha
Washington County line. The proposed
trunk sewer would consist of a series of
pumping stations and force mains and
would connect with a proposed metropolitan
trunk sewer at the extreme northwesterly
corner of Milwaukee County. This trunk
sewer connection, which initially was pro
posed as a solution to an areawide sewer
age system problem studied as part of the
Commission's federal grant review func
tion, will effectively serve the entire Vil
lage of Germantown through the year 1990.
Ultimately, it may be desirable to provide
a gravity flow connection for Germantown
through the Village of Menomonee Falls.
The estimated capital cost of constructing
this sewer is about $1. 07 million, with an
equivalent annual cost of about $115,500.

8. A trunk sewer proposed to permit aban
donment of the sewage treatment facility
serving the Village of Thiensville as ini
tially recommended in the Milwaukee River
watershed plan. The Village of Thiensville
has agreed in principle to the connection
and has begun negotiations with the joint
Commissions to provide for future sewage
treatment services. The estimated capital
cost of constructing this trunk sewer,
which is intended to also serve a portion
of the City of Mequon, is about $558,000,
with an equivalent annual cost of about
$32,000.

In total, the recommended local trunk sewers
would have an estimated capital construction cost

5This trunk sewer has already been constructed (1973)

but cannot be placed into service until completion

of certain key metropolitan trunk sewer segments.

of about $5. 5 million, with an equivalent annual
cost of about $332,000. These cost estimates are
set forth in Table 100.

Combined Sewer Overflow Abatement plan
The foregoing sewage treatment facilities and
trunk sewers are directed both at extending
existing sewerage systems throughout the entire
Milwaukee-metropolitan subregional area and at
providing flow relief to separate sanitary sewers
now experiencing periods of overloading. An addi
tional problem of major proportions present in
the Milwaukee-metropolitan subregional area con
cerns the combined sewer overflows. This water
quality problem was studied in great detail as part
of the Milwaukee River watershed study.6 Briefly,
the adopted watershed plan recommends construc
tion of a combination deep tunnel mined storage/
flow-through treatment system to collect, convey,
and adequately treat all combined sewer overflows
throughout the 17, 200-acre combined sewer serv
ice area in Milwaukee County (see Map 58). The
total capital cost of constructing this system was
estimated at about $130 million, with an equivalent
annual cost, including operation and maintenance,
of about $11 million (costs updated to base year
1970-see Table 102). This recommended course
of action with respect to resolving combined
sewer overflow problems is proposed to be incor
porated directly into the regional sanitary sewer
age system plan.

It should be noted that the Milwaukee-Metropolitan
Sewerage Commissions have adopted the Milwau
kee River watershed plan and have taken steps
toward implementing the combined sewer overflow
abatement plan element. The joint Commissions
have requested the Regional Planning Commission
to prepare a. prospectus for conducting the nec
essary engineering feasibility studies and have
budgeted funds for such studies during the 1973
fiscal year.

Abandonment of Public
Sewage Treatment Facilities
Implementation of the foregoing plan recommen
dations would permit the abandonment of 12 public
sewage treatment facilities in the Milwaukee
metropolitan subregional area. These facilities
are those currently serving the Village of Thiens-

6 See SEWRPC Planning Report No. 13, A Comprehensive

Plan for the Milwaukee River Watershed, Volume 2,

Alternative Plans and Recommended Plan.
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Table 102

COST ESTIMATES--RECOMMENDED COMBINED SEWER OVERFLOW

POLLUTION ABATEMENT PLAN ELEMENT FOR MILWAUKEE COUNTY

Capital Cost (Construction)
Storage Lift Pump
Design AERC Diversion Tunnel Equipment

Recommended Criteria Flotation and Drop and and Minor
Plan (I nches of Treatment Instru mentation Conveyance, Shaft Mined Reservoir Sewer Aquifer

Element Runoff) Facilities and Controls Tunnels System Storage Aeration Connections Recharge Total

Deep tunnel conveyance, 2 $4,601,000 $321,000 $41,409,000 $16,371,000 $53,500,000 $7,704,000 $4,387,000 $1,712,000 $130,005,000
mined storage, and
screening/dissolved-air
flotation treatment system

Present Worth (1970-2020) Equivalent Annual
Recommended Operation Operation

Annual Cost Capital CostPlan and and
Element Construction Maintenance Total Construction Maintenance Total Per Acre Per Acre

Deep tunnel conveyance, mined storage, and screening/- $148,730,000 $24,610,000 $173,340,000 $9,416,000 $1,562,000 $10,978,000 $638 $7,558
dissolved-air flotation treatment system

Source: SEWRPC.

ville, the Village of Germantown, the Village of
Menomonee Falls (Pilgrim Road plant and Lilly
Road plant), the City of New Berlin (Regal Manors
plant and Greenridge plant), the City of Muskego
(Muskego Lakes plant and Northeast District
plant), the Village of Hales Corners, the City of
Franklin (Rawson Homes plant and Mission Hills
plants), and the Caddy Vista Sanitary District in
the Town of Caledonia. Two additional existing
(1970) public sewage treatment facilities-the Oak
View Subdivision plant in the City of Oak Creek
and the County Line plant in the Village of Ger
mantown-have been abandoned in 1971 and 1973,
respectively, through the construction of local
trunk sewers not included in the foregoing plan
recommendations.

Private Sewage Treatment Plants
Implementation of the plan recommendations would
permit the abandonment of 12 private sewage
treatment facilities in the Milwaukee-metropolitan
subregional area which discharge to surface water
bodies. These facilities serve the Highway 100
Drive-In Theater and the Pure Oil truck stop in
the City of Franklin; the Chalet-on-the-Lake
Restaurant, the Sisters of Notre Dame Academy,
and the Federal Foods Company in the City of
Mequon; the S. K. Williams Company facility
in the City of Wauwatosa; 7 the Brookfield Cen-

7Initial inventory findings reported in Chapter Vof
this report indicated that the S. K. Williams Company
sewage treatment facility was considered to be a spe
cialized, permanent industrial facility. Subsequently
(1973), a local determination has been made to provide
for ultimate abandonment of this facility through con

nection of the Company to the Milwaukee-metropolitan
sewerage system.

tral High School in the City of Brookfield; the
Cleveland Heights Grade School, the Highway 24
Drive-in Theater, and the New Berlin Hospital in
the City of New Berlin; and the Muskego Render
ing plant and the Tess Corners Grade School in
the City of Muskego. Two private industrial
sewage treatment facilities would be retained: the
Wisconsin Electric Power Company facility in the
City of Oak Creek and the Milwaukee Road facility
in the City of Milwaukee. If properly maintained
and operated, these two facilities should not con
stitute significant sources of water pollution.

UPPER MILWAUKEE RIVER
SUBREGIONAL AREA

The Upper Milwaukee River subregional area con
sists of all of the Milwaukee River watershed
within the Southeastern Wisconsin Region north of
the northern limits of the City of Mequon. This
area has been subject in recent years to relatively
rapid urban growth, particularly in the Cedarburg,
Grafton, Saukville, and West Bend urban areas.

As noted in Chapter Vof this report, centralized
sanitary sewer service in the Upper Milwaukee
River subregional area was provided by eight
systems in 1970: those operated by the Cities of
Cedarburg and West Bend; the Villages of Fre
donia, Grafton, Kewaskum, Jackson, and Sauk
ville; and the Newburg Sanitary District in the
Towns of Trenton, Washington County, and Sauk
ville, Ozaukee County. Together, the service
areas of these eight systems comprised an area
of nearly 12 square miles and served an estimated
population of about 35,800 persons. In 1970 there
were about 26, 000 persons residing within the
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subregional area not served by centralized sani
tary sewerage facilities. Specific population,
service area, and related characteristics of the
eight systems are presented in Chapter V of
this report.

Sewer Service Analysis Areas
A total of 10 sewer service analysis areas may
be identified within the Upper Milwaukee River
subregional area (see Table 103). These 10 sewer
service analysis areas are shown on Map 59 and
may be described as follows:

1. Area A-This area consists of the Village
of Kewaskum and environs. In 1970, sewer
service was provided in this area to about
0.7 square mile, having a total resident
population of about 1,900 persons. By 1990
the total area anticipated to be served
approximates 1. 2 square miles, with
a projected population of about 3,200 per
sons. This subarea is referenced as the
"Kewaskum" sewer service area in the
ensuing discussion.

2. Area B-This area consists of the City of
west Bend and environs. In 1970, sewer
service was provided in this area to about
five square miles, having a total resident
population of about 16,400 persons. By
1990 the total area anticipated to be served
approximates eight square miles, with

Table 103

a projected population of about 25,300.
This subarea is referenced as the West
Bend" sewer service area in the ensuing
discussion.

3. Area C-This area consists of urban devel
opment along the shorelines of Big Cedar
Lake, Little Cedar Lake, and Silver Lake
in the Towns of West Bend and Polk. No
sewer service was provided in this area in
1970. By 1990 the total area anticipated to
be served approximates 2.7 square miles,
with a projected population of about 7,200
persons, including 4,700 seasonal resi
dents. This subarea is referenced as the
"Tri-Lakes" sewer service area in the
ensuing discussion.

4. Area D-This area consists of the Village
of Jackson and environs. In 1970, sewer
service was provided in this area to about
0.6 square mile, having a total resident
population of about 600 persons. By 1990
it is estimated that sewer service would
be extended to a total area of nearly one
square mile, with a projected population
of about 1,700 persons. This subarea is
referenced as the "Jackson" sewer ser
vice area in the ensuing discussion.

5. Area E-Tnis area consists of the New
burg Sanitary District and environs. In

I
I
I
I
I
I

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS
IN THE UPPER MILWAUKEE RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Sewer Service Analysis Area'
Average Population Average

Area Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served Population loading

letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Kewaskum ............................. 0.72 1,900 0.49 200 1.15 3,200 0.92
B West Bend ............................. 5.17 16,400 2.27 1,GOO 8.45 25,300 5.14
C Tri·lakes ............................... -- -- -- 2,500 2.69 7,2002 0.96
D Jackson ................................ 0.64 600 0.08 40 0.92 1,700 0.50
E Newburg ............................... 0.10 400 0.04 200 0.74 I.100 0.12
F Fredonia 0.71 1,000 0.10 100 1.12 1,800 0.23
G Grafton .. ::::::::::::::::::::::::::::::: 1.87 6,400 0.80 600 3.64 10,700 1.90
H Cedarburg ............................. 2.34 8,000 1.26 1,500 6.27 14,300 2.48
I Green lake -- -- -- 200 0.23 700' 0.09
J Saukville .. ::::::: ::::: :::::: ::::: ::::: 0.31 1,100 0.25 500 1.43 2,600 0.40

Total ....... ............. , ......... 11.86 35,800 5.29 7,440 26.64 68,600 12.74

'See Map 59.
'Includes an estimated seasonal peak population of 4,700 persons.
'Includes an estimated seasonal peak population of 500 persons.
Source: SfWRPC.
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Map 59

SEWER SERVICE ANALYSIS AREAS
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Ten distinct sewer service analysis areas were identified within tne Upper Milwaukee River sub
regional area. Ifl eight of the areas--Kewaskum, West Bend, Jackson, Newburg, Fredonia, Grafton,
Cedarburg, and Saukville--centralized sanitary sewer service was being provided in 1970. These
eight existing systems Provide a basis for expansion to serve anticipated 11190 demand. The two
remaining areas--Tri-lakes and Green Lake--comprise relatively intensive areas of existing inland
lake-oriented urban development now served by septic tank systems and for which the provision of
centralized sanitary sewer service was initially recommended in the adopted Milwaukee River water
shed plan.

Source: SEWRPC.

1970, sewer service was prOVided in this
area to about 0.1 square mile, having
a total resident populaLion of about 400
persons. By 1990 the total area anticipated
to be served approximates 0.7 square
mile, with a projected population of about

1,100 persons. This subarea is referenced
as the "Newburg ll sewer service area in
the ensuing discussion.

6. Area F-This area consists of the Village
of Fredonia and environs. In 1970, sewer
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service was provided in this area to about
0.7 square mile, having a total resident
population of about 1,000 persons. By 1990
the total area anticipated to be served
approximates one square mile, with a pro
jected population of about 1,800 persons.
This subarea is referenced as the "Fre
donia" sewer service area in the ensuing
discussion.

7. Area G-This area consists of the Village
of Grafton and environs. In :l970, sewer
service was provided in this area to nearly
two square miles, having a total resident
population of about 6,400 persons. By 1990
the total area anticipated to be served
approximates 3.6 square miles, with
a projected population of about 10,700 per
sons. This subarea is referenced as the
"Grafton" sewer service area in the ensu
ing discussion.

8. Area H-This area consists of the City of
Cedarburg and environs. In 1970, sewer
service was provided in this area to about
2.3 square miles, having a total resident
population of about 8,000 persons. By 1990
the total area anticipated' to be served
approximates 6.3 square miles, with
a projected population of about 14, 300 per
sons. This subarea is referenced as the
"Cedarburg" sewer service area in the
ensuing discussion.

9. Area I-This area consists of urban devel
opment along the shoreline of Green Lake
in the Town of Farmington, Washington
County. No sewer service was provided in
this area in 1970. The adopted Milwaukee
River watershed plan recommends that
a centralized sanitary sewerage system be
established to serve this urban develop
ment. By 1990 the total area anticipated to
be served approximates 0.2 square mile,
with a projected population of about 700
persons, including 500 seasonal residents.
This subarea is referenced as the "Green
Lake" sewer service area in the ensu
ing discussion.

10. Area: J-This area consists of the Village
of Saukville and environs. In 1970, sewer
service was provided in this area to about
0.3 square mile, having a total resident
population of about 1,100 persons. By 1990

the total area anticipated to be served
approximates 1. 4 square miles, with
a projected population of about 2,600 per
sons. This subarea is referenced as the
"Saukville" sewer service area in the
ensuing discussion.

Summary of Milwaukee River
Watershed Plan Recommendations
The Milwaukee River watershed plan, as adopted in
March 1972 by the Regional Planning Commission,
contained a series of specific recommendations
pertaining to sewerage facility development for the
Upper Milwaukee River subregional area. These
recommendations followed a detailed examination
of five basic stream water quality management
alternative plan elements for the upper water
shed: 1) the provision of secondary and advanced
waste treatment (phosphorus removal) ; 2) the
provision of secondary waste treatment, tertiary
waste treatment (high level CBOD5 removal),
and advanced waste treatment (phosphorus and
NBOD removal) ; 3) secondary waste treatment
and laihd irrigation of effluent; 4) advanced waste
treatment (phosphorus removal) and instream
aeration; and 5) advanced waste treatment (phos
phorus removal) and low-flow augmentation.
Several subalternatives consisting of different
potential system interconnection arrangements
were also considered. The recommended plan was
a combination of several of the alternatives, pri
marily centering, however, on the provision of
high levels of advanced waste treatment with
selective instream aeration and low-flow augmen
tation to satisfy dissolved oxygen requirements in
certain stream segments.

Within the Southeastern Wisconsin Region, and
with respect to the Upper Milwaukee River sub
regional area, the watershed plan recommenda
tions may be summarized as follows:

1. The provision of secondary waste treat
ment and auxiliary waste treatment for
effluent disinfection at the municipal sew
age treatment facilities serving the Village
of Fredonia and the Newburg Sanitary Dis
trict.

2. The provision of secondary waste treat
ment, of advanced waste treatment for
phosphorus removal, and of auxiliary waste
treatment for effluent disinfection at the
municipal sewage treatment facilities serv-
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ing the Villages of Kewaskum, Jackson,
and Saukville.

3. The provision of secondary waste treat
ment at individual sewage treatment facili
ties serving the City of Cedarburg and the
Village of Grafton, combined with the pro
vision of 'advanced waste treatment for
phosphorus removal and aUxiliary waste
treatment for effluent disinfection at a pro
posed new sewage treatment facility to be
located near the confluence of the Mil
waukee River and Cedar Creek. Trunk
sewers to connect the existing Cedarburg
and Grafton plants with the proposed new
advanced waste treatment plant were also
included in the plan.

4. The provision of secondary waste treat~

ment, advanced waste treatment for phos
phorus removal, auxiliary waste treatment
for effluent disinfection, and instream
aeration at the municipal sewage treatment
facility serving the City of West Bend. The
West Bend facility was proposed to become
an areawide facility serving not only the
West Bend sewer service area but also
proposed sanitary sewer service areas
around Tri-Lakes. Trunk sewers needed
to connect the Tri- Lakes area with the
West Bend plant were also included in
the plan, as were instream mechanical
aerators-proposed to be located on the
Milwaukee River main stem below the
West Bend treatment facility at distances
of O. 7 and 1. 8 miles-and diffuser aera
tors-proposed to be located in the New
burg Pond.

The foregoing recommended watershed plan ele
ments, together with related sewerage elements
applicable to communities in Fond du Lac and
Sheboygan Counties outside the Region and to
the Village of Thiensville in the Milwaukee
metropolitan subregional area, were deemed in
the plan to represent the best combination of sub
alternatives considered, together constituting the
least cost alternative which would meet the estab
lished water use objectives and standards.a

a For a more complete description of the recommended

sewerage facility elements in the adopted Milwaukee

River watershed plan, see SEWRPC Planning Report

No. 13, A Comprehensive Plan for the Milwaukee River

Watershed, Volume 2, Alternative Plans and Recommended
Plan, Chapter V.

Developments Affecting the
Watershed Plan Recommendations
Since the preparation and adoptien of the Milwau
kee River watershed plan, several developments
have taken place which required reevaluation of
the recommendations in the adopted Milwaukee
River watershed plan prior to the integration of
these recommendations into the regional sanitary
sewerage system plan. One of these developments
relates to the state of the art of water quality
management, namely the observed toxic effect of
ammonia in sewage treatment plant effluent on
fish and other aquatic life in receiving streams.
As discussed in Chapter IX of this report, such
ammonia toxicity has just recently received
increased attention and was deemed to be of

.enough significance to warrant its specific con
sideration in the reevaluation of the sewerage
facility development recommendations for the
upper watershed contained in the adopted Mil
waukee River watershed plan. As discussed below
with respect to individual sewage treatment facili
ties, this reevaluation resulted in a decision to
modify certain of the sewage treatment plant
recommendations contained in the adopted water
shed plan. It should be noted in this respect that
ammonia reduction facilities can be readily added
to most conventional sewage treatment plants in
the form of additional aeration tanks.

The other development which has taken place
since adoption of the Milwaukee River watershed
plan relates to sewerage facility expansion. The
City of Cedarburg completed in 1972 an expansion
of its existing treatment facility to provide an
average hydraulic design capacity of 3.0 mgd
and an improved level of waste treatment by the
addition of phosphorus removal and effluent dis
infection through chlorination. The new average
hydraulic design capacity of the Cedarburg plant
is anticipated to provide sufficient plant capacity
to serve the City of Cedarburg through the design
growth increment assumed in preparation of the
regional land use plan. The Village of Grafton,
adjacent to the City of Cedarburg, completed
a minor addition to its treatment facility in
1972 to provide for an average hydraulic design
capacity of 1. 0 mgd and an improved level of
waste treatment by the addition of phosphorus
removal and effluent disinfection. The capacity
of the improved treatment facility is about one
half of the total capacity anticipated to be needed
to serve the Village of Grafton through the design
growth increment assumed in preparation of
the regional land use plan. In addition, the Vil-
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Table IOLt

REQUIRED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANT SITES
IN THE UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data
Dilution

Upstream Ratio
(RatioSewage Total Total of Design Level of Treatment Required7-Day, Treatment Design Design Low FlowlO·Year Plant Low Sewage to Design Advanced Auxiliary

Sewage Treatment Low Flow! Flow·19902 Flow·1990 Flow-19903
Sewage Phosphorus Nitri- Effluent Disin-

Plant Site Receiving Stream CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990) Secondary Removal fication Aeration fection

Kewaskum .......... ........... Milwaukee River 5.30 3.42 0.69 0.44 5.99 3.87 1.42 0.92 4.22 Yes Yes No No Yes
West Bend. .................... Milwaukee River 8.40 5.43 2.16 1.39 10.56 6.82 9.45 6.10 .1.12 Yes Yes Yes No Yes
Jackson. ................. .... Cedar Creek 1.90 1.23 0.00 0.00 1.90 1.23 0.77 0.50 2.47 Yes Yes Yes No Yes
Newburg ........................ Milwaukee River 9.00 5.81 11.60 7.48 20.60 13.31 0.19 0.12 108.50 Yes No No No Yes
Fredonia .......... .............. Milwaukee River 15.20 9.82 12.65 8.16 27.85 17.99 0.36 0.23 77.50 Yes No No No Yes
Grafton' ......................... Milwaukee River 16.60 10.73 13.23 8.55 29.83 19.28 2.94 1.90 10.15 Yes Yes No No Yes
Grafton (North)' ................ Milwaukee River 16.60 10.73 13.23 8.55 29.83 19.28 1.55 1.00 19.28 Yes Yes No No Yes
Grafton (South)' ................ Milwaukee River 16.60 10.73 14.78 9.55 31.38 20.28 1.39 0.90 22.58 Yes Yes No No Yes
Cedarburg" ...................... Cedar Creek 4.40 2.84 1.90 1.22 6.30 4.06 3.84 2.48 1.64 Yes Yes Yes No Yes
Cedarburg' ...................... Milwaukee River 16.60 10.73 16.17 10.45 32.77 21.18 3.84 2.48 8.53 Yes Yes No No Yes
Green Lake ...................... Marsh Tributary to

Milwaukee River N/A N/A N/A N/A N/A N/A 0.14 0.09 N/A Yes No Yes No Yes
Saukville . , ................ Milwaukee River 15.80 10.21 13.01 8.40 28.81 18.61 0.62 0.40 46.40 Yes Yes No No Yes

lage of Kewaskum expanded its sewage treatment
facility in 1971 to provide an average hydraulic
design capacity - of 1. 0 mgd and an improved
level of waste treatment by the addition of phos
phorus removal. The City of West Bend formally
approved a preliminary engineering study in 1972
relating to the expansion of its sewag~ treatment
facility. The study recommends the provision of
advanced waste treatment for phosphorus removal
and sufficient treatment capacity to serve the Tri
Lakes sewer service area as well as the City of
West Bend service area. Finally, the Village of
Jackson during 1971 completed engineering studies
for the construction of a replacement treatment
facility designed to serve not only the village but
also the Libby, McNeill, and Libby canning plant
in the Town of Jackson and to provide for phos
phorus removal. All of the foregoing sewerage
facility developments were taken into account in
the reevaluation of the watershed plan recom
mendations as part of the preparation of the
regional sanitary sewerage system plan.

Proposed Subregional Area Plan
Because of the extensive consideration of alterna
tive sewerage system plans under the Milwaukee
River watershed study, the procedure for formu
lating alternative plans developed in the sewerage

NOTE: N/A indicates not applicable.
'See SEWRPC Planning Report No. 13, A ComPrehensive Plan for the Mil
waukee River Watershed Volume One, Inventory Fmdmgs and Forecasts,
page 349. .

'See SEWRPC Planning Report No. 13, A ComPrehensive Plan for the Mil·
waukee River W~ershed Volume Two, Alternative plans and Recommend·
iil..&il. chapter .

Source: SEWRPC.
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study was not used for the Upper Milwaukee River
watershed subregional area. The alternatives
presented in the watershed study report, together
with the recommended plans presented in that
report, instead provided a point of departure for
the reevaluation of the adopted plan recommen
dations, and, as such, were incorporated into
the regional sanitary sewerage system planning
effort. Consequently, only recommended plan
elements are described in this section, such
recommended elements consisting of the recom
mendations included in the adopted Milwaukee
River watershed plan modified as necessary to
reflect the results of the reevaluation conducted
under the sewerage system planning program.
Basic data utilized in formulating recommended
levels of sewage treatment are presented in
Table 104.

Kewaskum Subarea: The recommendation set forth
in the adopted watershed plan that the Kewaskum
sewage treatment facility be expanded and provide
advanced waste treatment (phosphorus removal)
and the auxiliary waste treatment of effluent dis
infection was reconfirmed by the reevaluation.
Ammonia toxicity was found not to constitute
a significant factor in management of the water
quality of the Milwaukee River in this stream

'See SEWRPC Plannimi Report No. 13, A Comffehensive ~/an for ~ ~il.
waukee River Waft:rshed Volume Two, A!ft:rnJve P/ansnd ReeCe d·
~ Chapter V. The design sewage flow for the Village of Kewaskum
was adjusted upward to accommodate observed additional industrial sewage
flows since 1967, the base year of the Milwaukee River watershed study.

'Corresponds to Grafton alternative plan 1.
'Corresponds to Grafton alternative plan 2.
'Corresponds to Cedarburg alternative plan 1.
'Corresponds to Cedarburg alternative plan 2.
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reach. The specific recommended performance
standards for the Kewaskum sewage treatment
plant are set forth in Table 105. Based on inven
tory data collected under the sewerage study,
which revealed substantial increases in industrial
waste flows, the recommendation as to the sizing
of the plant has been revised upward to about
1. 0 mgd of average hydraulic design capacity, as
compared with the watershed plan recommenda
tion of about O. 7 'mgd. The capital cost of con
structing the necessary facilities was reestimated
at slightly over $1 million, with an equivalent
annual cost of about $116,000 (see Table 106).
The proposed 1990 service area for the Village of
Kewaskum is shown on Map 60.

As noted earlier, the Village of Kewaskum very
recently completed expansion of its sewage treat-

ment facility to provide an average hydraulic
design capacity of 1. 0 mgd, an advanced level of
waste treatment in terms of phosphorus removal,
and effluent disinfection through chlorination.
Thus, the village has already fully carried out the
sewerage system plan recommendations. Absent
any substantial change in growth patterns in the
Kewaskum area, there should be no need to pro
vide for further expansion through the 20-year
design period of the sewerage system plan.

West Bend and Tri-Lakes Subarea: The rec
ommendation set forth in the watershed plan
that the West Bend sewage treatment facility
be expanded, provide advanced waste treatment
(phosphorus removal), and provide instream aera
tion to resolve serious oxygen depletion prob
lems downstream of the plant was modified based

I

I
I
I
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Table 105

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SEWERAGE SYSTEM PLAN FOR THE KEWASKUM SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of SewaEe Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis In Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Kewaskum Kewaskum 3,200 Secondary Activated Sludge CBOD~ Discharge: 15 mg/I
(0.92 MGD)

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 1iIJ.
Source: SEWRPC.

Table 106

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE KEWASKUM SEWER SERVICE AREA
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Kewaskum'

Facilities (0.92 MGD) .. ...... ......... .................... $1,037,000 $935,000 $872,000 $1,807,000 $59,500 $55,500 $115,000
Land (3.3 Acres) . ...... .......... ..................... 16,500 12,100 -- 12,100 800 -- 800

Subtotal ....... ... ..... .. . ... ...................... 1,053,500 947,100 872,000 1,819,100 60,300 55,500 115,800

Trunk Sewers--None

Total .... .... ........................... ........ $1,053,500 $947,100 $872,000 $1,819.100 $60,300 $55,500 $115,800

'Includes the cosf of additional treafment capacity constructed and placed
into operafion by fhe Village of Kewaskum in 1971.

Source: SEWRPC.
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Map 60

Source: SEWRPC.
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Accordingly, it is now recommended that the
West Bend facility, in addition to being expanded
and in addiHan to providing phosphorus removal,
also provide advanced waste treatment, including
nitrification. Because the nitrification process,
in addition to converting ammonia to nitrates, also
provides a reduction in NBOD5 demand, it should
no longer be necessary to provide for instream
aeration downstream from the West Bend treat
ment facility to meet the established water use
objectives. It should be noted that this modi
fication in treatment level recommendations to
provide for nitrification at the West Bend plant
in effect constitutes the selection of alternative
water quality management plan 2-B as set forth
in the Milwaukee River watershed study plan
ning report. As included in the watershed plan,
this alternative provided for nitrogenous oxygen
demand (NOD) removal, which is equivalent to Lhe
nitrification recommendation being made herein.
In all other respects, the watershed plan recom
mendation for sewerage facility development in
the Wesl Bend and Tri-Lakes sewer service areas
remains unchanged.

Accordingly, the plan proposes that the West Bend
sewage treatment facility be expanded to an aver
age hydraulic design capacity slightly in excess
of 6 mgd, while providing secondary waste treat
ment, advanced waste treatment in terms of phos
phorus removal and nitrification, and auxiliary
waste treatment in terms of effluent disinfection.
The specific recommended performance standards
for the West Bend sewage treatment plant are set
forth in Table 107. The plan further provides that
the West Bend facility be considered an areawide
facility serving the Tn - Lakes sewer service area.
The plan fu rther recommends the construction of
trunk sewers to connect the Tri-Lakes sewer ser
vice area with the West Bend treatment facility
(see Map 61).

The costs of implementing the recommended plan
for the West Bend and Tri-Lakes areas are set
forth in Table 108. These costs reflect the costs
set forth for alternative plan 2-B in the Milwaukee
River watershed study report, adjusted to lhe
year 1970. The estimated capital cost for con
structing the necessary treatment facilities is
about $2.6 million, with an equivalent annual cosl
of about $638,000. The estimated capital cost of
constructing the trunk sewers to serve the Tri
Lakes area is about $1 million, with an equivalent
annual cost of about $78,000.
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o EXISTING 1970

o PROPOSED 1990

In keeping with the sewerage facility devel
opment recommendations included in the Mil

waukee River watershed plan, the Village of
Kewaskum completed in 1972 an expansion pro
gram at its sewage treatment facility to pro
vide for an average hydraulic design capacity

of about '.0 mgd, an advanced 1 eve! of waste
treatment for phosphorus removal, and effluent
disinfection through chlorination. Thus, with
respect to sp.wage treatment fac i 1 i ti es, the
vi 11 age has al ready carri ed Qut the sewerage
system plan recommendations and should be
able to provide adequate treatment for sewage
generated in the Kewaskum area through the
plan design year of 1990.

upon the plan reevaluation conducted under the
regional sewerage system study. Ammonia toxic
ity was found to be a significant factor in man
agement of the water quality of the main stem
of the Milwaukee River in this stream reach.
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Table 107

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE WEST BEND AND TRI-LAKES SEWER SERVICE AREAS

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

West Bend West Bend 32,500 Secondary Activated Sludge CBOD11 Discharge: 15 mg/I
(6.10 MGD) Tri-lakes Advanced Nitrification NH 3:-N Discharge: 1.5 myI

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 61.
Source: SEWRPC.

Table 108

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE WEST BEND AND TRI-LAKES SEWER SERVICE AREAS
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction MaintenaFlCe Total

Sewage Treatment Plant
West Bend

Facilities (6.10 MGD) .................................... $2,620,400 $3,609.100 $6,008,000 $ 9,617,100 $228,700 $407,300 $636,000
land (5.4 Acres) ... . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . 27,000 27,000 -- 27,000 1,700 -- 1,700

Subtotal ......................... ................... 2,647,400 3,636,100 6,008,000 9,644,100 230,400 407,300 637,700
Trunk Sewer

Tri·lakes to West Bend ........ ... ..... . ................. 1,046,000 1,063,000 174,000 1,237,000 67,300 11,000 78,300
Subtotal ... ... ........... ... . ....................... 1,046,000 1,063,000 174,000 1,237,000 67,300 11,000 78,300

Total ..... .. ......... ............................. $3,693,400 $4,699,100 $6,182,000 $10,881,100 $297,700 $418,300 $716,000

Source: SEWRPC.

I
I
I
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Jackson Subarea: The recommendation set forth
in the watershed plan that the Jackson sewage
treatment facility be relocated and provide for
advanced waste treatment in terms of phosphorus
removal was also modified based upon the plan
reevaluation. Ammonia toxicity was found to be
a significant factor in management of the water
quality of Cedar Creek in this reach. Accordingly,
it is recommended that the Jackson facility, in
addition to being relocated and expanded and in
addition to providing phosphorus removal, also
provide advanced waste treatment for nitrification.
In all other respects, the watershed plan recom
mendation for sewerage facility development in the
Jackson sewer service area remains unchanged.

Accordingly, the plan proposes that the Jackson
sewage treatment facility be relocated on a new
site and provide a capacity of about O. 5 mgd (see
Map 62). The plant should provide secondary
waste treatment, advanced waste treatment in
terms of both phosphorus removal and nitrifica
tion, and auxiliary waste treatment in terms of
effluent disinfection. The specific recommended
performance standards for the Jackson sewage
treatment plant are set forth in Table 109. The
cost of implementing the recommended plan for
the Jackson area is set forth in Table 110.
Because of the modification in the plan recom
mendation, it was necessary to prepare entirely
new cost estimates. The estimated capital cost
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Map 61

PROPOSEO SANITARY SEWERAGE SYSTEM PLAN FOR TNE
WEST BEND ANO TRI-LAKES SEWER SERVICE AREAS

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
1990
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It is proposed that the West Bend sewage treatment facility serve as an areawide treatment facility
providing sewer service not only to urban development in the West Bend area itself but also to
elCisting Jake-oriented urban development located around Big Cedar, Little Cedar, and Silver lakes.
This map indicates the trunk sewer proposed to connect the Tri-Lakes sewer service area to the
West Bend sewage treatment facility. The plan proposes that the West Bend treatment facility be
upgraded to provide secondary waste treatment, advanced waste treatment for both nitrification and
phosphorus removal, and auxiliary waste treatment for effluent disinfection.

I
I

Source: SEWRPC. I
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- PROPOSEO TRUNK S£WEIl

SEWERS ANOAPPURTENANT I'"ACILITIES

Cedarburg-Grafton SUbarea: As noted earlier, the
Milwaukee River watershed plan recommended
that the adjoining communities of Cedarburg and
Grafton consolidate their treatment facilities at
a new site located at the confluence of Cedar
Creek and the Milwaukee River. As a first step
toward such consolidation, the plan recommended
the construction of a single common facility for
the provision of advanced waste treatment at
the new site, together with necessary convey
ance sewers.

Newburg SUbarea: The recommendation set forth in
the watershed plan that the Newburg sewage treat
ment facility be expanded and provide secondary
waste treatment and the auxiliary waste treat
ment of effluent disinfection remains unchanged,
Ammonia toxicity was found not to constitute
a significant factor in management of the water
quality of the Milwaukee River in this stream
reach. Accordingly, it is recommended that the
plant be expanded to an average hydraulic design
capacity of about O. 12 mgd. The specific recom
mended performance standards for the Newburg
sewage treatment plant are set forth in Table 111.
The estimated capital cost of constructing the
necessary treatment facilities, adjusted to the
year 1970, is about $107,000, with an equivalent
annual cost of about $24,000 (see Table 112). The
proposed 1990 sewer service area for Newburg is
shown on Map 63,

a trunk sewer from the existing plant site to the
proposed site is estimated to be $91,800, with an
equivalent annual cost of about $4,400,

Fredonia SUbarea: The recommendation set forth
in the watershed plan that the Fredonia sewage
Lreatment facility be expanded and provide secon
dary waste treatment and the auxiliary waste
treatment of effluent disinfection also remains
unchanged. Ammonia toxiciLy was found not to
constitute a significant factor in management
of the water quality of the Milwaukee River in
this stream reach. Accordingly, it is recom
mended that the plant be expanded to an average
hydraulic design capacity of about 0.23 mgd. The
specific recommended performance standards for
the Fredonia sewage treatment plant are set
forth in Table 113. The estimated capital cost of
constructing the necessary treatment facilities,
adjusted to the year 1970, is about $157,000, with
an equivalent annual cost of about $35,000 (see
Table 114). The proposed 1990 sewer service
area for Fredonia is shown on Map 64.

1"ft0000SEO PUBLIC

EXISTING PRIVATE TO ee: "'''ANDON[O

ElllSTINC Igro

!OUSTING PU8llC TO liE ASANOONEO

"

Map 62

As shown on the above map, the plan proposes

that the Jackson sewage treatment faci 1 it)' be
relocated on anew site and provide sufficient
capac; ty to enabl e the abandonment of the
adjacent private sewage treatment facility
serving the Libby, McNeill, and Libby, Inc.

canning plant. The proposed new Jackson
treatment facility should provide secondary
waste treatment, advanced waste treatment for
both nitrification and phosphorus removal,
and auxi 1 i ary waste treatment for eff! uent
disinfection.
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Source: SEWRPC.

for constructing the necessary treatment facilities
is about $838,000, with an equivalent annual cost
of iiliout $142,000. The capital cost of providing

o PROPOSEOI99O

SEWAGE TREATMENT FACILITIES
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Table 109

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SAN ITARY SEWERAGE SYSTEM PLAN FOR THE JACKSON SEWER SERV ICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Ann~al Averages)

Jackson Jackson 1,700 Secondary Activated Sludge CBOD51 Discharge: 15 mg/I
(0.50 MGD) Advanced Nitrification NH 3/-N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg!1
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 62.
Source: SEWRPC.

Tab] e 110

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE JACKSON SEWER SERVICE AREA
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970·2020)

Operation I Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Jackson

Facilities (0.50 MGD) ....... ......... .................... $824,100 $1,016,400 $1,210,900 $2,226,900 $64,400 $76,700 $141,100
Land (2.8 Acres) .. ........ .......... .................... 14,000 14,000 -- 14,000 900 -- 900

Subtotal '" ........... .......... .... ................ 838,100 1,030,400 1,210,500 2,240,900 65,300 76,700 142,000
Trunk Sewer

Jackson .. ..... .. ...... ................ . .............. 91,800 67,800 1,600 69,400 4,300 100 4,400
Subtotal .. .......... ............................... 91,800 67,800 1,600 69,400 4,300 100 4,400

Total .. .... ....................................... $929,900 $1,098,200 $1,212,100 $2,310,300 $69,600 $76,800 $146,400

Source: SEWRPC.

Tab 1e II I

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE NEWBURG SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Newburg Newburg 1,100 Secondary Activated Sludge CBOD,5, Discharge: 15 mg!1
(0.12 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

ISee Map 63.
Source: SEWRPC.
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Map 63

Source: SEWRPC.
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Source: SEWRPC.

1 t is proposed that the Fredonia sewage
treatment faci I ity be expanded to serve the
anticipated 1990 demand while providing sec
ondary waste treatment and auxi 1 iary waste
treatment for effluent disinfection. Analyses
performed under the regional sewerage study
reconfirmed the foregoing recommendation as
initially made in the Milwaukee River water
shed plan. The substantial dilution capacity
in the Milwaukee River at Fredonia precludes
the need to consi der the provi sion of advanced
waste treatment for nitrification in order to
resolve water qual ity management problems
relating to ammonia toxicity.
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE NEWBURG SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
1990

Analyses performed under the regional sewer
age study reconfi rmed the recommendation set
forth in the Milwaukee River watershed plan
that the sewage treatment faci 1 ity serving
the Newburg Sanitary District be expanded to
meet anticipated 1990 demand while providing
secondary waste treatment and auxil iary waste
treatment for effl uent di sl nfection. Recent! y
(November 1973), the area comprising the New
burg Sanitary Oi strict was incorporated as
the Village of Newburg.
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In light of the recent sewerage facility develop
ments noted above, the recommendation for a
single trelltment facility to serve the Cedarburg
Grafton area was reconsidered in the regional sani
tary sewerage system plarming program. First,
comparative analyses were made relative to two
alternative sanitary sewerage system plans for
the Cedarburg sewer service area, which alter-

natives were based upon the capacity of the
Cedarburg sewage treatment plant as of 1973.
Under alternative plan I, additional advanced
waste treatment facilities would be provided at
the Cedarburg plant in order to provide nitri
fication, since ammonia toxicity was found to
constitute a significant factor in management of

I
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Table 112

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE NEWBURG SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Newburg

Facilities (0.12 MGD) . . . . . . . . . . ....... ........... ..... $ 98,400 $140,000 $229,000 $369,000 $8,900 $14,500 $23,400
Land (1.8 Acres) .......................... ..... 9,000 9,000 -- 9,000 600 -- 600

Subtotal ............ ............... lO7,400 149,000 229,000 378,000 9,500 14,500 24,000
Trunk Sewers --None

Total. ......... . . . . . . . . . ..... $lO7,400 $149,000 $229,000 $378,000 $9,500 $14,500 $24,000

Source: SEWRPC.

Table 113

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE FREDONIA SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Preparation Annual Averages)

Fredonia Fredonia 1,800 Secondary Activated Sludge CBOD~ Discharge: 15 mg/I
(O.23 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

ISee Map 64.

Source: SEWRPC.

Tab I e I I ~

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE FREDONIA SEWER SERVICE AREA
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Fredonia

Facilities (0.23 MGD) .............. ...... . .. $146,600 $212,600 $333,800 $546,400 $13,500 $21,200 $34,700
Land (2.1 Acres) . ...... . ... lO,500 11,000 -- 11,000 700 -- 700

Subtotal .... ....... . ..... 157,lOO 223,600 333,800 557,400 14,200 21,200 35,400
Trunk Sewers--None

Total ...................... ....... .. $157,100 $223,600 $333,800 $557,400 $14,200 $21,200 $35,400

Source: SEWRPC.

474

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

water quality of Cedar Creek in the Cedarburg
reach of that Creek. As shown in Table 115, the
total estimated capital cost of carrying out this
alternative plan is about $481,500, witlr an equiva
lent annual cost of about $59,800. Under the
second alternative plan presented, advanced waste
treatment facilities for nitrification would not be
required since this alternative assumes the con
struction of an outfall sewer discharging effluent
to the Milwaukee River-where greater dilution
capacity is available-r~ther than to Cedar Creek
(see Map 65). The total estimated capital cost of
carrying out this alternative plan for the Cedar
burg sewer service area is about $261,100, with
an equivalent annual cost of about $17,100.

Clearly, it would be more advantageous for Cedar
burg to construct the recommended outfall sewer
and discharge sewage effluent directly to the Mil
waukeoe River than to construct additional advanced
waste treatment facilities to provide for nitrifica
tion and continue discharging effluent to Cedar
Creek above the Hamilton Pond. It should be
noted that the outfall sewer included in alternative
plan 2 is identical to the proposed truck sewer
recommended in the adopted Milwaukee River
watershed plan. At such time as consolidation of
the City of Cedarburg and the Village of Grafton
facilities becomes feasible, the proposed outfall
sewer would serve as a trunk sewer conveying
raw sewage from the existing Cedarburg plant
site to the proposed joint plant site. Cost esti
mates for carrying out the proposed plan for
Cedarburg, based upon 1970 capacity of the
Cedarburg sewage treatment plant and including
the outfall sewer proposed in alternative plan 2
above, are set forth in Table 116. The spe
cific recommended performance standards for the
Cedarburg sewage treatment plant are set forth
in Table 117.

With respect to the Village of Grafton, it is impor
tant to note that ammonia toxicity was not found to
constitute a significant factor in management of
the water quality of the Milwaukee River. Accord
ingly, the treatment level recommendation for
Grafton as set forth in the watershed plan remains
unchanged. It is recognized that while the Village
of Grafton has reC'ently (1972) provided a modest
capacity increment to its existing sewage treat
ment facility, as well as improvement in the level
of waste treatment provided in terms of phos
phorus removal and effluent disinfection, nearly
an additional 1. 0 mgd of average hydraulic design

capacity will be required to meet the anticipated
demand created by development proposed in the
adopted regional land use plan. Comparative
analyses were thus made relative to two alter
native sanitary sewerage system plans for the
Grafton sewer service area. Recommended treat
ment levels and performance standards under
each alternative are set forth in Table 118, with
detailed cost estimates for each alternative set
forth in Table 119. Under alternative plan 1 the
existing Grafton sewage treatment facility would
be expanded to provide a total average hydraulic
design capacity of about 1. 9 mgd, and would con
tinue to provide advanced waste treatment for
phosphorus removal and auxiliary waste treatment
for effluent disinfection (see Map 66). The esti
mated capital cost of carrying out this alternative
plan is $670, 800, with an equivalent annual cost of
about $139,500. Under the second alternative plan
presented, the anticipated increment in treatment
plant capacity would be provided at a proposed
new plant to be located at or near the proposed
joint Cedarburg-Grafton plant site shown in the
adopted watershed plan (see Map 67). Under this
alternative the village would continue to operate
its existing sewage treatment facility in addition
to constructing the new facility. The total esti
mated capital cost of carrying out this alternative
plan is about $1. 0 million, with an equivalent
annual cost of about $151,200. Each of the two
treatment plants under this alternative would pro
vide advanced waste treatment for phosphorus
removal and auxiliary waste treatment for efflu
ent disinfection.

Based upon the foregoing analyses, it would be
more advantageous for the Village of Grafton to
provide additional capacity at its existing sewage
treatment facility to accommodate anticipated
future demand, at least with respect to the extent
of urban development as proposed in the adopted
regional land use plan, than to construct and
operate a second facility. Accordingly, it is pro
posed that the Village of Grafton proceed with
additional expansion of its treatment facility to
a total capacity of about 2. 0 mgd. It is important
to note in this respect that with the proposed
expansion the Grafton treatment plant site will be
fully utilized with little potential for further expan
sion. At such time as additional treatment capac
ity should be required above and beyond the
approximately 2.0 mgd, therefore, consideration
should be given to providing such capacity at the
proposed Cedarburg-Grafton areawide treatment
plant site as recommended in the adopted Mil
waukee River watershed plan.
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Map 65

PROPOSEO SANITARY SEWERAGE SYSTEM PLAN
FOR THE CEDARBURG SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
1990
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... isling ..... g. tr .. at .... "! olant, lead to a reconsideralion of Ihe .e .. erage facility develop./lnt reco",mendation ... de In the Hilwaukee River water·
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would dlHharge the sewage effluent directly to the Milwaukee River and thus avoid the necenity to construct additional advanced waste treat ..ent
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Tab 1e I 15

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE CEDARBURG SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelementl Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1
Addition of advanced waste treatment facilities
(nitrification) at existing Cedarburg sewage
treatment plant ... .... ..................................................... $481,500 $593,900 $348,800 $942,700 $37,600 $22,200 $59,800

ALTERNATIVE PLAN 2
Construction of outfall sewer to the
Milwaukee River ............................................................ $261,100 $261,400 $ 8,500 $269,900 $16,600 $ 500 $17,100

'Each of the two alternative plans presented is based upon the capacity of
the Cedarburg sewage treatment plant as of 1973 rather than 1970, the base
year of the regional sanitary sewerage system plan.

Source: SEWRPC.

Tab 1e I I 6

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE CEDARBURG SEWER SERVICE AREA
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Cedarburg'

Facilities (2.48 MGD) ........... , ..... .. . ... ......... . .. $ 898,300 $1,296,300 $2,723,200 $4,019,500 $ 82,200 $172,800 $255,000
Outfall Sewer .... ........ ....... . ... ........... 261,100 261,400 8,500 269,900 16,600 500 17,100
Land (3.7 Acres) . . . . . . . . . . ..... ............... .. . ... 18,500 18,500 -- 18,500 1,200 -- 1,200

Subtotal ............ ............. ....... . ... . ..... 1,177,900 1,576,200 2,731,700 4,307,900 100,000 173,300 273,300
Trunk Sewers--None

Total. ....... ........ ...... . .... $1,177,900 $1,576,200 $2,731,700 $4,307,900 $100,000 $173,300 $273,300

'Includes the cost of additional treatment capacity constructed and placed
into operation by the City of Cedarburg in 1972.

Source: SEWRPC.

Table 117

SEWAGE TREATMENT LEVELS AND PERrORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE CEDARBURG SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for Qst Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Cedarburg' Cedarburg 14,300 Secondary Activated Sludge CBODs Discharge: 15 mg/I
(2.48 MGD) Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 65.
'Assumes the construction of an outfall sewer from the existing Cedarburg
sewage treatment plant to the Milwaukee River.

Source: SEWRPC.
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Table 118

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

AL TERNAT I VE SAN ITARY SEWERAGE SYSTEM PLANS FOR THE GRAFTON SEWER SERV I CE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Oesign Capacity Analysis Areas Served l Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
Grafton (North) Grafton 10,700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(1.9 MGO) Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERNATIVE PLAN 2
Grafton (North) Grafton (part) 5,600 Secondary Activated Sludge CBOD2i Discharge: 15 mg/I

(1.0 MGO) Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Grafton (South) Grafton (part) 5,100 Secondary Activated Sludge CBOD5! Discharge: 15 mg/I
(0.9 MGO) Advanced Phosphorus Removal Phosptlorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Maps 66 and 67.
Source: SEWRPC.

Table 119

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE GRAFTON SEWER SERVICE AREA

UPPER ~11 LWAUKEE RIVER SUBR EGI ONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1
Sewage Treatment Plant
Grafton (North)

Facilities (1.9 MGO) ......... .............. ....... ......... , .............. $ 654,800 $ 734,500 $1,453,300 $2,187,800 $46,600 $92,200 $138,800
Land (3.2 Acres) ........ ...... ........... ....... .............. ......... 16,000 11,000 -- 11,000 700 -- 700

Subtotal .. ................ ...... ............... ........................ 670,800 745,500 1,453,300 2,198,800 47,300 92,200 139,500
Trunk Sewers--None

Total , ........... ... .. , ........... ................. ............... $ 670,800 $ 745,500 $1,453,300 $2,198,800 $47,300 $92,200 $139,500

ALTERNATIVE PLAN 2
Sewage Treatment Plants

Grafton (North)
Facilities (1.0 MGD) . ....... ....... ....... ............... .......... $ -- $ 151,300 $ 668,300 $ 819,600 $ 9,600 $42,400 $ 52,000

Subtotal ........... .... .... ..... ... .. .... ................. .. ........ -- 151,300 668,300 819,600 9,600 42,400 52,000
Grafton (South)

Facilities (0.9 MGD) ........ ............... ..... ............... ..... .... 995,000 885,800 666,700 1,552,500 56,200 42,300 98,500
Land (3.2 Acres) ........... ............. .... ... ............. ........ 16,000 11,000 -- 11,000 700 -- 700

Subtotal . . , ........ ................... ........ 1,011,000 896,800 666,700 1,563,500 56,900 42,300 99,200
Trunk Sewers--None

Total .......... ......... ........... ...... .. ......... ................ $1,011,000 $1,048,100 $1,335,000 $2,383,100 $66,500 $84.700 $151,200

Source: SEWRPC.
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The first alternative sanitary sewerage system plan
for the Grafton sewer service area proposes expan
sion of the e)lisling Village of Grafton se .... age
treatment plant to a total average hydraul ic design
capacity of about 1.9 mgd and thus provide for
anticipated growth in the village through 1990.
The village would continue to provide advanced
waste treatment for phosphorus removal and aux il
iary waste lreatllent for effluent disinfection.
Advanced waste treatment for nitrification would
not be necessary because of the substantial dilu
tion capacity available in the Milwaukee River at
this location. This al ternative was found to be
more cost effective than the second alternative, as
shown on Map 67, which would provide for the con
struction of a second Vi 11age of Grafton sewage
treatment faci I ity at a downstream location.

The second alternative sanitary sewerage
system plan for the Grafton sewer service
area would provide the additional sewage
treatment plant capacity needed to serve the
Village of Grafton through the year 1990 at
a new sewage treatment plant located down
stream from the existing plant site and near
the confluence of the Milwaukee River and
Cedar Creek. This alternative was found to
be less cost effective than the provision of
a similar amount of capacity at the existing
Village of Grafton sewage treatment plant
site. Accordingly, it is proposed that the
Village of Grafton expand its existing treat
ment facility to provide for a total 1990
average hydraulic design capacity of about

2.0 mgd.

I
I
I
I
I Source: SEWRPC.

Source: SEWRPC.
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In summary, the proposed sanitary sewerage
system plan for the Cedarburg-Grafton area con
sists of the following:

1. Construction of an outfall sewer from the
existing Cedarburg treatment facility to
the Milwaukee River near the Cedar Creek
confluence in lieu of the provision of more
expensive nitrification facilities at the
Cedarburg plant.

2. Expansion of the existing Grafton treat
ment facility to provide for a total average
hydraulic design capacity of about 2.0 mgd.

3. At such time as urban development in the
Cedarburg-Grafton area exceeds that antic
ipated in the adopted regional land use
plan, the reconsideration of sewage treat
ment alternatives to include at least the
following:

a. Further expansion of the existing Cedar
burg and Grafton sewage treatment
facilities.

b. Construction of a joint sewage treat
ment facility to serve the Cedar
burg-Grafton area on a site near the
confluence of Cedar Creek and the Mil
waukee River.

Green Lake: The recommendation set forth in
the watershed plan that sanitary sewer service be
established to serve urban development on the
shoreline of Green Lake in the Town of Farming
ton was modified based upon the reevaluation.

Since the plant is recommended to discharge into
a wetland area tributary to the main stem of
the Milwaukee River, ammonia toxicity may be
expected to constitute a significant water quality
management problem. Accordingly, the plan pro
poses that an aerated lagoon type sewage treat
ment facility be constructed to provide secondary
waste treatment, advanced waste treatment. for
nitrification, and auxiliary waste treatment for
effluent disinfection. An aerated lagoon type
facility is considered feasible in the Green Lake
area because of its remoteness from major areas
of concentrated urban development, the avail
ability of land for the lagoon site, and its very
small size-about O. 09 mgd. Specific recom
mended performance standards for the Green
Lake sewage treatment plant are set forth in
Table 120.

The costs of implementing the recommended plan
for the Green Lake area are set forth in Table 121.
These costs assume construction of an aerated
lagoon type treatment facility rather than an
activated sludge type facility as assumed in the
Milwaukee River watershed study. The estimated
capital cost of constructing the sewage treatment
facility is about $78,900, with an equivalent annual
cost of about $6, 900. The proposed 1990 sewer
service area for Green Lake is shown on Map 68.

Saukville: The recommendation set forth in the
watershed plan that the Saukville sewage treatment
facility be expanded and provide secondary waste
treatment, advanced waste treatment for phos
phorus removal, and the auxiliary waste treat
ment of effluent disinfection remains unchanged.

I
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Table 120

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE GREEN LAKE SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for 051 Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Green Lake Green Lake 700 Secondary Aerated Lagoon CBODi Discharge: 15 mgll
(0.09 MGD)

Advanced Nitrification NH 3 -N Discharge: 1.5 mgll
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 68.
Source: SEWRPC.
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Ammonia toxicity was found not to constitute
a significant factor in management of the water
quality of the Milwaukee River in this stream
reach. Accordingly, it is recommended that the
plant be expanded to an average hydraulic design
capacity of about 0.4 mgd. Specific recommended
performance standards for the Saukville sewage
treatment plant are set forth in Table 122. The
estimated capital cost of constructing the nec
essary treatment facilities, adjusted from the
watershed plan to the year 1970, is about $187,000,
with an equivalent annual cost of about $52,400
(see Table 123). The proposed 1990 sewer service
area for Saukville is shown on Map 69.

Concluding Remarks-Subregional Area Plan: A
comparison between the recommended treatment
levels at municipal sewage treatment plants in
the Upper Milwaukee River subregional area as
initially set forth in the adopted Milwaukee River
watershed plan and as modified in the regional
sanitary sewerage system plan is set forth in
Table 124. In most cases no substantive changes
in the watershed plan recommendation have been
made. In three instances-West Bend, Jackson,
and Green Lake-the watershed plan recommen
dations have been modified to provide for the
additional advanced waste treatment process of
nitrification because ammonia toxicity was found
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Table 121

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR TH E GR-E EN LAK E SEWER SERV I CE AR EA
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

1990

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Pia nt
Green Lake

Facilities (0.09 MGD) ....................................................... $45,900 $41,000 $44,100 $ 85,100 $2,600 $2,800 $5,400
Land (6.6 Acres) ... .... ............. ..... " .............................. 33,000 23,600 -- 23,600 1,500 -- 1,500

Subtotal .......... .. , .............. ...................................... 78,900 64,600 44,100 108,700 4,100 2,800 6,900
Trunk Sewers--None

Total ......... ......... ...............•................................ $78,900 $64,600 $44,100 $108,700 $4,100 $2,800 $6,900

Source: SEWRPC.

Table 122

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE SAUKVILLE SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Recommended
l ype of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Preparation Annual Averages)

Saukville Saukville 2,600 Secondary Activated Sludge CBOD~ Discharge: 15 mg/I
(0.40 MGD)

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 69.
Source: SEWRPC.
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Map 68

PROPOSEO SANITARY SEWERAGE SYSTEM PLAN
FOR THE GREEN LAKE SEWER SERVICE AREA
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

1990

Map 69

PROPOSEO SANITARY SEWERAGE SYSTEM PLAN
FOR THE SAUKVILLE SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
1990
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The Milwaukee River watershed plan recommen
dation that the Village of Saukvil Ie sewage
treatment faci 1 ity be expanded and provi de,
in addition to secondary waste treatment,
advanced waste treatment for phosphorus
removal and auxiliary waste treatment for
effluent disinfection, was reconfirmed in the
regional sanitary sewerage system planning
program. Because of the substantial dilution
capacity available in this stream reach of
the Milwaukee River, ammonia toxicity was not
found to consti tute a si gni fi cant water
qual ity management factor and, accordingly,
advanced waste treatment for nitrification
would not be requi red.
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A centralized sanitary sewerage system to
serve exi sting urban development along the
shorel ine of Green Lake was initially pro
posed in the adopted Milwaukee River water
shed plan. The watershed plan recommendation
was modified slightly during preparation of
the regional sanitary sewerage system plan in
1 ight of consideration of the ammonia toxici ty
factor on water qual ity management of the
watershed stream system. Accordingly, the
sewerage system plan proposes that an aerated
1 agoon treatment faci 1 ity be constructed to
provide not only secondary waste treatment
and au)(;l iary waste treatment for effluent
disinfection, as initially recommended in the
watershed plan, but al so advanced waste
treatment for nitrification.

Source: SEWRPC.
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to be a significant factor in water quality manage
ment of the particular stream involved. In the
cedarburg-Grafton area the watershed plan rec
ommendation for a joint advanced waste treatment
facility has been modified to provide for advanced
waste treatment at the two individual plants,
with Cedarburg proposed to discharge its effluenL
through an outfall sewer directly to the Mil
waukee River.
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Table 123

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE SAU~VILLE SEWER SERVICE AREA

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Saukville

Facilities (0.40 MGD) ....................................................... $176,600 $284,600 $530,700 $815,300 $18,000 $33,700 $51,700
Land (2.2 Acres) ............................................................ 11,000 11.000 -- 11,000 700 -- 700

Subtotal .............. .................................................... 187,600 295,600 530,700 826,300 18,700 33,700 52,400
Trunk Sewers--None

Total .................................................................... $187,600 $295,600 $530,700 $826,300 $18,700 $33,700 $52,400

Source: SEWRPC.

Table 12~

COMPARISON BETWEEN RECOMMENDED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANTS

IN THE UPPER MILWAUKEE RIVER SUBREGIONAL AREA:
MILWAUKEE RIVER WATERSHED PLAN AND REGIONAL SANITARY SEWERAGE SYSTEM PLAN

Milwaukee River Watershed Plan Regional Sanitary Sewerage System Plan
Advanced Auxiliary Advanced Auxiliary Rationale for

Sewage Effluent Effluent Change in
Treatment Phosphorus Nitri- Effluent Disin- Instream Phosphorus Nitri- Effluent Disin- Instream Treatment Level

~Iant Secondary Removal fication l Aeration fection Aeration Secondary Removal fication Aeration fection Aeration Recommendations

Kewaskum ........ Yes Yes No No Yes No Yes Yes No No Yes No No change.
West Bend. Yes Yes No No Yes Yes Yes Yes Yes No Yes No Ammonia toxicity factor re-

quires provision of nitrification.
Nitrification also reduces oxy-
gen demand and thereby elimi-
nates the need for instream
aeration facilities downstream
from the plant (see Alternative
4 in the watershed study re-

Jackson . Yes Yes No Yes No
port).

toxicity factorNo No Yes No Yes Yes Yes Ammonia re-

Newburg Yes No No Yes No
quires. provision of nitrification.

........ No No Yes No Yes No No No change.
Fredonia ........ Yes No No No Yes No Yes No No No Yes No No change.
Grafton. Yes Yes' No No Yes' No Yes Yes No No Yes No No change.
Cedarburg . Yes Yes' No No Yes' No Yes Yes N03 No Yes No No change3
Green Lake .... . ... Yes No No No Yes No Yes No Yes No Yes No Ammonia toxicity factor re-

Saukville.
quires provision of nitrification.

Yes Yes No No Yes No Yes Yes No No Yes No No change.

I
I
I
I
I
I
I
I
I
I

'Termed "nitrogenous oxygen demand (NOD) removal" in the Milwaukee
River watershed plan.

2Phosphorus removal and disinfection for Cedarburg and Grafton were rec
ommended in the Milwaukee River watershed plan to be provided at a joint
advanced and auxiliary waste treatment facility on the Milwaukee River.

Source: SEWRPC. . --

Private Sewage Treatment Facilities
Implementation of the foregoing recommendations
would result in the abandonment of one major
private sewage treatment facility in the Upper
Milwaukee River subregional area. This facility
serves the Libby, McNeill, and Libby, Inc. canning

'Assumes the construction of an outfall sewer from the existing Cedarburg
sewage treatment plant to the Milwaukee River.

plant in the Town of Jackson. This plant would be
served by the proposed new Jackson sewage treat
ment facility. Three remaining private sewage
treatment facilities, all directly related to the
agricultural industry, would be retained. These
are the Level Valley Dairy facility in the Town
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of Jackson (see Map 42), the Justro Feed Cor
poration facility in the Town of Cedarburg (see
Map 36), and the River Road' Cheese Factory
facility in the Town of Saukville (see Map 36).
All three of these facilities lie beyond the pro
posed 1990 service areas of the' several sanitary
sewerage systen:s in the subregional area. These
facilities should be retained and continue to pro
vide a level of waste treatment designed to meet
the established water use objectives for streams
in the Upper Milwaukee River subregional area.

SAUK CREEK SUBREGIONAL AREA

The Sauk Creek subregional area includes all
of the Sauk Creek watershed, that portion of
the Sheboygan River watershed lying within the
Region, and minor drainage areas that are directly
tributary to Lake Michigan lying generally north
of the City of Port Washington. The entire sub
regional area lies within Ozaukee County. While
predominantly rural and agricultural in character,
this subregional area contains the City of Port
Washington and environs, the Village of Belgium,
concentrations of urban development along the
shoreline of Lake Michigan in the Town of Bel
gium, and the newly established Harrington Beach
State Park, a major outdoor recreation facility
recommended to be established in the adopted
regional land use plan.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Sauk Creek sub
regional area was provided by two systems in
1970: those operated by the City of Port Washing
ton and the Village of Belgium. The service areas

of these two systems together comprised an area
of about 2.3 square miles and served an estimated
population of about 9,600 persons. In 1970 there
were about 3,300 persons residing in the sub
regional area not served by centralized sanitary
sewerage facilities. Specific population, service
area, and related characteristics of the two
existing systems are presented in Chapter V of
this report.

Sewer Service Analysis Areas
A total of three sewer service analysis areas may
be identified within the Sauk Creek subregional
area (see Table 125). These three sewer service
analysis areas are shown on Map 70 and may be
described as follows:

1. Area A-This area consists of the Village
of Belgium and environs. In 1970 sanitary
sewer service was provided in this area to
about 0.3 square mile, having a total resi
dent population of about 800 persons. By
1990 the total area anticipated to be served
approximates 0.8 square mile, with a pro
jected population of about 1,600 persons.
This subarea is referenced as the "Bel
gium" sewer service area in the ensuing
discussion.

2. Area B-This area consists of the unincor
porated village of Lake Church in the Town
of Belgium, existing urban development
along the shoreline of Lake Michigan in
the Town of Belgium, and the Harrington
Beach State Park. About 700 persons
resided in this area in 1970, but no sani-

I
I
I
I
I
I
I
I
I
I
I
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Tabl e 125

SELECTED CHARACTER I STICS OF SEWER SERVICE ANALYSIS AREAS

I N THE SAUK CREEK SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990

Unserved
Average Population Average

Sewer Service Analysis Areal Area Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served Population Loading

Letter Name (Sq~are Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Belgium ............ ... .. ............. 0.26 800 0.06 60 0.83 1.600 0.36
B Lake Church ........................... -- -- -- 700 2.39 700 0.452

C Port Washington ...... ..... 2.01 8.800 1.05 300 3.64 12AOO 2.60

Total ................. .......... 2.27 9.600 1.11 1.060 6.86 14,700 3.41

'See Map 70.
21ncludes anticipated sewage flow of 0.30 MGD from the Harrington Beach
State Park.

Source: SEWf?PC.
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tary sewer service was provided. Because
of widespread failure of septic tank sys
tems, the 'Nlsc0nsin Department of Natural
Resources has ordered the installation of
centralized sanitary sewer service in the
area comprising the unincorporated vil
lage of Lake Church. By 1990 the total
area anticipated to be served with central
ized sanitary sewer service approximates
2.4 square miles, with a projected popula
tion of about 700 persons. In addition, the
Harrington Be.ach State Park is anticipated
to provide a design sewage flow of about
0.3 mgd. This subarea is referenced as
the "Lake Church" sewer service area in
the ensuing discussion.

3. Area C-This area consists of the City of
Port Washington and environs. In 1970,
sanitary sewer service was provided in
this area to about two square miles, having
a total resident population of about 8,800
persons. By 1990 the total area anticipated
to be served approximates 3. 6 square
miles, with a projected population of about
12,400 persons. This subarea is refer
enced as the "Port 'Nashington" sewer
service area in the ensuing discussion.

Formulation of Alternatives
As discussed earlier in this chapter, a systematic
procedure was utilized in the regional sanitary
sewerage system planning program for the formu
lation of alternative plans. The first step in this
process was to apply the Wisconsin Department of
Natural Resources (DNR) guidelines relating dis
tances between communities to the populations of
both the "sending" and "receiving" communities
in order to determine if potential interconnections
between sanitary sewerage systems should be
investigated. The results of the application of
these criteria to the communities within the Sauk
Creek subregional sewerage system planning area
are summarized in Table 126.

Based on the DNR guidelines, the following poten
tial interconnections between sewer service areas
in the Sauk Creek subregional area were elimi
nated from further consideration:

1. Belgium to Port Washington.

2. Lake Church to Port Washington.

One interconnection-Lake Church to Belgium-was
found to be potentially feasible through the appli
cation of the DNR guidelines. Conduct of a pre
liminary economic analysis for this potential
interconnection further revealed that a detailed
economic analysis was warranted. Accordingly, it
was determined that the following sanitary sewer
age system plans for the Sauk Creek subregional
area should be prepared and evaluated:

1. A proposed plan for the Port Washington
sewer service area.

2. Two alternative plans for the Belgium
Lake Church sewer service areas, includ
ing an alternative providing individual
sewage treatment facilities at each of the
two sewer service areas and an alternative
providing for consolidation of treatment
facilities at either the existing Belgium or
a proposed Lake Church sewage treatment
plant site.

Each of the sanitary sewerage system plan ele
ments is described in the following paragraphs.
Data pertaining to requi red treatment levels at
each of the municipal sewage treatment plant sites
considered in the preparation of these plan ele
ments are presented in Table 127.

Proposed Plan-Port Washington Subarea
In 1970, the sewage treatment facility serving
the Port Washington sewer service area had an
average hydraulic design capacity of 1. 0 mgd and
provided only a primary level of waste treatment.
Disposal of effluent is directly to Lake Michigan
within the Port Washington Harbor. As noted in
Chapter V, a sewage treatment plant expansion
program is underway9to prOVide for a total aver
age hydraulic design capacity of 1. 25 mgd, includ
ing the provision of secondary waste treatment,
advanced waste treatment for phosphorus removal,
and auxiliary waste treatment for effluent disin
fection. By 1990 it is anticipated that future
growth will require an average hydraulic design
capacity for the treatment facility serving the Port
Washington sewer service area of about 2.60 mgd.

The proposed plan for the Port Washington sewer
service area includes construction of necessary
primary, secondary, advanced, and auxiliary waste
treatment facilities to provide for a total 1990
average hydraulic design capacity of 2.6 mgd. In

9This expansion program was completed during 1973.
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addition, the plan proposes the construction of
a new outfall sewer to carry the sewage effluent
out into Lake Michigan south of the Port Washing
ton Harbor area. The specific recommended
performance standards for the Port Washington
sewage treatment plant are set forth in Table 128.

The estimated capital cost for constructing the
necessary treatment facilities at Port Wash
ington is about $1. 8 million, with an equivalent
annual cost of about $244, 000 (see Table 129).
These costs include the cost of the necessary
outfall sewer. The costs are based upon the pro
VlSlon of additional capacity to the plant as it
existed in 1970 and, therefore, include the cost of
the additional primary, secondary, and advanced
waste treatment capacity currently under con
struction. The proposed 1990 service area for the
Port Washington urban concentration is shown on
Map 71.

Alternative Plans-Belgium-Lake Church
As indicated above, preliminary economic analy
ses revealed a need to consider the intercon
nection of .the Belgium and Lake Church sewer
service areas for sewage treatment purposes.
In 1970 only the Village of Belgium operated
a sewage treatment facility.

Two basic alternative plans were formulated, with
subalternatives based upon varying treatment plant
locations within the Lake Church sewer service
area. The first alternative assumes the continua
tion of the existing Belgium treatment facility and
the establishment of a new treatment facility to
serve the Lake Church sewer service area, either
discharging its effluent to Sucker Creek (alterna
tive plan 1A) or directly to Lake Michigan (alter
native plan lB). The second alternative provides
for one sewage treatment facility to serve both the
Belgium and Lake Church sewer service areas,
with the alternatives differing with respect to the
location of the single plant. Alternative 2A locates
the single plant at the existing site of the Belgium
sewage treatment facility. Alternative 2B locates
the plant on Sucker Creek in the Lake Church
sewer service area. Alternative 2C locates the
plant on Lake Michigan in the Lake Church sewer
service area. Required sewage treatment levels
and performance standards under all alternatives
are set forth in Table 130, while detailed cost
estim~tes pertaining to all alternatives are set
forthrin Table 131. The five proposals are shown
in graphic form on Maps 72 through 76.
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Under alternative lA, the existing Belgium sewage
treatment facility would be expanded from its
present average hydraulic design capacity of
O. 07 mgd to a proposed 1990 average hydraulic
design capacity of 0.36 mgd. In order to meet
the established water use objectives for the Onion
River, a tributary of the Sheboygan River, this
expanded facility would be required to provide not
only secondary waste treatment but also advanced
waste treatment for nitrification and auxiliary
waste treatment for effluent aeration and disinfec
tion. Also under alternative lA, a new sewage
treatment facility would be constructed on a site
along Sucker Creek, a minor tributary to Lake
Michigan, to serve the Lake Church sewer service
area. This facility would need to provide an aver
age hydraulic design capacity of about 0.45 mgd,
which would accommodate an estimated O. 30 mgd
of sewage from the Harrington Beach State Park.
In order to meet the established water use objec
tives for Sucker Creek, this Lake Church facility
would be required to provide secondary waste
treatment, advanced waste treatment for nitrifi
cation, and auxiliary waste treatment for effluent
aeration and disinfection. The total estimated
capital cost of carrying out alternative plan 1A for
the Belgium and Lake Church sewer service areas
is about $1. 6 million, with an equivalent annual
cost of about $148, 000.

Alternative plan 1B is similar to alternative plan
1A except that, with respect to the Lake Church
sewage treatment facility, the plant is proposed
to be located near the Lake Michigan shoreline
and discharge its effluent through an outfall sewer
directly to Lake Michigan rather than to Sucker
Creek. The proposed treatment expansion for the
Belgium facility under alternative 1B, and the
recommended levels of treatment, are identical
to alternative plan 1A. With respect to the Lake
Church facility, alternative plan 1B would be
sized similarly to that provided in alternative
plan lA, but the plant would have to provide only
a secondary level of waste treatment and auxiliary
waste treatment for effluent disinfection, since the
effluent is no longer being discharged to Sucker
Creek where more stringent treatment standards
would be required to meet the water use objec
tives. The total estimated capital cost of carrying
out alternative plan 1B for the Belgium and Lake
Church sewer service areas, including an outfall
sewer extending 1, 000 feet into Lake Michigan as
as integral part of the Lake Church treatment
facility, is about $1. 9 million, with an equivalent
annual cost of about $152, 000.
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Table 126

RESULTS OF THE APPLICATION OF WISCONSIN DEPARTMENT OF NATURAL RESOURCES

INTERCONNECTION GUIDELINES AND PRELIMINARY ECONOMIC ANALYSES

IN THE SAUK CREEK SUBREGIONAL AREA

Results of Application
of DNR Guidelines Results of Preliminary Economic Analysis

Sewer Service Analysis Area(s) Total Equivalent Annual Cost
Receiving Sending Straight Proceed to Percent Proceed to

Line Distance Preliminary Difference Detailed
Estimated Estimated Between Sewer Economic Separate Intercon nection- (B-A) Economic

1990 1990 Service Areas Analysis Plants One Plant Analysis l

Name Population Name Population (Miles) (Yes or No) (A) (B) TAT (Yes or No)

Port Washington 12.400 Belgium 1,600 7.6 No $ -- $ -- -- --
Lake Church 700 7.8 No -- -- -- --

Belgium 1,600 Lake Church 700 1.5 Yes $95,700 $103,900 8.6 Yes

Iff the estimated equivalent annual cost of interconnection was no more than
20 percent greater than the cost of providing separate sewage treatment
facilities, a detailed economic analysis was deemed to be required.

Source: SEWRPC.

Table 127

REQUIRED TREATMENT LEVELS AT MUNICIPAL TREATMENT PLANT SITES

IN THE SAUK CREEK SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data

Dilution
Upstream Ratio
Sewage Total Total (Ratio

7-Day, Treatment Design Design of Design Level ot Treatment Required
LOw FlowlO·Year Plant Low Sewa~e to Design Advanced Auxiliary

Sewage Treatment Receiving Low Flow Flow-1990 Flow-1990 Flow-I 90 Sewage Phosphorus Nitri- Effluent Disin-
Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990) Secondary Removal fication Aeration tection

Belgium l ,' ............... Lake Michigan N/A N/A N/A N/A N/A N/A 0.56 0.36 N/A Yes No Yes Yes Yes
Belgium-Lake Church' .............. Onion River 0.00 0.00 0.00 0.00 0.00 0.00 1.21 0.81 0.00 Yes No Yes Yes Yes
Lake Church l .. .... .... ..... ..... Sucker Creek 0.00 0.00 0.00 0.00 0.00 0.00 0.70 0.45 0.00 Yes No Yes Yes Yes
Lake Church' ....... .......... Lake Michigan N/A N/A N/A N/A N/A N/A 0.70 0.45 N/A Yes No No No Yes
Lake Church-Belgium' .............. Sucker Creek 0.00 0.00 0.00 0.00 0.00 0.00 1.21 0.81 0.00 Yes No Yes Yes Yes
Lake Church-Belgium5 .......... Lake Michigan N/A N/A N/A N/A N/A N/A 1.21 0.81 N/A Yes No No No Yes
Port Washington ............ Lake Michigan N/A N/A N/A N/A N/A N/A 4.02 2.60 N/A Yes Yes No No Yes

I
I
I
I
I

NOTE: N/A indicates not applicable.

ICorresponds to Belgium-Lake Church alternative plan lA.
2Corresponds to Belgium-Lake Church alternative plan lB.
Source: SEWRPC.

'Corresponds to Belgium-Lake Church alternative plan 2A.
'Corresponds to Belgium-Lake Church alternative plan 2B.
'Corresponds to Belgium-Lake Church alternative plan 2C.

Table 128
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SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE PORT WASHINGTON SEWER SERVICE AREA

SAUK CREEK SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served I Population Treatment Levels Plan Preparation Annual Averages)

Port Washington Port Washington 12,400 Secondary Activated Sludge CBOO 5 Discharge: 15 mg/I
(2.60 MGD) Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 71.
Source: SEWRPC.
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second basic alternative
of only one sewage treat
the Belgium- Lake Church
Under alternative plan 2A

SEWRPC.
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SEWAGE TREATMEHT FACILITIES
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Source:

As noted above, the
involves the provision
ment facility to serve
sewer service areas.

In 1970 the City of Port Washington provided only pri·
mary waste tre'atment, with discharge of the treated
effluent directly to Lake Michigan within the harbor
area. The proposed plan for Port Washington includes
construction of additional treatllent facilities to
provide not only pri.ary treatllent, but also secondary
treatment. advanced treatllent for phosphorus re.oval,
and auxiliary treatment for disinfection. In addition,
it is proposed that a new outfall sewer be constructed
to carry the sewage effluent farther out into Lake
Michigan south of the harbor area. The total estimated
1990 average hydraulic design capacity of the plant is
2.6 mgd. It should be noted that the City of Port
Washington completed during 1973 COnstruction of addi
tional sewage treatment facilities to provide the rec
ommended secondary, advanced, and auxil iary treatment
levels for a plant design capacity of 1.25 mild.

.
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SEWEA SEAVICE AAEAS

PROPOSED SANITARV SEWERAGE SYSTEM PLAN
FOR THE PORT WASHINGTON SEWER SERVICE AREA

SAUK CREEK SUBREGIONAL AREA
1990

Ma p 71

t

SEWRPC.

,

Three distinct sewer service analysis areas were
identified within the Sauk Creek subregional
area. These areas include the Village of Belgium;
urban development in the Town of Belgium, includ
ing the unincorporated village of Lake Church,
nearby Lake Michigan shoreline development, and
the Harrington Beach State Park; and the City of
Port Washington. Centralized sanitary sewer ser
vice was provided in 1970 in the Village of
Belgium and the City of Port Washington, with the
lake Church area of the Village of Belgium under
orders in 1970 from the Wisconsin Oepartment
of Natural Resources to provide such service.
Analyses conducted under the regional sewerage
study indicated that signi ficant interconnection
potential existed between the Belgium and lake
Church sewer service areas.

""\ -

SEWER SERVICE ANALYSIS AREAS
SAUK CREEK SUBREGIONAL AREA

Map 70

Source:
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Tab 1e 129

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE PORT WASHINGTON SEWER SERVICE AREA

SAUK CREEK SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970·2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Port Washington

Facilities (2.60 MGD) ......... ..................... ... ... . .............. $ 892,000 $ 999,300 $1,825,200 $2,824,500 $ 63,400 $115,800 $179,200
Outfall Sewer ............... .......... .. .. ................ 908,000 848,000 157,600 1,005,600 53,800 10,000 63,800
Land (3.8 Acres) ............ ........ ......... .... ........... ........... 19,000 14,000 -- 14,000 900 -- 900

Subtotal ............................ .... .......... ...... ........ ...... $1,819,000 $1,861,300 $1,982,800 $3,844,100 $118,100 $125,800 $243,900
Trunk Sewers--None

Total. ................................ .......... $1,819,000 $1,861,300 $1,982,800 $3,844,100 $118,100 $125,800 $243,900

Source: SEWRPC.
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the existing Belgium treatment facility would be
expanded to a capacity of O. 81 mgd and provide
treatment for sewage from the Belgium and Lake
Church sewer service areas. In order to meet
the established water use objectives for the Onion
River, this facility would have to provide secon
dary waste treatment, advanced waste treatment
for nitrification, and auxiliary waste treatment
for effluent aeration and disinfection. The total
estimated capital cost of carrying out alterna
tive plan 2A for the Belgium and Lake Church
sewer service areas, including the construction
of a trunk sewer to convey sewage from Lake
Church to Belgium, is about $1. 6 million, with an
equivalent annual cost of about $134, 000.

Under alternative plan 2B, all sewage from the
Belgium and Lake Church sewer service areas
would be treated at a new O. 81 mgd sewage treat
ment facility to be located at Lake Church on
Sucker Creek. In order to meet the established
water use objectives for Sucker Creek, this
facility would be required to provide secondary
waste treatment, advanced waste treatment for
nitrification, and auxiliary waste treatment for
effluent aeration and disinfection. The total esti
mated capital cost of carrying out alternative plan
2B for the Belgium and Lake Church sewer ser
vice areas, including a trunk sewer to convey
sewage from Belgium to Lake Church, is about
$1. 6 million, with an equivalent annual cost of
about $133,000.

Under alternative plan 2C, all sewage from the
Belgium and Lake Church sewer service areas
would be treated at a proposed new O. 81 mgd
sewage treatment facility to be located near the
Lake Michigan shoreline in the Lake Church sewer
service area. This facility would discharge its
effluent directly to Lake Michigan through an
outfall sewer extending 1,000 feet into the lake.
This facility would be required to provide secon
dary waste treatment and auxiliary waste treat
ment for effluent disinfection. The total estimated
capital cost of carrying out alternative plan 2C
for the Belgium and Lake Church sewer service
areas, including a trunk sewer to convey sewage
from Belgium to Lake Church and a Lake Michigan
outfall sewer, is about $2.0 million, with an equiv
alent annual cost of about $148, 000.

Between the two basic alternatives considered
for the Belgium and Lake Church sewer ser
vice areas, the alternative of providing one new
centralized sewage treatment plant is more eco
nomical than the alternative that would provide for
two sewage treatment plants, no matter where the
Lake Church plant would be located, when viewed
on an equivalent annual cost basis. Between the
three subalternatives, each of which provides for
one single waste treatment facility, the first two
considered, which would provide for new sewage
treatment plants on the Onion River and Sucker
Creek, respectively, are somewhat less expen
sive than the Lake Michigan plant alternative,
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Tab 1 e 130

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE AREAS

SAUK CREEK SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standard~

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Qual ty
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN IA
Belgium (0.36 MGD) Belgium 1,600 Secondary Activated Sludge CBOD 5i Discharge: 15 mg/I

Advanced Nitrification NH ,·N Discharge: 1.5 mg!1
Auxiliary Effluent Aeration DO in Effluent 6 mg!1

Disinfection Fecal Coliform Concentration:
200/100 ml

Lake Church (0.45 MGD) Lake Church 700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(Sucker Creek) Advanced Nitrification NH 3·N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent 6 mg!1
Disinfection Fecal Coliform Concentration:

200/100 ml

ALTERNATIVE PLAN IB
Belgium (0.36 MGD) Belgium 1,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

Advanced Nitrification NH, ·N Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent 6 mg!1

Disinfection Fecal Coliform Concentration:
2001100 ml

Lake Church (0.45 MGD) Lake Church 700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(Lake Michigan) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

ALTERNATIVE PLAN 2A
Belgium (0.81 MGD) Belgium 2,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg!1

Lake Church Advanced Nitrification NHyN Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERNATIVE PLAN 2B
Lake Church (0.81 MGD) Belgium 2,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(Sucker Creek) Lake Church Advanced Nitrification NH, NDischarge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent 6 mg!1

Disinfection Fecal Coliform Concentration:
2001100 ml

ALTERNATIVE PLAN 2C
Lake Church (0.81 MGD) Belgium 2,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(Lake Michigan) Lake Church Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 71.
Source: SEWRPC.
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indicating that the capital cost of the outfall sewer
is greater than the capital cost of the additional
advanced waste treatment facilities and the addi
tional operation and maintenance costs required
to provide a higher level of waste treatment at
a plant on either the Onion River or Sucker Creek.
Alternative plan 2A has the added advantage of
using the existing Village of Belgium sewerage
system as a basis upon which to build the pro-
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posed areawide system to serve both sewer ser
vice areas.

Private Sewage Treatment Plants
Two private sewage treatment facilities currently
discharge wastes in the Sauk Creek subregional
area. These facilities serve the Krier Preserving
Company in the Town of Belgium and the Hiller
Cheese Company in the Town of Fredonia (see
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Table 131

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTE~l PLANS

FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE AREAS
SAUK CREEK SUBREGIONAL ARE~

Estimated Cost

Present Worth 11970·20201 Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1A
Sewage Treatment Plants
Belgium

Facilities (036 MGD) ... $ 714,800 $ 646,200 $338,900 $ 985,100 $ 41,000 $21,500 $ 62,500
Land (2.6 Acres) . 13,000 9,500 -- 9,500 600 -- 600

Subtotal. 727,800 655,700 33B,900 994,600 41,600 21,500 63,100
Lake Church (Sucker Creek)

Facilities (0.45 MGO) ............................. ................ 851,200 769,200 556,400 1,325,600 48,800 35,300 84,100
Land (2.7 Acres) . 13,000 9,500 -- 9,500 600 -- 600

Subtotal. 864,200 778,700 556,400 1,335,100 49,400 35,300 84,700
Subtotal - Sewage Treatment Plants ....................... 1,592,000 1,434,400 895,300 2,329,700 91,000 56,800 147,800

Trunk Sewers--None

Total. $1,592,000 $1,434,400 $895,300 $2,329,700 $ 91,000 $56,800 $147,800

ALTERNATIVE PLAN 1B
Sewage Treatment Plants
Belgium

Facilities (0.36 MGD) . $ 714,800 $ 646,200 $338,900 $ 985,100 $ 41,000 $21,500 $ 62,500
Land (2.6 Acres) . 13,000 9,500 -- 9,500 600 -- 600

Subtotal ... 727,800 655,700 338,900 994,600 41,600 21,500 63,100
Lake Church (Lake Michigan)

Facilities (0.45 MGO) . 578,500 523,300 430,300 953,600 33,200 27,300 60,500
Outfall Sewer ... 592,400 433,500 1,600 435,100 27,500 100 27,600
Land (2.7 Acres) ......................................................... 13,500 9,500 -- 9,500 600 -- 600

Subtotal. 1,184,400 966,300 431,900 1,398,200 61,300 27,400 88,700
Subtotal- Sewage Treatment Plants. 1,912,200 1,622,000 770,800 2,392,800 102,900 48,900 151,800

Trunk Sewers--None

Total. $1,912,200 $1,622,000 $770,800 $2,392,800 $102,900 $48,900 $151,800

ALTERNATIVE PLAN 2A
Sewage Treatment Plants
Belgium

Facilities (0.81 MGO) . $1,282,500 $1,158,500 $586,300 $1,744,800 $ 73,500 $37,200 $110,700
Land (3.1 Acres) . 15,500 11,000 -- 11,000 600 -- 600

Subtotal. 1,298,000 1,169,500 586,300 1,755,800 74,100 37,200 111,300
Trunk Sewers
Lake Church-Belgium. 287,800 230,100 122,900 353,000 14,600 7,800 22,400

Subtotal. 287,800 230,100 122,900 353,000 14,600 7,800 22,400

Total. $1,585,800 $1,399,600 $709,200 $2,108,800 $ 88,700 $45,000 $133,700

ALTERNATIVE PLAN 2B
Sewage Treatment Plants
Lake Church (Sucker Creek)

Facilities (0.81 MGD) ...... $1,282,500 $1,158,500 $586,300 $1,744,800 $ 73,500 $37,200 $110,700
Land (3.1 Acres) . 15,500 11,000 -- 11,000 600 -- 600

Subtotal .............................................................. .... 1,298,000 1,169,500 586,300 1,755,800 74,100 37,200 111,300
Trunk Sewers
Belgium-lake Church . 288,400 234,900 107,200 342,100 14,600 6,800 21,400

Subtotal. 288,400 234,900 107,200 342,100 14,600 6,800 21,400

Total. $1,586,400 $1,404,400 $693,500 $2,097,900 $ 88,700 $44,000 $132,700

ALTERNATIVE PLAN 2C
Sewage Treatment Plants
Lake Church (Lake Michigan)

$ 76,300Facilities (0.81 MGO) . $ 881,600 $ 796,000 $406,700 $1,202,700 $ 50,500 $25,800
Outfall Sewer ........ 595,700 436,600 1,600 438,200 27,200 100 27,800
Land (3.1 Acres) . 15,500 11,000 -- 11,000 600 -- 600

Subtotal .................................................................. 1,492,800 1,243,600 408,300 1,651,900 78,300 25,900 104,700
Trunk Sewers
Belgium-Lake Church .................................. 552,500 450,800 233,300 684,100 28,600 14,800 43,400

Subtotal. 552,500 450,800 233,300 684,100 28,600 14,800 43,400

Total. $2,045,300 $1,694,400 $641,600 $2,336,000 $106,900 $40,700 $148,100

Source: SEWRPC.
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The first alternative plan considered for the Belgillm and take Church sewer service areas proposes the establish-
ment of two sewage treatment facilities, one to serve the Belgium area and one to serve the lake Church area. Two
subalternatives were identified, differing only with respect to the location of the lake Church facility. The
aDove _ap illustrates the first $ubalternative--IA. The existing Belgiu_ sewage treatlllent facility would be
expanded and provide, in addition to secondary waste treatllent, advanced waste treatlllent for nitrification and
allxiliary .. aste treatment for effluent aeration and disinfection. A new lake Church sewage treatment facility
would be constructed on a site along Sucker Creek and would also provide secondary waste treatment, advanced waste
treatment for nitrification, and auxiliary waste treatment for effluent aeration and disinfection.

SouTce: SEWRPC.
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Map 73

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN
fOR THE BELGIUM AND LAKE CHURCN SEWER SERVICE

SAUK CREEK SUBREGIONAL AREA
1990
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The proposed sewerage facilities under alternative plan IB for the Belgium and Lake Church areas
shown on this map differ only slightly from the facilities shown on Map 72. Under this subalter

natiIJe plan, the Belgium faeil ity would be expanded as under the fj rst subalternatille, with the
location of the Lake Church sewage treatment facility changed to a site closer to the Lake Michigan
shoreline. An outfall sewer to discharge effluent into lake Michigan is also proposed under this
subalternative. The lake Church facility would need to Provide only secondary waste treatment and
auxil iary waste treatment for effluent disinfection.

Source:
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The second alternative plan for the Belgium and Lake Church sewer service areas provides for
a single sewage treatment facility to serve both areas. Three subalternatives were formulated.
As shown on this map, under subalternative plan 2A, the existing Belgium sewage treatment facil ity
would be expanded to provide sewage treatment to both the Belgium and Lake Church sewer service
areas. This facility would provide secondary waste treatment, advanced waste treatment for nitri
fication, and auxil iary waste treatment for effluent aeration and disinfection. The trunk sewer
system necessary to convey sewage from Lake Church to Belgium is shown on the above map.

Source:

494

I



I
I
I

FO R

Map 75

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN
THE BELGIUM AND LAKE CHURCH SEWER SERVICE

SAUK CREEK SUBREGIONAL AREA
1990
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Subalternative plan 28 for the Belgium and lake Church sewer service areas would provide for
a new treatment faci I ity at Lake Church on Sucker Creek together with abandonment of the exi st
ing Belgium sewage treatment facility. The Lake Church fadl ity would be required to provide
secondary waste treatment, advanced waste treatment for nitrification, and auxiliary waste
treatment for effluent aeration and disinfection. The trunk sewer system necessary to convey
sewage from Belgium to Lake Church is also shown on the above map.

Source: SElVRPC.
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Map 76

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2C
FOR THE BELGIUM AND LAKE CHURCH SEWER SERVICE AREAS

SAUK CREEK SUBREGIONAL AREA
1990

Subalternative plan 2C for the Belgium and lake Church sewer service areas differs hom plan 2B
only with respect to the location of the lake Church sewage treatment fac;l ity. Under subal ter
native plan 2C, the lake Church facility would be located near the lake Michigan shoreline and
would include an outfall sewer into lake Michigan. This treatment facil ity would be required to
provide only secondary waste treatment and auxil iary waste treatment for effluent disinfection.

Source: SEWRPC.
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Map 36). These two facilities should provide
a level of waste treatment adequate to meet the
water quality objectives and standards for the
Sauk Creek watershed and should be retained.
Should it become necessary at some future date
to expand the Krier Preserving Company facility,
consideration should be given to integrating this
facility with the proposed Belgium-Lake Church
facility, perhaps through a controlled feeding
system similar to that proposed for the Libby,
McNeill, & Libby canning plants located at both
the Village of Jackson and the City of Hartford.

KENOSHA-RACINE SUBREGIONAL AREA

The Kenosha-Racine subregional area consists of
all that area of Racine and Kenosha Counties lying
east of IH 94 except that portion within the Des
Plaines River watershed and, therefore, west of
the subcontinental divide. This subregional area
contains all of the Pike River watershed, a major
portion of the Root River watershed, and several
minor watersheds that drain directly to Lake
Michigan. The area is rapidly urbanizing and
includes the central cities of Kenosha and Racine;
the Villages of Sturtevant, Elmwood Park, Wind
Point, and North Bay; and the highly urbanized
Towns of Caledonia, Mt. Pleasant, Somers, and
Pleasant Prairie.

As noted in Chapter Vof this report, centralized
sanitary sewer service in the Kenosha-Racine
subregional area was provided by six individual
systems in 1970. These systems are the City of
Kenosha system, which in addition to serving the
city proper provides contract service to the Town
of Somers Sanitary District No. 1 and the Town
of Pleasant Prairie Sewer Utility Districts Nos.
1 and 2 and A, B, and C; the Town of Somers
Sanitary District No. 2 system; the Pleasant Park
Utility Company, Inc. system, a privately owned
sewer utility classified for planning purposes as
a centralized sanitary sewerage system in the
regional sewerage study; the City of Racine
system, which in addition to serving the city
proper provides contract servic~ to the Village of
North Bay, the Caledonia Sewer Utility District
No.1, and the Mt. Pleasant Sewer Utility District;
the Village of sturtevant system; and the North
Park Sanitary District system which serves the
Village of Wind Point and parts of the Town of
Caledonia, including contract service to the
Crestview Sanitary District in the Town of Cale
donia. Together the service areas of these six
systems comprised an area of about 46 square

miles and served an estimated population of about
209,000 persons. In 1970 there were about 18,200
persons residing in the subregional area not
served by centralized sanitary sewerage facili
ties. Specific population, service area, and related
characteristics of the six existing systems are
presented in Chapter V of this report.

Previously adopted areawide plan recommenda
tions relating to water quality management and
to the provision of centralized sanitary sewer
service apply to major portions of the Kenosha
Racine subregional area. More specifically, the
Root River watershed plan, as prepared and
adopted by the Commission in 1966, recommended
that, with respect to urban development in the
Root River watershed portion of the Kenosha
Racine subregional area, centralized sanitary
sewer service be extended from the existing City
of Racine system to serve the entire anticipated
1990 urban development area. In addition, the
Root River watershed plan recommended that the
private sewage treatment facility serving the
Franks Pure Food Company in the Towns of Cale
donia and Mt. Pleasant be abandoned and the
Company connected to the centralized sanitary
sewerage system operated by the City of Racine
and the Town of Caledonia Sewer Utility District
No. 1.10 With respect to the Kenosha portion of
the Kenosha-Racine subregional area, the Com
mission prepared in 1967, and adopted in 1972,
a comprehensive plan for the Kenosha Planning
District.ll This comprehensive plan included
a recommendation that the entire anticipated 1990
urban area within the Kenosha Planning Dis
trict be served through aDpropriate extensions of
the existing City of Kenosha sanitary sewerage
system. Under this plan recommendation, the
existing sewage treatment facilities operated by
the Town of Somers Sanitary District No. 2 and
the Pleasant Park Utility Company, Inc. would
be abandoned and their tributary service areas
connected to the expanded centralized sewer ser
vice system. Similarly, the plan recommended
that the private sewage treatment facilities serv
ing the American Motors Truck Service Garage in
the Town of Somers and the Sienadale Mother
house in the Town of Pleasant Prairie be aban-

10 See SEWRPC Planning Report No.9, A Comprehensive

Plan for the Root River Watershed.

l1 See SEWRPC Planning Report No. 10, A Comprehensive

Plan for the Kenosha Planning District.
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Table 132

doned and connected to the Kenosha system as
truck sewer service became available. It is
important to note that the foregoing sewerage
system recommendations contained in both the
Root River and Kenosha Planning District com
prehensive plans have been not only adopted by
key local units o~ government, but these units of
government have set in motion a series of plan
implementation actions designed to carry out the
plan recommendations.

In a planning effort concurrent with the regional
sanitary sewerage system planning program, the
Regional Planning Commission was requested by
Racine County, acting on behalf of several local
units of government in the Racine portion of the
Kenosha-Racine subregional area, to prepare
a comprehensive plan for the Racine Urban Plan
ning District. This plan was to have as a major
component a sanitary sewerage system element.
While it was initially intended to confine the geo
graphical scope of the investigation in the Racine
Urban Planning District to the area encompassed
by the District, several factors intervened during
the cour~e of conducting the District planning
program that dictated the need to expand the
geographic scope of the sewerage system investi
gations to include, as a unit, the entire Kenosha
Racine subregional area. These factors included
the interconnection planning requirements set
forth by the Wisconsin Department of Natural
Resources and the U. S. Environmental Protec
tion Agency, and a local proposal by the Town of
Mt. Pleasant to construct a major new sewage

treatment plant on the Pike River, which proposal •
included the ultimate provision of sanitary sewer
service to a portion of the Town of Somers and
thus conflicted with the sewerage system plan
recommendations contained in the adopted Kenosha
Planning District plan. For these reasons it
became necessary to reopen the question of sew
erage system extensions in the Kenosha Planning
District and consider the Kenosha and Racine
Planning Districts as a single planning unit under
the regional sanitary sewerage system planning
program. The analyses conducted under this pro
gram and presented below were first presented as
an integral part of the comprehensive plan for the
Racine Urban Planning District. The alternative
plan analyses presented hereinafter are identical
to those included in the planning report docu
menting the findings and recommendations of the
comprehensive planning program of the Racine
Urban Planning District.12

Sewer Service Analysis Areas
A total of nine sewer service analysis areas
may be identified within the Kenosha-Racine
subregional area (see Table 132). The delineation
of these analysis areas was based upon considera-

12See SEWRPC Planning Report No. 14, A Comprehensive

Plan for the Racine Urban Planning District, Volume 2,

The Recommended Comprehensive Plan. It should be noted

that the cost estimates for alternative plans 1 and 3

as shown in this report differ slightly from those

set forth in SEWRPC Planning Report No. 14 due to

the erroneous inclusion of certain trunk sewer

improvements in the cost tables set forth in the

latter report.
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SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS

IN THE KENOSHA-RACINE SUBREGIONAL AREA

I 970 an d 1990

Existing 1970 Planned 1990
Unserved

Sewer Service Analysis Areal Area
Average Population Average

Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served P~Ulation Loading

Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) erved (MGD)

A Racine ." ............. 1744 104,700 19.53 200 20.78 125,400 26.5
B Crestview-North Park . 2.84 7,800 146 800 9.28 15,600 3.0
C Caledonia . 245 2,400 045 2,000 17.Q3 30.200 6.5
D Sturtevant-Mount Pleasant. 1.64 4,100 0.77 3,500 12.07 41.000 11.5
E Sanders Park. 1.05 2,900 0.54 200 2.36 5,100 1.0
F Kenosha 1828 85,500 15.97 2.600 23.97 137.500 27.0
G Parkside 1.61 100 0.02 500 3.18 4,200 1.0
H Somers. 0.26 500 0.09 1,400 13.88 16,200 3.5
I Carol Beach 0.54 ·1,400 0.26 3,000 10.31 22,500 4.7

Total. 46.11 209,400 39.09 14,200 112.86 400,700 84.7

lSee Map 77.

Source: SEWRPC.

498

I
I
I
I
I
I
I



I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

tion of both the existing sanitary sewer service
areas and the natural drainage areas in both
the Kenosha and Racine Planning Districts. As
rational sewerage system planning areas, these
subareas do not necessarily correspond directly
to the existing civil division or special purpose
districts boundaries, and should not be confused
with such legal entities as discussed in the sew
erage system inventories presented in Chapter V
of this report. These nine sewer service analysis
areas are shown on Map 77 and may be described
as follows:

1. Area A-This area consists of the City
of Racine, the Villages of Elmwood Park
and North Bay, and contiguous urban de
velopment in the Towns of Caledonia and
Mt. Pleasant. In 1970, sanitary sewer
service was provided in this area to about
17.4 square miles, having a total popu
lation of nearly 105,000 persons. By 1990
the total area anticipated to be served
approximates 21 square miles, with a
projected population of about 125,400 per
sons. This subarea is referenced as the
"Racine" sewer service area in the ensuing
discussion.

2. Area B-This area consists of the Village
of Wind Point and a major portion of the
Town of Caledonia, and includes the exist
ing Crestview and North Park Sanitary
Districts. In 1970, sanitary sewer service
was provided in this area to about 2. 8
square miles, having a total population of
about 7,800 persons. By 1990 the total
area anticipated to be served approximates
9.3 square miles, with a projected popula
tion of about 15,600 persons. This subarea
is referenced as the "Crestview-North
Park" sewer service area in the ensuing
discussion.

3. Area C-This area consists of a major
portion of the Town of Caledonia generally
lying within the Root River watershed, and
includes the Caledonia Sewer Utility Dis
trict No. 1. In 1970, sanitary sewer ser
vice was provided in this area to about
2.5 square miles, having a total popula
tion of about 2,400 persons. By 1990
the total area anticipated to be served
approximates 17 square miles, with a
projected population of about 30,200 per
sons. This subarea is referenced as the

"Caledonia" sewer service area in the
ensuing discussion.

4. Area D-This area consists of the Village
of Sturtevant and a major portion of the
Town of Mt. Pleasant in the Pike River
watershed. In 1970, sanitary sewer ser
vice was provided in this area to about
1. 6 square miles, having a total popula
tion of about 4,100 persons. By 1990
the total area anticipated to be served
approximates 12 square miles, with a
projected population of about 44, 000 per
sons. This subarea is referenced as the
"Sturtevant-Mt. Pleasant" sewer service
area in the ensuing discussion.

5. Area E-This area consists of a small
portion of the City of Racine and a portion
of the Town of Mt. Pleasant lying in the
Sorenson Creek subwatershed of the Pike
River watershed. In 1970, sanitary sewer
service was provided in this area to about
one square mile, having a total popula
tion of about 2,900 persons. By 1990
the total area anticipated to be served
approximates 2.4 square miles, with a
projected population of about 5,100 per
sons. This subarea is referenced as the
"Sanders Park" sewer service area in the
ensuing discussion.

6. Area F-This area consists of all of the
City of Kenosha and portions of the Towns
of Pleasant Prairie and Somers, including
the Town of Somers Sanitary District No. 1
and the Town of Pleasant Prairie Sewer
Utility Districts Nos. 1 and 2 and A, B,
and C. In 1970, sanitary sewer service
was provided in this area to about 18.3
square miles, having a total population of
about 85,500 persons. By 1990 the total
area anticipated to be served approximates
24 square miles, with a projected popula
tion of nearly 137,500 persons. This sub
area is referenced as the "Kenosha" sewer
service area in the ensuing discussion.

7. Area G-This area includes the easterly
portion of the Pike River watershed in the
Town of Somers, including the University
of Wisconsin-Parkside campus. In 1970,
sanitary sewer service was provided in
this area to about 1. 6 square miles, having
a total resident population of about 100
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Map 77

The contiguity of the Kenosha-Racine .etropol itan areas,
together with the surface water drainage and urban land use
development patterns in these areas, necessl tated the con
sideration of these two areas as a single unit for sanitary
sewerage system planning purposes. Mine Individual sewer
service analysis areas within the Kenosha-Racine subregion
were identified. The del ineation of these areas was based
upon the consideration of existing sanitary sewer service
areas and of the natural drainage areas in both the Kenosha
and Racine urban planning districts. By 1990 it is antici
pated that centralized sanitary sewer service will be
extended throughout all of the nine areas, serving an
anticipated resident population of about 11-00,000 persons.
Five individual alternative sanitary sewerage system plans
were prepared to provide such service, which alternatives
are shown on the ensuing five maps in this report.
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persons. By 1990 the total area anticipated
to be served approximates 3.2 square
miles with a projected resident population
of about 4,200 persons. This subarea is
referenced as the "Parkside" sewer ser
vice area in the ensuing discussion.

8. Area H-This area consists of the westerly
portion of the Pike River watershed in the
Towns of Somers and Pleasant Prairie. In
1970, sanitary sewer service was provided
in this area to about O. 3 square mile,
having a total population of about 500 per
sons. By 1990 the total area anticipated
to be served approximates 13. 9 square
miles, with a projected population of about
16,200 persons. This subarea is refer
enced as the "Somers" sewer service area
in the ensuing discussion.

9. Area I-This area consists of a major por
tion of the Town of Pleasant Prairie along
the Lake Michigan shoreline. In 1970,
sanitary sewer service was provided in
this area to about 0.5 square mile, having
a total population of about 1,400 persons.
By 1990 the total area anticipated to be
served approximates 10.3 square miles,
with a projected population of about 22,500
persons. This subarea is referenced as
the "Carol Beach" sewer service area in
the ensuing discussion.

Alternative plans
Since all of the nine foregoing sewer service
analysis areas are contiguous, the interconnection
criteria established by the Wisconsin Department
of Natural Resources are not applicable, it being
assumed that, because of contiguity, detailed
interconnection analyses are required. Out of the
many potential alternative sanitary sewerage sys
tem plans for the Kenosha-Racine subregional
area, five basic alternatives were selected for
economic analysis. These five alternatives were
selected based upon considerations relating to
existing sanitary sewerage systems, existing and
committed patterns of contract sewer service, and
county boundaries. In three of the alternatives
considered, centralized sanitary sewer service to
the entire subregional area would be provided by
two major sewage treatment facilities. In a fourth
alternative, an additional major facility would be
added to serve urban development in the Pike
River watershed. Finally, in a fifth alternative,
an additional facility would be added to serve
the northeast portion of the Racine Urban Plan
ning District.

Each of the five alternative sanitary sewerage
system plan elements is described in the following
paragraphs. Data pertaining to required treat
ment levels at each of the municipal treatment
plant sites considered in these alternative plans
are presented in Table 133.

Table 133

REQUIRED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANT SITES

IN THE KENOSHA-RACINE SUBREGIDNAL AREA

Stream Low Flow and Dilution Ratio Data

Dilution
Upstream Ratio
Sewage Total Total (Ratio

7-Day, Treatment Design Design 01 Design Level 01 Treatment Required
Low FlowlO-Year Plant Low Sewa~e to Design Advanced Auxiliary

Sewage Treatment Receiving Low Flow Flow-1990 Flow-1990 Flow-l 90 Sewage Phosphorus Nitri- Effluent Disin-
Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990) Secondary Removal Iication Aeration lection

Racine! Lake Michigan N/A N/A N/A N/A N/A N/A 82.04 53.00 N/A Yes Yes No No Yes
Racine' Lake Michigan N/A N/A N/A N/A N/A N/A 75.08 48.50 N/A Yes Yes No No Yes
Racine' Lake Michigan N/A N/A N/A N/A N/A N/A 57.28 37.00 N/A Yes Yes No No Yes
Racine' Lake Michigan N/A N/A N/A N/A N/A N/A 52.63 34.00 N/A Yes Yes No No Yes
Kenosha 5 ....... Lake Michigan N/A N/A N/A N/A N/A N/A 73.84 47.70 N/A Yes Yes No No Yes
Kenosha' Lake Michigan N/A N/A N/A N/A N/A N/A 56.04 36.20 N/A Yes Yes No No Yes
Kenosha' Lake Michigan N/A N/A N/A N/A N/A N/A 5062 32.70 N/A Yes Yes No No Yes
Kenosha' Lake Michigan N/A N/A N/A N/A N/A N/A 4907 31.70 N/A Yes Yes No No Yes
Pike River' . Pike River 0.00 0.00 0.00 0.00 0.00 0.00 23.22 15.00 0.00 Yes Yes Yes Yes Yes
North Park' . Lake Michigan N/A N/A N/A N/A N/A N/A 4.64 3.00 N/A Yes Yes No No Yes

I
I
I
I
I
I
I
I

NOTE: N/A indicates not applicable.
'Corresponds to alternative plan 1.
2Corresponds to alternative plan 3.
'Corresponds to alternative plans 2. and 4.
Source: SEWRPC.

'Corresponds to alternative plan 5.
'Corresponds to alternative plan 2
'Corresponds to alternative plans 4 and 5.
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Alternative Plan 1: The first alternative sanitary
sewerage system plan considered for the Kenosha
Racine subregional area would provide for the
expansion of the existing City of Racine and City
of Kenosha sewage treatment facilities in order
to provide sanitary sewer service to the entire
subregional area. Under this alternative, the
Caledonia, Crestview-North Park, Racine, Sturte
vant-Mt. Pleasant, Sanders Park, Somers, and
Parkside sewer service areas would be served
by the Racine sewage treatment facility. The
remaining area, consisting of the Kenosha and
Carol Beach sewer service areas, would be served
by the Kenosha sewage treatment facility (see
Map 78). In accordance with federal Lake Michi
gan Enforcement Conference recommendations
pertaining to the discharge of sewage effluent into
Lake Michigan, both the Racine and Kenosha
sewage treatment facilities would be required to
provide secondary waste treatment, advanced
waste treatment for phosphorus removal, and
auxiliary waste treatment for effluent disinfection.
Required sewage treatment levels and performance
standards for the Kenosha and Racine sewage
treatment facilities under this alternative are set
forth in Table 134. Under this alternative, the
existing public sewage treatment facilities at
North Park, Sturtevant, and Somers would all be
ultimately abandoned, as would the existing treat
ment facility operated by the Pleasant Park Utility
Company, Inc.

Facilities needed for this alternative sanitary
sewerage system plan include the expansion of the
existing Racine sewage treatment facility from its
current average hydraulic design capacity of
23 mgd to a proposed 1990 average hydraulic
design capacity of 53 mgd, and the expansion of
the existing Kenosha sewage treatment facility
from its current average hydraulic design capacity
of 18 mgd to a proposed 1990 average hydraulic
design capacity of 31. 7 mgd. Major improvements
to existing trunk sewers would be required in the
Crestview-North Park and Caledonia sewer ser
vice areas. Finally, major new trunk sewers
would be required to connect the Caledonia,
Crestview-North Park, Sturtevant-Mt. Pleasant,
Sanders Park, Somers, and Parkside sewer ser
vice areas to the Racine sewage treatment facility
and the Carol Beach sewer service area to the
Kenosha sewage treatment facility. The location
of these major trunk sewer improvements and
additions is shown on Map 78.
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The total estimated capital cost of carrying alter
native plan 1 for the Kenosha-Racine subregional
area is about $35 million, with an equivalent
alIDual cost of abOut $4. 7 million. Detailed cost
estimates for this alternative plan are presented
in Table 135.

Alternative Plan 2: The second alternative sani
tary sewerage system plan considered for the
Kenosha-Racine subregional area would, like
alternative plan 1, provide for the expansion of
the existing City of Racine and City of Kenosha
sewage treatment facilities in order to provide
sanitary sewer service for the entire subregional
area. Under this second alternative, the Cale
donia, Crestview-North Park, Racine, and Sanders
Park sewer service areas would be served by
the Racine s'2"mge treatment facility. The remain
ing area, including the Kenosha, Sturtevant-Mt.
Pleasant, Somers, Parkside, and Carol Beach
sewer service areas, would be served by the
Kenosha sewage treatment facility (see Map 79).
In accordance with federal Lake Michigan Enforce
ment Conference recommendations pertaining to
the discharge of sewage effluent to Lake Michigan,
both the Kenosha and Racine sewage treatment
plants would be required to provide secondary
waste treatment, advanced waste treatment for
phosphorus removal, and auxiliary waste treat
ment for effluent disinfection. Required treatment
levels and performance standards for the Kenosha
and Racine sewage treatment facilities under this
alternative are set forth in Table 134. Under this
alternative, the existing public sewage treatment
facilities at North Park, Sturtevant, and Somers
would be ultimately abandoned, as would the pri
vate sewage treatment facility operated by the
Pleasant Park Utility Company, Inc.

The facilities needed for this alternative sanitary
sewerage system plan include the expansion of the
existing Racine sewage treatment facility from
its current average hydraulic design capacity of
2::' mgd to a proposed 1990 average hydraulic
design capacity of 37 mgd, and the expansion of
the existing Kenosha sewage treatment facility
from its current average hydraulic design capacity
of 18 mgd to a proposed 1990 average hydraulic
design capacity of 47. 7 mgd. In addition, major
improvements to existing trunk sewers would be
required in the Crestview-North Park, Caledonia,
and Racine sewer service areas. Finally, major
new trunk sewers would be required to connect the
Caledonia, Crestview-North Park, and Sanders
Park sewer service areas to the Racine sewage

I
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Under the fi rst al ternative pI an considered for the
Kenosha-Racine area, theexisting Racine and Kenosha
sewage treatment plants would be expanded to pro
vide sanitary sewer service to the entire 1990
urban area, with the Racine treatment facil i ty
serving not onl y al I of the area within Racine
County but additional areas in the Town of Somers,
Kenosha County. Major new trunk sewers needed to'
provide such service are shown on this map. lmple~

mentation of this alternative would enable the
abandonment of the existing Horth Park and Sturte~

vant sewage treatment facilities in the Racine area
and the Somers and Pleasant Park Util ity Company
treatment facilities in the Kenosha area.

Source:

Map 78
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Table 131+

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

KENOSHA-RACINE SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Pertormance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
Racine Racine 240,700 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

(530 MGDI Crestview-North Park Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICaledonia
Sturtevant-Mt. Pleasant Auxiliary Disinfection Fecal Coliform Concentration:
Sanders Park 200/100 ml
Parkside
Somers

Kenosha Kenosha 160,000 Secondary Activated Sludge CBOD, Discharge: 15 mg/I
(31.7 MGDJ Carol Beach Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERNATIVE PLAN 2
Racine Racine 176,300 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

(370 MGD) Crestview-North Park Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICaledonia
Sanders Park Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Kenosha Kenosha 224,400 Secondary Activated Sludge CBOO , Discharge: 15 mg/I

(47.7 MGD) Sturtevant-Mt. Pleasant Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/IParkside
Somers Auxiliary Disinfection Fecal Coliform Concentration:
Carol Beach 2001100 ml

~LTERN~TIVE PL~N 3
Racine Racine 220,300 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

(48.5 MGD) Crestview-North Park Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICaledonia
Sturtevant-Mt. Pleasant Auxiliary Disinfection Fecal Coliform Concentration:
Sanders Park 200/100 ml

Kenosha Kenosha 180,400 Secondary Activated Sludge CBOD, Discharge: 15 mg/I
(36.2 MGD) Parkside Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ISomers

Carol Beach Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

~LTERN~TIVE PL~N 4
Racine Racine 176,300 Secondary Activated Sludge CBOO 5 Discharge: 15 mg/I

(370 MGDI Crestview-North Park Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICaledonia
Sanders Park Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Kenosha Kenosha 164,200 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

(327 MGD) Parkside Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICarol Beach
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Pike River Sturtevant-Mt. Pleasant 60,200 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

(150 MGD) Somers Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERN~TIVE PLAN 5
Racine Racine 160,700 Secondary Activated Sludge CBOD; Discharge: 15 mg/I

(340 MGD) Caledonia Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ISanders Park
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Kenosha Kenosha 164,200 Secondary Activated Sludge CBOD , Discharge: 15 mg/I

(327 MOO) Parkside Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICarol Beach
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Pike River Sturtevant-Mt. Pleasant 60,200 Secondary Activated Sludge CBOD; Discharge: 15 mg/I

(150 MGD) Somers Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

2001100 ml
North Park Crestview-North Park 15,600 Secondary Activated Sludge CBOD; Discharge: 15 mg/I

(30 MGD)
Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 77.

Source: SEWRPC.
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Table 135

DETAILED COST ESTIMATES

ALTERN AT I VE SAN I TAR Y SEWERAG E SYSTEM PLAN

KENOSHA-RACINE SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Treatment Plants
Racine

Facilities (53.0 MGD) . ... ............................................... $12,430,000 $12,216,000 $24,226,000 $36,442,000 $ 775,000 $1,537,000 $2,312,000
Land (17 Acres) . ................ ................ ...... ......... 1,270,000 946,000 -- 946,000 60,000 -- 60,000

Subtotal. .............................. ..... ... .... 13,700,000 13,162,000 24,226,000 37,388,000 835,000 1,537,000 2,372,000
Kenosha

Facilities (31.7 MGD) .................. .... ....... 2,940,000 4,272,000 16,345,000 20,617,000 271,000 1,037,000 1,308,000
Land (10 Acres) . .................. , ........... ... ................ 100,000 71,000 -- 71,000 4,500 -- 4,500

Subtotal. . ................. .... ...... ..... ...... 3,040,000 4,343,000 16,345,000 20,688,000 275,500 1,037,000 1,312,500
Subtotal- Treatment Facilities ....... ........... 16,740,000 17,505,000 40,571,000 58,076,000 1,110,500 2,574,000 3,684,500

Trunk Sewer Improvements
Caledonia ............. . ........... 965,000 867,000 594,000 1,461,000 55,000. 37,700 92,700
Crestview-No;ih P;i;k·.·· ..... .................. ... ..... .......... .... 747,000 646,000 473,000 1,119,000 41,000 30,000 71,000

Subtotal - Trynk Sewer Improvements .... .... 1,712,000 1,513,000 1,067,000. 2,580,000 96,000 67,700 163,700
New Trunk Sewers

Caledonia ........ ...... ...... 983,000 772,000 142,000 914,000 49,000 9,000 58,000
Sturtevant-Mt. Pleasant,"i;anders Park, Somers, and

Parkside to Racine .............................. ...................... 9,695,000 7,156,000 878,000 8,034,000 454,000 55,700 509,700
Caledonia and Crestview-North Park to Racine 5,104,000 4,461,000 205,000 4,666,000 283,000 13,000 296,000
Carol Beach to Kenosha . ............. .... .......................... , ... 729,000 536,000 11,000 547,000 34,000 700 34,700

Subtotal - New Trunk Sewers. 16,511,000 12,925,000 1,236,000 14,161,000 820,000 78,400 898,400

Total. .. , ................. ............. $34,963,000 $31,943,000 $42,874,000 $74,817,000 $2,026,500 $2,720,100 $4,746,600

I
I

I
I
I
I
I
I
I

Source: SEWRPC.

treatment facility and the sturtevant-Mt. Pleasant,
Somers, Parkside , and Carol Beach sewer ser
vice areas to the Kenosha Sewage treatment
facility. The location of these major new trunk
sewers and additions is shown on Map 79.

The total estimated capital cost of carrying out
alternative plan 2 for the Kenosha-Racine sub
regional area is about $37. 5 million, with an
equivalent annual cost of about $4. 9 million.
Detailed cost· estimates for this alternative plan
are presented in Table 136.

Alternative Plan 3: The third alternative sanitary
sewerage system plan considered for the Kenosha
Racine subregional area would, like the first and
second alternatives, provide for the expansion of
the existing City of Racine and City of Kenosha
sewage treatment facilities in order to provide
sanitary sewer service for the entire subre
gional area. Under this alternative, the Cale
donia, Crestview-North Park, Racine, Sturtevant
Mt. Pleasant, and Sanders Park sewer service
areas would be served by the Racine sewage
treatment facility. The remaining area, including
the Kenosha, Somers, Parkside, and Carol Beach
sewer service areas, would be served by the
Kenosha sewage treatment facility (see Map 80).

In accordance with federal Lake Michigan Enforce
ment Conference requirements pertaining to the
discharge of sewage effluent to Lake Michigan,
the Kenosha and Racine sewage treatment facili
ties would be required to provide secondary waste
treatment, advanced waste treatment for phos
phorus removal, and auxiliary waste treatment
for effluent disinfection. Required sewage treat
ment levels and performance standards for the
Kenosha and Racine sewage treatment facilities
under this alternative are set forth in Table 134.
Under this alternative, the existing public sewage

/
treatment facilities at North Park, Sturtevant, and
Somers would be ultimately abandoned, as would
the existing treatment facility operated by the
Pleasant Park utility Company, Inc.

The facilities needed for this alternative sanitary
sewerage system plan include the expansion of the
existing City of Racine sewage treatment facility
from its current average hydraulic design capacity
of 23 mgd to a proposed 1990 average hydraulic
design capacity of 48. 5 mgd, and the expansion of
the existing City of Kenosha sewage treatment
facility from its existing average hydraulic design
capacity of 18 mgd to a proposed 1990 average
hydraulic design capacity of 36.2 mgd. In addition,
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Under the second alternative plan considered for
the Kenosha-Racine subregional area, sewage treat
ment would be provided at expanded Kenosha and
Racine sewage treatment facil ities, with the Kenosha
facility serving not only all of the area in Kenosha
County but a1 so the Sturtevant and Mt. PI easant
areas in Racine County. The major new trunk sewers
needed to effect the provision of such service are
shown on this map. Implementation of this alterna
tive would, 1 ike the first alternative, enable
the ultimate abandonment of the Horth Park and
Sturtevant sewage treatment facilities in the
Racineareaand the Somers and Pleasant Park Utility
Company treatment facit dies in the Kenosha area.
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Table 136

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2

KENOSHA-RACINE SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Treatment Plants

Racine
Facilities (37.0 MGD) ......................................... ......... 0$ 8,100,000 $ 8,180,000 $18,315,000 $26,495,000 $ 519,000 $1,162,000 $1,681,000
Land (3.5 Acres) . . . ........................................ ........ 262,000 195,000 -- 195,000 12,400 -- 12,400

Subtotal 8,362,000 8,375,000 18,315,000 26,690,000 531,400 1,162,000 1,693,400
Kenosha

Facilities (47.7 MGD) 7,720,000 8,575,000 22,603,000 31,178,000 544,000 1,434,000 1,978,000
Land (26 Acres) 260,000 183,000 -- 183,000 11,600 -- 11,600

Subtotal · , ............ . . . . . . . . ......... ............ 7,980,000 8,758,000 22,603,000 31,361,000 555,600 1,434,000 1,989,600
Subtotal - Treatment Facilities. 16,342,000 17,133,000 40,918,000 58,051,000 1,087,000 2,596,000 3,683,000

Trunk Sewer Improvements

Caledonia · ......................... ........ 965,000 867,000 594,000 1,461,000 55,000 37,700 92,700
Crestview-North Park ..................................... .. ........ 747,000 646,000 473,000 1,119,000 41,000 30,000 7l.000
Racine. 500,000 487,000 252,000 739,000 31,000 16,000 47,000

Subtotal- Trunk Sewer Improvements .......... .. .. ... .... 2,212,000 2,000,000 1,319,000 3,319,000 127,000 83,700 210,700
New Trunk Sewers

Caledonia 983,000 772,000 142,000 914,000 49,000 9,000 58,000
Caledonia a~d crestvie;;,~NorthPark toRac(~e··.·· 5,104,000 4,461,000 205,000 4,666,000 283,000 13,000 296,000
Sturtevant-Mt. Pleasant, Sanders Park,

and Parkside to Kenosha ·................ ............................ 12,100,000 8,937,000 567,000 9,504,000 567,000 36,000 603,000
Carol Beach to Kenosha . 729,000 536,000 11,000 547,000 34,000 700 34,700

Subtotal ~ New Trunk Sewers .................... ................... 18,916,000 14,706,000 925,000 15,631,000 933,000 58,700 99l,700

Total ................................................... ............... $37,470,000 $33,839,000 $43,162,000 $77,001,000 $2,147,000 $2,738,400 $4,885AOO

I
I
I
I
I

I
I
I
I
I
I
I
I
I
I

Source: SEWRPG.

major improvements to existing trunk sewers
would be required in the Crestview-North Park
and Caledonia sewer service areas. Finally,
major new trunk sewers would be required to
connect the Caledonia, CreE~view-North Park,
Sturtevant-Mt. Pleasant, and Sanders Park sewer
service areas to the Racine sewage treatment
facility and the Somers, Parkside, and Carol
Beach sewer service areas to the Kenosha sewage
treatment facility. The location of the major new
trunk sewers and additions is shown on Map 80.

The total estimated capital cost of carrying out
alternative plan 3 for the Kenosha-Racine subre
gional area is estimated at about $37. 7 million,
with an equivalent annual cost of about $4. 9
million. Detailed cost estimates for this alterna
tive plan are presented in Table 137.

Alternative Plan 4: The fourth alternative sanitary
sewerage system plan considered for the Kenosha
Racine subregional area would provide for more
limited expansion of the existing City of Racine
and City of Kenosha sewage treatment facilities
combined with the construction of a new major
sewage treatment facility on the Pike River in the

Town of Somers. These three major sewage
treatment facilities would provide sanitary sewer
service to the entire subregional area. Under
this alternative, the Caledonia, Crestview-North
Park, Racine, and Sanders Park sewer service
areas would be served by the Racine sewage
treatment facility. The Parkside, Kenosha, and
Carol Beach sewer service areas would be served
by the Kenosha sewage treatment facility. The
Sturtevant-Mt. Pleasant and Somers sewer ser
vice areas would be served by the proposed new
Pike River sewage treatment plant in the Town of
Somers (see Map 81). In accordance with federal
Lake Michigan Enforcement Conference recom
mendations pertaining to the discharge of sewage
effluent to Lake Michigan, the Kenosha and Racine
sewage treatment facilities would be required
to provide secondary waste treatment, advanced
waste treatment for phosphorus removal, and
aUxiliary waste treatment for effluent disinfection.
In order to meet the established water use objec
tives for the Pike River, as well as carry out the
Lake Michigan Enforcement Conference recom
mendations, the proposed Pike River sewage
treatment plant would be required to provide
secondary waste treatment, advanced waste treat-
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facil ities. The Kenosha treatment hell it)' would, under this
alternative, serve onl)' the area within Kenosha Count)', with
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Table 137

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 3

KENOSHA-RACltlE SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Treatment Plants

Racine
Facilities (48.5 MGD) .......................... ..... ............ ...... $11,600,000 $11,806,000 $22,619,000 $34,425,000 $ 749,000 $1,435,000 $2,184,000
Land (13 Acres) ., .......... .... ... ............... .... 975,000 728,000 -- 728,000 46,200 -- 46,200

Subtotal ............... .............. ....................... .. ......... 12,575,000 12,534,000 22,619,000 35,153,000 795,200 1,435,000 2,230,200
Kenosha

Facilities (36.2 MGD) .... ,.... ........ ................... .. .......... 4,200,000 5,391,000 17,527,000 22,918,000 342,000 1,112,000 1,454,000
Land (14 Acres) ............ ....... ......... ............ ............. 140,000 99,000 -- 99,000 6,300 -- 6,300

Subtotal .................. .......... .. ....... , ............. ............ 4,340,000 5,490,000 17,527,000 23,017,000 348,300 1,112,000 1,460,300
Subtotal- Treatment Facilities ......... .......... ...... ............ 16,915,000 18,024,000 40,146,000 58,170,000 1,143,500 2,547,000 3,690,500

Trunk Sewer Improvements

Caledonia .................. ............ .. ........ .. .. .......... 965,000 867,000 594,000 1,461,000 55,000 37,700 92,700
Crestview-North Park ................. .. .................... .. .. .......... 747,000 646,000 473,000 1,119,000 41,000 30,000 71,000

Subtotal - Trunk Sewer Improvements ...... .................... 1,712,000 1,513,000 1,067,000 2,580,000 96,000 67,700 163,700
New Trunk Sewers

Caledonia .... .... .. ... ..... ....... 983,000 772,000 142,000 914,000 49,000 9,000 58,000
Caledonia arid C;esi~ii;~~NorthParkioRa·Cirie ............ ..... .......... 5,104,000 4,461,000 205,000 4,666,000 283,000 13,000 296,000
Carol Beach to Kenosha ................ ............. .. . 729,000 536,000 11,000 547.,000 34,000 700 34,700
Sturtevant-Mt. Pleasant, and San'ders Park

to Racine .............................. ............... ... ............ ..... 4,631,000 3,494,000 706,000 4,200,000 221,700 44,800 266,500
Somers and Parkside to Kenosha ... ...................... .. ... .... ..... 7,649,000 5,586,000 216,000 5,802,000 354,400 13,700 368,100

Subtotal - New Trunk Sewers ................ ................... 19,096,000 14,849,000 1,280,000 16,129,000 942,100 81,200 1,023,300

Total ....................... ..... ...................................... $37,723,000 $34,386,000 $42,493,000 $76,879,000 $2,181,600 $2,695,900 $4,877,500

Source: SEWRPC.

ment for nitrification and phosphorus removal,
and auxiliary waste treatment for effluent aeration
and disinfection.13 Required sewage treatment
levels and performance standards for the Keno
sha, Racine, and Pike River sewage treatment
facilities are set forth in Table 134. Under this
alternative, the existing public sewage treatment
facilities at North Park, Sturtevant, and Somers
would be ultimately abandoned, as would the sew
age treatment facility operated by the Pleasant
Park Utility Company, Inc.

13 It should be noted that this alternative plan, as
presented in SEWRPC Planning Report No. 14, A Compre

hensive Plan for the Racine Urban Planning District,

Volume 2, The Recommended Comprehensive Plan, called

for the auxiliary waste treatment of instream aeration

for the Pike River sewage treatment facility rather

than the auxiliary waste treatment of effluent aera

tion as recommended herein. This slight modification

in sewage treatment recommendations has been made

under the regional sanitary sewerage system planning

program since publication of the aforementioned

planning report. This modification does not affect

the costs nor the comparison of the five alterna

tives presented.

The facilities needed for this alternative sanitary
sewerage system plan include the expansion of the
existing Racine sewage treatment facility from
its current average hydraulic design capacity of
23 mgd to a proposed 1990 average hydraulic
design capacity of 37 mgd; the expansion of the
existing Kenosha sewage treatment facility from
its current average hydraulic design capacity of
18 mgd to a proposed 1990 average hydraulic
design capacity of 32.7 mgd; and the construc
tion of a new 15. 0 mgd sewage treatment facility
on the Pike River in the Town of Somers. In
addition, major improvements to existing trunk
sewers would be required in the Crestview-North
Park, Caledonia, and Racine sewer service areas.
Finally, major new trunk sewers would be required
to connect the Caledonia, Crestview-North Park,
and Sanders Park sewer service areas to the
Racine sewage treatment facility; the Parkside
and Carol Beach sewer service areas to the Keno
sha sewage treatment facility; and the Sturtevant
Mt. Pleasant and Somers sewer service areas to
the proposed Pike River sewage treatment facility.
The location of these new major trunk sewers and
additions is shown on Map 81.
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The total estimated capital cost of carrying out
alternative plan 4 for the Kenosha-Racine sub
regional area is about $40.4 million, with an
equivalent annual cost of about $5.3 million.
Detailed cost estimates for this alternative plan
are presented in Table 138.

Alternative Plan 5: The fifth alternative sanitary
sewerage system plan considered for the Kenosha
Racine subregional area would, like the fourth
alternative, provide for limited expansion of the
existing City of Racine and City of Kenosha sew
age treatment facilities combined with the con
struction of a new major sewage treatment facility
on the Pike River in the Town of Somers. In
addition, however, the existing North Park sewage
treatment plant would be retained and expanded as
a major sewage treatment facility. These four
major sewage treatment facilities, then, would
provide sanitary sewer service for the entire
subregional area. Under this alternative, the

Caledonia, Racine, and Sanders Park sewer ser
vice areas would be served by the Racine sewage
treatment plant. The Parkside, Kenosha, and
Carol Beach sewer service areas would be served
by the Kenosha sewage treatment facility. The
Sturtevant-Mt. Pleasant and Somers sewer ser
vice areas would be served by the proposed new
Pike River sewage treatment facility in the Town
of Somers. The Crestview-North Park sewer
service area would be served by an expanded
North Park sewage treatment facility (see Map
82) . In accordance with federal Lake Michigan
Enforcement Conference recommendations per
taining to the discharge of sewage effluent into
Lake Michigan, the Kenosha, Racine, and North
Park sewage treatment facilities would be required
to provide secondary waste treatment, advanced
waste treatment for phosphorus removal, and
auxiliary waste treatment for effluent disinfection.
In order to meet the established water use objec
tives for the Pike River, as well as carry out the

I
I
I
I
I
I
I
I
I
I
I

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN ~

KENOSHA-RACINE SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Treatment Plants
Racine

Facilities (37.0 MGD) . .......... ......................... ......... $ 8,100,000 $ 8,180,000 $18,315,000 $26,495,000 $ 519,000 $1,162.000 $1.681.000
Land (3.5 Acres) ............. ...... .. ..... ..... , .., ....., ., , ... 262.000 195.000 -- 195.000 12,400 -- 12.400

Subtotal . ...... ...... ...... .. ...... , ... ................. 8.362.000 8.375.000 18.315.000 26.690.000 531,400 1.162.000 1.693.400
Kenosha

Facilities (32.7 MGD) . .... ........ ...... ........... ................... 3.360.000 4.634.000 16,487.000 21.212.000 294.000 1.046.000 1.340.000
Land (10 Acres) . ...................... , ........... .. ............ 100.000 7l.000 -- 7l.00(1 4.500 -- 4.500

Subtotal ........................................... ...... ... ........... 3,460.000 4,705.000 16,487.000 21.283.000 298,500 1.046.000 1.344.500
Pike River

Facilities (15.0 MGD) . .... ................. ...... .. ............ 10.653.000 10.545.000 8.338.000 18.883.000 669.000 529.000 1.198.000
Land (15 Acres) . ...................... ..... ..................... " 30.000 20.000 -- 20.000 1,300 -- 1.300

Subtotal .. .... ...... .............. ........... . ..... ...... 10.683.000 10.565.000 8.338.000 18.903.000 670.300 529.000 1,199.300
Subtotal- Treatment Facilities ................. ......... ..... , .. ... 22.505.000 23.645.000 43.140.000 66.876.000 1.500.200 2.737.000 4.237.200

Trunk Sewer Improvements
Caledonia ..................... ......... ..... ...... 965.000 867.000 594.000 1,461.000 55.000 37.700 92,700
Crestview-Norih P~~k·.···· ........................... ......... ....... .... 747.000 646.000 473.000 1.119.000 41.000 30.000 71,000
Racine. ............... , ............. ......... ....... .... 500.000 487.000 252.000 739.000 31.000 16.000 47.000

Subtotal- Trunk Sewer Improvements ....... ......... .. .......... 2.212.000 2.000.000 1.319.000 3.319.000 127.000 83,700 210,700
New Trunk Sewers
Caledonia ............ ......................... 983.000 772.000 142.000 914.000 49.000 9.000 58.000
Sturtevant-Mt. Pleasant. and Somers to

New Pike River Plant .............. ....... ................ ...... ........ 4.988.000 4.256.000 47.000 4.303.000 270.000 3.000 273.000
Caledonia, Crestview-North Park, and

Sanders Park to Racine ....... ......... .. ............. ...... .......... 5.104.000 4,461.000 205.000 4.666.000 283.000 13.000 296.000
Carol Beach to Kenosha ...... ...... ................. .............. ........ 729.000 536.000 11.000 547.000 34.000 700 34.700
Parkside to Kenosha . ..... ........ .. ....... .... ..." ........ , ....... 3.867.500 2.834.000 22.100 2.856.100 179.800 1,400 181.200

Subtotal- New Trunk Sewers ...... ..... ........ .... .. ......... " 15.671.500 12.859.000 427.100 13.286.100 815.800 27.100 842.900

Total ..................... ..... ..... ......... ... ........ ........ " $40.388.500 $38.504.000 $44.886.100 $83,481.000 $2,443.000 $2.847.800 $5.290.800

Source: SEWRPC.
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The fifth alternative sanitar)' sewerage s)'stem plan consid
ered for the Kenosha-Racine sLJbregional area is similar to
the fOLJrth alternative inthat it provides for limited expan
sion of the exi ati ng Racine and Kenosha sewage treatment
facil ities and the construction of a new major sewage treat
tlent facilit)' on the Pike River in the Town of Somers. In
addition. this alternative proposes to expand the existing
Horth Park sewage treatment plant to serve as a major public
sewage treatment faeil ity. The trunk sewers necessar)' to
effect implementation ot this alternative plan are shown
on the above map. Three existing pub1 ic sewage treatment
facilities would be abandoned under this alternative: the
Sturtevant hcil ity in Racine County and the SOllers and
Pleasant Park Utility Coapany facilities in Kenosha Count)'.

Map 82
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Lake Michigan Enforcement Conference recom
mendations' the proposed Pike River sewage
treatment plant would be required to provide
secondary waste treatment, advanced waste treat
ment foc nitrification and phosphorus removal,
and auxiliary waste treatment for effluent aera
tion and disinfection. Required sewage treatment
levels and performance standards for the Keno
sha, Racine, Pike River, and North Park sewage
treatment facilities are set forth in Table 134.
Under this alternative, the existing public sewage
treatment facilities at Sturtevant and Somers
would be ultimately abandoned, as would be the
sewage treatment facility operated by the Pleasant
Park Utility Company, Inc.

The facilities needed for this alternative sanitary
sewerage system plan would include the expansion
of the existing Racine sewage treatment facility
from its current average hydraulic design capacity
of 23 mgd to a proposed 1990 average hydraulic
design capacity of 34 mgd; the expansion of the
existing Kenosha sewage treatment facility from
its current average hydraulic design capacity of
18 mgd to a proposed 1990 average hydraulic
design capacity of 32. 7 mgd; the construction of
a new 15. 0 mgd sewage treatment facility on the
Pike River in the Town of Somers; and the expan
sion of the existing North Park sewage treatment
facility from its current average hydraulic design
capacity of O. 9 mgd to a proposed 1990 average
hydraulic design capacity of 3.0 mgd, and the
extension of the outfall sewer from plant a dis
tance of at least 500 feet into the lake. In addi
tion, major improvements to the existing trunk
sewers would be required in the Crestview-North
Park, Caledonia, and Racine sewer service areas.
Finally, major new trunk sewers would be re
quired to connect the Caledonia and Sanders Park
sewer service areas to the Racine sewage treat
ment facility; the Parkside and Carol Beach sewer
service areas to the Kenosha sewage treatment
facility; and the Sturtevant-Mt. Pleasant and
Somers sewer service areas to the proposed Pike
River sewage treatment facility. The location of
these new major trunk sewers and additions is
shown on Map 82.

The total estimated capital cost of carrying out
alternative plan 5 for the Kenosha-Racine subre
gional area is about $39. 8 million, with an equiva
lent annual cost of about $5.4 million. Detailed
cost estimates for this alternative plan are pre
sented in Table 139.

Comparison of Alternatives: From a total annual
cost point of view, it is apparent that -the first
three alternatives presented, which alternatives
provide for two major sewage treatment facilities
in the Kenosha-Racine subregional area, are more
economical than the alternative plans 4 and 5,
which provide for additional sewage treatment
facilities on the Pike River and at the North
Park Sanitary District site, respectively. The
difference in cost between the lowest cost alter
native-alternative plan I-and the highest cost
alternative-alternative plan 5-is only about 11
percent, however, within the range of precision
with which the costs of each of these five alterna
tive plans can be estimated. It is important to
consider other factors of the alternative plans
presented, therefore, in order to provide a sound
basis for ultimately selecting the best alternative
to be included in the regional sanitary sewerage
system plan.

Alternative plans 1, 2, and 3 all have the advan
tage of relying heavily on the existing large
Racine and Kenosha sanitary sewerage systems
and all of the technical staff capabilities which
have been acquired over the years in the con
struction, operation, and maintenance of the sys
tems. The utilization of the Racine and Kenosha
sewage treatment plants to provide sanitary sewer
service for all of the proposed 1990 urban devel
opment area in the Kenosha-Racine subregional
area takes advantage of the economies of scale
inherent in the operation of large plants and
avoids needless duplication of staff and equipment.
In addition, concentration of water pollution abate
ment efforts at these two major facilities results
in allocating the costs involved in the provision of
costly advanced waste treatment facilities on a
larger areawide basis, with an attendant better
correlation between needs and available finan
cial resources.

Of the first three alternative plans-alternatives
which are all very similar in terms of total annual
cost-it is apparent that alternative plan 3 best
fits the long-established major utility system
patterns in the Kenosha and Racine Planning Dis
tricts, particularly because each of the two sys
tems proposed would be confined to a single
county. Thus, the Racine sewage treatment facil
ity would serve the entire Racine Urban Planning
District and the Kenosha sewage treatment facility
would serve the entire Kenosha Planning District.
This alternative also conforms to the recommen
dations contained in the adopted comprehensive
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Tabl e 139

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 5

KENOSHA-RACINE SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Treatm~nt Plants
Racine

Facilities (34.0 MGO) ................... ................. .... ............ $ 7,500,000 $ 7,771,000 $17,464,000 $25,235,000 $ 493,000 $1,108,000 $1,601,000

Subtotal ... .................... ............ ..... ...... .... 7,500,000 7,771,000 17,464,000 25,235,000 493,000 1,108,000 1,601,000

Kenosha
Facilities (32.7 MGD) ..... .............. .......... ... ........ .. ....... 3,360,000 4,634,000 16,487,000 21,121,000 294,000 1,046,000 1,349,000
Land (15 Acres) ... ·................. ................. ................ 100,000 71,000 -- 71,000 4,500 -- 4,500

Subtotal ............... ...... ........... ........ .... ...... 3,460,000 4,705,000 16,487,000 21,192,000 298,500 1,046,000 1,353,500

Pike River
Facilities (15.0 MGO) ·......... ...... ........... ....... ............ .... 10,653,000 10,545,000 8,338,000 18,883,000 669,000 529,000 1,198,000
Land (15 Acres) .... .................. .......... ................... 30,000 20,000 -- 20,000 1,300 -- 1,300

Subtotal ..................... .... ............. .............. ... 10,683,000 10,565,000 8,338,000 18,903,000 670,300 529,000 1,199,300

North Park
Facilities (3.0 MGO) .. ................. .. ..... ..... ........ ........ ... 1,404,000 1,419,000 2,475,000 3,894,000 90,000 157,000 247,000
Outfall Sewer ....... ............. .... ...................... .. ........... 244,400 179,700 1,600 181,300 11,400 100 11,500
Land (3 Acres) ....... ·.... , ....... .......... ............. ...... ......... 6,000 5,000 -- 5,000 300 -- 300

Subtotal ......... .............. ....... ,., .......... ...... .. ........... 1,654,400 1,603,700 2,476,600 4,080,300 101,700 157,100 258,800

Subtotal - Treatment Facilities ............... ............. .......... 23,297,400 24,644,700 44,765,600 69,410,300 1,563,500 2,840,100 4,412,600

Trunk Sewer Improvements
Caledonia .......................... .... .. ... ........ .. ...... 965,000 867,000 594,000 1,461,000 55,000 37,700 92,700
Crestview-North Pa rk ... ........... ........... .... ........... .. ... ........ 747,000 646,000 473,000 1,119,000 41,000 30,000 71,000
Racine. ................... ......... ............ .. .. ........... 500,000 487,000 252,000 739,000 31,000 16,000 47,000

Subtotal - Trunk Sewer Improvements ......... ........ .. .... .... 2,212,000 2,000,000 1,319,000 3,319,000 127,000 83,700 210,700

New Trunk Sewers
Caledonia and Sanders Park .......... ............................. 983,000 772,000 142,000 914,000 49,000 9,000 58,000
Sturtevant·Mt. Pleasant and Somers to

Pike River Plant .......... .. .......... ........... .......... ........ 4,988,000 4,256,000 47,000 4,303,000 270,000 3,000 273,000
Caledonia to Racine·:.:. ................ .................... 3,745,000 2,814,000 161,000 2,975,000 178,500 10,200 188,700
Carol Beach to Kenosha ·............ ...... .................................. 729,000 536,000 11,000 547,000 34,000 700 34,700
Parkside to Kenosha ... ................. ................... .. .. ............ 3,867,500 2,834,000 22,100 2,856,100 179,800 1,400 181,200

Subtotal - New Trunk Sewers .. .... , ........... ............. 14,312,500 11,212,000 383,100 11,595,100 711,300 24,300 735,600

Total .................. ............. ..................... $39,821,900 $37,856,700 $46,467,700 $84,324,400 $2,401,800 $2,948,100 $5,358,900

Source: SEWRPC.
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plan for the Kenosha Planning District. From the
standpoint of practicality of plan implementation,
therefore, alternative 3 is superior to either
alternative 1 or alternative 2, both of which
involve transmission of considerable amounts of
sewage across the Kenosha-Racine county line
through either the Kenosha or Racine sewage
treatment plants. In terms of establishing a
method of implementing the sanitary sewerage
system plan, it may be concluded that alternative 3
would lend itself more readily to the establish
ment of the needed institutional structure for plan
implementation than either alternative plans lor 2.

Alternative plans 4 or 5 are slightly more costly
than alternative plans 1, 2, and 3 and, in addition,
involve the establishment of bi-county sanitary
sewerage systems, which systems would not fit
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the established major utility system patterns in
the two planning districts. In addition, alternative
plans 4 and 5 involve the need to develop an
adequate teclmical staff at one additional sewage
treatment facility in the case of alternative plan 4,
and two additional sewage treatment facilities in
the case of alternative plan 5. Such staffs would
have to be highly trained and capable of adminis
tering sanitary sewerage systems at a larger
scale and at a higher level of treatment than is
currently being provided at the small sewage
treatment plants in the Kenosha-Racine subre
gional area and would, therefore, involve the
duplication of staff already being provided at the
Kenosha and Racine sewage treatment facilities.
Although the capital costs of alternative plans 1,
2, and 3 are higher than alternative plans 4 and 5,
these additional capital costs are more than offset
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in the long run through reduced operation and
maintenance costs at the larger treatment facili
ties included in alternative plans 1, 2, and 3.

Private Sewage Treatment Facilities
Five private sewage treatment facilities currently
discharge wastefl in the Kenosha-Racine subre
gional area. These are: the American Motors
Truck Service facility in the Town of Somers; the
Sienadale Motherhouse facility in the Town of
Pleasant Prairie; the Frank Pure Food Company
facility in the Towns of Caledonia and Mt. Pleas
ant; the st. Bonaventure Seminary facility in the
Town of Mt. FIeasant; and the J. r. Case Company
facility in the Town of Mt. Pleasant. All five
facilities lie within the proposed 1990 sewer ser
vice limits of the Kenosha-Racine subregional
area, and all but the J. r. Case Company facility
in the Town of Mt. Pleasant-which is a special
ized treatment facility constructed for the purpose
of treating foundry wastes, and which accordingly
should be retained-would be abandoned and con
nected tQ the centralized sanitary sewerage sys
tems in the Kenosha and Racine areas as trunk
sewer service becomes available.

Combined Sewer Overflow Abatement Plan
As discussed in Chapter V of this report, portions
of the Cities of Kenosha and Racine are served by
combined sewer systems. In 1970, the area
served by such combined systems in the City of
Kenosha totaled about 1. 6 square miles, or about
9 percent of the total area served by sanitary
sewers. The area served by combined sewers in
the City of Racine totaled about two square miles,
or nearly 15 percent of the total area served by
sanitary sewers. Both the Cities of Kenosha and
Racine have embarked upon sewerage improve
ment programs designed to effect a greater degree
of separation within the combined sewer areas.
The City of Racine began its combined sewer
separation program in 1935, while the City of
Kenosha began its separation program in 1968.
The specific areas of the Cities of Kenosha and
Racine served by combined sewers, as well as the
location of all combined sewer outfalls, are shown
on maps presented in Chapter V of this report.

While both the Cities of Kenosha and Racine have
undertaken major sewer separation projects as a
means of eliminating combined sewer overflows,
each community has also undertaken research and
demonstration programs designed to determine
the effectiveness of alternative means,of resolving
the remaining combined sewer overflow problems.

In the City of Racine, a research and demonstra
tion project jointly financed by the city, the Wis
consin Department of Natural Resources, and the
U. S. Environmental Protection Agency is under
way to evaluate the utilization of "flow-through"
treatment as an alternative to sewer separation.
The project consists of the construction and
operation on a demonstration basis of a coarse
and fine screening-dissolved air flotation treat
ment unit at selected outfall locations as an
alternative to complete separatinn of the combined
sewer area. The demonstration project serves
about one-fourth of the remaining combined sewer
area in Racine. These studies may indicate that
the provision of such treatment at outfall locations
is a more cost-effective method of resolving the
problem. Subject to completion of the research
and demonstration project and submittal of a
final report on the findings and recommendations,
with respect to which of the remaining combined
defiIiitive recommendations with respect to which
of the remaining combined sewer areas in Racine
should be separated and which should receive
flow-through treatment facilities must be held
in abeyance.

The research and demonstration project in the
City of Kenosha is quite different than that in the
City of Racine in that it is aimed at determining
the feasibility of providing standby treatment
capacity to treat combined storm water and sani
tary sewage at the Kenosha treatment facility
rather than at outfall locations. This research
and demonstration project is being jointly funded
by the City of Kenosha, the Wisconsin Department
of Natural Resources, and the U. S. Environmental
Protection Agency. As in the case of Racine,
specific recommendations concerning the extent to
which complete separation of combined sewer
areas should take place is contingent upon the
findings and recommendations of the research and
demonstration program.

ROOT RIVER CANAL SUBREGIONAL AREA

The Root River Canal subregional area consists of
all that 'area of the Root River watershed lying
west of IH 94 in Racine and Kenosha Counties,
except that portion of the Town of Raymond rec
ommended for urban development in the adopted
regional land use and Root River watershed plans
which has been included for sewerage system
analysis purposes in the Milwaukee-metropolitan
subregional area. The Root River Canal sub
watershed consists predominantly of rural, agri-
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cultural land uses, including a significant number
of farms devoted to duck raising and butchering.
The only incorporated municipality in the Root
River Canal subregional area is the Village of
Union Grove, which actually straddles the sub
continental divide, lying partially within the Root
River watershed and partially within the Des
Plaines River watershed. In addition, a major
state institution-the Wisconsin Southern Colony
Institution operated by the Wisconsin Department
of Health and Social Services-is located west of
the Village of Union Grove in the Town of Dover.

There are a total of seven private sewage treat
ment facilities which serve residential, institu
tional, and agricultural land use enclaves within
the Root River Canal subregional area. These
include the facilities serving the Fonk Mobile
Homes Park No. 1 in the Town of Yorkville; the
Racine County Highway and Office Building in the
Town of Yorkville; the Wisconsin Southern Colony
Institution in the Town of Dover; the Pekin, York,
and C & D Duck Farms, all in the Town of York
ville; and the Grove Duck Farm in the Town of
Raymond (see Map 38). It should also be noted that
one additional private sewage treatment facility
that serving the Meeter Brothers Canning Com
pany in the Town of Yorkville adjacent to the
Village of Union Grove-lies within the proposed
1990 sewer service area of the Village of Union
Grove. This facility, however, discharges its
effluent to a tributary of the Des Plaines River
and, consequently, is included for planning pur
poses in the discussion of the Des Plaines River
subregional area later in this chapter.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Root River Canal
subregional area was provided in 1970 only by
the Village of Union Grove to an area of about
0.7 square mile and serving an estimated resident
population of about 2,800 persons. In 1970 there
were also an estimated 7,200 persons residing
within the subregional area not served by central
ized sanitary sewerage facilities. Specific popu
lation, service area, and related characteristics
of the Village of Union Grove sanitary sewerage
system and the seven private sewage treatment
facilities are presented in Chapter V of this report.

Sewer Service Analysis Areas
Two sewer service analysis areas may be identi
fied within the Root River Canal subregional
area (see Table 140). These two sewer service
analysis areas are shown on Map 83 and may be
described as follows:

1. Area A-This area consists of the Village
of Union Grove and environs. In 1970,
sanitary sewer service was provided in
this area to a total area of about 0.74
square mile, having a total resident popu
lation of about 2,800 persons. By 1990
the total area anticipated to be served
with centralized sanitary sewer service
approximates 1. 7 square miles, with a
projected population of about 7,700 per
sons. This subarea is referenced as the
"Union Grove" sewer service area in the
ensuing discussion.
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Tab 1 e I ~O

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS

IN THE ROOT RIVER CANAL SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Sewer Service Analysis Areal
Average Population Average

Area Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served Population Loading

Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Union Grove .................... 0.74 2,800 043 200 1.73 7.700 1.43
B Wisconsin Southern Colony . 044 1.400 N/A -- 044 2,000 0.40

Total ............... 118 4,200 043 200 2.17 9.700 1.83

NOTE: NIA indicates data not available.
lSee Map 83.

Source: SEWRPC.
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Map 83

Source: SEWRPC.

system operated by the Wisconsin Depart
ment of Health and Social Services to serve
this institution is not, strictly speaking,
a public centralized sanitary scwerage
system, the service area has all the char
acteristics of a small urban village and the
sewage treatment facility is as large as
many facilities serving typical villages
throughout the Region. For this reason,
and because of its proximity to the Village
of Union Grove, the Wisconsin Southern
Colony Institution has been considered as
a separate sewer service area for regional
sewerage system planning purposes. Based
upon estimates prepared by the Wisconsin
Department of Health and Social Services,
the institution should accommodate an
equivalent population of about 2,000 per
sons in the year 1990. This subarea is
referenced as the "Wisconsin Southern
Colony" sewer service area in the ensu
ing discussion.

Summary of Root River Watershed
Plan Recommendations
The Root River watershed plan, as adopted in 1966
by the Rcgional Planning Commission, included
a watcr pollution abatement plan element pertain
ing to sewerage facility development in the Root
River Canal subregional area. The Root River
watershed plan recommended an upgrading of the
existing sewage treatment facilities serving the
Village of Union Grove, the Wisconsin Southern
Colony Institution, and the Cooper-Dixon Duck
Farm (now called C & D Duck Farm). Such
upgrading was to consist of the provision of adeli
tional capacity whcre necessary, coupled with the
provision of higher levels of waste treatment."

In 1968, the Wisconsin Department of Health and
Social Services completed an upgrading of the
sewage treatment facility serving the Wisconsin
Southern Colony Institution. This facility dis
charges its effluent through an outfall sewer
directly to the West Branch of the Root River
Canal. Based upon present plans of the Depart
ment for the Southern Colony Institution, the
existing treatment facility should provide ade
quate capacity for future growth at the institution
through 1990.

•
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The Root River Canal subregional area consists
predominantly of rural, agricultural land uses,
including significant amounts of agricullural
related industry such as duck raising and
butchering. One urban and one institutional
sewer service area are located j n thi 5 sub·
region, namely the Village of Union Grove and
the Wisconsin Southern Colony Insti tution. Both
the Union Grove and Southern Colony treatment
facilities discharge effluent to the West Branch
of the Root River Canal. Because of the prox
imity of these two urban type land use concen
trations, it was determined under the regional
sanitary sewerage study to examine the feasi
bility of interconnecting the two systems at
a central il.ed treatment plant.
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2. Area B-This area consists of the Wiscon
sin Southern Colony Institution in the Town
of Dover. While the sanitary sewerage

14 for a more complete description of the water pollu

tion abatement element of the Root River watershed

plan, see SEWRPC PlanninA Report No.9. A Comprehensive

Plan for the Root River Watershed. Chapter XII.
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It should also be noted that in 1972 the Village of
Union Grove completed engineering studies relat
ing to the construction of a new sewage treatment
facility. This facility would provide an average
hydraulic design capacity of 1. 0 mgd and would
provide advanced waste treatment for phosphorus
removal and auxiliary waste treatment for effluent
disinfection. The plant is proposed to be located
on a new site adjacent to the West Branch of
the Root River Canal and near the point where
the effluent outfall from the Wisconsin Southern
Colony Institution is located.

Alternative Plans-Union Grove
Wisconsin Southern Colony Subarea
For all practical purposes, the Village of Union
Grove and the Wisconsin Southern Colony Institu
tion are contiguous. For this reason, the inter
connection of the two sewer service areas for
sewage treatment purposes was considered under
the regional sanitary sewerage system planning
program. Two alternative plans were accordingly
planned and evaluated. The first assumes the
continued operation of two sewage treatment facil
ities, with the relocation of the existing Union
Grove facility to a new site on the West Branch of
the Root River CanaL The second provides for
the integration of the two facilities for advanced
waste treatment purposes at a common site also
located on the West Branch of the Root River
Canal. streamflow and dilution ratio data pertain
ing to the two sewage treatment facilities are pre
sented in Table 141; required sewage treatment
levels and performance standards under both
alternatives are set forth in Table 142; and
detailed cost estimates pertaining to both alterna
tives are set forth in Table 143. The two pro
posals are shown in graphic form on Maps 84
and 85.

Under the first alternative, the Union Grove sew
age treatment facility would be replaced by a new
sewage treatment facility at a site already pur
chased by the village on the West Branch of the
Root River Canal. A trunk sewer to intercept
flow from the existing plant site and convey all
sewage to the new plant site is also included within
the proposed plan. The new plant would have
an average hydraulic design capacity of about
1. 43 mgd. In order to meet the established water
use objectives for the West Branch of the Root
River Canal, the Union Grove plant would be
required to.provide secondary treatment, advanced
waste treatment for phosphorus removal and
nitrification, and auxiliary waste treatment for
effluent aeration and disinfection. In addition to
the new Union Grove facility, the first alternative
plan provides for the addition of advanced waste
treatment facilities for nitrification at the Wis
consin Southern Colony plant in order to upgrade
the level of treatment provided so as to meet the
established water use objectives for the West
Branch of the Root River CanaL No expansion of
the plant in terms of average hydraulic design
capacity is envisioned. The plant already dis
charges its effluent through a long outfall sewer
directly to the West Branch of the Root River
Canal (see Map 84). The total estimated capital
cost of carrying out the first alternative plan for
the Union Grove and Wisconsin Southern Colony
sewer service areas is about $2.35 million, with
an equivalent annual cost of about $263,500.

Under the second alternative plan considered, the
Union Grove sewage treatment facility would be
relocated as proposed under the first alternative
plan, but it would have, in addition, sufficient
advanced waste treatment capacity for nitrifica
tion and auxiliary waste treatment capacity for
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Tab 1 e I If I

REQUIRED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANT SITES
IN THE ROOT RIVER CANAL SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data
Dilution

Upstream Ratio
(RatioSewage Total Total of Design Level of Treatment Required7-Day, Treatment Design Design Low FlowlO-Year Plant Low Sewa§e to Design Advanced Auxiliary

Sewage Treatment Receiving Low Flow Flow-1990 Flow-1990 Flow-1 90 Sewage Phosphorus Nitri- Effluent Disin-
Plant Site Stream CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990) Secondary Removal fication Aeration fection

Union Grove ............ ..... , .. West Branch
Root River Canal 0.00 0.00 0.00 0.00 0.00 0.00 2.21 1.43 0.00 Yes Yes Yes Yes Yes

Wisconsin Southern Colony .. .. West Branch
Root River Canal 0.00 0.00 0.00 0.00 0.00 0.00 0.62 0.40 0.00 Yes No Yes Yes Yes

Source: SEWRPC.
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Table Jl+2

RECOMMENDED SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE WISCONSIN SOUTHERN COLONY AND UNION GROVE SEWER SERVICE AREAS

ROOT RIVER CANAL SUBREGIONAL AREA

Recommended
Type of SewaEe Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served 1 Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
UnioA Grove Union Grove 7,700 Secondary Activated Sludge CBOD s Discharge: 15 mg/I

(1.43 MGD)
Advanced Nitrification NH 3·N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Wisconsin Southern Colony Wisconsin Southern 2,000' Secondary Activated Sludge CBODs Discharge: 15 mg/I
(0.40 MGD) Colony Advanced Nitrification NH 3·N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERNATIVE PLAN 2

Union Grove3 Union Grove 9,700 Secondary Activated Sludge CBOD s Discharge: 15 mg/I
(1.88 MGD) Wisconsin Southern Advanced Nitrification NH 3·N Discharge: 1.5 mg/IColony

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
2001100 ml

Wisconsin Southern Colony3 Wisconsin Southern 2,000' Secondary Activated Sludge CBOD s Discharge: 15 mg/I
(0.40 MGD) Colony

I
I
I
I

I
I

'See Map 83.
'Equivalent population based on projected institutional waste flow of GAG
mgd.

3Under alternative plan 2, the Union Grove sewage treatment plant would
provide secondary waste treatment and advanced waste treatment for phos·

Source: SEWRPC.

phorus removal for the influent sewage from the Union Grove sewer service
area (1A3 mgd) and advanced waste treatment for nitrification and auxiliary
waste treatment for effluent aeration and disinfection for the influent
sewage from both the Union Grove and Wisconsin Southern Colony sewer
service areas (1.88 mgd).
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effluent aeration and disinfection to accommo
date partially treated wastes from the Wisconsin
Southern Colony Institution. Thus, no expansion
of the Wisconsin Southern Colony sewage treat
ment facility would be necessary. Since an outfall
sewer already conveys the partially treated wastes
from the institution to the West Branch of the Root
River Canal at the site selected for the new Union
Grove sewage treatment plant, all that would be
necessary to integrate the operation of the two
plants would be to provide a lift station to dis
charge the effluent into the advanced and aUxiliary
waste treatment components of the new Union
Grove sewage treatment plant. Under this alter
native, then, the existing Wisconsin Southern
Colony facility would continue to provide second
ary waste treatment, with the new Union Grove
sewage treatment facility providing secondary
waste treatment and advanced waste treatment for
phosphorus removal for wastes generated in the
Union Grove sewer service area, and advanced

waste treatment for nitrification and auxiliary
waste treatment for effluent aeration and disinfec
tion for wastes generated in both the Union Grove
and Wisconsin Southern Colony sewer service
areas. The total estimated capital cost of carry
ing out the second alternative plan for the Union
Grove and Wisconsin Southern Colony sewer ser
vice areas is about $2.36 million, with an equiva
lent annual cost of about $251,000.

The integration of the two treatment facilities in
this subregional area as proposed under alterna
tive plan 2 is thus more cost effective than the
continued independent operation of each plant as
proposed under alternative plan 1. In addition to
cost, the second alternative plan also has the
advantage of eliminating one additional waste out
fall to the West Branch of the Root River Canal
and thus provides a better basis for water quality
management control on this stream. In addition,
the immediate integration of the operation of these
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Tab 1 e ILI3

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE WISCONSIN SOUTHERN COLONY AND UNION GROVE SEWER SERVICE AREAS

ROOT RIVER CANAL SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1
Sewage Treatment Plants
Union Grove

Facilities (1.43 MGD) . $1,948,700 $1,760,600 $1,366,600 $3,127,200 $111,700 $ 86,700 $198,400
Land (3.7 Acres) . 18,500 14,200 -- 14,200 900 -- 900

Subtotal. 1,967,200 1,774,800 1,366,600 3,141,400 112,600 86,700 199,300

Wisconsin Southern Colony
636,000 893,000 16,300 40,400 56,700Facilities (0.40 MGD) . ........... .................................. 226,000 257,000

Subtotal . ...................................... .... 226,000 257,000 636,000 893,000 16,300 40,400 56,700

Subtotal--Treatment Facilities 2,193,200 2,031,800 2,002,600 4,034,400 128,900 127,100 256,000

Trunk Sewers

Union Grove .................... ... ..... .......... ..... .. ......... 158,000 115,100 3,200 118,300 7,300 200 7,500

Subtotal--Trunk Sewers .... ..... ....... , ........ .... 158,000 115,100 3,200 118,300 7,300 200 7,500

Total .................. .... ........... ...... . ....... ......... $2,351,200 $2,146,900 $2,005,800 $4,152,700 $136,200 $127,300 $263,500

ALTERNATIVE PLAN 2
Sewage Treatment Plants

Union Grove
Facilities (1.43 MGD & 1.88 MGOj1 ......... .. ..................... $2,092,500 $1,889,900 $1,435,900 $3,325,800 $119,900 $ 91,100 $211,000
Land (4 Acres) .................... ...... ..... ". , .......... ...... 20,000 14,200 -- 14,200 900 -- 900

Subtotal .... ................... ................ ..... ... ... ...... 2,112,500 1,904,100 1,435,900 3,340,000 120,800 91,100 211,900

Wisconsin Southern Colony
18,100 23,500Facilities (0.40 MGD) . ............... ... ......... ...... ...... -- 85,100 285,300 370,400 5,400

Subtotal . ....... ........ ......... .... ........... -- 85,100 285,300 370,400 5,400 18,100 23,500
Subtotal--Treatment Facilities ..... ... ........... ........... 2,112,500 1,989,200 1,721,200 3,710,400 126,200 109,200 235,400

Trunk Sewers

Wisconsin Southern Colony .. ........................ .. .............. 87,800 78,800 47,300 126,100 5,000 3,000 8.000
Union Grove .... ........................ ......... ...... 158,000 115,100 3,200 118,300 7,300 200 7,500

Subtotal--Trunk Sewers. ......... ............. ... .............. 245,800 193,900 ~0,500 244,400 12,300 3,200 15,500

Total. ................ ....... .. ... .......... $2,358,300 $2,183,100 $1,771,700 $3,954,800 $138,500 $112,400 $250,900

'Secondary and advanced (phosphorus removal) treatment capacity 1.43 MGD;
advanced (nitrification) and auxiliary (effluent aeration and disinfection) treat
ment capacity 1.88 MGD.

Source; SEWRPC.
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two facilities as proposed under alternative plan 2
would provide the first step toward the ultimate
abandonment of the facility serving the Wisconsin
Southern Colony Institution at the end of its useful
life, with all waste treatment ultimately being
provided at the new areawide Union Grove sewage
treatment plant site.

Private Sewage Treatment Plants
As noted earlier, six private sewage treatment
facilities, in addition to the Wisconsin Southern
Colony Institution facility, currently discharge
wastes to streams in the Root River Canal sub
regional area. Each of these six facilities lies

520

beyond the proposed 1990 service areas of the
Wisconsin Southern Colony Institution and the Vil
lage of Union Grove. These facilities accordingly
must be retained and, as necessary, be upgraded
to meet the established water use objectives and
supporting water quality standards of the streams
within the Root River Canal subwatershed.

DES PLAINES RIVER SUBREGIONAL AREA

The Des Plaines River subregional area consists
of all that area of the Des Plaines watershed in
Kenosha and Racine Counties except for the COll"

centration of urban development along the shore-
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Map 84

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN I
FOR THE UNION GROVE AND WISCONSIN SOUTHERN COLONY SEWER SERVICE AREAS

ROOT RIVER CANAL SUBREGIONAL AREA
1990
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The first alternative plan for service to the Union Grove and Wisconsin Southern Colony areas proposes the
continued operation of two sewage treatment facilities, with relocation of the existing Union Grove plant
to a new site located on the West Branch of the Root River Canal. The new Union Grove plant would prOVide sec
ondary waste treatment, advanced waste treatment for nitrification and phosphorus relloval, and auxil iary waste
treatllent for effluent aeration and disinfection. The existing Southern Colony treatlllent facil ity would be
upgraded to provide advanced waste treatment for nitrification. This alternative was found to be less cost
effective than functionally integrating the two plants for advanced waste treatment purposes, as shown on
Map 85.
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SEWAGE TREATMENT FACILITIES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2
FOR THE UNION GROVE AND WISCONSIN SOUTHERN COLONY SEWER SERVICE AREAS

ROOT RIVER CANAL SUBREGIONAL AREA
1990
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Under the second alternative plan considered for the Union Grove and Wisconsin Southern Colony
areas, the Union Grove plant would be relocated as in the first alternative but would, in addition,
have sufficient capacity to provide advanced and auxil iary treatment for wastes from the Southern
Colony Institution. The existing Southern Colony facility would continue to provide secondary
waste treatment until the end of its useful I ife. The functional integration of these two plants
in this manner was found to be more cost effective than providing advanced waste treatment facili
ties at the Southern Colony plant.

Source: SEWRPC.
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lines of Lake Shangrila and Benet Lake in the
Towns of Bristol and Salem, which development
has been grouped with adjacent development on the
shorelines of Voltz Lake and Cross Lake in the
Lower Fox River subregional area for sewer
age system planning purposes. The Des Plaines
watershed consj.sts of predominantly rural and
agricultural land uses with relatively small con
centrations of urban development in the Towns
of Pleasant Prairie, Bristol, and Salem and the
Village of Paddock Lake.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Des Plaines River
subregional area was provided by four systems in
1970: those operated by the Village of Paddock
Lake, the Town of Pleasant Prairie Sewer Utility
District D, the Town of Bristol Utility District
No.1, and the Town of Salem Sewer Utility Dis
trict No. 1. Together the service areas of these
four systems comprised an area of nearly two
square miles and served an estimated population
of about 3,600 persons. In 1970, there were
about 7,700 persons residing within the subre
gional area not served by centralized sanitary
sewerage facilities. specific population, service
area, and related characteristics of the four
existing systems are presented in Chapter V of
this report.

Sewer Service Analysis Areas
A total of six sewer service analysis areas may
be identified within the Des Plaines River subre
gional area (see Table 144). These six sewer
service analysis areas are shown on Map 86 and
may be described as follows:

1. Area A-This area consists of the Village
of Paddock Lake and environs. In 1970,
sanitary sewer service was provided in
this area to about O. 8 square mile, having
a total resident population of about 1,500
persons. By 1990 the total area anticipated
to be served approximates 1. 8 square
miles, with a projected population of about
3,800 persons. This subarea is referenced
as the "Paddock Lake" sewer service area
in the ensuing discussion.

2. Area B-This area consists of the Town of
Salem Sewer Utility District No. 1 and
environs, including existing and proposed
urban development along the shorelines of
Hooker and Montgomery Lakes. In 1970,
sanitary sewer service was provided in
this area to about 0.4 square mile, having
a total resident population of about 800
persons. By 1990 the total area anticipated
to be served approximates 1. 3 square
miles, with a projected population of about

I
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Table ilPI

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS
IN THE DES PLAINES RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Average Population Average
Sewer Service Analysis Areal Area Hydraulic Residing in Area Hydraulic

Served Population Loading Proposed 1990 Served Population Loading
Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Paddock Lake ............ ............ 0.79 1,500 0.15 -- 1.81 3,800 0.80
B Hooker-Montgomery Lakes ..... ..... 0.38 800 0.05 110 1.33 1,300 0.27
C Bristol-George Lake ................... 0.19 500 0.06 360 1.04 1,500 0.32
D Bristol-IH 94 . , .......... ..... -- -- -- 60 0.80 1,600' 0.33
E Pleasant Prairie-North . 0.59 800 0.09 -- 0.85 800 0.09
F Pleasant Prairie-South ..... .......... -- -- -- 800 2.54 2,800' 0.60

Total ......... ........... ........ 1.95 3,600 0.35 1,330 8.37 11,800 2.41

ISee Map 86.
'Population equivalent based on a projected industrial-commercial waste
loadinli of 0.33 MGD.

'Includes existing (1970) population of 800 plus an additional 2,000 persons
anticipated locally under current (1973) land development proposals. No in
cremental population was allocated to this area under the adopted regional
land use plan.

Source: SEWRPC.
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Six individual sewer service analysis areas were identified within the Des Plaines River s·ubregional area. These I
include the Village of Paddock Lake, the Hooker-Montgomery lakes area in the Town of Salem, the unincorporated
village of Bristol and Lake George area in tH'a Town of Bristol, the commercial-industrial land use comple)( located
along IH 94 in the Town of Bristol, the unincorporated village of Pleasant Prairie, and a complex of existing
and proposed urban land use concentrations in the Town of Pleasant Prairie near the 111 inois-Wisconsin state 1 ine I
and west of the subcontinental divide. Preliminary economic analyses indicated that interconnection potential
existed among these six areas only with respect to Paddock lake and Hooker-Montgomery lakes sewer service areas.

Source: SEWRPC.

1,300 persons. This subarea is referenced
as the "Hooker-Montgomery Lakes ll sewer
service area in the ensuing discussion.

3. Area C-This area consists of the Town of
Bristol Utility District No. 1 and environs,
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including existing and proposed urban de
velopment in the unincorporated village of
Bristol and along the shoreline of George
Lake. In 1970, sanitary sewer service was
provided in this area to about O. 2 square
mile, having a total resident population
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of about 500 persons. By 1990 the total
area anticipated to be served approximates
one square mile, with a projected popu
lation of about 1,500 persons. This sub
area is referenced as the "Bristol-George
Lake" sewer service area in the ensuing
discussion.

4. Area D-This area consists of a portion
of the Town of Bristol lying along IH 94
between the STH 50 and CTH C inter
changes. While no public sanitary sewer
service was provided in this area in 1970,
one private sewage treated facility was
operated, serving the Howard Johnson
Motor Lodge and an adjacent automobile
service station. In addition, wastes from
the truck service center operated by Bea
ver Transport Company and Quality Car
riers, Inc., are currently trucked to the
City of Kenosha sewage treatment plant.
As noted in Chapter V of this report, the
Town of Bristol has proposed the estab
lishment of a public sanitary sewerage
system to serve this area. This subarea
is referenced as the "Bristol-IH 94" sewer
service area in the ensuing discussion.

5. Area E-This area consists of the Town of
Pleasant Prairie Sewer Utility District D.
In 1970, sanitary sewer service was pro
vided in this area to nearly 0.6 square
mile, haVing a total resident population
of about 800 persons. It is not antici
pated that substantial additional growth
will occur in this area by 1990. This
subarea is referenced as the "Pleasant
Prairie-North" sewer service area in the
ensuing discussion.

6. Area F-This area consists of a portion of
the Town of Pleasant Prairie approxi
mately bounded by the illinois-Wisconsin
state line on the south, STH 31 on the west,
CTH Q on the north, and the subcontinental
divide on the east. No public sanitary
sewer service was provided in this area in
1970. Since 1970, however, the Town of
Pleasant Prairie and the Wisconsin Depart
ment of Natural Resources have given
approval to urban land development pro
posals and the construction of a public
sewage treatment facility to serve this
area. By 1990 this 2.5 square mile area
is anticipated to have a resident popula-

tion of 2,800. This subarea is referenced
at the "Pleasant Prairie-South" sewer ser
vice area in the ensuing discussion.

Formulation of Alternatives
As discussed earlier in this chapter, a systematic
procedure was utilized in the regional sanitary
sewerage system planning program for the formu
lation of alternative plans. The first step in this
process was to apply the Wisconsin Department
of Natural Resources (DNR) guidelines relating
distances between communities to the populations
of both the "sending" and "receiving" communi
ties in order to determine if potential inter
connections between sanitary sewerage systems
should be investigated. The results of the appli
cation of these criteria to the communities within
the Des Plaines River subregional sewerage sys
tem planning area are summarized in Table 145.

Based on the DNR guidelines, the following poten
tial interconnections between sewer service areas
in the Des Plaines River subregional area were
eliminated from further consideration:

1. Bristol-George Lake to Paddock Lake.

2. Paddock Lake to Bristol-George Lake.

3. Hooker-Montgomery Lakes to Bristol
George Lake.

4. Pleasant Prairie-North to Pleasant Prairie
South.

Two interconnections-Hooker-Montgomery Lakes
to Paddock Lake and Bristol-IH 94 to Pleasant
Prairie-were found to be potentially feasible
through the application of the DNR guidelines.
Conduct of preliminary economic analyses for
these potential interconnections further revealed
that a detailed economic analysis was warranted
only for the Hooker-Montgomery Lakes to Paddock
Lake interconnection. Accordingly, it was deter
mined that the following sanitary sewerage system
plans for the Des Plaines River subregional area
should be prepared and evaluated:

1. A proposed plan for the Bristol-George
Lake sewer service area.

2. A proposed plan for the Bristol-IH 94
sewer service area.

525



Table 145

RESULTS OF THE APPLICATION OF WISCONSIN DEPARTMENT OF NATURAL RESOURCES

INTERCONNECTION GUIDELINES AND PRELIMINARY ECONOMIC ANALYSES

IN THE DES PLAINES RIVER SUBREGIONAL AREA

Results of Application
Results of Preliminary Economic Analysisof DNR Guidelines

Sewer Service Analysis Area{s) Total Equivalent Annual Cost

Receiving Sending Straight Proceed to Percent Proceed to
Line Distance Preliminary Difference Detailed

Estimated Estimated Between Sewer Economic Separate Interconneclion- (B-A) Economic
1990 1990 Service Areas Analysis Plants One Plant Analysis'

Name Population Name Population (Miles) (Yes or No) (A) (B) (A) (Yes or No)

Paddock Lake 3,800 Hooker-Montgomery Lakes 1,300 1.2 Yes $125,500 $123,800 -1.3 Yes
Bristol-George Lake 1,500 2.7 No -- -- -- --

Bristol-George Lake 1,500 Paddock Lake 3,800 2.7 No -- -- -- --
Hooker-Montgomery Lakes 1,300 2.5 No -- -- -- --

Pleasant Prairie-North 800 Bristol-IH 94 1,600' 1.4 Yes 53,800 75,800 40.9 No

Pleasant Prairie-South 2,800 Pleasant Prairie-North 800 3.6 No -- -- -- --

'ff the estimated equivalent annual cost of interconnection was no more than
20 percent greater than the cost of providing separate sewage treatment
facilities, a detailed economic analysis was deemed to be required.

'Population equivalent based on a projected industrial-commercial waste
loading of 0.33 MGD.

Source: SEWRPC.
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Table 146

REQUIRED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANT SITES

IN THE DES PLAINES RIVER SUBREGIONAL AREA

Stream Low flow and Dilution Ratio Data

Dilution
Upstream Ratio

(RatioSewage Total Total of Design Level of Treatment Required7-Day, Treatment Design Design Low flowlO-Year Plant Low Sewage to Design Advanced Auxiliary
Sewage Treatment Receiving Low flow flow-1990 flow-1990 flow-1990 Sewage Phosphorus Nitri- Effluent Disin-

Plant Site Water Body CfS MGD CfS MGD CfS MGD CfS MGD flow-1990) Secondary Removal fication Aeration fection

Paddock Lake' ...... ............ Marsh tributary to
Brighton Creek 0.00 0.00 0.00 0.00 0.00 0.00 1.24 0.80 0.00 Yes Yes Yes Yes Yes

Paddock Lake' .......... Marsh tributary to
Brighton Creek 0.00 0.00 0.00 0.00 0.00 0.00 1.66 1.07 0.00 Yes Yes Yes Yes Yes

Hooker Lake' . ................... Brighton Creek-
Salem Branch 0.012 0.01 0.00 0.00 0.012 001 0.42 0.27 0.03 Yes No Yes Yes Yes

Bristol-George Lake .......... Tributary to
Des Plaines River 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.32 0.00 Yes No Yes Yes Yes

Bristol-IH 94 . ......... .......... Des Plaines River 0.45 0.29 2.12 1.37 2.57 1.66 0.51 0.33 5.04 Yes No No Yes Yes
Pleasant Prairie-North ........ Des Plaines River 0.60 0.39 2.63 1.70 3.23 2.09 0.14 0.09 23.07 Yes No No No Yes
Pleasant Prairie-South ...... Des Plaines River 0.80 0.52 2.80 1.81 3.60 2.33 0.93 0.60 3.87 Yes Yes No Yes Yes

'Corresponds to Paddock Lake-Hooker-Montgomery Lakes alternative plan 1.
'Corresponds to Paddock Lake-Hooker-Montgomery Lakes alternative plan 2.
Source: SEWRPC.

3. A proposed plan for the Pleasant Prairie
North sewer service area.

4. A proposed plan for the Pleasant Prairie
South sewer service area.

5. Two alternative plans for the Paddock
Lake-Hooker-Montgomery Lakes sewer
service areas, including an alternative
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providing individual sewage treatment facil
ities at each of the two service areas and
an alternative providing for consolidation
of treatment facilities at the Paddock Lake
sewage treatment site.

Each of these sanitary sewerage system plan ele
ments is described in the following paragraphs.
Data pertaining to required treatment levels at

I
I
I
I
I
I
I
I
I
I
I



each of the municipal sewage treatment plant sites
considered in the preparation of these plan ele
ments are presented in Table 146.

Proposed Plan-Bristol-George Lake Subarea
In 1970, the sewage treatment facility serving the
Bristol-George Lake sewer service area had an
average hydraulic design capacity of O. 06 mgd and
provided a secondary level of waste treatment.
As noted in Chapter V, this facility was recently
expanded (1972) to provide for an average hydrau
lic design capacity of 0.16 mgd. This expansion
was made to accommodate additional sewage flow
from the George Lake portion of the sewer ser
vice area. By 1990 it is anticipated that future
growth will require an average hydraulic design
capacity for the Bristol sewer service area of
about O. 32 mgd. In addition, and in order to meet

established water use objectives for the Des
Plaines River, it will be necessary for_ the Bristol
sewage treatment facility to provide not only a
secondary level of sewage treatment but also an
advanced level of treatment in termS of nitrifica
tion, and the auxiliary waste treatment of effluent
aeration and disinfection. The specific recom
mended performance standards for the Bristol
sewage treatment plant are set forth in Table 147.

The estimated capital cost for constructing the
necessary treatment facilities at Bristol is about
$601,000, with an equivalent annual cost of about
$65,000 (see Table 148). These costs are based
upon the provision of additional capacity to the
plant as it existed in 1970 and, therefore, include
the cost of the additional secondary treatment
capacity constructed and placed into operation in
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Table JLt7

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE BRISTOL-GEORGE LAKE SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Recommended
Type of sewaEe Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Bristol Bristol-George Lake 1,500 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.32 MGD)

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 87.
Source: SEWRPC.

Table 14-8

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE BRISTOL-GEORGE LAKE SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (l970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Bristol

Facilities (0.32 MGD) .... ... ......... ....... .......... ................. $589,000 $545,000 $478,000 $1,023,000 $34,600 $30,300 $64,900
Land (2.4 Acres) ......... .... .. ...... ........ .. ....... ................. 12,000 8,800 -- 8,800 600 -- 600

Subtotal ........................... ........ ............... .............. 601,000 553,800 478,000 1,031,800 35,200 30,300 65,500
Trunk Sewers--None

Total ...... ....,........ ...... ......... .............. ... , ........... $601,000 $553,800 $478,000 $1,031,800 $35,200 $30,300 $65,500

Source: SEWRPC.
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1972. The costs also include those additional
facilities needed to provipe the required advanced
and auxiliary waste treatment processes. The
proposed 1990 service area for the Bristol urban
concentration is shown on Map 87.

Proposed Plan-Bristol-I 94 Subarea
As noted above, the Town of Bristol has proposed
the establishment of a public sanitary sewerage
system to serve existing and proposed commer
cial, industrial, and residential development along
IH 94 between the STH 50 and CTH C interchanges.
The town has estimated the total 1990 average
daily hydraulic loading from this area at O. 33 mgd.
The establishment of such a system will resolve
existing wastewater treatment problems that now
necessitate the trucking of industrial wastes to the
City of Kenosha sewage treatment facility on Lake
Michigan, and will further permit the abandon
ment of the existing private sewage treatment
facility serving the Howard Johnson Motor Lodge.

Accordingly, it is proposed to include in the
regional sanitary sewerage system plan a new
sewage treatment facility to serve this area of the
Town of Bristol. This facility would discharge its
effluent to the Des Plaines River and, in order to
meet the established water use objectives for that
river, would provide secondary waste treatment
and auxiliary waste treatment for effluent aeration
and disinfection. The specific recommended per
formance standards for the Bristol-IH 94 sewage
treatment plant are set forth in Table 149. The
estimated capital cost of constructing the neces
sary treatment facility is about $509,000, with an
equivalent annual cost of about $46, 500 (see Table
150). The proposed 1990 service area for the
Bristol-IH 94 urban land use concentration is
shown on Map 88.

Proposed Plan-Pleasant Prairie-North Subarea
In 1970, the sewage treatment facility serving the
Town of Pleasant Prairie Sewer Utility District D
had an average hydraulic design capacity of about
O. 13 mgd, which was more than adequate to handle
the average hydraulic loading in 1970 of 0.09 mgd.
Based upon the development assumptions under
lying the regional land use plan, it is anticipated
that the existing treatment capacity at the Pleasant
Prairie facility will be adequate to handle future
growth through 1990. Accordingly, the proposed
plan does not envision expansion of this facility
unless development trends depart substantially
from those recommended in the regional land use
plan. It is proposed, however, that an outfall
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sewer be constructed to permit direct discharge
of effluent to the Des Plaines River rather than
to a small, unnamed tributary as at present.
The construction of the outfall sewer would take
advantage of the substantial dilution capacityavail
able in the Des Plaines River and avoid the need
to add advanced waste treatment facilities to the
existing plant. The recommended performance
standards for the Pleasant Prairie sewage treat
ment facility are set forth in Table 151, while
the related economic analyses for construction,
operation, and maintenance of the existing facility
and the proposed outfall sewer are set forth in
Table 152. The proposed 1990 sewer service area
for this facility is shown on Map 89.

Proposed Plan-Pleasant Prairie-South Subarea
In the absence of an adopted water quality manage
ment plan for the Des Plaines watershed, and in
recognition of the need to provide sanitary sewer
service to existing and proposed urban develop
ment located in the Town of Pleasant Prairie west
of the subcontinental divide and, therefore, beyond
the proposed service area of the Kenosha sewer
age system, the Wisconsin Department of Natural
Resources in 1973 made a commitment to issue
a permit for the construction of a new public
sewage treatment facility to be located on the Des
Plaines River near the Wisconsin-illinois state
line. This proposed facility was envisioned by the
Department of Natural Resources as ultimately
serving all urban development located in the
Town of Pleasant Prairie west of the subcontinen
tal divide, including such development currently
served by the existing sewage treatment facility
operated by the Pleasant Prairi~ Sewer Utility
District D, and existing and proposed highway
oriented commercial land uses located or pro
posed to be located along IH 94, such as the
Wisconsin Tourist Information center and a motel
restaurant complex proposed to be developed at
the traffic interchange between IH 94 and CTH V.

In recognition of this decision, the regional sani
tary sewerage system plan proposes the estab
lishment of a new public sewage treatment facility
to initially serve the Pleasant Prairie-South sewer
service area (see Map 90), and to ultimately, that
is, beyond 1990, serve both the Pleasant Prairie
South and Pleasant Prairie-North sewer service
areas and highway-oriented commercial develop
ment located along IH 94 in the Town of Pleasant
Prairie. Recommended performance standards
for this proposed new Pleasant Prairie sewage

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Map 87 Map 88

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR TNE BRISTOL-GEORGE LAKE SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA
1990

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE BR ISTOL-I H 9~ SEWER SERV ICE AREA

DES PLAINES RIVER SUBREGIONAL AREA
1990
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IH gq in the Town of Bristol are currently
trucked to the Ci ty of Kenosha sewage treatment
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vate sewage treatment facilities. The regional
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ment and auxiliary waste treatment for effluent
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The sewage treatment faci Ii ty servi ng the
unincorporated village of Bristol wasrecently
(1972) expanded to accommodate additional
sewage flow from the Lake George area of the
Town of Bristol. It is proposed in the
regional sani tary sewerage system pI an that
the Bristol sewage treatment facil ity con
tinue to provide not only the current secon
dary level of sewage treatment, but also
provide advanced waste treatment for ni tri fi
cation and auxi I iary waste treatment for
effluent aeration and di sintection.

D
D
SEWAGE TREATMENT l'"ACILITIES

SEWER SERVICE AREAS

"
LEGENO

•

s

:<I~
.,

~\:-rJJ
<,'"m'e::
-~®

I
L

,..:

-'~ " ""t' '"@ •

I
I

I

I
I
I
I
I

Sour ce: SEWRPC.

I
529



Table Ilt9

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE BRISTOL-IH 91t SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Bristol-IH 94 Bristol-IH 94 1,600' Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.33 MGD) Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 88
2Population equivalent based on a projected industrial-commercial waste
loading of 0-33 mgd.

Source: SEWRPC.

Table 150

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE BRISTOL-IH 91t SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Bristol-IH 94

Facilities (0.33 MGO) .................. ....... .... ... , ....... ...... .... $496,100 $448,300 $276,200 $724,500 $28,400 $17,500 $45,900
Land (2.5 Acres) .................... .................. ..... .............. 12,500 9,500 -- 9,500 600 -- 600

Subtotal . ....... ...... .............. ........ .. ........ .............. 508,600 457,800 276,200 734,000 29,000 17,500 46,500
Trunk Sewers--None

Total. .................. ........... ........... $508,600 $457,800 $276,200 $734,000 $29,000 $17,500 $46,500

Source: SEWRPC.

Tab 1 e I 5 I

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE PLEASANT PRAIRIE-NORTH SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Pleasant Prairie-North Pleasant Prairie-North 800 Secondary Activated Sludge CBOD \ Discharge: 15 mg/I
(0.09 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 89.
Source: SEWRPC.
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treatment facility are set forth in Table 153.
Phosphorus removal is recommended in order to
help assure that threshold levels for weed and
algae growth in the Des Plaines River will not be
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reached. Detailed cost estimates pertaining to
the construction, operation, and maintenance of
the proposed facility and appurtenant sewers are
set forth in Table 154.
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Map 89 Map 90

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE PLEASANT PRAIRIE-NORTH SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA
1990

PROPOSEO SANITARY SEWERAGE SYSTEM PLAN
FOR,THE PLEASANT PRAIRIE-SOUTH SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA
1990
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It is anticipated that the existing capacity
of the treatment faci I it)' operated by the
Town of Pleasant Prai rie Sewer util ity Dis
trict 0 wi 11 be adequate to accommodate
future urban growth in this subarea through

the next two decades. In order to avoid the
need to provide advanced waste treatment
facilities for nitrification at the existing
plant, however, it is proposed that an Qut
fall sewer be constructed to carry the s.ewage
effluent directly to the Des Plaines River
where substantial dilution capacity is avail

able. The small, unnamed tributary to which
the plant currently discharges effluent has
little waste assimilation capacity, particu

larly during periods of low flows.

The Wiscon$in Department of Natural Resources has
given its approval to the establishment of a new
public sewage treatment facility intended to serve
elt:isting and proposed urban development in the
southwesterly portion of the Town of Pleasant
Prairie and highway-oriented COlllmercial development
located in the town along IH 9 101. It is proposed
that' this new treatment facility discharge effluent
directly to the Des Plaines River, and that advanced
waste treatment for phosphorus removal be provided
in order to ensure that threshold levels for weed
and algae growth in the River wiTI not be reached.
It is further proposed that this treatment facility
ultilllately--beyond 1990--serve all urban develop
ment in the Town of Pleasant Prairie west of the
subcontinental divide and highway-oriented commer
cial development along IH 9~.

I
I
I
I
I Source: SEWRPC. Source: SEWRPC.

I
I

Alternative Plans-Paddock Lake-Hooker
Montgomery Lakes SUbarea
As indicated above, preliminary economic analy
ses revealed a need to consider an intercOlmection

of the Paddock Lake and Hooker-Montgomery
Lakes sewer service areas for sewage treatment
purposes. Two sewage treatment facilities served
these two adjacent areas in 1970, one operated by

I
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Table 152

DETAILED COST ESTIMATES
PROPOSED SAN ITARY SEWERAGE SYSTEM PLAN FOR THE PLEASANT PRA IRI E-NORTH SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant

Pleasant Prairie-North
Facilities (0.09 MGD) ............................... .. .............. $ -- $20,500 $53,600 $ 74.100 $1,300 $3AOO $4,700
Outfall Sewer . ......................... ........ ......... . .... 87.100 63,000 1,600 64,600 4,000 100 4.100

Subtotal " ............... ............ ....... ... ..... .................. 87,000 83,500 55,200 138,700 5,300 3,500 8,800

Trunk Sewers--None

Total .............. ...... ......... ........ ........................... $87,100 $83,500 $55,200 $138,700 $5,300 $3,500 $8,800

Source: SEWRPC.

Table 153

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE PLEASANT PRAIRIE-SOUTH SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served I Population Treatment Levels Plan Preparation Annual Averages)

Pleasant Prairie-South Pleasant Prairie-South 2,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.60 MGD) Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg!1
Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 90.

Source: SEWRPC.

Table 151t

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE PLEASANT PRAI RIE-SOUTH SEWER SERVICE AREA

DES PLAINES RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant

Pleasant Prairie-South
Facilities (0.60 MGD) ........ ........... ..... ........... $ 905,200 $818,000 $687,200 $1,505,200 $51,900 $43,600 $95,500
Land (3.0 Acres) ...... ......... .......... ....... ....... .... .. ......... 15,000 11,000 -- 11,000 700 -- 700
Outfall Sewer . .......... ..... ........... ........ ........ .. ............ 70,900 52,000 3,200 55,200 3,300 200 3,500

Subtotal ........... ......... .... ...... ..... , .................. 991,100 881,000 690,400 1,571,400 55,900 43,800 99,700
Trunk Sewer
Pleasant Prairie-South . .............. ........... , ... ............. 121,500 88,300 1,600 89,900 5,600 100 5,700

Subtotal ...... .................. ............ .............. .. ........... 121,500 88,300 1,600 89,900 5,600 100 5,700

Total ...................... .......... ....... .......................... $1,112,600 $969,300 $692,000 $1,661,300 $61,500 $43,900 $105.400

Source: SEWRPC.
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the Village of Paddock Lake and the other operated
by the Town of Salem Sewer utility District No. L

Two alternative plans were accordingly prepared
and evaluated. The first assumes the continuation
of two sewage treatment facilities. The second
provides for the abandonment of the Hooker
Lake facility and the connection of the Hooker
Montgomery Lakes sewer service area to an
expanded Paddock Lake treatment facility. Re
quired sewage treatment levels and performance
standards under both alternatives are set forth in
Table 155, while detailed cost estimates pertain
ing to both alternatives are set forth in Table 156.
The two proposals are shown in graphic form on
Maps 91 and 92.

Under the first alternative, the Hooker Lake sew
age treatment facility would not require expan
sion beyond its present average hydraulic design
capacity of 0.30 mgd, since the anticipated 1990
sewage flow from the Hooker-Montgomery Lakes
sewer service area is estimated at 0.27 mgd. In
order to meet the established water use objectives
for the Salem branch of Brighton Creek, however,
additional treatment facilities would be required

to provide for advanced waste treatment for nitri
fication and auxiliary waste treatment for effluent
aeration and disinfection. The Paddock Lake sew
age treatment facility under the first alternative
would need to be approximately doubled in size
from its existing 0.40 average hydraulic capacity
to a 1990 average hydraulic design capacity of
about 0.80 mgd. In addition, in order to meet the
established water use objectives for Brighton
Creek, the Paddock Lake facility would be required
to provide advanced waste treatment for nitrifica
tion and phosphorus removal and auxiliary waste
treatment for effluent aeration and disinfection.
Phosphorus removal is being recommended in
order to assure that threshold levels for weed
and algae growth in Brighton Creek will not be
reached. The total estimated capital cost of
carrying out the first alternative plan for the
Paddock Lake and Hooker-Montgomery Lakes
sewer service areas is about $996, 000, with an
equivalent annual cost of about $144, 000.

Under the second alternative plan considered,
the existing Hooker Lake sewage treatment facil
ity would be abandoned and the entire Hooker
Montgomery Lakes sewer service area connected

Table 155

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE

PADDOCK LAKE AND HOOKER-MONTGOMERY LAKES SEWER SERVICE AREAS
DES PLAINES RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
Paddock Lake Paddock Lake 3,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(0.80 MGD) Advanced Nitrification NH 3·N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml
Hooker Lake Hooker-Montgomery 1,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(0.27 MGD) Lakes Advanced Nitrification NH 3-N Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
2001100 ml

ALTERNATIVE PLAN 2
Paddock Lake Paddock Lake 5,100 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(1.07 MGD) Hooker-Montgomery Advanced Nitrification NH, -N Discharge: 1.5 mg/ILakes
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 91.

Source: SEWRPC.
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I
Map 91

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN
FOR THE PADDOCK LAKE AND HOOKER-MONTGOMERY

SEWER SERV ICE AREAS
DES PLAINES RIVER SUBREGIONAL AREA

1990

I
LAKES

Map 92

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2
FOR THE PADDOCK LAKE AND HOOKER-MONTGOMERY LAKES

SEWER SERV I CE AREAS
DES PLAINES RIVER SUBREGIONAL AREA

1990
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The second alternative sanitary ~ewerage system
plan for the Paddock (ake and Hooker-Montgomery
lakes subarea of the Oes Plaines River watershed
includes a proposal to abandon the existing Hooker
lake sewage treatment facil i ty and connect the
entire Hooker-Montgomery lakes sewer service area
to an expanded Paddock lake sewage treat~ent

facility. The Paddock lake facility would need to
upgrade the level of treatment now being provided
to include advanced waste treatment for nitrifica
tion and phosphorus removal and auxiliary waste
treatment for effluent aeration and disinfection.
This alternative was found to be less cost effec
tive than retaining the Hooker lake sewage treat
ment facil ity and upgrading the leyel of treatment
prov ided at that fael I i ty.
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The first alternative sanitary sewerage system plan
considered for the Paddock lake and Hooker-~ontgo~ery

Lakes subarea of the Des Plaines River watershed would
continue the operation of the existing Paddock lake
and Hooker lake sewage treatment facil i ties. Under
this alternative, the Hooker lake treatment facility
would provide not only the current secondary level of
waste treatment, but al so advanced waste treatment for
nitri fication and auxil iary waste treatment for efflu
ent aeration and disinfection. The Paddock Lake
treatlllent facility would also need to upgrade its
1evel of treatment in order to proy ide advanced waste
treatment for nitrification and phosphorus rellloval and
auxi I iary waste treatment for effl uent aeration and
disinfection. This alternative was found to be more
cost effective than the alternative of abandoning the
Hooker lake treatment faci I ity and connecting its
tributary area to the Paddock lake plant, as shown on
Nap 92.
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Table 156

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE PADDOCK LAKE AND HOOKER-MONTGOMERY LAKES SEWER SERVICE AREAS

DES PLAINES RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Eq~ivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1

Sewage Treatment Plants

Paddock Lake
Facilities (0.80 MGD) " ... ................... .. .............. ........ $ 766,000 $ 774,000 $ 922,000 $1,696,000 $49,100 $58,500 $107,600
Land (2.9 Acres) ..... ............. .......... ............... .......... 14,500 10,600 -- 10,600 700 -- 700

Subtotal ............ ........ ............. ...... ............ ........ 780,500 784,600 922,000 1,706,600 49,800 58,500 108,300
Hooker Lake

Facilities (0.27 MGD) .............. .......... , ......................... 204,000 249,000 308,000 557,000 15,800 19,400 35,200
Land (2.3 Acres) . ................ ..... .... .......................... 11,500 8,400 -- 8,400 500 -- 500

Subtotal ...................... ................... ... ....... ... , ... 215,500 257,400 308,000 565,400 16,300 19,400 35,700
Subtotal--Sewage Treatment Plants ........ ....................... 996,000 1,042,000 1,230,000 2,272,000 66,100 77,900 144,000

Trunk Sewers--None

Total ........... ............ ........................... $ 996,000 $1,042,000 $1,230,000 $2,272,000 $66,100 $77,900 $144,000

ALTERNATIVE PLAN 2

Sewage Treatment Plant
Paddock Lake

Facilities (1.07 MGD) .................. ................................. $1,026,000 $1,007,000 $1,141,000 $2,148,000 $63,900 $72,400 $136,300
Land (3.2 Acres) ..............................., ..., ., .............. 16,000 11,700 -- 11,700 700 -- 700

Subtotal ................. .......... .......... .. ............... ., ..... 1,042,OGO 1,018,700 1,141,000 2,159,700 64,600 72,400 137,000
Trunk Sewer

Hooker Lake-Paddock Lake ........ .......... ............................ 293,500 232,000 101,000 333,000 14,700 6,400 21,100
Subtotal ................ ................ .......................... ... 293,500 232,000 101,000 333,000 14,700 6,400 21,100

Total ...... ............. ....... .. ........ ... .................. .. $1,335,500 $1,250,700 $1,242,000 $2,492,700 $79,300 $78,800 $158,100

Source: SEWRPC.
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to an expanded Paddock Lake sewage treatment
facility. The estimated capital cost of construct
ing the necessary trunk sewer is about $294,000,
with an equivalent annual cost of about $21,100.
The Paddock Lake sewage treatment facility would
need to be expanded from its existing 0.40 aver
age hydraulic design capacity to a 1990 average
hydraulic design capacity of about 1. 07 mgd. As
in the first alternative, the expanded Paddock
Lake facility would have to provide secondary
waste treatment, advanced waste treatment for
nitrification and phosphorus removal, and auxil
iary waste treatment for effluent aeration and
disinfection. The total estimated capital cost of
expanding the Paddock Lake treatment facility
under this alternative is about $1. 04 million, an
equivalent annual cost of about $137,000. In total,
then, the estimated capital cost of carrying out the
second alternative plan for the Paddock Lake and
Hooker-Montgomery Lakes sewer service areas
is about $1. 36 million, with an equivalent annual
cost of about $158, 000.

The two alternatives considered would provide
centralized sanitary sewer service to identical
sewer service areas, and each would meet the
adopted water use objectives for the tributaries
to, and the main stem of, the Des Plaines River.
When viewed on an equivalent annual cost basis,
the first alternative, which provides for the con
tinued operation of two treatment facilities, is
somewhat less expensive than the second alter
native, which would consolidate the two facilities
at the Paddock Lake site, the difference in cost
being approximately 10 percent. The second alter
native would, of course, have the advantage of
eliminating an additional point source of pollution
and provide for a somewhat larger sewage treat
ment facility to serve all urban development in
the Paddock Lake-Hooker Lake-Montgomery Lake
contiguous urban area. The second alternative
has certain advantages concerning the probability
of implementation, in that sewage treatment facil
ities would continue to be operated by the two
units of government now providing sewer service.
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Table 157

Private Sewage Treatment Plants
Six private sewage treatment facilities currently
discharge relatively minor amounts of waste to
streams in the Des Plaines River watershed.
These six facilities serve the Fonk Mobile Homes
Park No.2 in the Town of Dover; the Brighton
Dale County Park in the Town of Brighton on the
abandoned Bong Air Force Base; the Howard
Johnson Motor Lodge and an adjacent automobile
service station facility in the Town of Bristol
along IH 94; the Paramski Mobile Home Park in
the Town of Bristol near the illinois-Wisconsin
state line; the Wisconsin Tourist Information Cen
ter operated by the Wisconsin Department of
Natural Resources along IH 94 in the Town of
Pleasant Prairie; and the Meeter Brothers Can
ning Company in the Town of Yorkville (see Maps
31 and 38). Except for the Howard Johnson
Motor Lodge facility, each of these facilities
lies beyond the proposed 1990 service areas of
the public sanitary sewerage systems discussed
above. These facilities accordingly must be re
tained and, as necessary, be upgraded to provide
a level of waste treatment adequate to meet the
water use objectives and standards for the streams
within the Des Plaines River watershed. The
Howard Johnson Motor Lodge facility would be
abandoned upon implementation of the proposed
sewerage system plan for the Bristol-IH 94 sewer
service area.

UPPER FOX RIVER SUBREGIONAL AREA

The upper Fox River subregional area consists
of all that area of the Fox River watershed lying
generally north of the Vernon Marsh in Waukesha
County. This rapidly urbanizing area includes the

City of Waukesha and the westerly portion of the
Cities of Brookfield and New Berlin; the Villages
of Pewaukee, Sussex, and Lannon and the westerly
portion of the Village of Menomonee Falls; and all
of the Towns of Brookfield, Pewaukee, and Wau
kesha and portions of the Towns of Delafield,
Lisbon, and Genesee.

As noted in Chapter Vof this report, centralized
sanitary sewer service in the upper Fox River
subregional area was provided by four individual
systems in 1970. These systems are operated by
the Cities of Waukesha and Brookfield and the
Villages of Pewaukee and Sussex. The service
areas of these four systems together comprised
a total area of about 16 square miles and serve an
estimated population of about 59,000 persons. In
1970 there were about 35,800 persons residing in
the subregional area not served by centralized
sanitary sewerage facilities. Specific population,
service area, and related characteristics of the
four existing systems are presented in Chapter V
of this report.

Sewer Service Analysis Areas
A total of five sewer service analysis areas may
be identified within the upper Fox River subre
gional area (see Table 157). These five sewer
service analysis areas are shown on Map 93 and
may be described as follows:

1. Area A-This area consists of the entire
Village of Lannon, a portion of the Village
of Menomonee Falls, and a portion of the
Town of Lisbon. About 4, 400 persons
resided in this area in 1970 but no sanitary
sewer service was provided. By 1990

I
I
I
I
I
I
I
I
I
I
I
I
I

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS
IN THE UPPER FOX RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Average Population Average
Sewer Service Analysis Areal Area Hydraulic Residing in Area Hydraulic

Served Population Loading Proposed 1990 Served Population Loading
Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Lannon-Menomonee Falls ... -- -- -- 4,400 7.28 19,100 4.0
B Sussex 089 2,800 0.29 400 2.81 8,100 1.7
C Pewaukee. ............... 081 2,900 0.40 5,900 9.46 15,300 '3.2
D Brookfield-New Berlin . 5.62 12,300 1.72 10,600 22.52 49,100 10.2
E Waukesha ...................... 8.92 40,700 8.28 7,800 30.91 83,200 17.5

Total ...................... 16.24 58,700 10.69 29,100 72.98 174,800 36.6

'See Map 93.
Source: SEWRPC.
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Map 93

IJUPPER ROCK RIVER SUBREGIONAL AREA

'==---- -------

The rapidly urbanizing Upper Fox Ri .... er watershed may be divided into five sanitary sewer service
areas: the Lannon-Western Menomonee Fall s area, the Sussex area, the Pewaukee-Pewaukee lake area,
the Western Brookfield-New Berlin area, and the Waukesha area. It is anticipated that nearly
175,000 persons will reside in these five urban subareas of the upper watershed by 1990, with the
total land in urban use anticipated to approximate 73 square miles. In 1970 there were about
89,000 persons residing in the upper watershed, of which about 59,000 were served by central ized
sanitary sewer service, and 30,000 by onsite septic tank sewage disposal systems.

Source: SEWRPC.
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the total area anticipated to be served
with centralized sewer service approxi
mates 7.3 square miles, with a projected
population of about 19,000 persons. This
subarea is referenced as the "Lannon
Menomonee Falls" sewer service area in
the ensuing discussion.

2. Area B-This area consists of the Village
of Sussex and environs. In 1970, sanitary
sewer service was provided in this area to
a total area of about 0.9 square mile,
having a total resident population of about
2,800 persons. An additional 400 persons
resided in the proposed 1990 sewer service
area but were not provided with sanitary
sewer service in 1970. By 1990 the total
area anticipated to be served approximates
2.8 square miles with a projected popula
tion of about 8,100 persons. This subarea
is referenced as the "Sussex" sewer ser
vice area in the ensuing discussion.

3. Area C-This area consists of the Village
of Pewaukee and environs, including urban
development along the shoreline of Pewau
kee Lake in the Towns of Delafield and
Pewaukee. In 1970, sanitary sewer ser
vice was provided in this area only within
the Village of Pewaukee to a total area of
about 0.8 square mile, having a total resi
dent population of about 2,900 persons.
An additional 5,900 persons resided in the
proposed 1990 sewer service area but
were not provided with sanitary sewer
service in 1970. By 1990 the total area
anticipated to be served approximates 9. 5
square miles with a projected population
of nearly 15,300 persons. This subarea
is referenced as the "Pewaukee" sewer
service area in the ensuing discussion.

4. Area D-This area consists of the westerly
portion of the City of Brookfield together
with portions of the Town of Brookfield,
the Village of Menomonee Falls, and the
City of New Berlin. In 1970, sanitary
sewer service was provided in this area
within the City of Brookfield to a total area
of about 5. 6 square miles, having a total
resident population of about 12,300 per
sons. About 10,600 persons resided in the
proposed 1990 sewer service area but
were not provided with sanitary sewer

service in 1970. By 1990 the total area
anticipated to be served with central
ized sanitary sewer service approximates
22.5 square miles with a projected pop
ulation of about 49,100 persons. This
subarea is referenced as the "Brookfield
New Berlin" sewer service area in the
ensuing discussion.

5. Area E-This area consists of the City of
Waukesha and environs including portions
of the Towns of Brookfield, Pewaukee, and
Waukesha. In 1970, sanitary sewer ser
vice was provided in this area to a total
area of nearly nine square miles having
a total resident population of about 40,700
persons. An additional 7, 800 persons
resided in the proposed 1990 sewer ser
vice area but were not provided with
sanitary sewer service in 1970. By 1990
the total area anticipated to be served
with centralized sanitary sewer service
approximates 30.9 square miles, with a
projected population of nearly 83,200 per
sons. This subarea is referenced as the,
"Waukesha" sewer service area in the
ensuing discussion.

Summary of Fox River Watershed
Plan Recommendations
The Fox River watershed plan, as adopted in
June 1970 by the Regional Planning Commission,
contained specific recommendations pertaining to
sewerage system development and stream water
quality management for the upper Fox River sub
regional area. These recommendations were
developed from a detailed examination of seven
basic alternative stream water quality manage
ment plan elements for the entire watershed:
1) the provision of secondary and advanced waste
water treatment (phosphorus and nitrogen removal);
2) the diversion of sewage to the Milwaukee
metropolitan sewerage system; 3) the provision of
secondary waste treatment combined with effluent
waste disposal through land irrigation; 4) the
provision of secondary waste treatment only com
bined with instream chemical treatment for algae
and weed control; 5) the provision of secondary
treatment only combined with low-flow augmenta
tion; 6) the provision of secondary treatment only;
and 7) the provision of secondary and tertiary
treatment, not including nutrient removal. Based
upon the cost, performance, and related advan
tages and disadvantages of each of these seven
alternatives, as discussed in the planning report
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selection was made while recognizing that imple
mentation would be difficult because of the lack of
an appropriate institutional structure.

Developments Mfecting the
Watershed Plan Recommendations
Since the preparation and adoption of the Fox River
watershed plan, several developments occurred
which required reevaluation of the recommenda
tions in the adopted Fox River watershed plan
prior to the integration of these recommendations
into the regional sanitary s~werage system plan.
Such developments may be classified as those
relating to the state of the art of water quality
management and those relating to plan implemen
tation activities. The development relating to the
state of the art has a relatively minor effect on
the plan recommendations, resulting in the sub
stitution of nitrification through additional aera
tion and biochemical treatment accomplished in
tanks for the ammonia stripping originally recom
mended to be accomplished in aeration towers.
Experience elsewhere in the country since com
pletion of the Fox River watershed plan has indi
cated that the latter technique, while feasible,
presents certain operating difficulties, especially
in cold weather.

With respect to plan implementation activities, it
should be noted that the Fox River watershed plan
was approved by the Wisconsin Natural Resources
Board, acting upon the recommendation of the
Wisconsin Department of Natural Resources (DNR)
in June 1971, and thereupon certified to the U. S.
Environmental Protection Agency (EPA) as the
state's official basin plan for the Fox (illinois)
River. The EPA subsequently requested that a
specific implementation schedule with respect to
lA to a low of about $3. 48 million for alternative
lB, a difference of less than 5 percent, or well
within the limits of accuracy with which such
costs can be estimated. Cost effectiveness alone,
therefore, was not deemed to provide an adequate
basis for choosing from among the subalter
natives. Alternative lC, however, was, on the
basis of other tangible but nevertheless real con
siderations, deemed to be the most advantageous
plan, since it would result in the allocation of the
costs involved in the provision of advanced waste
treatment facilities on a larger areawide basis,
and thus better coordinate needs with available
financial resources; would avoid duplication of
staffs and supporting laboratory and related facil
ities; would eliminate the discharge of all sewage
effluent to the Fox River above Waukesha; and
would best lend itself to the creation of one single,

centralized sewerage district for plan implemen
tation, including stream water quality monitoring
and control. The basic disadvantages of alterna
tive plan IC are the reduction of streamflow in
the upper reaches of the Fox River, particularly
through the Waukesha impoundment, and the need
to create a new institutional structure for imple
mentation. On balance, however, alternative plan
IC was deemed to be the best alternative by the
Fox River Watershed Committee and was subse
quently included in the watershed plan as adopted
by the Regional Planning Commission.15 This
documenting the findings and recommendations of
the Fox River watershed study, it was recom
mended that the first alternative plan element,
including the provision of secondary and advanced
waste treatment for both phosphorus and nitrogen
removal, be adopted as the recommended stream
water quality management plan for the entire Fox
River watershed.

With respect to the upper Fox River watershed
area, three subalternatives differing only with
respect to the number of sewage treatment facili
ties to be provided to serve the existing and
anticipated urban development pattern were devel
oped and evaluated. The first alternative plan (IA)
proposed separate sewage treatment plants at six
locations in the upper watershed-Lannon, Sussex,
Pewaukee, Brookfield (2), and Waukesha. The
second alternative plan (IB) proposed two major
sewage treatment facilities to serve the entire
upper watershed area-one each at Waukesha and
Brookfield-together with necessary trunk sewers
to convey wastes to the centralized facilities. The
third alternative plan (IC) proposed one major
centralized sewage treatment facility to be located
on a new site below Waukesha together with a
system of trunk sewers to convey wastes from the
entire upper watershed to the new plant site. It is
important to note that with respect to stream
water quality, all of the three subalternatives
considered would provide advanced waste treat
ment for phosphorus and nitrogen removal and
could thus basically meet the established water
use objectives for the Fox River. The three sub
alternatives ranged in total equivalent annual cost
from a high of about $3.65 million for alternative

15 For a more complete description of the alternative

sewerage facility plan elements in the adopted Fox

River watershed plan, including a complete discussion

of the advantages and disadvantages of alternative

plans lA, IB, and lC, see SEWRPC Planning Report

No. 12, A Comprehensive Plan for the Fox River Water

shed, Volume 2, Alternative Plans and Recommended

Plan, Chapter V.
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the proposals for areawide sewerage system facil
ity development for the Upper Fox River water
shed be developed and included with the certified
plan document. Accordingly, the DNR in Decem
ber 1972 published such an implementation sched
ule. This schedule proposed the establishment in
early 1974 of an Upper Fox River watershed met
ropolitan sewerage district, including at least the
Cities of Brookfield and Waukesha and the Villages
of Lannon, Pewaukee, and Sussex; the immediate
initiation of an engineering study by the City of
Waukesha for the construction of the first stage
of the recommended areawide sewage treatment
facility; the completion of the entire new areawide
treatment facility by 1985; the connection of the
Village of Pewaukee and the City of Brookfield to
the centralized system by 1982; immediate expan
sion of the Village of Sussex sewage treatment
facility on an interim basis; and the connection of
the Village of Sussex and the Village of Lannon to
the centralized system no later than 1985. 16

This implementation schedule was the subject of
a public informational meeting held by the DNR on
January 18, 1973. Generally, public officials
representing the local units of government in the
Upper Fox River watershed expressed opposition
to the creation of a metropolitan sewerage district
for the Upper Fox River-an action that resulted
in the creation of an ad hoc intergovernmental
advisory committee to formulate a joint response
to the plan implementation schedule initiated by
the DNR. The Committee membership included
the heads of the key local governments concerned,
the engineering staffs of these governments, and
representatives of the Wisconsin Department of
Natural Resources and the Regional Planning
Commission.

After a series of meetings, and after careful
deliberation, all of the key units of government in
the Upper Fox River watershed agreed to support
full implementation of the first alternative sani
tary sewerage system plan contained in the adopted
Fox River watershed plan, provided that the sub
alternative selected be subalternative plan 1B as
opposed to subalternative plan 1C. The local units
of government involved carefully considered sub
alternative plan 1C, but rejected that subalterna-

16See Implementation Schedule for Meeting the Water

Quality Objectives and Waste Treatment Requirements in

the Fox (Illinois) River Watershed, Wisconsin Depart

ment of Natural Resources, December 1972.
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tive on the basis that subalternative plan 1B would
equally well meet the established water use objec
tives adopted for the Fox River; that the sub
alternative plans were virtually identical with
respect to cost effectiveness; and, most impor
tantly, that while full implementation of subalter
native plan 1B was highly likely and feasible
within the design year of the plan, political expe
rience indicated that the same conclusion could
not be drawn for alternative plan 1C. The agree
ment of the key local units of government involved
to support and implement subalternative plan 1B
was formally reflected in resolutions adopted by
the governing bodies of the Cities of Brookfield,
New Berlin, and Waukesha; the Villages of Menom
onee Falls, Pewaukee, and Sussex; the Towns of
Brookfield, Lisbon, and Pewaukee; and the Lake
Pewaukee Sanitary District. Subsequent to this
agreement at the local level as to which subalter
native plan to follow in carrying out the stream
water quality management recommendations in the
adopted Fox River watershed plan, the local offi
cials involved directed the preparation of a spe
cific implementation schedule and requested that
the Regional Planning Commission appropriately
amend the adopted watershed plan and seek all
necessary plan approvals at the state and federal
levels of government. On September 13, 1973,
the Commission took formal action to amend the
Fox River watershed plan to include subalterna
tive plan 1B in lieu of subalternatiye plan 1C
in the adopted plan, and to further include as
part of the adopted plan a Revised Implementa
tion Schedule for Meeting Water Quality Objec
tives and Waste Treatment Requirements for
the Fox (illinois) River Watershed, published
in August 1973 by the Wisconsin Department of

Natural Resources. This amendment was subse
quently certified to the state and federal agen
cies concerned.

Proposed Subregional Area Plan
Because of the extensive consideration of alterna
tive sanitary sewerage system plans under the
Fox River watershed study, the procedure for
formulating alternative plans developed in the
sewerage study was not used for the upper Fox
River subregional area. The alternatives pre
sented in the watershed study report, together
with the recommended plan presented in that
report, instead provided a point of departure for
the reevaluation of the adopted plan recommenda
tions and, as such, were incorporated into the
regional sanitary sewerage system planning effort.
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Consequently, only the recommended plan is
described in this section, such recommended plan
consisting of the basic stream water quality man
agement recommendations included in the adopted
Fox River watershed plan modified as necessary
to reflect the results of the reevaluation under the
sewerage system planning program.

Based upon the foregoing discussion of plan imple
mentation efforts and the changing state of the art
of water quality management planning, the basic
recommendation set forth in the adopted Fox
River watershed plan that advanced waste treat
ment be provided in the upper Fox River water
shed area was reaffirmed subject to the following
refinements and modifications:

1. With respect to treatment levels, it is
recommended that nitrification replace
nitrogen removal in order to reflect more
recent sanitary engineering experience and
practice. The recommendation to remove
phosphorus remains intact.

2. With respect to system configuration, it is
recommended that, in concept, the sewer
age facilities contained in subalternative
plan 1B be included in the recommended
regional sewerage system plan rather than
those sewerage facilities comprising sub
alternative plan 1C as included in the
watershed plan as initially adopted. Sub
alternative plan 1B will equally well meet
the established water use objectives for
the Fox River, has been judged by elected
local public officials to have a higher
probability of full implementation, and
is equally as cost effective as subalter
native 1C.

Based upon the foregoing, the proposed plan for
the upper Fox River watershed area would consist
of the following elements:

1. A new major sewage treatment facility
to be constructed at Brookfield to serve
the Lannon-Menomonee Falls, Sussex,
Pewaukee, and Brookfield-New Berlin
sewer service areas. This facility would
have a 1990 average hydraulic design
capacity of about 19 mgd and would provide
secondary waste treatment, advanced waste
treatment for nitrification and phosphorus
removal, and auxiliary waste treatment
for effluent disinfection. The treatment

facility currently under construction by the
City of Brookfield would represent the
first stage of this recommended areawide
treatment facility.

2. A major new sewage treatment facility to
serve the Waukesha area. This facility
would have a 1990 average hydraulic design
capacity of nearly 18 mgd and provide
secondary waste treatment, advanced waste
treatment for nitrification and phosphorus
removal, and auxiliary waste treatment
for effluent disinfection. Two possible
locations should be considered for this
plant-the location of the existing plant and
a new location approximately two miles
downstream from the existing plant-with
the ultimate location determined by local
engineering studies. The site of the exist
ing Waukesha sewage treatment plant has
several disadvantages as the site for the
proposed plant providing areawide service,
including limited area for expansion and
a location lying partially in the natural
floodlands of the Fox River. In addition,
new urban development in the Waukesha
area is occurring in areas downstream
from the existing facility, and sewage
from such development will have to be
pumped to the old plant site. The reloca
tion of the plant would overcome the afore
mentioned problems and would also pro
vide greater flexibility by preserving the
option of ultimately consolidating present
municipal waste treatment in the upper
Fox River watershed at a single location,
as initially recommended in the adopted
Fox River watershed plan, beyond the
design year of the sewerage system plan.
In order to provide a conservatively high
estimate of plan implementation costs, it
has been assumed in this report that the
proposed plant will be located at the down
stream site. Accordingly, the plan costs
include, in addition to the phased construc
tion of the new sewage treatment facility,
the cost of constructing a trunk sewer from
the old to the new treatment plant sites.
It is recognized, however, that the detailed
engineering design studies may result in
a recommendation to retain and perhaps
expand the existing treatment facility to
serve future urban growth in the Waukesha
area through the plan design year of 1990.
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Table 158

3. Trunk sewers to connect the Sussex,
Lannon-Menomonee Falls, Pewaukee, and
New Berlin sewer service areas to the new
Brookfield sewage treatment plant.

4. A trunk sewer to convey sewage from the
existing Waukesha sewage treatment plant
to the new downstream site.

The basic data utilized in formulating recom
mended levels of sewage treatment are presented
in Table 158; recommended treatment levels and
performance standards for the Brookfield and
Waukesha plants are set forth in Table 159 and
and compared with the Fox River watershed plan
recommendations in Table 160; and recommended
sewer service areas, treatment plant locations,
and trunk sewers are shown on Map 94.

The total estimated capital cost of carrying out
the proposed sewerage system plan for the upper
Fox River subregional area is about $35.4 million,
with an equivalent annual cost of nearly $2.7 mil
lion. Detailed cost estimates for this proposed
plan are presented in Table 161.

Private sewage Treatment Facilities
Four private sewage treatment facilities were
found in 1970 to discharge wastes in the upper Fox
River subregional area. These are the Ramada
Inn-Waukesha facility in the Town of Pewaukee;
the Mammoth Springs Canning Company facility in
the Town of Lisbon; the New Berlin West High
School facility in the City of New Berlin; and the
Oakton Manor-Tumblebrook Golf Course facility
in the Town of Delafield. Since 1970 one additional
private sewage treatment facility-that serving the
Willow Springs Mobile Home Park in the Town of

I
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REQUIRED TREATMEN,T LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANT SITES

IN THE UPPER FOX RIVER SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data
Dilution

Upstream Ratio

Sewage Total Total (Ratio

7-Day, Treatment Design Design of Design Level of Treatment Required

10-Year Plant Low Sewa§e
Low Flow Advanced Auxiliary

Low Flow Flow-1990 Flow-1990 Flow-1 90 to Design
Sewage Treatment Receiving Sewage Phosphorus Nitri- Effluent Disin-

Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990) Secondary Removal fication Aeration fection

Brookfield ...... Fox River 213 138

1

-- -- 213 138 29.57 1910 0.13 Yes Yes Yes No Yes
Waukesha . .............•.. . Fox River 4.70 3.04 2957 1910 3427 22.14 27.09 17.50 1.23 Yes Yes Yes No Yes

Source: SEWRPC.

Tab 1e 159

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOS ED SAN I TARY SEWERAGE SYSTEM PLAN

UPPER FOX RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Preparation Annual Averages)

Brookfield Brookfield-New Berlin 91,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l
(l9.1 MGD) Lannon-Menomonee Advanced Nitrification NH 3 -N Discharge: 1.5 mg/lFalls

Sussex Phosphorus Removal Phosphorus Discharge: 1 mg/l
Pewaukee Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Waukesha Waukesha 83,200 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l

(175 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg/l
Phosphorus Removal Phosphorus Discharge: 1 mg/l

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 94.
Source: SEWRPC.
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Map 911

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE UPPER FOX RIVER SUBREGIONAL AREA

1990

LEGEND

NEW BERLIN
HIGH SCHOOL•

WILLOW SPRINGS
MOBILE HOME PARK

~

PROPOSED PUBLIC

EXISTING PRIVATE TO BE RETAINEO

EXISTING PRIVATE TO BE ABANDONED

t

EXISTING TRUNK SEWER SYSTEM
SHOWN IN BROKEN LINES, SEE
CHAPTER Jr.

•
~

GRAPHIC SCALE

o 2000 4000 FEET
E4 Frl

SEWERS AND APPURTENANT FACILITIES

-- PROPOSED TRUNK SEWER

NOTE:

EXISTING PUBLIC TO BE ABANDONED

SEWAGE TREATMENT FACILITIES

SEWER SERVICE AREAS

c:J EXISTING 1970

o PROPOSED 1990

I

The proposed sanitary sewerage system plan for the Upper Fox River watershed area incl udes two new areawide sewage
treatment facilities, one locatedatBrookfield to serve the Lannon, Menomonee Falls, Sussex, Pewaukee, New Berlin,
and Brookfield urban concentrations, and the other located below Waukesha to serve the City of Waukesha and
environs. In order to meet the water use objectives for the Fox River, these two sewage treatment facilities
would need to provide advanced waste treatment for both nitrification and phosphorus removal. The proposed plan
also includes the major trunk sewers necessary to convey sewage from the urban concentrations to the two cen
tralized sewage treatment facilities. Implementation of this plan would permit the abandonment of the existing
Sussex, Pewaukee, and Brookfield sewage treatment facil ities.

I
Source: SEWRPC.

I
I
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Lisbon-has been established. Of these five facili
ties, all but the Mammoth Springs Canning Com
pany facility lie within the proposed 1990 sewer
service limits of the service areas within the
upper Fox River subregional area and would
accordingly be abandoned and connected to the
centralized sanitary sewer system as trunk sewer
service becomes available. The Mammoth Springs

Canning Company facility is a specialized treat
ment facility constructed for the purpose of
treating canning wastes and includes extensive
spray irrigation facilities. This facility should be
retained and continue to provide a level of waste
treatment designed to meet thc established water
use objectives for streams in the upper Fox River
watershed subregional area.

I
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Table 160

COMPARISGN BETWEEN RECOtH~ENDED TREAH1ENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANTS

IN THE UPPER FOX RIVER SUBREGIONAL AREA:

FOX RIVER WATERSHED PLAN AND REGIONAL SANITARY SEWERAGE SYSTEM PLAN

Fox River Watershed Plan l Regional Sanitary Sewerage System Plan

Advanced Auxiliary Advanced Auxiliary
Sewage Effluent Effluent

Treatment Phosphorus Nih Nitrogen Disin- Phosphorus Nih Nitrogen Oisin- Rationale For Change in
Plant Secondary Removal fication Removal fection Secondary Removal fication Removal fection Treatment Level Recommendations

Brookfield. Yes Yes No Yes Yes Yes Yes Yes No Yes Advancing state of the art reflects a
Waukesha. Yes Yes No Yes Yes Yes Yes Yes No Yes greater emphasis on nitrification

(NBOD reduction) than on nitrogen
removal

lCorresponds to Alternative Plan 18 as described in SEWRPC Planning Re
port No. 12, A Comprehensive Plan for the Fox River Watershed, Volume
Two, Alternative Plans and Recommended Plan.

Source: SEWRPC.

Tab 1 e I 61

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

UPPER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plants

Brookfield
Facilities (19.1 MGO) ................ .......... $14,178,000 $10,482,000 $ 8,811,000 $19,293,000 $ 665,000 $ 559,000 $1,224,000
Land (17.0 Acres) . ................ ..................... 82,500 60,500 -- 60,500 3,800 -- 3,800

Subtotal . .................... 14,260,500 10,542,500 8,811,000 19,353,500 668,800 559,000 1,227,800

Waukesha
Facilities (17.5 MGO) 12,990,300 9,602,200 8,073,300 17,675,500 609,200 512,200 1,121,400
Land (16.5 Acres) . 85,000 62,300 -- 62,300 4,000 -- 4,000

Subtotal. ..................... 13,075,300 9,664,500 8,073,300 17,737,800 613,200 512,200 1,125,400

Subtotal--Sewage Treatment Facilities . 27,335,800 20,207,000 16,884,300 37,091,300 1,282,000 1,071,200 2,353,200

Trunk Sewers

Sussex 632,000 461,700 11,000 472,700 29,300 700 30,000
Pewaukee. .. .............. .......... 629,000 460,300 15,800 476,100 29,200 1,000 30,200
Brookfield-Lannon ............. .............................. .... 3,739,000 2,735,000 20,200 2,755,200 173,500 1,300 174,800
Brookfield-New Berlin ........... 989,600 725,100 7,900 733,000 46,000 500 46,500
Waukesha . ................................... 2,080,100 1,524,200 4,700 1,528,900 96,700 300 97,000

Subtotal--Trunk Sewers ...... ...... ........... 8,069,700 5,906,300 59,600 5,965,900 374,700 3,800 378,500

Total. ........... ................... $35,405,500 $26,113,300 $16,943,900 $42,057,200 $1,656,700 $10,075,000 $2,731,700

Source: SEWRPC.
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LOWER FOX RIVER SUBREGIONAL AREA

The Lower Fox River subregional area consists of
all that area of the Fox River watershed lying
generally south of the Vernon Marsh in Waukesha
County. This portionoof the Fox River watershed
is comprised of, all or portions of several sub
watersheds, including the Mukwonago River sub
watershed, the Honey Creek subwatershed, the
Sugar Creek subwatershed, and the White River
subwatershed. Concentrations of urban develop
ment are found in the Cities of Burlington and
Lake Geneva and in the Villages of Mukwonago,
East Troy, Rochester, Waterford, Silver Lake,
Twin Lakes, and Genoa City. In addition, urban
development is located along the shorelines of
several major lakes, including Wind Lake, Tichi
gan Lake, Browns Lake, Eagle Lake, and Camp
and Center Lakes.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Lower Fox River
subregional area was provided by seven systems
in 1970: those operated by the Cities of Burlington
and Lake Geneva; the Villages of East Troy,
Mukwonago, Genoa City, Silver Lake, and Twin

Lakes; and the Western Racine County Sewerage
District serving the Villages of Rochester and
Waterford and a portion of the Town of Rochester.
Together, the service areas of these seven sys
tems comprised an area of about 7. 6 square miles
and served an estimated population of about 22,800
persons. In 1970 there were about 52,000 persons
residing in the subregional area not served by
centralized sanitary sewerage facilities. Specific
population, service area, and related character
istics of the seven existing systems are presented
in Chapter V of this report.

Sewer Service Analysis Areas
A total of 18 sewer service analysis areas may be
identified within the Lower Fox River subregional
area (see Table 162). These 18 sewer service
analysis areas are shown on Map 95 and may be
described as follows:

1. Area A-This area consists of the Village
of Mukwonago and environs. In 1970, sani
tary sewer service was provided in this
area to a total area of about 1. 1 square
miles, having a total resident population of
about 2,600 persons. By 1990 the total

I
I

Table 162

SELECTED CHARACTER I STICS OF SEWER SERVICE ANALYSIS AREAS

IN THE LOWER FOX RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Average Population Average
Sewer Service Analysis Areal Area Hydraulic Residing in Area Hydraulic

Served Population Loading Proposed 1990 Served Population Loading
Letter Name (Square Miles) Served (MGD) Service Area (Square Milesl Served (MGD)

A Mukwonago. 107 2,600 0.30 600 2.72 7,800 139
B East Troy. 0.46 1,700 0.18 100 154 3,600 0.70
C Potter Lake -- -- -- 800' 0.50 1,1003 0.23
D Lake Geneva. 154 4,700 0.64 2,100' 6.78 12,200' 2.30
E Lake Como. -- -- -- 1,200' 2.69 1,9005 0.40
F Lyons. -- -- -- 600 031 700 0.15
G Genoa City . 0.20 900 0.08 200 101 1,800 030
H Wind Lake ............................ -- -- -- 3,300' 301 6,900' 1.45
I Eagle Lake ........ -- -- -- 1,000' 1.20 1,6007 0.32
J Waterford-Rochester. 107 2,500 0.24 300 3.11 6.100 100
K Tichigan Lake -- -- -- 1,900' 102 2,500' 0.50
L Burlington 2.08 7,500 120 2,100 6.04 15,000 250
M Silver Lake ........................ 039 1,200 0.14 100 1.40 3,300 0.71
N Twin Lakes 0.80 1,700 0.22 600' 2.74 4,200' 0.75
a Camp-Center L~kes·.···· -- -- -- 1,700' 162 2,40010 0.53
P Wilmot -- -- -- 400 0.46 600 0.13
Q Cross Lake. -- -- -- 1,100' 1.10 1,20011 0.25
R Rock Lake -- -- -- sao' 032 7001

' 0.15

Total. 7.61 22,800 300 18,600 37.57 73,600 13.76

I
I
I

'See Map 95.
'Does not include seasonal resident population on Potter Lake, Lake
Geneva, Lake Como, Wind Lake, Eagle Lake, Tichigan Lake, Twin Lakes,
Camp Lake, Cross Lake, and Rock Lake.

31ncfudes an estimated seasonal resident population of 200 persons.
'Includes an estimated seasonal resident population of 700 persons.
'Includes an estimated seasonal resident population of 100 persons.

Source: SEWRPC.

'Incfudes an estimated seasonal resident population of 500 persons.
'Includes an estimated seasonal resident population of4rJO persons.
'Includes an estimated seasonal resident population of 400 persons.
'Includes an estimated seasonal resident population of 1,400 persons.
"Includes an estimated seasonal resident population of 700 persons.
lllncfudes an estimated seasonal resident population of 100 persons.
"Incfudes an estimated seasonal resident population of 100 persons
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Urban development In the lower Fox River watershed is concentrated in several relatively small cities and villages
and unincorporated communities Tocated along the shore I ines of the many lakes which are found in this portion of
the Region. For sewer service analysis purposes, 18 individual urban areas were identified, as shown on the above
map. It is anticipated that nearly 71t,000 persons may be expected to reside in these 18 urban areas of the lower
watershed by 1990, with the total land in urban use anticipated to approximate nearly 38 square miles. In 1970
there were about 75,000 persons residing in the lower watershed, of which about 23,000 were served by centralized
sanitary sewer service and 52,000 by onsite septic tank sewage disposal systems.

Source: SEWRPC.
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area anticipated to be served approximates
2.7 square miles, with a projected popula
tion of about 7, 800 persons. This area
is referenced as the "Mukwonago" sewer
service area in the ensuing discussion.

2. Area B-This area consists of the Village
of East Troy and environs. In 1970, sani
tary sewer service was provided in this
area to a total area of about 0.5 square
mile, having a total resident population of
about 1,700 persons. By 1990 the total
area anticipated to be served approximates
L 5 square miles, with a projected popula
tion of about 3,600 persons. This subarea
is referenced as the "East Troy" sewer
service area in the ensuing discussion.

3. Area C-This area consists of urban devel
opment along the shoreline of Potter Lake
in the Town of East Troy. About 800 per
sons resided in this area on a year-round
basis in 1970 but no centralized sanitary
sewer service was provided. The East
Troy Sanitary District No. 2 has been
formed to provide centralized sanitary
sewer service to this concentration of
urban development. By 1990 the total area
anticipated to be served with centralized
sanitary sewer service approximates O. 5
square mile, with a projected population of
about 1,100 persons, including an esti
mated seasonal resident population of about
200 persons. This subarea is referenced
as the "Potter Lake" sewer service area
in the ensuing discussion.

4. Area D-This area consists of the City of
Lake Geneva and environs, including urban
development along the shoreline of Geneva
Lake in the Towns of Linn and Geneva. In
1970, sanitary sewer service was provided
in this area to a total area of about L 5
square miles, having a total resident popu
lation of about 4,700 persons. By 1990 the
total area anticipated to be served approxi
mates 6.8 square miles, with a projected
population of about 12,200 persons, includ
ing an estimated seasonal resident popula
tion of about 700 persons. This subarea
is referenced as the "Lake Geneva" sewer
service area in the ensuing discussion.

5. Area E-This area consists of urban devel
opment along the north shoreline of Lake
Como in the Town of Geneva. About 1,200
persons resided in this area on a year
round basis in 1970 but no centralized
sanitary sewer service was provided. By
1990 the total area anticipated to be served
with centralized sanitary sewer service
approximates 2.7 square miles, with a
projected population of about 1,900 per
sons, including an estimated seasonal
resident population of about 100 persons.
This subarea is referenced as the "Lake
Como" sewer service area in the ensuing
discussion.

6. Area F-This area consists of the unincor
porated village of Lyons in the Town of
Lyons. About 600 persons resided in this
area in 1970 but no centralized sanitary
sewer service was provided. The Wis
consin Department of Natural Resources
has ordered the installation of such ser
vice to the unincorporated village and, in
response to this order, the Town of Lyons
created a Sanitary District No.2. By 1990
the total area anticipated to be served with
centralized sanitary sewer service approx
imates 0.3 square mile, with a projected
population of about 700 persons. This sub
area is referenced as the "Lyons" sewer
service area in the ensuing discussion.

7. Area G-This area consists of the Village
of Genoa City and environs. In 1970, sani
tary sewer service was provided in this
area to a total area of about 0.2 square
mile, having a total resident population of
about 900 persons. By 1990 the total area
anticipated to be served approximates L 0
square mile, with a projected population of
about 1,800 persons. This subarea is ref
erenced as the "Genoa City" sewer service
area in the ensuing discussion.

8. Area H-This area consists of urban devel
opment along the shorelines of Wind, Wau
beesee, and Long Lakes in the Town of
Norway and Lake Denoon in the City of
Muskego. About 3,300 persons resided in
this area on a year-round basis in the year
1970 but no centralized sanitary sewer
service was provided. The Town of Nor-
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way Sanitary District has been formed to
provide centralized sanitary sewer service
to that portion of the service area in Racine
County. By 1990 the total area anticipated
to be served approximates 3. 0 square
miles, with a projected population of about
6, 900 persons, including an estimated sea
sonal resident population of about 500 per"'
sons. This subarea is referenced as the
"Wind Lake" sewer service area in the
ensuing discussion.

9. Area I-This area consists of urban devel
opment along the shoreline of Eagle Lake
and in the unincorporated village of Kan
sasville in the Town of Dover. About 1,000
persons resided in this area on a year
round basis in 1970 but no centralized
sanitary sewer service was provided. The
Town of Dover Sewer Utility District No. 1
has been formed to provide centralized
sanitary sewer service to this concentra
tion of urban development. By 1990 the
total area anticipated to be served with
centralized sanitary sewer service approx
imates 1. 2 square miles, with a projected
population of about 1,600 persons, includ
ing an estimated seasonal resident popula
tion of about 400 persons. This subarea
is referenced as the "Eagle Lake" sewer
service area in the ensuing discussion.

10. Area J-This area consists of the Villages
of Rochester and Waterford and contiguous
urban development in the Towns of Roches
ter and Waterford, and encompasses the
entire service area of the Western Racine
County Sewerage District. In 1970, sani
tary sewer service was provided in this
area to a total area of about 1. 1 square
miles, having a total resident population
of about 2,500 persons. By 1990 the total
area anticipated to be served approxi
mates 3.1 square miles, with a projected
population of about 6, 100 persons. This
subarea is referenced as the "Waterford
Rochester" sewer service area in the
ensuing discussion.

11. Area K-This area consists of urban devel
opment along the shoreline of Tichigan
Lake in the Town of Waterford. About
1, 900 persons resided in this area on a
year-round basis in 1970 but no centralized
sanitary sewer service was provided. The

Tichigan Lake Sanitary District has been
formed to provide such service. By 1990
the total area anticipated to be served with
centralized sanitary sewer service approx
imates 1. 0 square mile, with a projected
population of about 2, 500 persons, includ
ing an estimated seasonal resident popula
tion of about 400 persons. This subarea is
referenced as the "Tichigan Lake" sewer
service area in the ensuing discussion.

12. Area L-This area consists of the City of
Burlington and environs, including urban
development along the shoreline of Browns
Lake in the Town of Burlington. In 1970,
sanitary sewer service was provided in
this area to a total area of about 2.1 square
miles, having a total resident population of
about 7,500 persons. By 1990 the total
area anticipated to be served approximates
6.0 square miles, with a projected popula
tion of about 15,000 persons. This subarea
is referenced as the "Burlington" sewer
service area in the ensuing discussion.

13. Area JIll-This area consists of the Village
of Silver Lake and environs. In 1970,
sanitary sewer service was provided in
this area to a total area of about 0.4 square
mile, having a total resident population of
about 1,200 persons. By 1990 the total
area anticipated to be served approximates
1. 4 square miles, with a projected popula
tion of about 3,300 persons. This subarea
is referenced as the "Silver Lake" sewer
service area in the ensuing discussion.

14. Area N-This area consists of the Village
of Twin Lakes and environs. In 1970,
sanitary sewer service was provided in
this area to a total area of about 0.8 square
mile, having a total resident population of
about 1,700 persons. By 1990 the total
area anticipated to be served approximates
2.7 square miles, with a projected popula
tion of about 4,200 persons, including an
estimated seasonal resident population of
about 1,400 persons. This subarea is
referenced as the "Twin Lakes" sewer
service area in the ensuing discussion.

15. Area O-This area consists of urban devel
opment along the shorelines of Camp and
Center Lakes in the Town of Salem. About
1,700 persons resided in this area on a
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year-round basis in 1970 but no centralized
sanitary sewer service was provided. By
1990 the total area anticipated to be served
with centralized sanitary sewer service
approximates 1. 6 square miles, with a
projected population of about 2,400 per
sons, including an estimated seasonal
population of about 700 persons. This
subarea is referenced as the "Camp-Center
Lakes" sewer service area in the ensuing
discussion.

16. Area P-This area consists of the unincor
porated village of Wilmot in the Town of
Salem. About 400 persons resided in this
area on a year-round basis in 1970, but no
centralized sanitary sewer service was
provided. By 1990 the total area antici
pated to be served approximates 0.5 square
mile, with a projected population of about
600 persons. This subarea is referenced
as the "Wilmot" sewer service area in the
ensuing discussion.

17. Area Q-This area consists of urban devel
opment along the shorelines of Cross,
Voltz, Benet, and Shangrila Lakes in the
Towns of Salem and Bristol. About 1,100
persons resided in this area on a year
round basis in 1970 but no centralized
sanitary sewer service was provided. By
1990 the total area anticipated to be served
approximates 1.1 square miles, with a
projected population of about 1,200 per
sons, including an estimated seasonal
resident population of about 100 persons.
This subarea is referenced as the "Cross
Lake" sewer service area in the ensuing
discussion.

18. Area R-This area consists of urban devel
opment along the shoreline of Rock Lake
and in the unincorporated village of Trevor
in the Town of Salem. About 500 persons
resided in this area on a year-round basis
in 1970 but no centralized sanitary sewer
service was provided. By 1990 the total
area anticipated to be served with central
ized sanitary sewer service approximates
O. 3 square mile, with a projected popula
tion of about 700 persons, including an
estimated seasonal resident population of
about 100 persons. This subarea is ref
erenced as the "Rock Lake" sewer service
area in the ensuing discussion.

Summary of Fox River Watershed
Plan Recommendations
The Fox River watershed plan, as adopted in
June 1970 by the Regional Planning Commission,
contained specific recommendations pertaining to
sewerage system development and stream water
quality management for the Lower Fox River sub
regional area. These recommendations were
developed from a detailed examination of seven
basic alternative stream water quality manage
ment plan elements for the entire watershed:
1) the provision of secondary and advanced waste
treatment (phosphorus and nitrogen removal);
2) the diversion of sewage from the upper water
shed area to the Milwaukee-metropolitan sewer
age system; 3) the provision of secondary waste
treatment combined with effluent waste disposal
through land irrigation; 4) the provision of second
ary waste treatment only combined with instream
chemical treatment for algae and weed control;
5) the provision of secondary treatment only com
bined with low-flow augmentation; 6) the provision
of secondary treatment only; and 7) the provision
of secondary and tertiary treatment, not including
nutrient removal. Based upon the cost, perform
ance, and related advantages and disadvantages
of each of these alternatives, as discussed in the
planning report documenting the findings and rec
ommendations of the Fox River watershed study,
it was recommended that the first alternative plan
element, including the provision of secondary and
advanced waste treatment for both phosphorus and
nitrogen removal, be adopted as the recommended
stream water quality management plan for the
entire Fox River watershed.

With respect to the Lower Fox River watershed
area, the watershed plan recommendations may
be summarized as follows: 17

1. The provision of secondary waste treat
ment and auxiliary waste treatment for
effluent disinfection at the municipal sew
age treatment facilities serving the Vil
lages of Genoa City and Silver Lake.

2. The provision of secondary waste treat
ment, advanced waste treatment for re-

17 For a more complete description of the recommended

sewerage facility plan elements in the adopted Fox

River watershed plan, see SEWRPC Planning Report

No. 12, A Comprehensive Plan for the Fox River

Watershed, Volume 2, Alternative Plans and Recommended

Plan, Chapter V.
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moval of additional oxygen demanding
organic matter and for phosphorus and
nitrogen removal, and auxiliary waste
treatment for effluent disinfection at the
municipal sewage treatment facilities serv
ing the Cities of Burlington and Lake
Geneva; the Villages of East Troy, Muk
wonago, and Twin Lakes; and the western
Racine County Sewerage District.

3. The establishment of new sanitary sewer
age systems to serve urban development
along the shorelines of Browns, Camp and
Center, Como, Eagle, Tichigan, and Wind
Lakes. In the case of Browns Lake, it
was recommended that the proposed sys
tem be connected to the Burlington sewage
treatment facility. In the case of the
other lakes, it was recommended that
sewage treatment facilities be constructed
to provide secondary waste treatment and
auxiliary waste treatment for effluent
disinfection.

Developments Affecting the Watershed
Plan Recommendations
Since, the preparation and adoption of the Fox
River watershed plan, several developments have
occurred relating to the state of the art of water
quality management which required reevaluation
of the recommendations in the adopted Fox River
watershed plan prior to the integration of these
recommendations into the regional sanitary sew
erage system plan. As noted above, the Fox River
watershed plan recommended nitrogen removal as
a form of advanced waste treatment at the major
sewage treatment facilities in the watershed. This
recommendation was based upon a recognition of
nitrogen as a nutrient contributing to algae and
weed growth. The plan recommended that nitrogen
removal be accomplished in ammonia stripping
towers. Experience elsewhere in the country
since completion of the Fox River watershed plan
has indicated that the stripping tower technique,
while feasible, presents certain operating difficul
ties, especially in cold weather. In addition,
nitrogen is no longer seen to be as critical a
limiting nutrient as phosphorus in the growth of
algae and aquatic plants. Since completion of the
Fox River watershed plan, then, there has been
a decreased emphasis on the critical nature of
nitrogen as a nutrient. This has been accom
panied by an increased emphasis on the oxy
gen demand imposed by effluent nitrogen in the
form of ammonia, and on the toxic effect of that
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ammonia. Accordingly, it was determined to
appropriately substitute the advanced waste treat
ment of nitrification for nitrogen removal in the
reevaluation of the Fox River watershed plan rec
ommendations under the regional sanitary sewer
age system planning program.

In addition to the foregoing developments reflect
ing the changing state of the art of water quality
management, the interconnection guidelines pro
mulgated by the Wisconsin Department of Natural
Resources caused a need to appropriately recon
sider certain recommendations concerning indi
vidual sewage treatment facilities at lake areas in
the adopted Fox River watershed plan. Accord
ingly, where appropriate, interconnection analyses
were made and the results presented in the dis
cussion below.

Proposed Subregional Area Plan
Because of the extensive consideration of alterna
tive sanitary sewerage system plans under the
Fox River watershed study, the procedure for
formulating alternative plans developed in the
sewerage study was not used in the Lower Fox
River subregional area. The alternatives ,pre
sented in the watershed study report, together
with the recommended plan presented in that
report, instead provided a point of departure for
the reevaluation of the adopted plan recommenda
tions, and as such were incorporated into the
regional sanitary sewerage system planning effort.
Consequently, except with respect to the Lake
Geneva and Lake Como subarea where inter
connection guidelines required consideration of
alternative plans, only the recommended plan is
described in this section, such recommended plan
consisting of the basic stream water quality man
agement recommendations included in the Fox
River watershed plan and modified as necessary
to reflect the results of the reevaluation under the
regional sanitary sewerage system planning pro
gram. Data pertaining to required treatment
levels at each of the municipal sewage treatment
plant sites considered in the proposed plan are
presented in Table 163.

Mukwonago Subarea: in 1970 the sewage treatment
facility serving the Mukwonago sewer service
area had an average hydraulic design capacity of
about 0.24 mgd and prOVided a secondary level of
waste treatment. Disposal of effluent is to the
Mukwonago River. The plant is a trickling filter
type constructed in 1950, and may be considered
as having nearly reached the end of its useful
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN
fOR THE MUKWONAGO SEWER SERVICE AREA

LOWER fOX RIVER SUBREGIONAL AREA
1990

The proposed sewerage systell plan for the "'ukwonago urban
area includes relocation of the existing treat .. ent plant
to a site farther downstreall on the Mukwonago River to
better serve existing and anticipated future urban devel
opment. The existing plant is a trickling filter type
that has nearly reactud the end of its useful life. In
order to ~eet the water use objectives for the Mukwonago
River, the proposed new Mukwonago treat.ent facility
would need to provide secondary waste treat.ent, advanced
waste treatment for nitrification and phosphorus relloval,
and auxiliary waste treatment for effluent disinfection.
The proposed plan also includes a trunk sewer to convey
wastes from the existing to the proposed treatment
plant site.

Source: SEWRPC.

East Troy-Potter Lake Subarea: In 1970 the sew
age treatment facility serving the East Troy
sewer service area had an average hydraulic
design capacity of about 0.32 mgd and provided
a secondary level of waste treatment. Disposal o[
effluent is to Honey Creek. The plant is a
trickling filter type constructed in 1960. While no
sanitary sewer service was provided in 1970 to
the Potter Lake sewer service area, the Town of
East Troy Sanitary District No. 2 has completed
preliminary engineering studies relating to the
provision of such service, including a proposal to
contract with the Village of East Troy for such
sewage treatment service. This proposal has
been accepted in principle by the Village Board
of the Village of East Troy, and will contribute
toward the objective of nonproliferation of sewage
treatment facilities.

In order to accommodate projected future urban
growth, it is anticipated that by 1990 an average
hydraulic design capacity of about O. 9 mgd will be
required for this facility, which is proposed to
serve beth the East Troy and Potter Lake sewer
service areas. In order to meet the established
water use objectives [or Honey Creek, it will be

The estimated capital cost of constructing the
necessary treatment facilities at Mukwonago,
together with a trunk sewer to convey wastes
from the existing plant to the proposed sewage
treatment plant site, is about $2.0 million, with
an equivalent annual cost of about $194,000 (sec
Table 165). The proposed 1990 service area for
the Village of Muk'Wonago is shown on Map 96.

life. In addition, local officials have indicated
that the plant should be relocated farther down
stream to better serve existing and anticipated
future urban development. In order to accommo
date future urban growth, it is anticipated that by
1990 an average hydraulic design capacity of about
1. 4 mgd wtll be required for the Mukwonago
facility. Accordingly, it is proposed that a new
sewage treatment facility be constructed on a site
downstream from the existing plant site along the
Mukwonago River. In order to meet the estab
lished water use objectives for the Mukwonago
River, it wtll be necessary for this new facility
to provide secondary waste treatment, advanced
waste treatment for nitrification and phosphorus
removal, and auxiliary waste treatment for efflu
ent disinfection. The specific recommended per
formance standards [or the Mukwonago sewage
treatment plant are set forth in Table 164.
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Table 163

REQUIRED TREATMENT LEVELS AT MUNI CIPAL SEWAGE TREATMENT PLANT SITES

IN THE LOWER FOX RIVER SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data

Dilution
Upstream Ratio

(RatioSewage Total Total of Design Level of Treatment Required7-Day, Treatment· Design Design Low FlowIO-Year Plant Low Sewage to Design Advanced Auxiliary

Sewage Treatment Receiving Low Flow Flow-1990 Flow-1990 Flow-1990 Sewage Phosphorus Nitri- Effluent Disin-
Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990j Secondary Removal fication Aeration fection

Mukwonago .............. Mukwonago River 7.00 4.52 0.00 0.00 7.00 4.52 215 1.39 3.25 Yes Yes Yes Yes Yes
East Troy ................. Honey Creek 2.40 1.55 0.00 0.00 2.40 1.55 1.08 0.70 2.22 Yes Yes Yes Yes Yes
Lake Geneva' .......... White River 0.10 006 0.00 0.00 0.10 0.06 356 230 0.03 YeS Yes Yes Yes Yes
Lake Geneva' White River 010 006 0.00 0.00 0.10 0.06 418 270 0.02 Yes Yes Yes Yes Yes
Lake Como' ............ Como Creek 0.48 031 0.00 0.00 0.48 0.31 0.62 0.40 077 Yes No Yes Yes Yes
Lyons ..... ... ... ........ White River 4.71 3.04 418 2.70 8.89 5.74 0.23 015 38.65 Yes No No No Yes
Genoa City ........ Nippersink Creek 2.80 1.81 0.00 0.00 2.80 1.81 0.46 030 6.09 Yes No No No Yes
Wind Lake ........... ...... Waubeesee Lake Canal 0.00 0.00 0.00 0.00 0.00 0.00 2.24 1.45 0.00 Yes Yes Yes Yes Yes
Eagle lake ........... ..... Eagle Creek 0.00 0.00 0.00 0.00 0.00 0.00 039 0.25 0.00 Yes No Yes Yes Yes
Rochester' ......... Fox River 19.00 12.27 58.51 37.80 77.51 50.D7 1.55 1.00 50.01 Yes Yes No No Yes
Burlington .............. Fox River 37.40 2416 67.80 43.80 105.20 67.96 3.87 2.50 27.18 Yes Yes No No Yes
Silver Lake ............... Fox River 50.60 32.69 72.60 46.90 123.20 79.59 1.10 0.71 112.00 Yes Yes No No Yes
Twin lakes ........... ..... 6assett Creek 0.00 0.00 0.00 0.00 0.00 0.00 1.16 0.75 0.00 Yes Yes Yes Yes Yes
Camp Lake .......... ...... Fox River 51.00 32.95 73.70 47.61 124.70 80.56 1.64 1.06 76.04 Yes Yes No No Yes

'Corresponds to Lake Geneva-Lake Como alternative plan 1.
2Corresponds to Lake Geneva-Lake Como alternative plan 2.
'Plant operated by Western Racine County Sewerage District.

Source: SEWRPC.

Tab 1e I 6tt

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE MUKWONAGO SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Mukwonago Mukwonago 7,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(1.39 MGD) Advanced Nitrification NH ,-N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 96.

Source: SEWRPC.

Table 165

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE MUKWONAGO SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Pia nt
Mukwonago

Facilities (139 MGD) $1,861,700 $1,681,800 $1,257,800 $2,939,600 $106,700 $79,800 $186,500
Land (3.6 Acres) 18,000 12,600 -- 12,600 800 -- 800

Subtotal. 1,879,700 1,694,400 1,257,800 2,952,200 107,500 79,800 187,300
Trunk Sewers
Mukwonago ................. , ................................................. 141,800 104,000 1,600 105,600 6,600 100 6,700

Subtotal. 141,800 104,000 1,600 105,600 6,600 100 6,700

Total. $2,021,500 $1,798,400 $1,259,400 $3,057,800 $114,100 $79,900 $194,000

Source: SEWRPC.
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necessary for this facility to provide secondary
waste treatment, advanced waste treatment for
nitrification and phosphorus removal, and auxil
iary waste treatment for effluent aeration and
disinfection. The specific recommended perform
ance standards for the East Troy sewage treat
ment plant are set forth in Table 166. The
estimated capital cost of constructing the neces
sary sewage treatment facilities at East Troy,
together with a trunk sewer to convey wastes from
the Potter Lake sewer service area to the East
Troy sewage treatment plant site, is about $1. 9
million, with an equivalent annual cost of about
$166,800 (see Table 167). The proposed 1990
service areas for East Troy and Potter Lake are
shown on Map 97.

Lake Geneva-Lake Como Subarea: As indicated
above, application of the Wisconsin Department
of Natural Resources intercollilection guidelines
reveal the need to consider the intercoill1ection of
the Lake Geneva and Lake Como sewer service
areas for sewage treatment purposes. The adopted
Fox River watershed plan had recommended indi
vidual sewage treatment plants, including expan
sion of the existing Lake Geneva facility and
establishment of a new facility to serve Lake
Como. Accordingly, two basic alternative plans
were formulated. The first alternative provides
for two sewage treatment facilities, one at Lake
Geneva and one at Lake Como, as recommended
in the watershed plan. The second alternative
provides for a single sewage treatment facility to

I
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Table 166

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE EAST TROY AND POTTER LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of Sewage Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for Cost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

EastTroy EastTroy 4,700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.93 MGD) Potter Lake Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 97.
Source: SEWRPC.

Table 167

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE EAST TROY AND POTTER LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
EastTroy

Facilities (0.93 MGD) .................... $1,435,700 $1,297,200 $961,500 $2,258,700 $ 82,300 $61,000 $143,300
Land (3.2 Acres) ........................ .... ............ .......... 16,000 11,800 -- 11,800 800 -- 800

Subtotal ............................................. ......... ........ 1,451,700 1,309,000 961,500 2,270,500 83,100 61,000 144,100
Trunk Sewers

Potter Lake ........... ...... ....... 445,900 340,400 17,400 357,800 21,600 1,100 22,700
Subtotal ........................... ............ ......... 445,900 340,400 17,400 357,800 21,600 1,100 22,700

Total ........... ........................ . ................. ........... $1,897,600 $1,649,400 $978,900 $2,628,300 $104,700 $62,100 $166,800

Source: SEWRPC.
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PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE EAST TROY AND POTTER LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA
1990
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In order to resolve existing problems due to malfunctioning septic tank systems it is proposed that
a sewerage system be constructed to serve urban development along the shorel ine of Potter Lake, wit h
treatment for the sewage being provided at an elCpanded East Troy sewage treatment fact I ity. The above
map shows the recommended Potter Lake sewer service area, as well as the force main proposed to
convey sewage to the East Troy plant. If lhe water use objectives for Honey Creek are to be met, the
East Troy faci1 ity wi 11 need to provide secondary waste treatment, advanced waste treatment for phos
phorus removal and nitrification, and auxiliary waste treatment for effluent aeration and disinfection.

Source:

I
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serve both the Lake Geneva and Lake Como areas,
locating the single plant at the Lake Geneva site.
The required sewage treatment levels and per
formance standards under both alternatives con
sidered are set forth in Table 168, while detailed
cost estimates pertaining to the two alternatives
are set forth in Table 169. The two proposals are
shown on Maps 98 and 99.

Under alternative plan 1 the existing Lake Geneva
sewage treatment facility, which is of the trickling
filter type and which has nearly reached the end of
its useful 'life, would be replaced by a new sewage
treatment facility at or near the same location.
In order to accommodate future growth, it is
anticipated that by 1990 an average hydraulic
design capacity of 2.3 mgd will be required for
this facility under this alternative. In order to
meet the established water use objectives for
White River, to which effluent would be dis
charged, it will be necessary for this facility
to provide secondary waste treatment, advanced
waste treatment for nitrification and phosphorus
removal, and auxiliary waste treatment for efflu
ent aeration and disinfection. New trunk sewers
to serve the north and south shores of Lake
Geneva are also included in this alternative. In

addition, under alternative plan 1, a new sewage
treatment facility would be constructed near the
Lake Como outlet to serve the Lake Como sewer
service area. This facility would need to provide
a 1990 average hydraulic design capacity of about
0.4 mgd. In order to meet the established water
use objectives for Como Creek, to which effluent
would be discharged, the proposed new Lake Como
facility would be required to provide secondary
waste treatment, advanced waste treatment for
nitrification, and auxiliary waste treatment for
effluent aeration and disinfection. The total esti
mated capital cost of carrying out alternative
plan 1 for the Lake Geneva and Lake Como sewer
service areas, including the Lake Geneva trunk
sewers, is about $11. 4 million, with an equivalent
annual cost of about $747,900.

As noted above, alternative plan 2 involves the
provision of only one sewage treatment facility to
serve the Lake Geneva and Lake Como sewer
service areas. Under this alternative, the pro
posed Lake Geneva sewage treatment plant would
provide for an average hydraulic design capacity
of about 2.7 mgd in order to accommodate sewage
from both the Lake Geneva and Lake Como sewer
service areas. In order to meet the established

Tab 1 e 168

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE LAKE GENEVA AND LAKE COMO SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN I
Lake Geneva Lake Geneva 12,200 Secondary Activated Sludge CBOD" Discharge: 15 mg/I

(2.30 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
2001100 ml

Lake Como Lake Como 1,900 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l
(040 MGD) Advanced Nitrification NH 3-N Discharge: 1.5 mg/l

Auxiliary Effluent Aeration DO in Effluent: 6 mg/l

Disinfection Fecal Coliform Concentration:
2001100 ml

ALTERNATIVE PLAN 2
Lake Geneva Lake Geneva 14,100 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(2.70 MGD) Lake Como Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/l

Disinfection Fecal Coliform Concentration:
2001100 ml

ISee Map 98.

Source: SEWRPC.
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Table 169

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE LAKE GENEVA AND LAKE COMO SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970·2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1
Sewage Treatment Plants

Lake Geneva
Facilities (2.3 MGD) . ................ .... .......... ...... , . $ 2,764,100 $2,496,700 $1,959,200 $ 4,455,900 $158,400 $124,300 $282,700
Land (4.4 Acres) .... ............ ... ............. ... ..... .......... 22,000 15,800 -- 15,806 1,000 -- 1,000

Subtotal ........... ...... ....... ..... 2,786,100 2,512,500 1,959,200 4,471,700 159,400 124,300 283,700
Lake Como

Facilities (0.4 MGD) . ....... ...................... ................... 772,200 698,300 398,800 1,097,100 44,300 25,300 69,600
Land (2.6 Acres) ... .... ... ... ........... ...... 13,000 9,500 -- 9,500 600 -- 600

Subtotal .......... ............... ... ...... 785,200 707,800 398,800 1,106,600 44,900 25,300 70,200
Subtotal--Treatment Facilities ...... 3,571,300 3,220,300 2,358,000 5,578,300 204,300 149,600 353,900

Trunk Sewers
Geneva Lake-North ... .................... ........... 2,989,100 2,211,400 126,100 2,337,500 140,300 8,000 148,300
Geneva Lake-South ..... ................ .... .......................... 4,836,000 3,603,200 269,500 3,872,700 228,600 17,100 245,700

Subtotal . 7,825,100 5,814,600 395,600 6,210,200 368,900 25,100 394,000

Total. .......... ........... $11,396,400 $9,034,900 $2,753,600 $11,788,500 $573,200 $174,700 $747,900

ALTERNATIVE PLAN 2
Sewage Treatment Plants
Lake Geneva

Facilities (2.70 MGD) . ..................... $ 3,119,900 $2,818,200 $2,211,400 $ 5,029,600 $178,800 $140,300 $319,100
Land (4.7 Acres) . 23,500 17,300 -- 17,300 1,100 -- 1,100

Subtotal . 3,143,400 2,835,500 2,211,400 5,046,900 179,900 140,300 320,200
Trunk Sewers
Geneva Lake-North ... ................................... 2,989,100 2,211,400 126,100 2,337,500 140,300 8,000 148,300
Geneva Lake-South .... . . .. . . .. , ................ " 4,836,000 3,603,200 269,500 3,872,700 228,600 17,100 245,700
Lake Como. ......................... ......... ............. 587,100 450,900 121,400 572,300 28,600 7,700 36,300

Subtotal . ......................... ...................... 8,412,200 6,265,500 517,000 6,782,500 397,500 32,800 430,300

Total. .......................... $11,555,600 $9,101,000 $2,728,400 $11 ,829,400 $577,400 $173,100 $750,500

Source: SEWRPC.
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water use objectives for the White River, this
facility would have to provide secondary waste
treatment, advanced waste treatment for nitrifi
cation and phosphorus removal, and auxiliary
waste treatment for effluent aeration and disin
fection. In addition to the new trunk sewers pro
posed under alternative plan 1 to serve the north
and south shores of Geneva Lake, alternative
plan 2 provides for a trunk sewer to convey wastes
from Lake Como to the Lake Geneva sewage
treatment facility. The total estimated capital
cost of carrying out alternative plan 2 for the
Lake Geneva and Lake Como sewer service areas,
including construction of the necessary trunk
sewers, is about $11. 6 million, with an equivalent
annual cost of about $750,500.

556

The cost of implementing the two alternative sani
tary sewerage system plans considered for the
Lake Geneva and Lake Como sewer service areas
and within 1 percent on an equivalent annual cost
basis, well within the accuracy with which such
costs can be estimated. Consequently, the two
plans may be considered to be approximately the
same cost. It is necessary, therefore, to con
sider other intangible, not nevertheless real, con
siderations in selecting a recommended plan from
among the alternatives presented. The second
alternative plan has the advantage of providing
only one sewage treatment facility to serve the
Lake Geneva and Lake Como urban areas, and
thus avoids proliferation of treatment plants and
unnecessary duplication of staffs and related

I
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Map 98

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN I
fOR THE LAKE GENEVA AND LAKE COMO SEWER SERVICE

LOWER fOX RIVER SUBREGIONAL AREA
1990
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One of the alternative sanitary sewerage system plans considered for the lake Geneva and lake Como
urban areas inel udes the establ i shment of a new sewage treatment faci I ity to serve Lake Como,
together with expansion of the existing Lake Geneva sewage treatment faci I ity. Hew trunk sewers
to serve existing urban development along the north and south shorel ines of Lake Geneva in the
Towns of Geneva and Linn are also included under this alternative. This alternative was found to
have about the same cost effectiveness as the second alternati.ve considered, shown on Map 99, which
woul d consol idate sewage treatment at an expanded Lake Geneva plant.

Source: SEWRPC.
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ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN
THE LAKE GENEYA AND LAKE COMO SEWER SERVICE
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Another alternative sewerage system plan considered for the Lake Geneva and lake Como urban areas
would in effect extend the existing lake Geneva sanitary sewerage system to include urban development
on the Lake Como shorel ine. As in the first alternative, trunk sewers are also proposed to serve the
north and south shores of Lake Geneva in the Towns of Geneva and Linn. While this alternative was
found to have about the same cost effectiveness as the first alternative considered, shown on Map 98,
intangible considerations, such as avoidance of the unnecessary proliferation of treatment plants and
unnecessary dupl ication of staff and facil ities, render this alternative more advantageous than the
first alternative.

Source: SEWRPC.
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facilities. The second alternative also has the
advantage of simply providing an expansion of an
existing sanitary sewerage system. Conversely,
the first alternative would create another sewage
treatment facility and necessitate the establish
ment of a new sanitary sewerage system with a
new staff. On balance, therefore, while the two
alternatives are approximately equal in terms of
equivalent annual cost, the second alternative plan
providing for one sewage treatment facility to
serve both the Lake Geneva and Lake Como sewer
service areas is more advantageous when other
intangible considerations are taken into account.

Lyons Subarea: No sanitary sewer service is cur
rently being provided in the Lyons subarea. The
Town of Lyons is under orders from the Wiscon
sin Department of Natural Resources to provide
such service to the unincorporated village of
Lyons because of widespread malfunctioning of
onsite soil absorption sewage disposal systems.
Application of the DNR interconnection criteria
rules out any connection to any existing sewage
treatment facility. Accordingly, the plan proposes
the creation of a new sanitary sewerage system
for the Lyons subarea, together with the estab
lishment of a sewage treatment facility. It is
anticipated that by 1990 an average hydraulic
design capacity of about O. 15 mgd will be required
for this facility. In order to meet the established
water use objectives for the White River, to which
effluent would be discharged, it will be necessary
for this facility to provide secondary waste treat
ment and auxiliary waste treatment for effluent
disinfection. The specific recommended perform
ance standards for the Lyons sewage treatment
plant are set forth in Table 17 O.

The estimated capital cost of constructing the
necessary sewage treatment facility at Lyons is

about $110,000, with an equivalent annual cost of
about $9,100 (see Table 171). The proposed 1990
service area for Lyons is shown on Map 100.

Genoa City Subarea: In 1970 the sewage treatment
facility serving the Genoa City sewer service area
had an average hydraulic design capacity of about
0.2 mgd and provided a secondary level of waste
treatment. Disposal of effluent is to Nippersink
Creek. The plant is a trickling filter type initially
constructed in 1923 and modified in 1959. In order
to accommodate projected future urban growth, it
is anticipated that this plant by 1990 will have to
be expanded or replaced to provide an average
hydraulic design capacity of about O. 30 mgd. In
order to meet the established water use objectives
for Nippersink Creek, it will be necessary for this
facility to provide secondary waste treatment and
auxiliary waste treatment for effluent disinfection.
The specific recommended performance standards
for the Genoa City sewage treatment plant are set
forth in Table 172.

The estimated capital cost of constructing the
necessary sewage treatment facility at Genoa
City is about $185,300, with an equivalent annual
cost of about $15,600 (see Table 173). The pro
posed 1990 service area for the Village of Genoa
City is shown on Map 101.

Wind Lake Subarea: As noted above, the Fox River
watershed plan recommended the establishment of
a sanitary sewerage system to serve urban devel
opment on the shoreline of Wind Lake in the Town
of Norway, In response to this recommendation,
the Town of Norway Sanitary District No. 1 was
established. Engineering studies completed by
the District provide for an expansion of the rec
ommendation contained in the Fox River water
shed plan to include the provision of centralized

I
I
I
I
I

Table 170

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE LYONS SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served 1 Population Treatment Levels Plan Preparation Annual Averages)

Lyons Lyons 700 Secondary Activated Sludge CBOD 5i Discharge: 15 mg/I
(015 MGD)

Auxiliary Disinfection Fecal Coliform Concentration:
2001100 ml

lSee Map 100.

Source: SEWRPC.
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The proposed 1990 sewer service area for the
V ill age of Genoa Ci ty is shown on the above
map. This facility will need to provide both
secondary waste treatment and auxil iary waste
treatment for effluent disinfection in order
to meet the establ ished water use objectives
for Hippersink Creek. It is anticipated that
the existing plant, a trickl ing filter type
initially constructed in 1923 and modified in
1959. will have to be expanded or replaced
to provide the capacity needed to accommodate
urban growth by 1990·

Source: SEWRPC.

PROPOSED PUISLIC

Source: SEWRPC.

In response to a Wi sconsin Department of
Halur'al Resources order to provide central ized
sanitary sewer service to urban development
comprising the unincorporated village of
Lyons, the Town of Lyons has formed a sani tary
district and has completed preliminary engi
neering studies for establ ishing the neces
sary system. The isolated location of the
Lyons sewer service area ruled out a cost
effective connection to an existing sanitary
sewerage system. Accordingly, the sewerage
system plan proposes the establ ishment of
a new sewage treatment facil ity to serve the
l yon s are a , wit h the fa c iii t y top r 0 v i I' ~

secondary waste treatment and auxi 1 i ary wast.:
treatment for effluent disinfection.

SEWAGE TREATMENT FACILITIES

o PROPOSED ,gilD

SEWER SERVICE AREAS

••

sanitary sewer service to existing urban develop
ment on the shorelines of the nearby Waubeesee,
Long, and Denoon Lakes. In order to accommo
date existing and projected future urban growth,

it is anticipated that by 1990 an average hydraulic
dcsign capacity of about 1. 5 mgd will be required
for thc proposed Wind Lake facility. In order to
meet the established water use objectives for the

I
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Table 171

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE LYONS SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (l970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Lyons

$3,200 $7,300Facilities (0.15 MGO) ................. .. ............... ............. $ 71,600 $64,600 $67,800 $132,400 $4,100
Land (7.7 Acres) ...................... .. - ......... ...... ........ ...... 38,500 28,400 -- 28,400 1,800 -- 1,800

Subtotal ................ ., .. ..... ....... .................. 110,100 93,000 67,800 160,800 5,900 3,200 9,100
Trunk Sewers~-None

Total .................. ... ........ ......... ................. ........ $110,100 $93,000 $67,800 $160,800 $5,900 $3,200 $9,100

Source: SEWRPC.

Table 172

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE GENOA CITY SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Preparation Annual Averages)

Genoa City Genoa City 1,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.30 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

2001100 ml

'See Map 101.

Source: SEWRPC.

Tab I e I 73

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE GENOA CITY SEWER SERVICE AREA
LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Genoa City

$15,000Facilities (0.30 MGD) ....................... ........ " ... .......... $172,800 $156,000 $80,400 $236,400 $ 9,900 $5,100
Land (22 Acres) ......................................... .... 12,500 9,500 -- 9,500 600 -- 600

Subtotal ........... ... ...... ............... 185,300 165,500 80,400 245,900 10,500 5,100 15,600

Trunk Sewers--None

Total ............... ............ .......... ........ ................... $185,300 $165,500 $80,400 $245,900 $10,500 $5,100 $15,600

Source: SEWRPC.
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Waubeesee and Wind Lake canals, to which efflu
ent would be discharged, it will be necessary for
this facility to provide secondary waste treatment,
advanced waste treatment for nitrification and
phosphorus removal, and auxiliary waste treat
ment for effluent aeration and disinfection. The
specific recommended performance standards for
the Wind Lake sewage treatment plant are set
forth in Table 174.

The estimated capital cost of constructing the
necessary sewage treatment facilities at Wind
Lake, together with a trunk sewer to serve the
Waubeesee, Long, and Denoon Lake areas, is
about $2.5 million, with an equivalent annual cost
of about $256,700 (see Table 175). The proposed
1990 service area for Wind Lake is shown on
Map 102.

Eagle Lake Subarea: As noted above, the Fox
River watershed plan recommended the estab
lishment of a sanitary sewerage system to serve
urban development on the shoreline of Eagle Lake
in the Town of Dover. In response to this rec
ommendation, the Town of Dover Sewer utility
District No. 1 was created. Engineering studies
completed by the District provide for an expansion
of the recommendation contained in the Fox River
watershed plan to include the provision of central
ized sanitary sewer service to existing urban
development in the nearby unincorporated village
of Kansasville. In order to accommodate existing
and projected future urban growth, it is antici
pated that by 1990 an average hydraulic design
capacity of about 0.3 mgd will be required for the
proposed Eagle Lake facility. In order to meet
the established water use objectives for Eagle
Creek, to which effluent would be discharged, it
will be necessary for this facility to provide sec-

ondary waste treatment, advanced waste treatment
for nitrification, and auxiliary waste treatment
for effluent aeration and disinfection. The spe
cific recommended performance standards for the
Eagle Lake sewage treatment plant are set forth
in Table 176.

The estimated capital cost of constructing the
necessary treatment facility at Eagle Lake is
about $191,500, with an equivalent annual cost of
about $14,500 (see Table 177). The proposed 1990
sewer service area for Eagle Lake is shown on
Map 103.

Rochester-Waterford-Tichigan Lake Subarea: In
1970 the sewage treatment facility serving the
Rochester and Waterford sewer service areas,
which facility is operated by the Western Racine
County Sewerage District, had an average hydrau
lic design capacity of about O. 5 mgd and provided
a secondary level of waste treatment. Disposal
of effluent is to the Fox River. The plant is an
activated sludge type constructed in 1968. The
adopted Fox River watershed plan recommended
that this plant continue in operation and ultimately
serve, in addition to the Rochester and Waterford
sewer service areas, existing urban development
along the shoreline of Tichigan Lake and the main
stem of the Fox River north of the Village of
Waterford. The watershed plan recognized, how
ever, that it may be necessary to construct an
interim sewage treatment facility to serve only
the Tichigan Lake area pending ultimate connec
tion to the areawide system.

Since adoption of the watershed plan, however, a
Tichigan Lake Sanitary District has been formed
and has completed preliminary engineering studies.
These preliminary engineering studies recom
mend immediate connection to the Western Racine
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Table 174

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

PROPOSED SANITARY SEWERAGE SYSTEt~ PLAN FOR THE WI ND LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Wind Lake Wind Lake 6,900 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(1.45 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 102.
Source: SEWRPC.
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Map 102 Map 103

PROPOSEO SAN ITARY SEWERAGE SYSTEM PLAN
FOR THE WIND LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA
1990

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE EAGLE LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA
1990
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The Fox River watershed plan recommended the estab
1 ishment of a new sanitary sewerage system to serve
urban develoPment along the shorel ine of Wind Lake
in the Town of Norway. In response to this recom
mendation, a sanitary district was establ ished and
engineering studies were completed by the District
to form a basis for the creation of the necessary
system. The District has proposed to provide such
sewer service not only to urban development on the
Wind Lake shoreline, but also to existing urban
development on the shorel ines of Waubesee and Long
lakes in the Town of Norway and Denoon lake in the
City of MUskego. The proposed treatment facility
will need toprovide not only secondary waste treat
ment but also advanced waste treatment for nitrifi
cation and phosphorus removal and auxil iary waste
treatment for effluent aeration and disinfection.

The Fox River watershed plan recommended the
establ i shment of a new sanitary sewerage
system to serve existing urban development
along the shorel ine of Eagle Lake in the Town
of Dover. Subsequentl y. the Town of Dover
establ i shed a sewer util ity district and
completed engineering studies to form a basis
for establ ishing the necessary sewerage
system. The District has proposed to extend
service to the nearby unincorporated village
of Kansasville. The proposed Eagle Lake
sewage treatment faci I ity wi 11 need to
provide. in addition to secondary waste
treatment, advanced waste treatment for
nitrification and auxiliary waste treatment
for effluent aeration and di sinfection.

Source: SEWRPC. Source: SEWRPC.
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Table 175

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE WIND LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Pia nt

Wind Lake
Facilities (1.45 MGD) . ............... ....... ............. $1,989,900 $1,798,400 $1,765,300 $3,563,700 $114,100 $112,000 $226,100
Land (3.7 Acres) . ....... ..... ............... ... ...... 18,500 14,200 -- 14,200 900 -- 900

Subtotal ................. ............................. , ........... 2,008,400 1,812,600 1,765,300 3,577,900 115,000 112,000 227,000
Trunk Sewers

Denoon Lake-Wind Lake. .................... ... ............. 505,700 381,400 86,700 468,100 24,200 5,500 29,700
Subtotal . .................. .. ................. 505,700 381,400 86,700 468,100 24,200 5,500 29,700

Total. ..................... $2,514,100 $2,194,000 $1,852,000 $4,046,000 $139,200 $117,500 $256,700

Source: SEWRPC.

Table 176

SEWAGE TREATMENT LEVELS AND PERFORt~ANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE EAGLE LAKE SEWER SERVICE AREA

LOWER FOX RI VER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Eagle Lake Eagle Lake 1,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg!1
(0.32 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg!1

Auxiliary Effluent Aeration DO in Effluent: 6 mg!1

Disinfection Fecal Coliform Concentration:
2001100 ml

'See Map 10J
Source: SEWRPC.

Table 177

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE EAGLE LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant

Eagle Lake
Facilities (0.32 MGD) ...................... .... ........... .... ....... $135,000 $122,200 $64,600 $186,800 $ 7,750 $4,100 $11.850
Land (11.3 Acres) .......................... ......................... 56,500 41,000 -- 41,000 2,600 -- 2,600

Subtotal ........ . . . . ...... . ............... ........ , .... ................. 191,500 163,200 64,600 227,800 10,350 4,100 14,450
Trunk Sewers--None

Total ................................. .................. ...... .. .... $191,500 $163,200 $64,600 $227,800 $10,350 $4,100 $14,450

Source: SEWRPC.
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county Sewerage District treatment facility rather
than construction of an interim plant. Accord
ingly, it is now recommended that the Rochester
sewage treatment facility operated by the Western
Racine County Sewerage District be expanded to
provide a 1990 average hydraulic design capacity
of about 1. 5 mgd, and provide service to the
Rochester, Waterford, and Tichigan Lake sewer
service areas. In order to meet the established
water use objectives for the Fox River, it will
be necessary for this facility to provide second
ary waste treatment, advanced waste treatment
for phosphorus removal, and auxiliary waste
treatment for effluent disinfection. The specific

recommended performance standards for the
Rochester sewage treatment plant are set forth
in Table 178.

The estimated capital cost of constructing the
necessary treatment facilities at Rochester, to
gether with the cost of constructing a trunk sewer
to connect the Tichigan Lake service area to the
Rochester plant, is about $3.7 million, with an
equivalent annual cost of $306,700 (see Table 179).
The proposed 1990 service area for Rochester,
Waterford, and Tichigan Lake is shown on Map 104.
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Table 178

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE WATERFORD-ROCHESTER AND TICHIGAN LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of Sewage Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for Cost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Rochester Waterford-Rochester 8,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(1.50 MGDI' Tichigan Lake Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 104.
2Plant operated by the Western Racine County Sewerage District.
Source: SEWRPC.

Table 179

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE WATERFORD-ROCHESTER AND TICHIGAN LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant

Rochester'
Facilities (1.50 MGOj .. ..................... ........... ..... .. ........ $1,191,600 $1,112,800 $1,104,900 $2,217,700 $ 70,600 $70,100 $140,700
Land (3.3 Acres) . ......... ........ ........... ...................... 16,500 12,600 -- 12,600 800 -- 800

Subtotal . ........................ 1,208,100 1,125,400 1,104,900 2,230,300 71,400 70,100 141,500

Trunk Sewer

Tichigan Lake ... ...... ........ .................... ....... 2,517,300 1,986,000 617,900 2,603,900 126,000 39,200 165,200
Subtotal . ........ ........................ .. ....... 2,517,300 1,986,000 617,900 2,603,900 126,000 39,200 165,200

Total. .................. ....................... ........ $3,725,400 $3,111,400 $1,722,800 $4,834,200 $197,400 $109,300 $306,700

'Plant operated by the Western Racine County Sewerage District.
Source: SEWRPC.
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Map lOll

PROPOSED SAN ITARY SEWERAGE SYSTEM PLAN
FOR THE WATERFORD-ROCHESTER AND TICHIGAN LAKE SEWER SERV ICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA
1990
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The proposed plan for the Rochester-Waterford-Tichigan lake urban subarea of the lower Fox River watershed includes
a recollilandat ion to exp and the Roches ter sewage treatmen t fac iii ty ope ra ted by t he Western Rae i ne County Sewerage
Oistrict so as to provide capacity for sewage generated by ex isting urban developlllent along the shoreline of
Tichigan lake and the /lain stem of the Fox River in the Town of Waterford north of the Village of waterford. The
proposed plan, as shown on the above lIap. includes a reco~mended trunk sewer systell to extend the existing sani
tary sewerage system to the Town of Waterford. The Rochester sewage treatment facility will need to provide. in
addition to secondary waste treatment, advanced waste treatment for phosphorus removal and auxiliary waste treat
ment for effluent disinfection.
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Source: SEWRPC,
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Burlington Subarea: In 1970 the sewage treatment
facility serving the Burlington sewer service area
had an average hydraulic design capacity of about
1. 0 mgd and provided a secondary level of waste
treatment. Disposal of effluent is to the Fox
River. Since 1970 the City of Burlington has com
pleted a conversion of the old trickling filter
treatment facility to an activated sludge treatment
facility, and has expanded the plant to a total
average hydraulic design capacity of about 2.5 mgd.
In addition, and in accordance with the Fox River
watershed plan recommendations, the city agreed
to provide sewage treatment on a contract basis
for sewage generated in the Browns Lake Sanitary
District in the Town of Burlington.

Since it is anticipated that an average hydraulic
design capacity of 2.5 mgd will be sufficient for
urban growth in the Burlington area through 1990,
the City of Burlington has already carried out the

recommendations contained in the watershed plan.
This facility should continue to provide second
ary waste treatment, advanced waste treatment
for phosphorus removal, and auxiliary waste
treatment for effluent disinfection. The specific
recommended performance standards for the
Burlington sewage treatment plant are set forth
in Table 180.

Since the regional sanitary sewerage system plan
was based upon conditions as they existed in 1970,
an estimated cost of constructing the necessary
sewage treatment facilities at the City of Burling
ton was provided even though the city has already
carried out the treatment plant recommendations.
The capital cost of such facilities is estimated at
$1. 5 million, with an equivalent annual cost of
about $214,700 (see Table 181). The proposed
1990 service area for Burlington is shown on
Map 105.

I
I
I

I
I
I
I
I
I

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE BURLINGTON SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served l Population Treatment Levels Plan Preparation Annual Averages)

Burlington Burlington 15,000 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l
(2.50 MGD)

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/l
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

lSee Map 105.

Source: SEWRPC.

Table 181

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE BURLINGTON SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970·2020) Equivalent Annual (1970·2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Burlington

Facilities (2.50 MGD) ...................................... ......... $1,524,000 $1,377,600 $1,504,000 $2,881,600 $87,400 $126,400 $213,800
Land (3.8 Acres) . 19,000 14,200 -- 14,200 900 -- 900

Subtotal .......................................... 1,543,000 1,391,800 1,504,000 2,895,800 88,300 126,400 214,700
Trunk Sewers--None

Total ................................................................... $1,543,000 $1,391,800 $1,504,000 $2,895,800 $88,300 $126,400 $214,700

Source: SEWRPC.
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Map 105

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE BURLINGTON SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA
1990
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Acting upon a recommendation contained in the adopt.ed Fox River watershed plan, a sanitary sewerage
system has been established in the Town of Burlington to serve urban development along the shore
I ine of Browns Lake, with treatment provided on a contract basis at the City of Burl iogtoo sewage
treatment facil ity. The above map shows the recommended 1990 sewer service area for the Burl ington
and Browns Lake areas. Recent improvements and additions to the Burl ington sewage treatment
facil ity should serve to provide adequate capacity and levels of treatment for this area through
the 1990 plan design year.

Source: SEWRPC.
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Silver Lake Subarea: In 1970 the sewage treatment
facility serving the Silver Lake sewer service
area had an average hydraulic design capacity of
about O. 3 mgd and provided a secondary level of
waste treatment. Disposal of effluent is to the
Fox River. The plant is an activated sludge type
constructed in 1966. In order to accommodate
projected future urban growth, it is anticipated
that by 1990 an average hydraulic design capacity
of about 0.7 mgd will be required for this facility.
In order to meet the established water use objec
tives for the Fox River, it will be necessary for
this facility to provide secondary waste treatment,
advanced waste treatment for phosphorus removal,
and auxiliary waste treatment for effluent disin
fection. These specific recommended perfor
mance standards for the Silver Lake sewage
treatment plant are set forth in Table 182.

The estimated capital cost of expanding the Silver
Lake sewage treatment facility and constructing
a trunk sewer to extend centralized sanitary
sewer service to the southeast side of Silver Lake
in the Town of Salem is about $866,800, with an
equivalent annual cost of about $84, 600 (see Table
183). The proposed 1990 service area for the
Village of Silver Lake is shown on Map 106.

Twin Lakes Subarea: In 1970 the sewage treatment
facility serving the Twin Lakes sewer service
area had an average hydraulic design capacity of
about 0.8 mgd and prOVided a secondary level of
waste treatment. Disposal of effluent is to Basset
Creek. The plant actually consists of two com
ponents: one a trickling filter type constructed in
1958 and the other an activated sludge type con
structed in 1970. The existing average hydraulic
design capacity will likely be sufficient to provide
for future urban growth through 1990. In order

to meet the established water use objectives for
Basset Creek, it will be necessary for this facility
to provide secondary waste treatment, advanced
waste treatment for nitrification and phosphorus
removal, and auxiliary waste treatment for efflu
ent aeration and disinfection. The specific rec
ommended performance standards for the Twin
Lakes sewage treatment plant are set forth in
Table 184.

The estimated capital cost of constructing the
necessary treatment facilities at Twin Lakes,
including the replacement of the existing trickling
filter plant and the provision of advanced and
auxiliary waste treatment facilities, is about
$743,900, with an equivalent annual cost of about
$52,300 (see Table 185). The proposed 1990 sewer
service area for the Village of Twin Lakes is
shown on Map 107.

Camp-Center Lakes, Wilmot, Cross Lake, and
Rock Lake Subarea: As noted above, the adopted
Fox River watershed plan recommended the estab
lishment of a sanitary sewerage system to serve
development along the shoreline of Camp and
Center Lakes. Acting on this recommendation,
the Town of Salem has formed Sewer Utility Dis
trict No. 2 and has completed preliminary engi
neering studies relating to the establishment of
such a system. These studies have recommended
the provision of sanitary sewer service not only to
urban development on the shorelines of Camp and
Center Lakes, but also urban development on the
shorelines of Rock Lake, Cross Lake, Benet Lake,
Shangrila Lake, and Voltz Lake and in the unin
corporated villages of Wilmot and Trevor.

In order to accommodate existing and projected
future urban growth, it is anticipated that by 1990

Table 182

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE SILVER LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served l PopUlation Treatment Levels Plan Preparation Annual Averages)

Silver Lake Silver Lake 3,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.71 MGD)

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

lSee Map 106.

Source: SEWRPC.
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Map 106

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE SILVER LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA
1990

Map 107

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE TWIN LAKES SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA
1990
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The proposed 1990 sewer service area for the
Village of Twin lakes and environs is shown
on the above map. It is anticipated that the
existing Twin lakes sewage treatment facility
wilT have sufficient capacity to provide for
future urban growth through 1990. I t will be
necessary for the Twin lakes faci I ity to
provide not only secondary waste treatment
but al so advanced waste treatment for ni tri
fication and phosphorus removal and auxil iary
waste treatment for effluent aeration and
disinfection in order to meet the water use
objectives for Basset Creek.
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It is proposed that the Village of Silver
lake san i tary sewerage system be extended
to provide sewer service to existing urban
development along the south shorel ine of
Silver lake in the Town of Salem. Service
would further be extended to the newly estab
1 ished Silver lake County Park operated by
the Kenosha County Park Commission. In order
to meet the water use objectives for the Fox
River. the Silver lake sewage treatment
facility would need to provide, in addition
to secondary waste treatment, advanced waste
treatment for phosphorus removal and auxjl iary
waste treatment for effluent disinfection.
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Table 183

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE SILVER LAKE SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Silver Lake

Facilities (0.71 MGD) ... ...... ......... .......... , ..................... $649,600 $614,700 $556,400 $1,171,100 $39,000 $35,300 _ $74,300
Land (3.0 Acres) ........ ...... ......... "" .............................. 15,000 11,000 -- 11,000 700 -- 700

Subtotal ..... ..... ..... ...... ....... , ... " .......... .................. 664,600 625,700 556,400 1,182,100 39,700 35,300 75,000
Trunk Sewer
Silver Lake ... ............. ........................ ........ .................. 202,200 148,200 3,200 151,400 9,400 200 9,600

Subtotal ..... ...... .... .... ............. , ........................ , ..... 202,200 148,200 3,200 151,400 9,400 200 9,600

Total ...... ............ .............. ........................... .... $866,800 $773,900 $559,600 $1,333,500 ~ $49,100 $35,500 $84,600

Source: SEWI?PC.

Table 181t

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE TWIN LAKES SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Tlpes of Sewage Treatment Performance Standards

Sewage Treatment Plant and Estimated ssumed for Cost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Prepa ration Annual Averages)

Twin Lakes Twin Lakes 4,200 Secondary Activated Sludge CBOD s Discharge: 15 mg/I
(0.75 MGD) Advanced Nitrification NH3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

lSee Map 107.

Source: SfWI?PC.

Table 185

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE TWIN LAKES SEWER SERVICE AREA

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Pia nt
Twin Lakes

Facilities (0.75 MGD) . .............. ,.,. ......... ........................ $743,900 $698,300 $126,100 $824,400 $44,300 $8,000 $52,300
Land (None) ...... ......... .... .. .. .. .......... -- -- -- -- -- -- --

Subtotal . ................... .......... .. ......... ........ 743,900 698,300 126,100 824,400 44,300 8,000 52,300
Trunk Sewers--None

Total .............. ............. ............................. ....... $743,900 $698,300 $126,100 $824,400 $44,300 $8,000 $52,300

Source: SEWI?PC.
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an average hydraulic design capacity of about
1.0 mgd will be required for the Camp Lake treat
ment facility. In order to meet the established
water use objectives for the Fox River, to which
effluent from the centralized sewage treatment
plant will be discharged, it will be necessary for
this facility to provide secondary waste treatment,
advanced waste treatment for phosphorus removal,
and aUxiliary waste treatment for effluent disin
fection. The specific recommended performance
standards for the Camp Lake sewage treatment
plant are set forth in Table 186.

The estimated capital cost of constructing the
necessary treatment facilities at Camp Lake,

together with cost of constructing trunk sewers to
interconnect the Wilmot, Cross Lake, and Rock
Lake sewer service areas with the Camp-Center
Lakes sewer service area and the cost of an out
fall sewer to the Fox River from the Camp sewage
treatment plant site, is estimated at about $2.4
million, with an equivalent annual cost of about
$211,900 (see Table 187). The proposed 1990
service areas for Camp-Center Lakes, Cross
Lake, Wilmot, and Rock Lake are shown on
Map 108.

Concluding Remarks-Subregional Area Plan: A
comparison between the recommended treatment
levels at municipal sewage treatment plants in the

I
I
I
I
I
I

Table 186

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE CAMP-CENTER LAKES, WIL~IOT, CROSS LAKE, AND ROCK LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Pia nt and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Preparation Annual Averages)

Camp Lake Camp-Center Lakes 4,900 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(1.06 MGD] Wilmot Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICross Lake

Rock Lake Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

lSee Map lOB.

Source: SEWRPC.

Tab 1e 187

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE CAMP-CENTER LAKES, WILMOT, CROSS LAKE, AND ROCK LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (197O-202O) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant

Camp Lake
Facilities (1.06 MGD) . $1,107,700 $1,000,900 $1,018,200 $2,019,100 $ 63,500 $64,600 $128,100
Outfall Sewer . ............. .. ............ 171,200 126,100 3,200 129,300 8,000 200 8,200
Land (3.3 Acres) . 16,500 12,600 -- 12,600 800 -- 800

Subtotal . ", ........ .... 1,295,400 1,139,600 1,021,400 2,161,000 72,300 64,800 137,100
Trunk Sewers
Wilmot .............................. ..... ......... 245,800 200,200 119,800 320,000 12,700 7,600 20,300
Cross-Rock Lakes ......................... ....... 436,300 354,700 209,700 564,400 22,500 13,300 35,800
Camp Lake. 393,900 288,400 6,300 294,700 18,300 400 18,700

Subtotal . ........................ ......... 1,076,000 843,300 335,800 1,179,100 53,500 21,300 74,800

Total ............. .......... ............ $2,371,400 $1,982,900 $1,357,200 $3,340,100 $125,800 $86,100 $211,900

Source: SEWRPC.
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Map 108

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE CAMP-CENTER LAKES, WILMOT, CROSS LAKE, ANO ROCK LAKE SEWER SERVICE AREAS

LOWER FOX RIVER SUBREGIONAL AREA
1990
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SEWER SEVICE AREAS

o PROPOSED 1!l90

SEWAGE TREATMENT FACILITIES • tSEWERS AND APPURTENANT FACILITIES

"''''OPOSED TRuNK SI!:WEII

PROPOS(O PUMPING STATION

PIlDPOSED PUBLIC•The adopted Fox River watershed plan recommended the establishment of a new sanitary sewerage system to serve existing urban
development along the shore! Illes of Camp and Center Lakes in the Town of Salem. Pre! irnlnll.ry engineering studies conducted by the
Town of Salem Sewer util ity District No.2 in response to tllis recommendation have inclUded a proposal to extend such service not
only to the Camp and Center lakes urban areas but also to urban development along the shorelines of Rock, Cross, Bennet, Shangrila,
and Voltz lakes and to the unincorporated villages of Wilmot and Trevor. The above map shows the proposed 1990 service area for
this proposed new sanitary sewerage system, as well as a proposed treatment plant location and major trunk sewer system, In
order to meet the established water use objectives for the Fo~ River, it will be necessary for the Camp lake facility to Provide
not only secondary waste treatment but also advanced waste treatment for phosphorus removal and al,l~iliary waste treatment for
effluent disinfection,

I
I Source: SEWRPC.

I
lower Fox River subregional area as initially set
forth in the adopted Fox River watershed plan and
as modified in the regional sanitary sewerage
system plan are set forth in Table 188. With
respect to the sewage treatment facilities serving
Mukwonago, East Troy, Lake Geneva, and Twin
Lakes, the watershed plan recommendations have
been changed to substitute the advanced waste

treatment process of nitrification for nitrogen
removal and, except in the case of Mukwonago,
to add the auxiliary waste treatment of effluent
aeration. Advanced waste treatment processes
have been added to the sewage treatment facilities
serving Silver Lake, Camp Lake, Eagle Lake,
and Wind Lake, reflecting larger proposed sani
tary sewerage systems and greater anticipated
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Table 188

COMPARISON BETWEEN RECOMMENDED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANTS

IN THE LOWER FOX RIVER SUBREGIONAL AREA:

FOX RIVER WATERSHED PLAN AND REGIONAL SANITARY SEWERAGE SYSTEM PLAN

Fox River Watershed Plan Regional Sanitary Sewerage System Plan

Advanced Auxiliary Advanced Auxiliary Rationale for
Sewage Effluent Effluent Change in

Treatment Phosphorus Nitri- Nitrogen Disin- Effluent Phosphorus Nitri- Nitrogen Disin- Effluent Treatment Level
Plant Secondary Removal fication Removal fection Aeration Secondary Removal fication Removal fection Aeration Recommendations

Mukwonago ......... Yes Yes No Yes Yes No Yes Yes Yes No Yes No State-of-the-art now indicates
nitrogen removal not critical for
control of algae and weed growth;
ammonia toxicity factor requires
~rovision of nitrification.

EastTroy .............. Yes Yes No Yes Yes No Yes Yes Yes No Yes Yes tate-of-the-art now indicates
nitrogen removal not critical for
control of algae and weed growth;
ammonia toxicity factor requires
provision of nitrification; efflu-
ent aeration required to maintain
dissolved oxygen levels.

Lake Geneva .... Yes Yes No Yes Yes No Yes Yes Yes No Yes Yes State-of-the-art now indicates
nitrogen removal not critical for
control of algae and weed growth;
ammonia toxicity factor requires
provision of nitrification; efflu-
ent aeration required to main-
tain dissolved oxygen levels.

Lake Como ...... ....... Yes No No No Yes No -- -- -- -- -- -- Cost effectiveness studies indio
cate connection to Lake Geneva
feasible.

Lyons .............. ....... -- -- -- -- -- -- Yes No No No Yes No Plant not included in watershed
~'an.

Genoa City. ............ Yes No No No Yes No Yes No No No Yes No ochange.
Wind Lake ... .......... Yes No No No Yes No Yes Yes Yes No Yes Yes Larger plant required for ex·

panded sewer service area;
phosphorus removal economical-
ly justified for larger plant; am-
monia toxicity factor requires
provision of nitrification; efflu-
ent aeration required to maintain
dissolved oxygen levels.

Eagle Lake .... ......... Yes No No No Yes No Yes No Yes No Yes Yes Larger plant required for ex-
panded sewer service area;
phosphorus removal economical-
ly justified for larger plant; am-
monia toxicity factor requires
provision of nitrification; efflu-
ent aeration required to maintain
dissolved oxygen levels.

Tichigan Lake ......... Yes No No No Yes No -- -- -- -- -- -- Local plan implementation activ-
ities indicate feasibility of im·
mediate connection to Roches-
ter sewage treatment plant ra-
ther than a separate interim
~'ant.

Rochester l ...... Yes Yes No Yes Yes No Yes Yes No No Yes No tate-of-the-art now indicates
nitrogen removal not critical for
control of algae and weed growth.

Burlington .............. Yes Yes No Yes Yes No Yes Yes No No Yes No State-of-the-art now indicates
nitrogen removal not critical for
control of algae and weed growth.

Silver Lake ............. Yes No No No Yes No Yes Yes No No Yes No Larger plant required for ex-
panded sewer service area;
RhosPhorus removal economical-
~ justified for larger plant.

Twin Lakes. Yes Yes No Yes Yes No Yes Yes Yes No Yes Yes tate-of-the-art now indicates
nitrogen removal not critical for
control of algae and weed growth;
ammonia toxicity factor requires
provision of nitrification; efflu-
ent aeration required to main-
tain dissolved oxygen levels.

Camp Lake ............. Yes No No No Yes No Yes Yes No No Yes No Larger plant required for ex-
panded sewer service area;
phosphorus removal economical-
ly justified for larger plant.

lPlant operated by the Western Racine County Sewerage District.

Source: SEWRPC.
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waste loadings. In the cases of sewage treatment
facilities serving Rochester and Burlington, high
dilution ratios indicated no need to provide nitrifi
cation. With respect to Lake Como and Tichigan
Lake, connections to larger sewage treatment
facilities are recommended rather than the estab
lishment of separate sewage treatment facilities
due to cost effectiveness studies and local plan
implementation activities.

Private Sewage Treatment Plants
Eight private sewage treatment plants were found
in 1970 to discharge wastes in the Lower Fox
River subregional area. These facilities serve
the Rainbow Springs Resort in the Town of Muk
wonago; the Packaging Corporation of America
plant in the Town of Burlington; the Holy Redeemer
College in the Town of Dover; the Alpine Valley
Lodge in the Town of LaFayette; the Trent Tube
Company in the Village of East Troy; the Playboy
Club Hotel in the Town of Lyons; and the Pasier
Produce Company and the Genoa City Cooperation
Milk Association in the Village of Genoa City (see
Maps 38, 40, and 44). Since 1970 two additional
private sewage treatment facilities-those serving
the Country Estates Mobile Home Park in the
Town of Lyons and the STH 15 rest area in the
Town of LaFayette-have been established. Of
these facilities, six-Alpine Valley Lodge, Playboy
Club Hotel, Holy Redeemer College, Rainbow
Springs Resort, Country Estates Mobile Home
Park, and the STH 15 rest area-lie beyond the
proposed 1990 sewer service areas and must,
therefore, continue in operation. One-Trent Tube
Company-is a specialized industrial facility
within the Village of East Troy and should also
continue in operation. These seven facilities
should provide a level of waste treatment adequate
to meet the water quality objectives and standards
for the receiving streams. The remaining three
facilities lie within the proposed 1990 sewer ser
vice areas and should accordingly be abandoned
and connected to the appropriate sanitary sew
erage system.

UPPER ROCK RIVER SUBREGIONAL AREA

The Upper Rock River subregional area consists
of all that area of the Rock River watershed in
Washington County. This portion of the Rock
River watershed is comprised of all or portions of
several subwatersheds, including the Rock River
East Branch subwatershed, the Kohlsville River
subwatershed, the Limestone Creek subwatershed,
the Rubicon River subwatershed, the Bark River

subwatershed, the Ashippun River subwatershed,
and the Oconomowoc River subwatershed. Con
centrations of urban development are found in the
City of Hartford, the Village of Slinger, and the
unincorporated village of Allenton in the Town of
Addison. In addition, the southern portion of this
subregional area has been subject in very recent
years to extensive low-density urban residential
development, particularly in the Towns of Erin
and Richfield. The Upper Rock River subregional
area contains all or portions of two major state
owned wildlife areas-the Theresa Marsh in the
Town of Wayne and the Allenton Wildlife Area in
the Town of Addison-as well as the newly estab
lished Pike Lake state Park, a major regional
outdoor recreation facility recommended to be
established in the adopted regional land use plan.

As noted in Chapter Vof this report, centralized
sanitary sewer service in the Upper Rock River
subregional area was provided by three systems
in 1970: those operated by the City of Hartford,
the Village of Slinger, and the Allenton Sanitary
District. Together, the service areas of these
three systems comprised an area of about 2.2
square miles and served an estimated population
of about 8,500 persons. In 1970 there were
about 12, 600 persons residing in the subregional
area not served by centralized sanitary sewerage
facilities. Specific population, service area, and
related characteristics of the three existing sys
tems are presented in Chapter V of this report.

Sewer Service Analysis Areas
A total of four sewer service analysis areas may
be identified within the Upper Rock River subre
gional area (see Table 189). These four sewer
service analysis areas are shown on Map 109 and
may be described as follows:

1. Area A-This area consists of the unincor
porated village of Allenton in the Town of
Addison. In 1970, sanitary sewer service
was provided in this area to a total area of
about 0.2 square mile, having a total resi
dent population of about 700 persons. By
1990 the total area anticipated to be served
approximates O. 5 square mile, with a pro
jected population of about 1,700 persons.
This subarea is referenced as the "Allen
ton" service area in the ensuing discussion.

2. Area B-This area consists of the City of
Hartford and environs. In 1970, sanitary
sewer service was provided in this area to
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Table 189

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS

IN THE UPPER ROCK RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990

Unserved
Average Population Average

Sewer Service Analysis Area' Area Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served Population Loading

Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Allenton 0.24 700 006 -- 0.48 1,700 0.36
B Hartford. 1.68 6,800 1.24 300 4.54 9,300 2.65'
C Pike Lake . -- -- -- 800 1.81 1,000 0.31'
0 Slinger . 0.31 1,000 009 400 1.67 3,200 0.67

Total. 2.23 8,500 1.39 1,500 8.50 15,200 3.99

'See Map 109.
21ncludes design sewage flow of 0.72 MGD from the Libby, McNeill, & Libby
canning plant and of 0.17 MGD from the W. B. Place tannery

'Includes design sewage flow of 0.14 MGD from the Pike Lake State Park.

Source: SEWRPC.
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a total area of about 1. 7 square miles,
having a total resident population of about
6,800 persons. By 1990 the total area
anticipated to be served approximates 4. 5
square miles, with a projected population
of about 9,300 persons. This subarea is
referenced as the "Hartford" sewer ser
vice area in the ensuing discussion.

3. Area C-This area consists of urban devel
opment along the shoreline of Pike Lake in
the Town of Hartford and the newly estab
lished Pike Lake state Park. About 800
persons resided in this area in 1970 but
no centralized sanitary sewer service was
provided. The Wisconsin Department of
Natural Resources currently operates a
small sewage treatment facility to serve
the Pike Lake state Park. This facility
utilizes a seepage lagoon for effluent dis
posal. By 1990 the total area anticipated
to be served with centralized sanitary
sewer service approximates 1. 8 miles,
with a population of about 1,000 persons.
In addition, the Pike Lake state Park is
anticipated to provide a design sewage flow
of 0.14 mgd. This subarea is referenced
as the "Pike Lake" sewer service area in
the ensuing discussion.

4. Area D-This area consists of the Village
of Slinger and environs. In 1970, sanitary
sewer service was provided in this area to
a total area of about 0.3 square mile,
having a total resident population of about
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1,000 persons. By 1990 the total area
anticipated to be served approximates 1. 7
square miles, with a projected population
of about 3,200 persons. This subarea is
referenced as the "Slinger" sewer service
area in the ensuing discussion.

Formulation of Alternatives
As discussed earlier in this chapter, a systematic
procedure was utilized in the regional sanitary
sewerage system planning program for the formu
lation of alternative plans. The first step in this
process was to apply the Wisconsin Department of
Natural Resources (DNR) guidelines relating dis
tances between communities to the populations of
both the "sending" and "receiving" communities in
order to determine if potential interconnections
between sanitary sewerage systems should be
investigated. The results of the application of
these criteria to the communities within the Upper
Rock River subregional sewerage system planning
area are summarized in Table 190.

Based on the DNR guidelines, the following poten
tial interconnections between sewer service areas
in the Upper Rock River subregional area were
eliminated from further consideration:

1. Allenton to Hartford

2. Slinger to Hartford

One interconnection-Pike Lake to Hartford-was
found to be potentially feasible through the appli
cation of the DNR guidelines. Conduct of a pre-
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3. Two alternative plans for the Hartford
Pike Lake sewer service areas, including
an alternativc providing individual sewage
treatment facilities at each of thc two
sewer service areas and an alternative
providing for a single sewage treatment
facility at the Hartford sewage treatment
plant site.

2. A proposed plan for thc Slinger sewer ser
vice area.

liminary economic analysis for this potcntial
interconnection furlher revcaled that a detailed
economic analysis was warranted. Accordingly,
it was determined that the following sanitary
scwerage system plans for the Upper Rock Rivcr
subregional arca should be prepared and cvalnated:

Thc cstimated capital cost of constructing the
necessary treatment facilities at Allenton is about
$221,000 with an equivalent annual cost of about
$16,500 (see Table 193). The proposed 1990 scr
vice area for the Allenton sanitary district is
shown on Map no.

1. A proposed plan for the Allenton sewer
service area.

Each of the sanitary sewerage system plan ele
ments is described in the following paragraphs.
Data pcrtaining to required treatmcnt lcvcls at
each of thc municipal sewage treatmcnt sitcs con
sidered in the prcparation of these plan eiements
are prcscnted in Table 191.

Proposed Plan-Allenton Subarea
In 1970 the sewagc treatment facility serving the
Allcnton sewer service area had an average
hydraulic design capacity of O. 10 mgd and pro
vided a sccondary level of waste treatment. Dis
posal of effluent is to the Rock Rivcr East Branch.
In order to accommodate probable future urban
growth, it is anticipated that by 1990 an avcragc
hydraulic design capacity of about 0.36 mgd will
be required for this facility. In order to meet the
established water use objectives for the Rock
Ri ver East Branch, it will be neccssary for this
facility to provide, in addition to the current
secondary level of wastc treatment, advanccd
waste treatment for nitrification and auxiliary
waste treatment for effluent aeration and disin
fection. The specific recommended perform
ancc standards for the Allenton sewagc trcatmcnt
plant are set forth in Table 192.
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SEWER SERVICE ANALYSIS AREAS
UPPER ROCK RIVER SUBREGIONAL AREA

Four urban sewer service areas were identified in the
Upper Rock River subregional area: the Cit~ of Hartford
and environs, the Village of 51 inger and environs, the
unincorporated villageofAllenton in the Town of Addison,
and urban development along the shorel inc of Pike lake
and the newly established Pike lake State Park in the
Town of Hartford. B~ 1990 it is anticipated that about
19,000 persons will reside in these four urban "reas,
with the total land in urban use anticipated to approxl
Ilale nearly nine square lilIes, In 1970 there were about
21,000 persons residing in the Upper Rock River watershed
area, of which about 8,000 were served by centralized
sanitary sewer service and 13,000 by onsite septic tank
sewage disposal systems.

Source: SEWRPC.
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Table 190

RESULTS OF THE APPLICATION OF WISCONSIN DEPARTMENT OF NATURAL RESOURCES

INTERCONNECTION GUIDELI NES AND PRELIMINARY ECONOMIC ANALYSES

IN THE UPPER ROCK RIVER SUBREGIONAL AREA

Results of Application
of DNR Guidelines Results of Preliminary Economic Analysis

Sewer Service Analysis Area(s) Total Equivalent Annual Cost

Receiving Sending Straight Proceed to Percent Proceed to
Line Distance Preliminary Detailed

Estimated Estimated Between Sewer Economic Separate Interconnection- Difference Economic
1990 1990 Service Areas Analysis Plants One Plant (B-A) Analysisl

Name Population Name Population (Miles) (Yes or No) (A) (B) ( A ) (Yes or No)

Hartford 9,300 Allenton 1,700 7.0 No -- -- -- --
Pike Lake 1,000 1.5 Yes $193,200 $184,600 -4.5 Yes
Slinger 3,200 4.0 No -- -- -- --

Ilf the estimated equivalent annual cost of interconnection was no more than
20 percent greater than the cost of providing sep'arate sewage treatment fa·
cilities, a detailed economic analysis was deemed to be required.

Source: SEWRPC.

Table 191

RE?UIRED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLA~T SITES
IN THE UPPER ROCK RIVER SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data
Dilution

Upstream Ratio
(RatioSewage Total Total of Design Level of Treatment Required7·Day, Treatment Design Design Low FlowlO·Year Plant Low sewa§e to Design Advanced Auxiliary

Sewage Treatment Receiving Low Flow Flow-1990 Flow-1990 Flow·1 90 Sewage Phosphorus Nitri- Effluent Disin-
Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990) Secondary Removal fication Aeration fection

Allenton ......... .... Rock River East 0.29 019 -- -- 0.29 019 0.56 0.36 0.52 Yes No Yes Yes Yes
Branch

Hartford l Rubicon River 0.28 0.18 048 031 076 049 4.10 2.65 0.19 Yes Yes Yes Yes Yes
Hartford' ....... .............. Rubicon River 0.28 0.18 -- -- 0.28 0.17 4.58 2.96 0.08 Yes Yes Yes Yes Yes
Pike Lakel ...... .... ... ..... Rubicon River 0.11 0.07 -- -- 0.11 0.07 048 0.31 0.23 Yes Yes Yes Yes Yes
Slinger. .......... Marsh Tributary 0.05 0.03 -- -- 0.05 0.03 1.04 0.67 0.05 Yes No Yes Yes Yes

to Ru bicon River

ICorresponds to Hartford-Pike Lake alternative plan 1.
'Corresponds to Hartford·Pike Lake alternative plan 2.
Source: SEWRPC.

Table 192

SEWAGE TREATMENT LEV~LS AND PERFORMANCE STANDARDS

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE ALLENTON SEWER SERVICE AREA

UPPER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served l Population Treatment Levels Plan Preparation Annual Averages)

Allenton Allenton 1,700 Secondary Aerated Lagoon CBOD; Discharge: 15 mg/I
(036 MGD) Advanced Nitrification NH J -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml

'See Map 110.
Source: SEWRPC.
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Proposed Plan-Slinger Subarea
In 1970 the sewage treatment facility serving the
Slinger sewer service area had an average hydrau
lic design capacity of 0.15 mgd and provided a
secondary level of waste treatment. Disposal of
effluent is to a mi,nor drainage course leading to
a marsh land drained by the Rubicon River. In
order to accommodate probable future urban
growth, it is anticipated that by 1990 an average
hydraulic design capacity of O. 67 mgd will be
required for this facility. In order to meet the
established water use objectives for the Rubicon
River, it will be necessary for this facility to
provide, in addition to the current secondary level
of waste treatment, advanced waste treatment
for nitrification and auxiliary waste treatment

for effluent aeration and disinfection. The spe
cific recommended performance standards for the
Slinger sewage treatment plant are set forth in
Table 194.

The estimated capital cost of constructing the
necessary treatment facilities at Slinger is about
$1. 1 million, with an equivalent annual cost of
about $111,600 (see Table 195). The proposed
1990 service area for the Village of Slinger and
environs is shown on Map 111.

Alternative Plans-Hartford-Pike Lake Subarea
As indicated above, preliminary economic analy
ses revealed a need to consider the interconnec-
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Table 193

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE ALLENTON SEWER SERVICE AREA

UPPER ROCK RIVER SUBREGIONAL AREA

Estimated Cost
Present·Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Allenton

Facilities (0.36 MGD) .......... ... .... ....... .......... .... ........... $166.500 $147,000 $73,000 $220,000 $ 9,300 $4,600 $13,900
Land (11 Acres) ................................................. ........... 55,000 40,300 -- 40,300 2,600 -- 2,600

Subtotal .......................... ............. ......... ....... ........ 221,500 187,300 73,000 260,300 11,900 4,600 16,500
Trunk Sewers--None

Total . .... ............................................... .......... $221,500 $187,300 $73,000 $260,300 $11,900 $4,600 $16,500

Source: SE'NRPC.

Table 194-

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE SLINGER SEWER SERVICE AREA

UPPER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Oesign Capacity Analysis Areas Served I Population Treatment Levels Plan Preparation Annual Averages)

Slinger Slinger 3,200 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.67 MGD)

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 111.
Source: SEWRPC.
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The proposed 1990 sewer service area for the

Village of Slinger and environs is shown on

the above map. The proposed plan includes

a recommendation to provide, in addition to

the current secondary level of waste treat

ment, advanced waste treatment for nitrifi
cation and auxil iary waste treatment for

effluent aeration and disinfection. Such

additional level s of treatment are necessary

to meet the necessary water use objectives

for the Rubicon River.
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The proposed sanitary sewerage system plan

for the Allenton sewer service area includes
the recommendation to provide, in addition to
the current secondary level of waste treat
ment, advanced waste treatment for nitri fi
cation and auxi I i ary waste treatment for
effluent aeration and disinfection. Such
additional levels of treatment are necessary
in order to meet the establ i shed water use
objectives for the Rock River east branch.
It is further anticipated that the Allenton

treatment facil ity would require a capaci ty

expansion to accommodate probable future

urban growth.

Source: SEWRPC.

•

tion of the Hartford and Pike Lake sewer service
areas for sewage treatment purposes. In 1970
only the City of Hartford operated a public sani
tary sewage treatment facility.

Two basic alternative plans were fonnulated. The
first alternative assumes the construction of a

new sewage treatment facility downstream from
the existing Hartford facility, together with the
establishment of a new treatment facility to serve
the Pike Lake sewer service area. As indicated
in Chapter V of this report, the existing Hartfo I'd
treatment facility has reached the end of its useful
life and was grossly overloaded in 1970. Both

I
I
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proposed new treatment facilities under this alter
native would discharge effluent to the Rubicon
River. The second alternative provides for a
single sewage treatment facility to serve both the
Hartford and Pike Lake sewer service areas,

locating the single plant at the site of the proposed
new Hartford sewage treatment facility. Required
sewage treatment levels and performance stan
dards under both alternatives considered are set
forth in Table 196, while detailed cost estimates

I
I
I
I
I
I
I
I
I

I
I
I
I
I
I

Table 195

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE SLINGER SEWER SERVICE AREA

UPPER ROCK RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Slinger

$63.400 $47,500 $110,900Facilities (0.67 MGD) ........ ..... .................. , ...... .......... $1,095,000 $ 999,000 $749,000 $1,748,000
Land (2.9 Acres) 14,500 10,600 -- 10,600 700 -- 700

Subtotal ... .. .................... ............ ............. ........ 1,109,500 1,009,600 749,000 1,758,600 64,100 47,500 111,600
Trunk Sewers--None

Total ............................... ........ ........... ............... $1,109,500 $1,009,600 $749,000 $1,758,600 $64,100 $47,500 $111,600

Source: SEWRPC.

Table 196

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS
FOR THE HARTFORD AND PIKE LAKE SEWER SERVICE AREAS

UPPER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served l Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
Hartford Hartford 9,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(2.65 MGD)
Advanced Nitrification NH J -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Pike Lake Pike Lake 1,000 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.31 MGD)

Advanced Nitrification NH J -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERNATIVE PLAN 2
Hartford Hartford 10,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(2.96 MGD) Pike Lake Advanced Nitrification NH 3 ·N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 112.

Source: SEWRPC.

581



pertaining to the two alternatives are set forth
in Table 197. The two proposals are shown on
Maps 112 and 113.

Under alternative plan 1, a new Hartford sewage
treatment plant would be constructed on a site
nearly a mile downstream from the existing treat
ment plant site. In order to accommodate pro
jected future urban growth, it is anticipated that I

by 1990 an average hydraulic design capacity of
about 2. 6 mgd will be required for this facility.
In order to meet the established water use objec
tives for the Rubicon River, it will be necessary
for this facility to provide not only secondary
waste treatment but also advanced waste treat
ment for nitrification and phosphorus removal and
auxiliary waste treatment for effluent aeration and

disinfection. A new trunk sewer to convey the
sewage from the old sewage treatment plant site
to the new sewage treatment plant site is also
included in this alternative plan. In addition,
under alternative plan 1, a new sewage treatment
facility would be constructed on a site adjacent to
the Rubicon River near the outlet of Pike Lake to
serve the Pike Lake sewer service area. This
facility would need to provide a 1990 average
hydraulic design capacity of about 0.31 mgd,
which would accommodate an estimated O. 14 mgd
of sewage from the Pike Lake state Park. In
order to meet the established water use objec
tives for the Rubicon River, the proposed Pike
Lake facility would be required to provide sec
ondary waste treatment, advanced waste treat
ment for nitrification and phosphorus removal,

I
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Table 197

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS
FOR THE HARTFORD AND PIKE LAKE SEWER SERVICE AREAS

UPPER ROCK RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 1
Sewage Treatment Plants

Hartford
Facilities (2.65 MGD) .......... .. ..... ....... ....... ................ $3,022,000 $2,730,000 $2,328,000 $5,058,000 $173,200 $147,700 $320,900
Land (4.7 Acres) . .............. , ............... ....... .. ............. 23,500 17,300 -- 17,300 1,100 -- 1.100

Subtotal ..... ............... .............. ....................... 3,045,500 2,747,300 2,328,000 5,075,300 174,300 147,700 322.000
Pike Lake

Facilities (0.31 MGD) ........ ......... .... ....... 307,500 277,400 268,000 545,400 17,600 17,000 34,600
Land (2.50 Acre) '" ...................................... 12,500 9,500 -- 9,500 600 -- 600

Subtotal ............ ................. .......... 320,000 286,900 268.000 554,900 18,200 17,000 35,200
Subtotal--Sewage Treatment Facilities ........... ...... ...... '" 3,365,500 3,034,200 2,596,000 5,630,200 192,500 164,700 357,200

Trunk Sewer

Hartford .... .................... ... ..... ...... .... ......... ............ 641,300 469,700 4,700 474,400 29,800 300 30,100
Subtotal ......... ...... ....... . ...... ...... ...... ....... ........ 641,300 469,700 4,700 474,400 29,800 300 30,100

Total .. . .......... .......... ........ ..... .... .. ........ ...... $4,006,800 $3,503,900 $2,600,700 $6,104,600 $222,300 $165,000 $387,300

ALTERNATIVE PLAN 2
Sewage Treatment Plant

Hartford
Facilities (2.96 MGD) ...................................... ". $3,318,300 $2,997,900 $2,572,400 $5,570,300 $190,200 $163,200 $353,400
Land (~.9 Acres) .................. . ........ ... ................... , " 24,500 17,300 -- 17,300 1,100 -- 1,100

Subtotal ............... ........ ... ...... ........ .. .... .. ......... 3,342,800 3,015,200 2,572,400 5,587,600 191,300 163,200 354,500
Trunk Sewers

Hartford. .... ............... ....... ........... £41,300 469,700 4,700 474,400 29,800 300 30,100
Pike Lake ............. ......... ......... ..... ... .. ...... ......... " 237,700 187,600 85,200 272,800 11,900 5,400 17,300

Subtotal ....... ........ ...... .......... ..... .. .... ............. " 879,000 657,300 89,900 747,200 41,700 5,700 47,400

Total ............ ... ... ....... ... .......... .. ......... ........ $4,221,800 $3,672,500 $2,662,300 $6,334,800 $233,000 $168,900 $401,900

Source: SEWRPC.
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Map 112

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN
FOR THE HARTFORD AND PIKE LAKE SEWER SERVICE

UPPER ROCK RIVER SUBREGIONAL AREA
1990
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One of the alternative sanitary lsewerage systell plans consIdered for the "",rttord and I'ike Lake urb,lIn lire., proposes the est",b
1 i,hlllent of a new Pike Lake se .... ge treat.enl hell it)'. as well u relocation of the existing Hartford sewall' treatment hell it)'
to I new downslre .... site on the Rubicon River. Under this alternative, both the Hartford and Plko lake treltllent hcllities
would be required to provide secondary waste treltMent, advanced wasle treat.enl for nitrifIcation and phosphorus removal. and
auxiliary waste treat_ent for effluent aeration and dl,lnfection. The exIsting treat.ent facility ,ervIng the Libby, McHe!ll.
and Libby. Inc. canning plant in Hartford and the Pike Lake State Park would be abandoned upon illlplellentat.ion of t.his alternative
plan. Thl, alternative plan was found to be approximately as cost effell;tive as the second alternative plan con,idered, shown on
Hap 113, but has the disadvantage of proliferating treatlllent facilities and requiring unnecesury duplication of staff and
related facilities.

Source: SEWRPC.
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The second alternative sanitary sewerage system plan for the Hartford and Pike Lake urban areas would consolidate
sewage treatment at a new Hartford sewage treatment facility located on a down'Stream site on the Rubicon River.
As in the first alternative considered, the existing sewage treatment facility serving the Libby, McNeill, and
Libby, Inc. canning plant in Hartford and the Pike lake State Park would be abandoned upon plan implementation.
The trunk sewer system necessary to convey wastes from the Pike Lake area to the new Hartford plant is shown on
the above map. While this alternative is approximately as cost effective as the first a\ternativeconsidered,
shown on Map 112, it has the advantage of providing service through the extension of an already existing system
and thus avoiding the need to establ ish a new system.

Source: SEWRPC
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and auxiliary waste treatment for effluent aeration
and disinfection. The total estimated capital cost
of carrying out alternative plan 1 for the Hart
ford and Pike Lake sewer service areas is about
$4. 0 million, with an equivalent annual cost of
about $387, 000.

As noted above, alternative plan 2 involves the
provision of only one sewage treatment facility
to serve the Hartford-Pike Lake sewer service
areas. Under this alternative, a new Hartford
treatment facility would be constructed on a site
downstream from the existing facility as in the
first alternative presented, but would provide for
an average hydraulic design capacity of nearly
3.0 mgd in order to accommodate sewage from
both the Hartford and Pike Lake sewer service
areas. In order to meet the established water use
objectives for the Rubicon River, this facility
would have to provide secondary waste treatment,
advanced waste treatment for nitrification and
phosphorus removal, and auxiliary waste treat
ment for effluent aeration and disinfection. In
addition to the new trunk sewer to the new Hart
ford treatment plant site, included under alterna
tive plan 1, alternative plan 2 provides for a trunk
sewer from the Pike Lake sewer service area to
an existing City of Hartford trunk sewer found to
have sufficient capacity to handle the anticipated
Pike Lake area waste flows. The total estimated
capital cost of carrying out alternative plan 2 for
the Hartford and Pike Lake sewer service areas,
including the construction of the necessary trunk
sewers, is about $4.2 million with an equivalent
annual cost of about $402,000.

The costs of implementing the two alternative
sanitary sewerage system plans considered for
the Hartford and Pike Lake sewer service areas
are within a range of about 4 percent on an equiva
lent annual cost basis, well within the accuracy
within which such costs can be estimated. Conse
quently, the two plans may be considered to have
approximately the same cost. It is necessary,
therefore, to consider other intangible, but never
theless very real, considerations in selecting a
recommended plan from among the alternatives
presented. The second alternative plan has the
advantage of providing one centralized sewage
treatment facility and thus avoiding proliferation
of treatment plants and unnecessary duplication of
staffs and related facilities, and the added advan
tage of not discharging any sewage treatment
plant effluent to the Rubicon River above the Hart
ford impoundment. The second alternative has

the further advantage of simply providing an exten
sion of sanitary sewer service from an already
existing system. Conversely, the first alternative
presented would create another s~wage treatmj;)nt
facility, which facility would discharge sewage
effluent to the Rubicon River above the Hartford
impoundment, and would necessitate the estab
lishment of a new sanitary sewerage system with
a new staff. On balance, therefore, while the two
alternatives are approximately equal in terms of
equivalent annual cost, the second alternative
plan providing for one sewage treatment facility
to serve both the Hartford and Pike Lake sewer
service areas is more advantageous when other
intangible considerations are taken into account.

Private Sewage Treatment Plants
Only two private sewage treatment facilities cur
rently discharge wastes in the Upper Rock River
subregional area. These facilities serve the
Libby, McNeill and Libby, Inc. canning plant in
the City of Hartford and the Pike Lake State Park
in the Town of Hartford. Both of these facilities
lie within the proposed 1990 sewer service area
and would accordingly be abandoned and connected
to the proposed Hartford areawide sanitary sewage
treatment system. The new Hartford treatment
facility under construction includes a design flow
of 0.72 mgd for anticipated wastes from the Libby,
McNeill and Libby, Inc. canning plant. A portion
of this design flow will be detained in the existing
sewage lagoons and released to the centralized
sewerage system on a controlled basis. The Pike
Lake State Park sewage treatment facility should
be abandoned as soon as trunk sewer service
around Pike Lake becomes available.

MIDDLE ROCK RIVER SUBREGIONAL AREA

The Middle Rock River subregional area consists
of all that area of the Rock River watershed in
Waukesha County. This portion of the Rock River
watershed is comprised of all or portions of
several subwatersheds, including the Oconomowoc
River subwatershed, the Ashippun River sub
watershed, the Bark River subwatershed, and the
Scuppernong Creek subwatershed. A large portion
of the Middle Rock River subregional area con
sists of existing and proposed Kettle Moraine
state Forest Lands. To the north of the state
Forest lands lies the rapidly urbanizing inland
lakes area of western Waukesha County. Major
concentrations of urban development are found in
the Cities of Delafield and Oconomowoc and the
Villages of Chenequa, Hartland, Dousman, Lac
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LaBelle, Merton, Nashotah, and Wales. Urban
development contiguous to the Village of Lac
LaBelle in the Town of Ixonia, Jefferson County,
outside of the Region, has also been included for
sewerage system planning purposes in the Middle
Rock River subregional area.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Middle Rock River
subregional area was provided by three systems
in 1970: those operated by the City of Oconomowoc
and the Villages of Hartland and Dousman. The
service areas of these three systems together
comprised an area of about 3.3 square miles and
served an estimated population of about 13, 000
persons. In 1970 there were about 22,900 persons
residing in the subregional area not served by
centralized sanitary sewerage facilities. Specific
population, service area, and related character
istics of the three existing systems are presented
in Chapter V of this report.

Sewer Service Analysis Areas
A total of 13 sewer service analysis areas may be
identified within the Middle Rock River subre
gional area (see Table 198). These 13 sewer
service analysis areas are shown on Map 114 and
may be described as follows:

1. Area A-This area consists of the City of
Oconomowoc, the Village of Lac LaBelle,
and contiguous urban development in the

Table 198

Towns of Oconomowoc and Summit in Wau
kesha County and in the Town of Ixonia
outside of the Region in Jefferson County.
In 1970, sanitary sewer service was pro
vided in this area to a total area of about
2. 1 square miles, having a total resident
population of about 9,500 persons. By 1990
the total area anticipated to be served
approximates 7.4 square miles, with a
projected population of about 21,000 per
sons. This subarea is referenced as the
"Oconomowoc-Lac LaBelle" sewer ser
vice area in the ensuing discussion.

2. Area B-This area consists of the Village
of Oconomowoc Lake, which encompasses
all of the urban development along the
shoreline of Oconomowoc Lake, and con
tiguous urban development in the Town of
Summit. About 500 persons resided in this
area in 1970, but no sanitary sewer ser
vice was provided. By 1990 the total area
anticipated to be served with centralized
sanitary sewer service approximates 1. 9
square miles, with a projected population
of about 600 persons. This subarea is ref
erenced as the "Oconomowoc Lake" sewer
service area in the ensuing discussion.

3. Area C-This area consists of the contig
uous urban development along the shoreline
of Okauchee Lake in the Towns of Ocono-

I
I
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SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS
IN THE MIDDLE ROCK RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Sewer Service Analysis Area'
Average Population Average

Area Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served P~ulation Loading

Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) erved (MGD)

A Oconomowoc-Lac LaBelle ............. 2.14 9,500 1.62 1,600 7.42 21,000 4.41
B Oconomowoc Lake -- -- -- 500 1.91 600 0.13
C Okauchee Lake .... :::::::::::::::::::: -- -- -- 4,200 2.92 4,400 0.92
D North Lake .............................. -- -- -- 700 1.19 1,100 0.23
E Pine Lake ............................... -- -- -- 400 1.59 400 0.09
F Beaver Lake ......... .................. -- -- -- 800 1.77 1,200 0.25
G Hartland ................................ 0.81 2,900 0.27 300 2.56 9,300 1.95
H Merton -- -- -- 600 0.73 1,700 0.38
I Delafield~Nas'hoia'h':::::::::::::::::::: : -- -- -- 3,300 5.82 7,300 1.53
J Nashotah-Nemahbin Lakes -- -- -- 1,500 1.49 1,500 0.32
K Silver Lake .................. ::::::::::: -- -- -- 400 0.51 600 0.13
L Dousman .................. "............. 0.36 600 0.08 100 0.77 2,200 0.46
M Wales .................................... -- -- -- 900 1.29 1,100 0.23

Total .. ............................... 3.31 13,000 1.97 15,300 29.97 52,400 11.03

lSee Map 114.
Source: SEWRPC.
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mowoc and Merton. About 4,200 persons
resided in this area in 1970, but no sani
tary sewer service was provided. By 1990
the total area anticipated to be served with
centralized sanitary sewer service approx
imates 2.9 square miles, with a projected
population of about 4,400 persons. This
subarea is referenced as the "Okauchee
Lake" sewer service area in the ensuing
discussion.

4. Area D-This area consists of the contigu
ous urban development along the shoreline
of North Lake in the Village of Chenequa
and the Town of Merton. About 700 per
sons resided in this area in 1970, but no
sanitary sewer service was provided. By
1990 the total area anticipated to be served
with centralized sanitary sewer service
approximates 1. 2 square miles, with a
projected population of about 1,100 per
sons. This subarea is referenced as the
"North Lake" sewer service area in the
ensuing discussion.

5. Area E-This area includes all of the
estate-type residential development along
the shoreline of Pine Lake in the Village of
Chenequa. About 400 persons resided in
this area in 1970, but no sanitary sewer
service was provided in this area in 1970,
nor is it likely that centralized sanitary
sewer service will be required in this area
by 1990 because of the extremely low
density character of the existing develop
ment. This area has been included as a
sewer service area for sewerage system
planning analysis purposes, however, be
cause it lies within a larger area for which
centralized sanitary sewer service will
likely be required. Sound long-range sys
tem planning requires, therefore, that this
area be included in the alternative plans
even though it may well be unnecessary to
provide for the local trunk sewers to serve
the Pine Lake development within the 20
year plan design period. This subarea is
referenced as the "Pine Lake" sewer ser
vice area in the ensuing discussion.

6. Area F-This area consists of the urban
development along and adjacent to the
shoreline of Beaver Lake in the Village of
Chenequa and the Town of Merton. About
800 persons resided in this area in 1970,

but no sanitary sewer service was pro
vided. By 1990 the total area anticipated
to be served with centralized sanitary
sewer service approximates 1. 8 square
miles, with a projected population of about
1, 200 persons. This subarea is referenced
as the "Beaver Lake" sewer service area
in the ensuing discussion.

7. Area G-This area consists of the Village
of Hartland and contiguous urb~ develop
ment in the Towns of Merton and Delafield.
In 1970, sanitary sewer service was pro
vided in this area to about 0.8 square mile,
having a total resident population of about
2,900 persons. By 1990 the total area
anticipated to be served approximates 2. 6
square miles, with a projected population
of about 9,300 persons. This subarea is
referenced as the "Hartland" sewer ser
vice area in the ensuing discussion.

8. Area H-This area consists of the Village
of Merton and environs. About 600 per
sons resided in this area in 1970 but
no sanitary sewer service was provided.
By 1990 the total area anticipated to be
served with centralized sewer service
approximates 0.7 square mile, with a
projected population of about 1,700 per
sons. This subarea is referenced as the
"Merton" sewer service area in the ensu
ing discussion.

9. Area I-This area consists of the City of
Delafield and the Village of Nashotah,
which together encompass Nagawicka Lake.
About 3,300 persons resided in this area
in 1970, but no sanitary sewer service
was provided. By 1990 the total area
anticipated to be served with centralized
sanitary sewer service approximates 5. 8
square miles, with a projected popula
tion of about 7,300 persons. This sub
area is referenced as the "Delafield
Nashotah" sewer service area in the
ensuing discussion.

10. Area J-This area consists of the urban
development along the shorelines of Upper
and Lower Nashotah Lakes and Upper and
Lower Nemahbin Lakes in the Town of
Summit. About 1,500 persons resided in
this area in 1970, but no sanitary sewer
service was provided. By 1990 the total
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area anticipated to be served approximates
1. 5 square miles, with a projected popula
tion of about 1,500 persons. This subarea
is referenced as the "Nashotah-Nemahbin
Lakes" sewer service area in the ensu
ing discussion.

11. Area K-This area consists of urban devel
opment along the shoreline of Silver Lake
in the Town of Summit. About 400 persons
resided in this area in 1970, but no sani
tary sewer service was provided. By 1990
the total area anticipated to be served
with centralized sanitary sewer service
approximates 0.5 square mile, with a pro
jected population of about 600 persons.
This subarea is referenced as the "Silver
Lake" sewer service area in the ensuing
discussion.

12. Area L-This area includes the Village of
Dousman and environs. In 1970, sanitary
sewer service was provided in this area to
about 0.4 square mile, having a total resi
dent population of about 600 persons. By
1990 the total area anticipated to be served
with centralized sanitary sewer service
approximates 0.8 square mile, with a
projected population of about 2,200 per
sons. This subarea is referenced as the
"Dousman" sewer service area in the
ensuing discussion.

13. Area M-This area consists of the Village
of Wales and environs. About 900 persons
resided in this area in 1970, but no sani
tary sewer service was provided. By 1990
the total area anticipated to be served with
centralized sanitary sewer service approx
imates 1. 3 square miles, with a projected
population of about 1,100 persons. This
subarea is referenced as the "Wales" sewer
service area in the ensuing discussion.

Formulation of Alternatives
As discussed earlier in this chapter, a systematic
procedure was utilized in the regional sanitary
sewerage system planning program for the formu
lation of alternative plans. The first step in this
process was to apply the Wisconsin Department of
Natural Resources (DNR) guidelines relating dis
tances between communities to the populations of
both the "sending" and "receiving" communities in
order to determine if potential interconnections
between sanitary sewerage systems should be
investigated. The results of the application of
these criteria to the communities within the
Middle Rock River subregional sewerage system
planning area are summarized in Table 199.

The DNR guidelines were designed to be applied to
noncontiguous communities. In the Middle Rock
River subregional area, all but three of the 13
sewer service analysis areas-Merton, Dousman,
and Wales-are essentially contiguous. It was

Table 199

RESULTS OF THE APPLICATION OF WISCONSIN DEPARTMENT OF NATURAL RESOURCES

INTERCONNECTION GUIDELINES AND PRELIMINARY ECONOMIC ANALYSES

IN THE MIDDLE ROCK RIVER SUBREGIONAL AREA

Results of Application
of DNR Guidelines Results of Preliminary Economic Analysis

Sewer Service Analysis Area(s) Total Equivalent Annual Cost
Receiving Sending Straight Proceed to Percent Proceed to

Line Distance Preliminary Difference Detailed
Estimated Estimated Between Sewer Economic Separate Intercon nection- (B-A) Economic

1990 1990 Service Areas Analysis Plants One Plant Analysis!
Name Population Name Population (Miles) (Yes or No) (A) (B) ( A ) (Yes or No)

Delafield-Nashotah 7,300 Dousman 2,200 4.8 No $ -- $ -- -- --
Wales 1,100 4.2 No -- -- -- --

Hartland 9,300 Merton 1,700 3.5 Yes 143,100 214,400 49.8 No

Dousman 2,200 Delafield-Nashotah 7,300 4.8 No -- -- -- --
Wales 1,100 4.2 No -- -- -- --

iff the estimated equivalent annual cost of interconnection was no more than
20 percent greater than the cost of providing separate sewage treatment fa
cilities, a detailed economic analysis was deemed to be required.

Source: SEWRPC.
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assumed with respect to these 10 sewer service
analysis areas, therefore, that contiguity would
require detailed economic analyses of intercon
nection potential. Accordingly, the analyses pre
sented in Table 199 apply only to the three
noncontiguous communities. Based on the DNR
guidelines, the following interconnections between
sewer service areas in the Middle Rock River
subregional area were eliminated from further
consideration:

1. Dousman to Delafield

2. Wales to Delafield

3. Delafield to Dousman

4. Wales to Dousman

One interconnection-Merton to Hartland-was
found to be potentially feasible through the appli
cation of the DNR guidelines. The conduct of a
preliminary economic analysis for this potential
interconnection, however, revealed that a detailed
economic analysis was not warranted. Accord
ingly, this potential connection was also elimi
nated from further consideration.

Based upon the results of the foregoing prelimi
nary analyses, it was determined that the follow
ing sanitary sewerage system plans for the Middle
Rock River subregional area should be prepared
and evaluated:

1. A proposed plan for the Merton sewer
service area.

2. A proposed plan for the Wales sewer ser
vice area.

3. A proposed plan for the Dousman sewer
service area.

4. Three alternative plans for the Ocono
mowoc-Lac LaBelle, Oconomowoc Lake,
Okauchee Lake, Pine Lake, Silver Lake,
North Lake, Beaver Lake, Hartland, Dela
field-Nashotah, and Nashotah-Nemahbin
Lakes sewer service areas, referred to
hereinafter as the Oconomowoc-Delafield
subarea. Conceptually, one of these three
alternatives would be based upon the con
struction of individual sewage treatment
facilities serving each sewer service anal
ysis area; one upon the construction of two
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centralized sewage treatment facilities to
serve the areas; and one upon the con
struction of one centralized sewage treat
ment facility to serve the areas.

Each of the sanitary sewerage system plan ele
ments is described in the following paragraphs.
Data pertaining to required treatment levels at
each of the municipal sewage treatment plant sites
considered in these plan elements are presented
in Table 200.

Proposed Plan-Merton Subarea
As noted above, no centralized sanitary sewer
service was provided in the Merton sewer service
area in 1970. The proposed plan for this area
includes the construction of a new sewage treat
ment plant having a 1990 average hydraulic design
capacity of 0.38 mgd. It is proposed that this
facility discharge its effluent to the Bark River.
For cost analysis purposes it was assumed that an
aerated lagoon type sewage treatment plant would
be provided. In order to meet the established
water use objectives for the Bark River, this
facility would have to provide secondary waste
treatment, advanced waste treatment for nitrifica
tion and phosphorus removal, and auxiliary waste
treatment for effluent aeration and disinfection.
The specific performance standards recommended
for this facility are set forth in Table 201.

The estimated capital cost of constructing the
necessary treatment facility at Merton is about
$288,000, with an equivalent annual cost of about
$30,000 (see Table 202). The proposed 1990 ser
vice area for the Village of Merton and environs
is shown on Map 115.

Proposed Plan-Wales Subarea
Also as noted earlier, no centralized sanitary
sewer service was provided in the Wales sewer
service area in 1970. The proposed plan for this
area includes the construction of a new sewage
treatment plant having a 1990 average hydraulic
design capacity of 0.23 mgd. It is proposed that
this facility discharge its effluent to the Scupper
nong Creek. For cost analysis purposes it was
assumed that an aerated lagoon type sewage treat
ment plant would be provided. In order to meet
the established water use objectives for Scupper
nong Creek, this facility would have to provide
secondary waste treatment, advanced waste treat
ment for nitrification, and auxiliary waste treat
ment for effluent aeration and disinfection. The

I
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Table 200

REQUIRED TREATMENT LEVELS AT MUNI CIPAL SEWAGE TREATMENT PLANT SITES
IN THE MIDDLE ROCK RIVER SUBREGIONAL AREA

Stream Low Flow and Dilution Ratio Data
Dilution

Upstream Ratio
Total (RatioSewage Total of Design Level of Treatment Required7-Day, Treatment Design Design Low Flow10-Year Plant Low Sewage to Design Advanced Auxiliary

Sewage Treatment Receiving Low Flow Flow-1990 Flow-1990 Flow-1990
Sewa~e Phosphorus Nitri- Effluent Disin-

Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-1 90) Secondary Removal fication Aeration fection

Oconomowoc! ................. .Oconomowoc River 0.84 0.54 2.11 1.36 2.95 1.90 6.83 4.41 0.43 Yes Yes Yes Yes Yes
Oconomowoc' ................. .Oconomowoc River 0.84 0.54 -- -- 0.84 0.54 9.54 6.16 0.09 Yes Yes Yes Yes Yes
Oconomowoc' ................. .Oconomowoc River 0.84 0.54 -- -- 0.84 0.54 15.42 9.96 0.05 Yes Yes Yes Yes Yes
Delafield! ...................... .Bark River 0.41 0.27 3.99 2.58 4.40 2.85 2.86 1.85 1.54 Yes Yes Yes Yes Yes
Delafield' ...................... .Bark River 0.41 0.27 0.96 0.62 1.37 0.89 5.88 3.80 0.23 Yes Yes Yes Yes Yes
Hartland! ................ , ..... .Bark River 0.27 0.17 0.98 0.63 1.25 0.80 3.02 1.95 0.41 Yes Yes Yes Yes Yes
Oconomowoc Lake! ........... .Oconomowoc River 0.68 0.44 0.36 0.23 1.04 0.67 1.76 1.14 0.59 Yes Yes Yes Yes Yes
Merton ......................... .Bark River 0.19 0.12 -- -- 0.19 0.12 0.59 0.38 0.32 Yes Yes Yes Yes Yes
Dousman' ...................... .Bark River 0.54 0.35 6.47 4.18 7.01 4.72 0.71 0.46 9.87 Yes No No Yes Yes
Beaver Lake! .................. .Bark River 0.24 0.16 0.59 0.~8 0.83 0.54 0.39 0.25 2.13 Yes Yes Yes Yes Yes
Wales ........................... .Scu ppernong Creek 0.04 0.03 -- -- 0.04 0.03 0.36 0.23 0.11 Yes No Yes Yes Yes
North Lake! .................... .Oconomowoc River 0.52 0.34 -- -- 0.52 0.34 0.36 0.23 1.44 Yes No Yes Yes Yes
Si Iver La ke! .................... .Minor Tributary to 0.00 0.00 -- -- 0.00 0.00 0.20 013 0.00 Yes No Yes Yes Yes

Oconomowoc River

ICorresponds to Oconomowoc-Delafield area alternative plan 1.
'Corresponds to Oconomowoc-Delafield area alternative plan 2.
Source: SEWRPC.

'Corresponds to Oconomowoc-Delafield area alternative plan 3.
'Assumes ultimate implementation of Oconomowoc-Delafield alternative plan 2.

I
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Table 201

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE MERTON SEWER SERVICE AREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in IAII Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment Levels Plan Preparation Annual Averages)

Merton Merton 1,700 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/I
r0.38 MGO) Advanced Nitrification NH -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

ISee Map 115.

Source: SEWRPC.

Table 202

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE MERTON SEWER SERVICE AREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Merton

Facilities (0.38 MGD) ....................................................... $228,000 $207,000 $225,000 $432,000 $13,100 $14,300 $27,400
Land (12 Acres) ............................................................. 60,000 44,200 -- 44,200 2,800 -- 2,800

Subtotal ......... ......................................................... 288,000 251,200 225,000 476,200 15,900 14,300 30,200
Trunk Sewers--None

Total ............... '.. , .................................................. $288,000 $251,200 $225,000 $476,200 $15,900 $14,300 $30,200

Source: SEWRPC.
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specific performance standards recommended for
this facility are set forth in Table 203.

The estimated capital cost of constructing the pro
posed Wales treatment facility is about $197,000,
with an equivalent annual cost of about $21,400
(see Table 204). The proposed 1990 service area
for the Village of Wales and environs is shown
on Map 116.

Proposed Plan-Dousman Subarea
In 1970 the sewage treatment facility serving the
Dousman sewer service area had an average
hydraulic design capacity of O. 12 mgd and pro
vided a secondary level of waste treatment. Dis
posal of effluent is to the Bark River. In order to
accommodate probable future urban growth, it is

anticipated that by 1990 an average hydraulic
design capacity of about O. 46 mgd will be required
for this facility. In order to meet the established
water use objectives for the Bark River, it will be
necessary for this facility to provide, in addition
to the current secondary level of waste treatment,
auxiliary waste treatment for effluent aeration and
disinfection. The specific recommended perform
ance standards for the Dousman sewage treatment
plant are set forth in Table 205.

The estimated capital cost of constructing the
necessary treatment facilities at Dousman is
about $565,000, with an equivalent annual cost of
about $48,700 (see Table 206). The proposed
1990 service area for the Village of Dousman and
environs is shown on Map 117.

I
I

Table 203

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE WALES SEWER SERVICE AREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewage Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for Cost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

Wales Wales 1,100 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/I
(0.23 MGD) Advanced Nitrification NH ,-N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml

ISee Map 116.

Source: SEWRPC.

Table 20~

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE WALES SEWER SERVICE AREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970·2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Wales

Facilities (0.21 MGD) . $152,000 $137,000 $167,000 $304,000 $ 8,700 $10,600 $19,300
Land (9.0 Acres) . , ................. 45,000 33,100 -- 33,100 2,100 -- 2,100

Subtotal. .................... ..... " .......... 197,000 170,100 167,000 337,100 10,800 10,600 21,400
Trunk Sewers--None

Total. ......... ................... ........... ........... $197,000 $170,100 $167,000 $337,100 $10,800 $10,600 $21,400

Source: SEWRPC.

592

I
I
I
I
I
I
I
I
I
I
I
I



I

t
EXI-Sl'N<) Pf"Vl:lTE TO !IE RETl:l'NEO

"""'''OSEe> PUBL'C

LEGEND

SEWER SERVICE AREAS

o PROPOSC:O 1~90

SEWAGE TREATMENT FACILlTlES

Alternative Plans-Oconomowoc-Delafield Subarea
As indicated above, 10 of the 13 identified sewer
service analysis areas in the Middle Rock River
subregional area wcre considered for plaru:ling
purposes to be contiguous and subject, therefore,
to alternative investigations with respect to the
provision of sewage treatment facilities. Of the
many alternative interconnections possible, three
were selected as reasonable alternatives con
sidering the existing centralized sanitary sewer
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Because the areas 01 potential growth surrounding the develolu<! areas
of the Village of Merton an~ generall~ covered b~ .oil. n8,,;n9 HV'He
and very severR li .. lt"t;cn8 for the us .. of septic tan~ lo"ag8 dis
poul .ystV\., It may becollle ne""$Sat, to provide the Village of
Merton and environ. "itn a centralized sanitary sewerage _,al ••
bafore 1990, thll design year of the plan. Th .. provi.ion of .ewer
service would become nece ••• ry. nowe"er, only if the Village grows
la.ter than envi.ion .. d in th .. r .. glonal land us" plan Or if a s .. r;ou
public healt~ ~azard should dav"lop Urough the lIIalfunctloning of
the uptic tank syste .. s nO" serving the Village. The above map
illuslretu one way of providing such a .y.tell. Under His proposal
an Individual !Cwage tre.hent plant to aerve the Vlll~ge of Merton
"ould be con.tructe<l, diecherging effluent either to He ground"ater
res .. rvolr or to 'the Bark River. In the lolt .. r c.u, th .. facility
..ovid have 10 provide aecondary "aste treatment. ad .. anced wa,t ..
tr .. .,t.... nt for nitrification and phosphoru, reOlovel. snd .,u,iliary
waste treataenl for effluent uration and disinfection so that the
e.hbl ilhed weter US" objectiv .. s for the Bark R iVllr would be .,,,t.
Depending upon the rate and direction of lutur .. urban d.. v.. loPOIent In
the Merion ar .... it .. ey allo be fees;bl .. to e,tend the proposed
Delafield-hartland areawide sewerage SyltUl to aerve the "Ierton area.
At such li_" as it is d ........ d necessary to provide centrallUd .ani
tary sew"r service. therefore, It i. ",co"mended thet consid .. ration
be given to connecting th .. Village to the Delafield-llartland sph.,
in lieu of the establishment of a .eparate .e""9" tr"atment facility.

Currently the Village of Wales and environs rely on
private septic tank sewage disposal systems for the
treatment and disposal of sewage. Historic growth
trends, however, indicate that it may be necessary
to establ i sh a central i zed san i tary sewe rage system
in the near future. The above map shows a proposed
service area for such a system and a location for
a sewage treatment facility, which would discharge
effluent to Scuppernong Creek. Should it be deemed
necessary to provide for centralized sanitary sewer
service and establ ish such a treatment faci I ity,
the plant would have to provide secondary waste
treatment, advanced waste treatment for nitrifica
tion, and auxiliary waste treatment for effluent
aeration and disinfection if the established water
use objectives for Scuppernong Creek are to be met.

Source: SEWRPC. Source: SEWRPC.
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service in the subregional area, natural watershed
boundaries, topography, and identifiable communi
ties of interest. The first alternative plan con
sidered would provide for seven individual sewage
treatment facilities to serve the 10 identified
sewer service analysis areas. The second alter
native would provide for two centralized sew
age treatment facilities to serve the same 10
areas. Finally, the third alternative would pro
vide complete centralization at one sewage treat
ment facility.

Alternative Plan 1: The first alternative sanitary
sewerage system plan provides for seven individ
ual sewage treatment facilities to serve the 10
identified sewer service analysis areas deemed
to be contiguous for system planning purposes.

Under this alternative, sewage treatment facilities.
would be expanded or constructed as follows:

1. A new sewage treatment plant to serve the
Oconomowoc-Lac LaBelle sewer service
area would be constructed at a site adja
cent to the existing City of Oconomowoc
trickling filter-type sewage treatment plant,
which plant would be abandoned, having
reached the end of its useful life. Effluent
from the new plant would be discharged
to the Oconomowoc River. This sewage
treatment facility would have a 1990 aver
age hydraulic design capacity of 4. 4 mgd
and, in order to meet the established water
use objectives for the Oconomowoc River,
would provide secondary waste treatment,

I
I
I
I
I
I
I

Table 205

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE DOUSMAN SEWER SERVICE AREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment levels Plan Preparation Annual Averages)

Dousman Dousman 2,200 Secondary Activated Sludge CBOD 5- Discharge: 15 mg/I
(0.46 MGD) Auxiliary Effluent Aeration DO in Effluent 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 117.
Source: SEWRPC.

Table 206

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE DOUSMAN SEWER SERVICE AREA

MIDDLE ROCK RIVER SUBREGIONAL AREA •

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Dousman

Facilities (0.38 MGD) ....................................................... $552,400 $498,100 $260,100 $758,200 $31,600 $16,500 $48,100
land (2.6 Acres) ............................................................ 13,000 9,500 -- 9,500 600 -- 600

Subtotal ................................................................... 565,400 507,600 260,100 767,700 32,200 16,500 48,700
Trunk Sewers--None

Total .................................................................... $565,400 $507,600 $260,100 $767,700 $32,200 $16,500 $48,700

Source: SEWRPC.
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Source: SEWRPC.

Map II?

PROPOSED SANITARY SEWERAGE SYSTEM PLAN
FOR THE DOUSMAN SEWER SERVICE AREA
MIDDLE ROCK RIVER SUBREGIONAL AREA

1990

4. A new sewage treatment plant would be
constructed west of North Lake to serve
the North Lake sewer service area. Efflu
ent from this new plant would be discharged
to the Oconomowoc River. This sewage
treatment facility would have a 1990 aver
age hydraulic design capacity of 0.23 mgd
and, in order to meet the established water
U'sa objectives for the Oconomowoc River,
would provide secondary waste treatment
and auxiliary waste treatment for effluent
aeration and disinfection. For cost analy
sis purposes, it was assumed that an
aerated lagoon type of sewage treatment
facility would be provided at this location.

Lake, and Pine Lake sewer service areas.
Effluent from the new plant would be dis
charged to the Oconomowoc River. This
sewage treatment facility would have a
1990 average hydraulic design capacity of
1. 14 mgd and, in order to meet the estab
lished water use objectives for the Ocono
mowoc River, would provide secondary
waste treatment, advanced waste treatment
for nitrification and phosphorus removal,
and auxiliary waste treatment for effluent
aeration and disinfection.

3. A new sewage treatment plant would be
constructed northwest of Silver Lake and
would serve the Silver Lake sewer service
area. Effluent from the new plant would
be discharged to an unnamed tributary of
the Oconomowoc River. This sewage treat
ment facility would have a 1990 average
hydraulic design capacity of O. 13 mgd and,
in order to meet the established water use
objectives for the Oconomowoc River,
would provide secondary waste treatment
and auxiliary waste treatment for effluent
aeration and disinfection. For cost analy
sis purposes, it was assumed that an
aerated lagoon type of sewage treatment
facility would be provided at this location.

o HENRIE

------~~

+
NOTE:·

EXISTING TRUNK SEWER SYSTEM
SHOWN '1\1 I!ItOKEN LINES, SEE
CHAPTER Jr.
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o 2000 4000 FEET
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SEWAGE TREATMENT FACILITIES

[::J (JUSTINO 1970

•
The sewerage system pI an proposes the expan
sion of the existing Dousman sewage treatment
faci I ity to meet anti cipated urban growth by
1990. In order to meet the water use objec
tives for the Bark River, it will be necessary
for the Dousman facility to provide, in addi
tion to the current secondary level of waste
treatment, auxiliary waste treatment for
effluent aeration and disinfection.

I

I

I

I
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advanced waste treatment for nitrification
and phosphorus removal, and auxiliary
waste treatment for effluent aeration and
disinfection.

2. A new sewage treatment plant would be
constructed near the outlet of Oconomowoc
Lake and would provide for sewage gen
erated in the Oconomowoc Lake, Okauchee

5. A new sewage treatment plant would be
constructed southeast of Beaver Lake and
would serve the Beaver Lake sewer ser
vice area. Effluent from the new plant
would be discharged to the Bark River.
This sewage treatment facility would have
a 1990 average hydraulic design capacity
of 0.25 mgd and, in order to meet the
established water use objectives for the
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Bark River, would provide secondary waste
treatment, advanced waste treatment for
nitrification and phosphorus removal, and
auxiliary waste treatment for effluent aer
ation and disinfection. For cost analysis
purposes it was assumed that this facility
would also be an aerated lagoon type.

6. A new sewage treatment plant to serve the
Hartland sewer service area would be
constructed on the site of the existing Vil
lage of Hartland sewage treatment plant.
Since the existing plant has less than one
third of the required 1990 average hydrau
lic design capacity, it was assumed for
cost analysis purposes that an essentially
new plant would be constructed to replace
the existing plant. Effluent from the new
plant would be discharged to the Bark
River. This sewage treatment facility
would have a 1990 average hydraulic design
capacity of 1. 95 mgd and, in order to meet
the established water use objectives for
the Bark River, would provide secondary
waste treatment, advanced waste treatment
for nitrification and phosphorus removal,
and aUxiliary waste treatment for effluent
aeration and disinfection.

7. A new sewage treatment plant would be
constructed at the western limits of the
City of Delafield to serve the Delafield
Nashotah and Nashotah-Nemahbin Lakes
sewer service areas. Effluent from the
new plant would be discharged to the Bark
River at a downstream point in the Town
of Summit through an outfall sewer. This
sewage treatment facility would have a
1990 average hydraulic design capacity of
1. 85 mgd and, in order to meet the estab
lished water use objectives for the Bark
River, would provide secondary waste
treatment, advanced waste treatment for
nitrification and phosphorus removal, and
auxiliary waste treatment for effluent aer
ation and disinfection.

The location of each sewage treatment plant,
together with its proposed 1990 service area, is
shown on Map 118. Required sewage treatment
levels and performance standards for each sewage
treatment facility are set forth in Table 207.

In addition to the foregoing sewage treatment
facilities, five intercommunity trunk sewers have
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been included in this alternative plan in order to
provide for sewer service between municipalities
within the same sewer service area or to inter
connect sewer service areas. Two of the five
intercommunity trunk sewers included as part
of this alternative plan element provide for the
extension of sewer service within the Ocono
mowoc-Lac LaBelle sewer service area. The
third intercommunity trunk sewer provides for the
interconnection of the Oconomowoc Lake, Okau
chee Lake, and Pine Lake sewer service areas.
The fourth intercommunity trunk sewer provides
for sewer service within the Delafield-Nashotah
sewer service area. Finally, the fifth inter
community trunk sewer provides for interconnec
tion of the Delafield-Nashotah and the Nashotah
Nemahbin Lakes sewer service areas. The
location of these five intercommunity trunk sewers
is shown on Map 118.

The total estimated capital cost of carrying out
alternative plan 1 for the Oconomowoc-Delafield
subarea is about $16. 7 million, with an equivalent
annual cost of about $1. 4 million. Detailed cost
estimates for this alternative plan are presented
in Table 208.

Alternative Plan 2: The second alternative sani
tary sewerage system plan considered for the
Oconomowoc-Delafield subarea would provide for
two sewage treatment facilities to serve the 10
identified contiguous sewer service analysis areas
within the Middle Rock River subregional area.
Under this alternative, sewage treatment facilities
would be expanded or constructed as follows:

1. A new sewage treatment plant to serve the
Oconomowoc-Lac LaBelle, Oconomowoc
Lake, Okauchee Lake, Pine Lake, Beaver
Lake, North Lake, and Silver Lake sewer
service areas would be constructed at a
site adjacent to the existing City of Ocono
mowoc trickling filter-type sewage treat
ment plant, which plant having reached the
end of its useful life would be abandoned.
Effluent from the new plant would be dis
charged to the Oconomowoc River. This
sewage treatment facility would have a
1990 average hydraulic design capacity of
6.16 mgd and, in order to meet the estab
lished water use objectives for the Ocono
mowoc River, would provide secondary
waste treatment, advanced waste treatment
for nitrification and phosphorus removal,
and auxiliary waste treatment for effluent
aeration and disinfection.
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One alternative sanitary sewerage system plan for the Oconomowoc-Delafield subarea i.s illustrated on the above
map. This alternative would provide for seven individual sewage treatment facilities to serve the 10 identified
sewer service analysis areas. Necessary trunk sewers to provide for intercommunity sewer service under this
alternative are also shown on the map. While this alternative was found to be sl ightly less costly than the
other two alternatives considered. implementation of this alternative would ignore the effects of a potential
long-term accumulation of residual nutrients in the downstream lakes, as well as the potential problems created
when water quality management responsibility is diffused among many individual communities.

Source: SEWRPC.
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Table 207

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE OCONOMOWOC-DELAFIELD SUBAREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN I
Oconomowoc Oconomowoc- 21,000 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(4.41 MGD) Lac LaBelle Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Oconomowoc Lake Oconomowoc Lake 5,400 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(1.14 MGD) Okauchee Lake Advanced Nitrification NH 3 -N Discharge: 1.5 mg/IPine Lake

Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Silver Lake Silver Lake 600 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/I
(0.13 MGD) Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

North Lake North Lake 1,100 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/I
(0.23 MGD) Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Beaver Lake Beaver Lake 1.200 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/I
10.25 MGDI Advanced Nitrification NH ,-N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration
200/100 ml

Hartland Hartland 9,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(195 MGD) Advanced Nitrification NH ,-N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Delafield Delafield- 8,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
11.85 MGDI Nashotah Advanced Nitrification NH 3 -N Discharge: 1.5 mg/INashotah-

Nemahbin Lakes Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

2001100 ml

ALTERNATIVE PLAN 2
Oconomowoc Oconomowoc-Lac LaBelle 29,300 Secondary Activated Sludge CBOO 5 Discharge: 15 mg/I

(616 MGD) Oconomowoc Lake Advanced Nitrification NH ,-N Discharge: 1.5 mg/IOkauchee Lake
North Lake Phosphorus Removal Phosphorus Discharge: I mg/I
Pine Lake AUXiliary Effluent Aeration DO in Effluent: 6 mg/IBeaver Lake
Silver Lake Disinfection Fecal Coliform Concentration:

200/100 ml
Delafield Hartland 18,100 Secondary Activated Sludge CBOD. Discharge: 15 mg/I

(3.80 MGD) Delafield-Nashotah Advanced Nitrification NH ) -N Discharge: 1.5 mg/INashotah-Nemahbin Lakes
Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

ALTERNATIVE PLAN 3
Oconomowoc Oconomowoc-Lac LaBelle 47,400 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(9.96 MGD) Oconomowoc Lake Advanced Nitrification NH 3·N Discharge: 1.5 mg/IOkauchee Lake
North Lake Phosphorus Removal Phosphorus Discharge: I mg/I
Pine Lake Auxiliary Effluent Aeration DO in Effluent 6 mg/IBeaver Lake
Hartland Disinfection Fecal Coliform Concentration:
Delafie Id-Nashotah 2001100 ml
Nashotah-Nemahbin Lakes
Silver Lake

'See Map 117.
Source: SEWRPC.
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2. A new sewage treatment plant to serve the
Hartland, Delafield-Nashotah, and Nasho
tah-Nemahbin Lakes sewer service areas
would be constructed at a site downstream
from the Crooked Lake outlet in the Town
of Summit. Effluent from the new plant
would be discharged to the Bark River.
The existing Village of Hartland sewage
treatment plant would be abandoned under
this alternative. This sewage treatment
facility would have a 1990 average hydrau
lic design capacity of 3. 80 mgd and, in

order to meet the established water use
objectives for the Bark River, would pro
vide secondary waste treatment, advanced
waste treatment for nitrification and phos
phorus removal, and auxiliary waste treat
ment for effluent aeration and disinfection.

The location of both sewage treatment facilities,
together with proposed 1990 sewer service areas,
is shown on Map 119. The required sewage treat
ment levels and performance standards for each
plant are set forth in Table 207.
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Table 208

DETAILED COST ESTIMATES

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS FOR THE OCONOMOWOC-DELAFIELD SUBAREA

MIDDLE ROCK RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth [1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN I

Sewage Treatment Plants
Oconomowoc

Facilities (4.41 MGD) .................................. .............. $ 4,400,000 $ 3,970,000 $3,170,000 $ 7,140,000 $ 252,000 $201,500 $ 453,500
Land (5.8 Acres) . .......... ........ ............................... 29,000 20,500 -- 20,500 1,300 -- 1,300

Subtotal ............ .......................................... 4,429,000 3,990,500 3,170,000 7,160,500 253,300 201,500 454,800

Oconomowoc Lake
Facilities (1.14 MGD) ........... ...... ............... .. ........... 1,575,000 1,420,000 1,330,000 2,750,000 90,200 84,300 174,500
Land (3.5 Acres) .... .... ................ ...... ....... 17,500 12,600 -- 12,600 800 -- 800

Subtotal . ...... ................. ........................... 1,592,500 1,432,600 1,330,000 2,762,600 91,000 84,300 175,300
Silver Lake

Facilities (0.13 MGD) ... ..... ......................................... 65,000 58,400 61,500 119,900 3,700 3,900 7,600
Land (7.2 Acres) . ............ ......... 36,000 26,800 -- 26,800 1,700 -- 1,700

Subtotal ....... ..... ............ ................. . ..... ........ 101,000 85,200 61,500 146,700 5,400 3,900 9,300

North Lake
Facilities (0.23 MGD) ...... . . , ............... ............ 109,000 99,200 66,200 165,400 6,300 4,200 10,500
Land (8.2 Acres) .... ............................................. 45,000 33,100 -- 33,100 2,100 -- 2,100

Subtotal ..... .................................. ....... 154,000 132,300 66,200 198,500 8,400 4,200 12,600
Beaver Lake

Facilities (0.25 MGD) ............................. .. .......... 173,000 155,900 165,500 321,400 9,900 10,500 20,400
Outfall Sewer . ............................. ...... .... 63,800 47,300 3,200 50,500 3,000 200 3,200
Land (9.7 Acres) ............ . ............. ....... 48,300 34,700 -- 34,700 2,200 -- 2,200

Subtotal ......................... 285,100 237,900 168,700 406,600 15,100 10,700 22,600

Hartland
Facilities (1.95 MGD) ................................. .................. 2,430,000 2,195,000 1,700,000 3,895,000 139,100 107,800 246,900
Land (4.1 Acres) ........ 20,500 15,800 -- 15,800 1,000 -- 1,000

Subtotal ............. .... ... .......................... 2,450,500 2,210,800 1,700,000 3,910,800 140,100 107,800 247,900
Delafield

Facilities (1.85 MGD) .......... ... ........... ........ .. ........ 2,430,000 2,195,000 1,650,000 3,845,000 139,100 104,500 243,600
Outfall Sewer ........ ..... ..... ...... ... .... .... ... .......... 915,000 670,000 9,500 679,500 42,500 600 43,100
Land (4.1 Acres) ...... ... ................. ......... ..... ....... .... 20,500 15,800 -- 15,800 1,000 -- 1,000

Subtotal ......... ........ ..... ..... ....... ..... ..... ............ 3,365,500 2,880,800 1,659,500 4,540,300 182,600 105,100 287,700

Subtotal--Treatment Facilities ..... ... ....... ..... ..... .. ...... 12,377,600 10,970,100 8,155,900 19,126,000 695,900 517,500 1,213,400

Trunk Sewers
Oconomowoc-Lac Labelle (East) .............. ...... ........ .. ......... 738,000 597,000 186,000 783,000 37,900 11,800 49,700
Oconomowoc-Lac LaBelle (West) ................. ........... .. .... .... 415,200 304,000 7,900 311,900 19,300 500 19,800
Oconomowoc Lake, Okauchee Lake, Pine Lake . ............. 787,700 577,000 18,900 595,900 36,600 1,200 37,800
Delafield-Nashotah .................. ...... .......... .. ... 1,977,800 1,448,500 15,800 1,464,300 91,900 1,000 92,900
Nashotah-Nemahbin Lakes .................. .... ........... 397,900 323,000 173,500 496,500 20,500 11,000 31,500

Subtotal--Trunk Sewers .......... ...... ................ 4,316,600 3,249,500 402,100 3,651,600 206,200 22,500 231,900

Total ............... .. ......... ...... .. .... $16,694,200 $14,219,600 $8,558,000 $22,777,600 $ 902,100 $543,000 $1,445,100
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Tabl e 20B (cont i nued)

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

ALTERNATIVE PLAN 2
Sewage Treatment Plants

Oconomowoc
Facilities (6.16 MGD) .. ..... .............. ........ , .................. $ 5,731,000 $ 5,160,000 $4,640,000 $ 9,800,000 $ 327,300 $294,600 $ 621,900
Land (7.0 Acres) ............................ ..... .. ..... .. .... ..... 35,000 25,200 -- 25,200 1,600 -- 1,600

Subtotal. .......... ..... ...... .... .... ..... ........ ......... 5,766,000 5,185,200 4,640,000 9,825,200 328,900 294,600 623,500
Delafield

Facilities (3.80 MGD) ........... ........... .......... ............. 4,010,000 3,620,000 3,140,000 6,760,000 230,000 199,000 429,000
Land (5.6 Acres) ................ ..................... .. .. .......... 28,000 20,500 -- 20,500 1,300 -- 1,300

Subtotal . ................... .... .... ....... ........ ..... ....... 4,038,000 3,640,500 3,140,000 6,780,500 231,300 199,000 430,300
Subtotal--Treatment Facilities .. ..................... . .. " . 9,804,000 8,825,700 7,780,000 16,605,700 560,200 493,600 1,053,800

Trunk Sewers

Oconomowoc-Lac LaBelle (East) . .................................... "" 675,000 552,000 186,000 738,000 35,000 11,800 46,800
Oconomowoc-Lac LaBelle (West) ... .... , ...... ....... 415,200 304,000 7,900 311,900 19,300 500 19,800
Oconomowoc Lake, Okauchee Lake, Pine Lake,

North Lake, Beaver Lake . .... ............ ........ ............ 2,406,100 1,942,000 647,000 2,589,000 123,200 41,100 164,300
Silver Lake ................................ ....... ....... .. ... ... .. ..... 327,000 250,100 60,000 310,100 15,900 3,800 19,700
Hartland, Delafield-Nashotah, Nashotah-

3,998,800Nemahbin Lakes ....... ". ..... .................. ..... ....... 5,422,200 3,973,600 25,200 252,100 1,600 253,700
Subtotal--Trunk Sewers 9,245,500 7,021,700 926,100 7,947,800 445,500 58,800 504,300

Total . .......................................... $19,049,500 $15,847,400 $8,706,100 $24,553,500 $1,005,700 $552,400 $1,558,100

ALTERNATIVE PLAN 3
Sewage Treatment Plant

Oconomowoc
Facilities (9.96 MGD) ... ........... ......... .. ........ ..... $ 9,840,000 $ 9,040,000 $6,650,000 $15,690,000 $ 574,000 $422,000 $ 996,000
Land (10 Acres) .... .. .. .... .... . . .......................... , .. , 50,000 36,300 -- 36,300 2,300 -- 2,300

Subtotal . ... ............ ... ... ........ .. ... 9,890,000 9,076,300 6,650,000 15,726,300 576,300 422,000 998,300
Trunk Sewers
Oconomowoc-Lac LaBelle (East) . ...... ..... .... ........ 675,000 552,000 186,000 738,000 35,000 11,800 46,800
Oconomowoc-Lac LaBelle (West) ............... ... ........ . ......... 415,200 304,000 7,900 311,900 19,300 500 19,800
Oconomowoc Lake, Okauchee Lake, Pine Lake,

775,000 3,585,000 178,200 49,100 227,300North Lake, Beaver Lake ..... ................. .......... ......... 3,110,600 2,810,000
Hartlard, Delafield-Nashotah, Nashotah-

468,200 5,015,500 288,500 29,700 318,200Nemahbin Lakes ............. ...... . . .......... 6,075,800 4,547,300
Silver Lake ....... ..................... . .. ........ 327,000 250,100 60,000 310,100 15,900 3,800 19,700

Subtotal--Trunk Sewers ..... 10,603,600 8,463,400 1,497,100 9,960,500 536,900 94,900 631,800

Total. ........ ........ ..... ... .... .. .. $20,493,600 $17,539,700 $8,147,100 $25,686,800 $1,113,200 $516,900 $1,630,100

Source: SEWRPC.
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In addition to the foregoing sewage treatment
facilities, five intercommunity trunk sewers have
been included in this alternative plan in order to
provide for sewer service between municipalities
within the same sewer service area or to inter
connect sewer service areas. Two of the five
intercommunity sewers included as part of this
alternative plan element provide for the exten
sion of sewer service within the Oconomowoc
Lac LaBelle sewer service area. The third
intercommunity trunk sewer provides for the
interconnection of the Oconomowoc Lake, Okau
chee Lake, Pine Lake, North Lake, and Beaver
Lake sewer service areas with the Oconomowoc-
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Lac LaBelle sewer service area. The fourth
intercommunity trunk sewer provides for the
interconnection of the Silver Lake sewer service
area with the Oconomowoc-Lac LaBelle sewer
service area. Finally, the fifth intercommunity
trunk sewer provides for interconnection of the
Hartland, Delafield-Nashotah, and Nashotah
Nemahbin Lakes sewer service areas. The loca
tion of these five intercommunity trunk sewers is
shown on Map 119.

The total estimated capital cost of carrying out
alternative plan 2 for the Oconomowoc-Delafield
subarea is $19. 0 million, with an equivalent annual
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A second alternative sanitary sewerage system plan for the Oconomowoc-Delafield subarea of the Rock River watershed would con
centrate treatment of sewage at two major factlities--Dconomowoc and Delafield. The Delafield plant would be located on a site
along the Bark River downstream from Crooked Lake in the Town of Summit. Both of these sewage treatment facilities would have
to provide, 'in addition to secondary waste treatment, advanced waste treatment for nitrification and phosphorus removal and
auxiliary waste treatment for effluent aeration and disinfection. The necessary trunk sewers to implement this alternative are
also shown on the above map. This alternative has the advantage of creating two relatively large centralized sanitary sewerage
systems, one to serve the Bark River communities and one to serve the Oconomowoc River communities, and thus tends to take
advantage of natural community interests in terms of water qual ity management. This alternative also most closely reflects local
efforts to establish centralized sanitary sewerage systems in this portion of the Rock River watershed.

Source: SEWRPC.
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cost of about $1. 6 million. Detailed cost estimates
pertaining to this alternative plan are set forth
in Table 208.

Alternative Plan 3: The third alternative sani
tary sewerage system plan considered for the
Oconomowoc-Delafield subarea would provide for
sewage treatment at one centralized plant. This
plant would serve all 10 contiguous sewer service
analysis areas and would be constructed at a site
adjacent to the existing City of Oconomowoc
sewage treatment plant, which together with the
existing Village of Hartland sewage treatment
plant would be abandoned. Effluent from the new
plant would be discharged to the Oconomowoc
River. This sewage treatment facility would have
a 1990 average hydraulic design capacity of 9.96
mgd and, in order to meet the established water
use objectives for the Oconomowoc River, would
provide secondary waste treatment, advanced
waste treatment for nitrification and phosphorus
removal, and auxiliary waste treatment for efflu
ent aeration and disinfection. The proposed 1990
service area for this facility is shown on Map 120.
Required sewage treatment levels and perform
ance standards for the plant are set forth in
Table 207.

In addition to the centralized sewage treatment
facility at Oconomowoc, five intercommunity trunk
sewers have been included in this alternative plan
in order to provide sewer service between munic
ipalities within the same sewer service area or to
interconnect sewer service areas. Two of the
intercommunity trunk sewers included as part of
this alternative plan element provide for the ex
tension of sewer service within the Oconomowoc
Lac LaBelle sewer service area. The third
intercommunity trunk sewer provides for the
interconnection of the Oconomowoc Lake, Okau
chee Lake, Pine Lake, North Lake, and Beaver
Lake sewer service areas with the Oconomowoc
Lac LaBelle sewer service area. The fourth
intercommunity trunk sewer provides for the
interconnection of the Hartland, Delafield-Nasho
tah, and Nashotah-Nemahbin Lakes sewer service
areas with the Oconomowoc-Lac LaBelle sewer
service area. The fifth intercommunity trunk
sewer provides for the interconnection of the
Silver Lake sewer service area with the Ocono
mowoc- Lac LaBelle sewer service area. The
location of these five intercommunity trunk sewers
is shown on Map 120.
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The total estimated capital cost of carrying out
alternative plan 3 for the Oconomowoc-Delafield
subarea is about $20.5 million, with an equivalent
annual cost of about $1. 6 million. Detailed cost
estimates for this alternative plan are presented
in Table 208.

Comparison of Alternative Plans: The analyses
indicated that with respect to total annual cost,
the alternative providing for a total of seven
individual sewage treatment facilities in the
Oconomowoc-Delafield subarea is slightly more
economical than either the second or third alter
natives, each of which provides for an increasing
measure of consolidation of sewage treatment
facilities. The difference in cost between the
three alternatives based on equivalent annual
cost, however, is only about 11 percent, within
the range of precision with which the costs of
each of the alternative plans can be estimated.
It is important to consider other factors of the
alternative plans presented, therefore, in order
to provide a sound basis for ultimately selecting
the best alternative to be included in the regional
sanitary sewerage system plan.

Under the first alternative, responsibility for
water quality management would be divided among
seven individual entities consisting of either a
single unit of government or, in some cases,
two or three units of government. This type of
approach to water quality management lends itself
most readily to incremental implementation in
that a given community which is desirous of pro
ceeding with the installation of a sanitary sewer
system does not, in most cases, have to wait until
similar decisions are made in neighboring com
munities. Offsetting this advantage, however, are
the long-range effects of discharging even highly
treated effluent to streams just above lakes. For
example, under alternative plan 1, sewage effluent
would be discharged from the Beaver Lake and
Hartland sewage treatment plants to the Bark
River just upstream from Nagawicka Lake. In
addition, sewage effluent from the North Lake
treatment plant would be discharged to the Ocono
mowoc River just upstream from Okauchee Lake,
and sewage effluent from the Oconomowoc Lake
sewage treatment plant would be discharged into
the Oconomowoc River just upstream from Fowler
Lake and Lac LaBelle. While alternative plan 1
would provide for sewage treatment levels that
would meet the stream water quality standards,
the effects of a potential long-term accumulation
of the residual nutrients, such as phosphorus, in
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Map 120
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A third alternative sanitary sewerage system plan for the Oconomowoc-Delafield subarea of the
wate rshed proposes central ized treatment of sewage at one major pI ant at Oconomowoc. The trunk
sewers necessary to convey sewage from all 10 individual service areas under this alternative are
also shown on the above map. In addition to being somewhat more costly in terms of equivalent
annual cost than either the first or second alternatives considered, this alternative has the
disadvantage of requiring interbasin diversion of water, of discharging a relatively large amount
of sewage effluent to the Oconomowoc River, and does not util ize the natural waste assimilative
capacity of the Bark River.

Source: SEWRPC.
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the sewage treatment plant effluent in the various
lakes could be highly detrimental. This factor,
when combined with the diffusion of water quality
management responsibility created by the con
struction, operation, and maintenance of seven
sewage treatment facilities, may be deemed to
outweigh the apparent slight cost advantage and
assumed ready implementation potential for this
alternative plan.

Alternative plan 2 would concentrate the treatment
of sewage in the Oconomowoc-Delafield subarea
at two sewage treatment facilities, with the treat
ment facility at Delafield discharging its effluent
below Crooked Lake in the Town of Summit. In
addition to meeting the stream water quality
standards, this alternative has the advantage of
discharging no sewage effluent upstream from the
lakes, which are an important natural resource
base element in the Middle Rock River subre
gional area. In addition, this alternative has the
advantage of creating two relatively large cen
tralized sanitary sewerage systems, one to serve
the Bark River communities and the other to
serve the Oconomowoc River communities, and
thus tends to take advantage of a natural com
munity of interest among such communities in
terms of water quality management. Finally, this
alternative most closely approximates the local
sanitary sewerage system planning efforts which
are currently underway in the Middle Rock River
subregional area, and thus would seem to be
capable of ready implementation.

The third alternative plan presented differs from
the second only in that the Delafield and Oconomo
woc sewage treatment plants would be combined,
thus providing a further degree of centralization
in the area. In addition to being somewhat more
costly than the second plan, this alternative has
the disadvantage of discharging a relatively large
amount of sewage effluent-nearly 10 mgd-to the
Oconomowoc River, unlike the second alternative
which would divide the sewage effluent between the
Bark and Oconomowoc Rivers and thus better
utilize the natural waste assimilative capacities of
the two streams.

Private Sewage Treatment Plants
Three private sewage treatment facilities cur
rently discharge wastes in the Middle Rock River
subregional area. These are: the St. John's Mili
tary Academy facility in the City of Delafield; the
Hillside Apartments facility in the Town of Dela
field; and the facility serving the Wisconsin School
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for Boys (Wales), also in the Town of Delafield.
The St. John's and Hillside Apartments facilities
lie within the proposed 1990 sewer service limits
of the Delafield and Hartland sewer service areas,
respectively, and would, accordingly, be aban
doned and connected to the proposed local Dela
field and Hartland sanitary sewerage systems
upon implementation of any of the alternative
plans presented above. The Wales Boys' School
facility lies beyond the proposed 1990 sewer ser
vice area for the Village of Wales and environs.
This facility has recently been rebuilt and is
capable of adequately treating the anticipated 1990
sewage loading from the school. This facility
can, therefore, continue in operation and should
provide a level of waste treatment adequate to
meet the water quality objectives and standards
for the receiving stream. Should it become nec
essary at some future date to expand or recon
struct this private sewage treatment facility, the
potential of abandoning this facility and connecting
the school to the proposed Wales sanitary sewer
age system should be carefully examined.

LOWER ROCK RIVER SUBREGIONAL AREA

The Lower Rock River subregional area consists
of all that area of the Rock River watershed in
Walworth County together with urban concentra
tions in the Fox River watershed at the western
end of Geneva Lake. Several subwatersheds com
prise the Lower Rock River subregional area,
including the Whitewater Creek subwatershed, the
Turtle Creek subwatershed, the Jackson Creek
subwatershed, the Piscasaw Creek subwatershed,
and the Sharon Creek subwatershed. Major con
centrations of urban development are found in the
Cities of Delavan, Elkhorn, and Whitewater; the
Villages of Darien, Fontana, Sharon, Walworth,
and Williams Bay, and the Delavan Lake area in
the Town of Delavan.

As noted in Chapter V of this report, centralized
sanitary sewer service in the Lower Rock River
subregional area was provided by eight systems
in 1970: those operated by the Cities of Delavan,
Elkhorn, and Whitewater; and the Villages of
Darien, Fontana, Sharon, Walworth, and Williams
Bay. Together the service areas of these eight
systems comprised an area of about 9. 6 square
miles and served an estimated resident population
of about 28,200 persons. In 1970 there were
about 12, 600 persons residing in the subregional
area not served by centralized sanitary sewerage
facilities. Specific population, service area, and
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related characteristics of the eight existing sys
tems are presented in Chapter V of this report.

Sewer Service Analysis Areas
A total of nine sewer service analysis areas may
be identified within the Lower Rock River subre
gional area (see Table 209). These nine sewer
service analysis areas are shown on Map 121 and
may be described as follows:

1. Area A-This area consists of the City of
Whitewater and environs, including exist
ing and anticipated future urban devel
opment in that portion of the City of
Whitewater lying in Jefferson County out
side of the Southeastern Wisconsin Region.
In 1970, sanitary sewer service was pro
vided in this area to a total area of about
1. 6 square miles, having a total resi
dent population, including resident students
attending the University of Wisconsin
Whitewater, of about 12,000 persons. By
1990 the total area anticipated to be served
approximates 3.3 square miles, with a
projected resident population of about
15,500 persons. This subarea is refer
enced as the "Whitewater" sewer service
area in the ensuing discussion.

Ta b 1e 209

2. Area B-This area consists of the City of
Elkhorn and environs. In 1970, sanitary
sewer service was provided in this area to
a total area of nearly two square miles,
having a total resident population of about
4,000 persons. By 1990 the total area
anticipated to be served approximates 2. 8
square miles, with a projected population
of about 8,000 persons. This subarea is
referenced as the "Elkhorn" sewer service
area in the ensuing discussion.

3. Area C-This area consists of the City of
Delavan and environs. In 1970, sanitary
sewer service was provided in this area to
a total area of about 2.4 square miles,
having a total resident population of about
5,400 persons. By 1990 the total area
anticipated to be served approximates 3. 0
square miles, with a projected population
of about 8,900 persons. This subarea is
referenced as the "Delavan" sewer service
area in the ensuing discussion.

4. Area D-This area consists of urban devel
opment along the shoreline of Delavan
Lake in the Town of Delavan. About 2,700
persons resided in this area on a year-

I
I

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS

IN THE LOWER ROCK RIVER SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Unserved

Sewer Service Analysis Areal
Average Population Average

Area Hydraulic Residing in Area Hydraulic
Served Population Loading Proposed 1990 Served Population Loading

Letter Name (Square Miles) Served (MGD) Service Area (Square Miles) Served (MGD)

A Whitewater .. .... .......... ", ...... 1.64 12,000 1.51 100 3.31 15,500' 3.663

B Elkhorn .... ........ .... ......... 1.98 4,000 0.70 -- 2.83 8,000 1.54
C Delavan ...... ............. ........ 2.43 5.400 0.70 400 3.06 8,900 1.41
D Delavan Lake . ............... -- -- -- 2,700' 3.01 5,8005 1.22
E Darien .................. .. .......... 0.41 900 N/A -- 0.86 2,800 0.59
F Williams Bay . ................ 0.96 1,500' 0.36 900' 3.61 6,500' 1.40
G Fontana . ........ ........ .. 138 1,600' 0.50 300' 2.95 3,100' 0.82
H Walworth. ................... 0.41 1,600 0.15 100 1.51 5,200 0.95
I Sharon . ........ 0.43 1,200 0.04 100 1.11 2,600 0.55

Total .. ......... 9.64 28,200 3.96 4,600 22.25 58,400 12.14

I
I
I

NOTE: N/A indicates data not available.
lSee Map 121.
'Includes an estimated 6,000 students at the University of Wisconsin-White
water.

'Includes deswn sewage flow of 0.40 MGO from Hawthorn Mel/odr. Inc.

Source: SEWRPC.

'Does not include seasonal resident population on Delavan and Geneva Lakes.
51ncludes an estimated seasonal resident population of 2,900 persons.
'Includes an estimated seasonal resident population of 2,500 persons.
'Includes an estimated seasonal resident population of 1,000 persons.
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Nine individual sewer service areas were identified within the lower Rock River watershed. Except
for a major concentration of urban development along the shorel i ne of Del avan Lake in the Town of
Delavan lake, these nine sewer service areas consist of incorporated cities and villages. In 1970
there were about IlI,OOO persons residing in this portion of the Rock River watershed, of which
about 28,000 were served with central ized sanitary sewers and 13,000 by private septic tank sewage
disposal systems. By 1990 it is anticipated that approximately 58,000 persons will be served by
cen tral i zed san itary sewers.

Source: SEWRPC.
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round basis in 1970 but no centralized
sanitary sewer service was provided. The
Delavan Lake Sanitary District has been
formed to provide centralized sanitary
sewer service to this concentration of
urban development. By 1990 the total area
anticipated to be served with centralized
sanitary sewer service approximates 3. 0
square miles, with a projected population
of about 5,800 persons, including an esti
mated seasonal resident population of about
2,900 persons. This subarea is referenced
as the "Delavan Lake" sewer service area
in the ensuing discussion.

5. Area E-This area consists of the Village
of Darien and environs. In 1970, sanitary
sewer service was provided in this area
to a total area of about 0.4 square mile,
having a total resident population of about
900 persons. By 1990 the total area antici
pated to be served approximates 0.9 square
mile, with a projected population of about
2,800 persons. This subarea is referenced
as the "Darien" sewer service area in the
ensuing discussion.

6. Area F-This area consists of the Village
of Williams Bay and environs, including
urban development along the shorelines of
Geneva Lake and Lake Como in the Towns
of Geneva and Linn. In 1970, centralized
sanitary sewer service was provided in
this area to a total area of nearly 1. 0
square mile, having a total resident popu
lation of about 1,500 persons. By 1990 the
total area anticipated to be served approxi
mates 3.6 square miles, with a projected
population of about 6,500 persons, includ
ing an estimated seasonal resident popula
tion of about 2, 500 persons. This subarea
is referenced as the "Williams Bay" sewer
service area in the ensuing discussion.

7. Area G-This area consists of the Village
of Fontana and environs, including urban
development along the shoreline of Geneva
Lake in the Town of Linn. In 1970, sani
tary sewer service was provided in this
area to a total area of about 1. 4 square
miles, haVing a total resident population of
about 1,600 persons. By 1990 the total
area anticipated to be served approximates
2.9 square miles, with a projected popula
tion of about 3,100 persons, including an

estimated seasonal resident population of
about 1,000 persons. This subarea is
referenced as the" Fontana" sewer service
area in the ensuing discussion.

8. Area H-This area consists of the Village
of Walworth and environs. In 1970, sani
tary ,sewer service was provided in this
area to a total area of about O. 4 square
mile, having a total resident population of
about 1,600 persons. By 1990 the total
area anticipated to be served approximates
1. 5 square miles, with a projected popula
tion of about 5,200 persons. This subarea
is referenced as the "Walworth" sewer
service area in the ensuing discussion.

9. Area I-This area consists of the Village
of Sharon and environs. In 1970, sanitary
sewer service was provided in this area
to a total area of about O. 4 square mile,
having a total resident population of about
1,200 persons. By 1990 the total area
anticipated to be served approximates 1. 1
square miles, with a projected population
of about 2,600 persons. This subarea is
referenced as the "Sharon" sewer service
area in the ensuing discussion.

Formulation of Alternatives
As discussed earlier in this chapter, a systematic
procedure was utilized in the regional sanitary
sewerage system planning program for the formu
lation of alternative plans. The first step in this
process was to apply the Wisconsin Department of
Natural Resources (DNR) guidelines relating dis
tances between communities to the populations of
both the "sending" and "receiving" communities
in order to determine if potential interconnections
between centralized sanitary sewerage systems
should be investigated. The results of the appli
cation of these criteria to the communities within
the Lower Rock River subregional sewerage sys
tem planning area are summarized in Table 210.

Two of the identified sewer service analysis
areas-Delavan and Delavan Lake-were consid
ered as one entity for interconnection analysis
purposes, since the Delavan Lake Sanitary Dis
trict has determined to locate its proposed sewage
treatment facility on a site immediately adjacent
to the existing City of Delavan sewage treatment
facility, and since the DNR has determined that
the two treatment plants should ultimately be
integrated and operated as a single sewage treat-
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ment facility. Two additional areas-Whitewater
and Sharon-were found to be too remote to be
considered for interconnection analyses. Based
on the DNR guidelines, the following interconnec
tions between sanitary sewer service areas in the
Lower Rock River subregional area were found to
be potentially feasible:

1. Elkhorn to Delavan-Delavan Lake

2. Darien to Delavan-Delavan Lake

3. Williams Bay to Walworth

4. Fontana to Walworth

Conduct of preliminary economic analyses for
these potential interconnections further revealed
that a detailed economic analysis was warranted
in each instance. Accordingly, it was determined
that the following sanitary sewerage system plans
for the Lower Rock River subregional area should
be presented and evaluated.

1. A proposed plan for the Whitewater sewer
service area.

2. A proposed plan for the Sharon sewer
service area.

3. Two alternative plans for the Delavan
Delavan Lake and Elkhorn sewer service
areas, including an alternative providing
individual sewage treatment facilities at

each of the two sewer service areas and an
alternative providing for a single sewage
treatment facility at the Delavan-Delavan
Lake sewage treatment plant site.

4. Two alternative plans for the Delavan
Delavan Lake and Darien sewer service
areas, including an alternative providing
individual sewage treatment facilities at
each of the two sewer service areas and an
alternative providing for a single sewage
treatment facility at the Delavan-Delavan
Lake sewage treatment plant site.

5. Three alternative plans for the Fontana,
Walworth, and Williams Bay sewer service
areas, including an alternative providing
individual sewage treatment facilities at
each of the three sewer service areas; an
alternative providing for two sewage treat
ment facilities, one at Williams Bay and
the other at Walworth to serve Fontana and
Walworth; and an alternative providing for
a single sewage treatment facility at the
Walworth sewage treatment site to serve
all three sewer service areas.

Each of the sanitary sewerage system plan ele
ments is described in the following paragraphs.
Data pertaining to recommended treatment levels
at each of the municipal sewage treatment plant
sites considered in the preparation of these plan
elements are presented in Table 211.

Table 210

RESULTS OF THE APPLICATION OF WISCONSIN DEPARTMENT OF NATURAL RESOURCES

INTERCONNECTION GUIDELINES AND PRELIMINARY ECONOMIC ANALYSES
IN THE LOWER ROCK RIVER SUBREGIONAL AREA

Results of Application
of DNR Guidelines Results of Preliminary Economic Analysis

Sewer Service Analysis Area(s) Total Equivalent Annual Cost

Receiving Sending Straight Proceed to Percent Proceed to
Line Distance Preliminary Detailed

Estimated Estimated Between Sewer Economic Separate Interconnection- Difference Economic
1990 1990 Service Areas Analysis Plants One Plant (S-A) Analysis!

Name Population Name PopUlation (Miles) (Yes or No) (A) (B) ( A ) (Yes or No)

Delavan 14,700' Elkhorn 8,000 6.1 Yes $397,000 $455,800 14.6 Yes
Darien 2,800 3.8 Yes 335,100 329,200 - 1.8 Yes

Walworth 5,200 Williams Bay 6,500 5.0 Yes 228,100 238,700 4.7 Yes
Fontana 3,100 2.3 Yes 235,000 220,000 - 6.4 Yes

I If the estimated equivalent annual cost of interconnection was no more than
20 percent greater than the cost of providing separate sewage treatment fa
cilities, a detailed economic analysis was deemed to be required.

'Includes the Delavan Lake sewer service area population of 5,800.

Source: SEWRPC.
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Proposed Plan-Whitewater Subarea
In 1970 the sewage treatment facility serving the
Whitewater sewer service area had an average
hydraulic design capacity of about 2.5 mgd and
provided a secondary level of waste treatment.
Disposal of effluent is to Whitewater Creek. The
existing plant cpnsists of two parallel facilities,
one a trickling filter type plant constructed in
1937, and the other an activated sludge type plant
constructed in 1967. The plant in total may be
considered as haVing nearly reached the end of its
useful life and should be relocated to better serve
existing and anticipated future urban development.
In order to accommodate projected future urban
growth, it is anticipated that by 1990 an average
hydraulic design capacity of about 3. 7 mgd will be

required for the Whitewater facility. Accordingly,
it is proposed that a new sewage treatment facility
be constructed at a site in Jefferson County north
of the existing plant site and along Whitewater
Creek. In order to meet the established water
use objectives for Whitewater Creek, it will be
necessary for this new facility to provide second
ary waste treatment, advanced waste treatment
for nitrification and phosphorus removal, and
auxiliary waste treatment for effluent aeration and
disinfection. The specific recommended perform
ance standards for the Whitewater sewage treat
ment plant are set forth in Table 212.

The estimated capital cost of constructing the
necessary treatment facilities at Whitewater,

I
Table 211

REQUIRED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANT SITES
IN THE LOWER ROCK RIVER SUBREGIONAL AREA

Stream low Flow and Dilution Ratio Data
Dilution

u~stream
Ratio

ewage Total Total (Ratio
of Design level of Treatment Required7-Day, Treatment Design Design low Flow10·Year Plant low Sewa~e to Design Advanced Auxiliary

Sewage Treatment Receiving low Flow Flow-1990 Flow-1990 Flow-I 90
Sewa~e Phosphorus Nitri- Effluent Disin-

Plant Site Water Body CFS MGD CFS MGD CFS MGD CFS MGD Flow-I 90) Secondary Removal fication Aeration fection

Whitewater ....................... Whitewater Creek 4.90 3.17 0.62 0.40 5.52 3.57 5.67 3.66 0.97 Yes Yes Yes Yes Yes
Elkhorn1 ...••.•.•..•.•.•.•...•.••. Jackson Creek 0.39 0.25 -- -- 0.39 0.25 2.38 1.54 0.16 Yes Yes Yes Yes Yes
Delavan1,2 •.•.••...•.•••.•.•.••.•. Turtle Creek 8.90 5.75 2.09 1.35 10.99 7.10 4.07 2.63 2.70 Yes Yes Yes Yes Yes
Delavan3 •••••.••.•....•..•..•..•.. Turtle Creek 8.90 5.75 2.09 1.35 10.99 7.10 4.98 3.22 2.21 Yes Yes Yes Yes Yes
Delavan' .......................... Turtle Creek 8.90 5.75 2.09 1.35 10.99 7.10 6.46 4.17 2.64 Yes Yes Yes Yes Yes
Darien2 .•...•.•.••...•••••.•...•.. Seepage lagoon N/A N/A N/A N/A N/A N/A 0.91 0.59 N/A Yes No No No Yes
Williams Bay' .................... Seepage lagoon N/A N/A N/A N/A N/A N/A 2.17 1.40 N/A Yes No No No Yes
Fontana6 •••••••.••.•••••.......••• Seepage lagoon N/A N/A N/A N/A N/A N/A 1.27 0.82 N/A Yes No No No Yes
Walworth6 .••••••.•..••.••..•..... Piscasaw Creek 4.73 3.06 -- -- 4.73 3.06 1.47 0.95 3.22 Yes Yes Yes Yes Yes
Walworth' ........................ Piscasaw Creek 4.73 3.06 -- -- 4.73 3.06 2.74 1.77 1.73 Yes Yes Yes Yes Yes
Walworth' ........................ Piscasaw Creek 4.73 3.06 -- -- 4.73 3.06 4.91 3.17 0.96 Yes Yes Yes Yes Yes
Sharon ............................ Sharon Creek 0.57 0.37 -- -- 0.57 0.37 0.85 0.55 0.67 Yes Yes Yes Yes Yes

I
I
I
I
I
I

NOTE: N/A indicates not applicable.
'Corresponds to Delavan, Delavan Lake, and Elkhorn alternative plan 1.
'Corresponds to Delavan, Delavan Lake, and Darien alternative plan 1.
3Corresponds to Delavan, Delavan Lake, and Darien alternative plan 2.
'Corresponds to Delavan, Delavan Lake, and Elkhorn alternative plan 2.
'Corresponds to Walworth, Fontana, and Williams Bay alternative plans 1
and 2.

Source: SEWRPC.

6Corresponds to Walworth, Fontana, and Williams Bay alternative plan 1.
'Corresponds to Walworth, Fontana, and Williams Bay alternative plan 2.
'Corresponds foWalworth, Fontana, and Williams Bay alternative plan 3.

I
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Table 212

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE WHITEWATER SEWER SERVICE AREA

LOWER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for .ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in IAII Numbers Represent

Hydraulic Design Capacity Analysis Areas Served! Population Treatment levels Plan Preparation Annual Averages)

Whitewater Whitewater 15,500 Secondary Activated Sludge CBOD, Discharge: 15 mgil
(3.66 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1mgil
Auxiliary Effluent Aeration DO in Effluent: 6 mgil

Disinfection Fecal Coliform Concentration:
2001100 ml

ISee Map 122.

Source: SEWRPC.
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together with a trunk sewer to convey wastes
from the existing plant to the proposed sewage
treatment plant site, is about $4.3 million, with
an equivalent annual cost of about $718,700 (see
Table 213). The proposed 1990 service area for
the City of Whitewater is shown on Map 122.

Proposed Plan--Sharon Subarea
In 1970 the sewage treatment facility serving the
Sharon sewer service area had an average hydrau
lic design capacity of about O. 15 mgd and provided
a secondary level of waste treatment. Disposal of
effluent is to Sharon Creek, a tributary of the
Rock River. The plant is a trickling filter type
constructed in 1960. In order to accommodate
projected future growth, it is anticipated that by
1990 an average hydraulic design capacity of

O. 5 mgd will be required for this facility. In
order to meet the established water use objectives
for Sharon Creek, it will be necessary· for this
facility to provide, in addition to the current
secondary level of waste treatment, advanced
waste treatment for nitrification and phosphorus
removal, and aUxiliary waste treatment for efflu
ent aeration and disinfection. The specific rec
ommended performance standards for the Sharon
sewage treatment plant are set forth in Table 214.

The estimated capital cost of constructing the
necessary treatment facilities at Sharon is about
$894, 000, with an equivalent annual cost of about
$95,900 (see Table 215). The proposed 1990 ser
vice area for the Village of Sharon is shown on
Map 123.

I
I
I
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Table 213

DETAILED COST ESTIMATES
PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE WHITEWATER SEWER SERVICE AREA
LOWER ROCK RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Whitewater

Facilities (3.66 MGD) ......... ... .. " ...... ........... .................. $3,911,000 $3,533,800 $3,177,600 $6,711,400 $224,200 $201,600 $425,800
land (5.4 Acres) _ ......... ..................... ......... .. ..... 27,000 20,500 -- 20,500 1,300 -- 1,300

Subtotal ......... ........ ......... ...... .. ... , ............... ...... 3,938,000 3,554,300 3,177,600 6,731,900 225,500 201,600 427,100
Trunk Sewer
Whitewater ....... -.. ....... ........ ..... .... , .. ............... 392,900 288,400 3,200 291,600 288,400 3,200 291,600

Subtotal ............ ... ..... ......... ... .......... .. .... ........... 392,900 288,400 3,200 291,600 288,400 3,200 291,600

Total ... .......... .......... ....... ........, . ........ ...... , ....... $4,330,900 $3,842,700 $3,180,800 $7,023,500 $513,900 $204,800 $718,700

Source: SEWRPC.

Table 21~

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
PROPOSED SANITARY SEWERAGE SYSTEM PLAN FOR THE SHARON SEWER SERVICE AREA

LOWER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served' Population Treatment levels Plan Preparation Annual Averages)

Sharon Sharon 2,600 Secondary Activated Sludge CBOO 5 Discharge: 15 mg/I
(0.55 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 123.
Source: SEWRPC.
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Alternative Plans-Delavan-Delavan Lake
Elkhorn Subarea
As indicated above l prelhninary economic analyses
revealed a need to consider the intercormection of
the Delavan-Delavan Lake and Elkhorn sewer

service areas for sewage treatment purposes.
Two basic alternative plans were formulated. The
first alternative assumes the construction of a new
sewage treatment facility to serve the Delavan
Delavan Lake sewer service areas at a site

I
I
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The proposed service area for the Sharon
sewage treatment faci I ity is shown on the
above map. In order to meet the establ i shed
water use objectives for Sharon Creek, it
will be essential for the Sharon sewage
treatment facility to provide, in addition to
the current secondary level of waste treat
ment, advanced waste treatment for nitrifica
tion and phosphorus removal and auxiliary
waste treatment for effl uent aeration and
disinfection.

SEWAGE TREATMENT FACILITIES

I

SEWERS AND tl,PPLRTENANT FACILlTlE9

The ex isting Whitewater sewage treatment
faCt 1 ity has nearl y reached the end of its
useful 1 i fe and should be relocated to better
serve existing and anticipated future devel
opment. Accordingly, the plan proposes con
struction of a new Whi tewater sewage treatment
faei 1 i ty on Whi tewater Creek in Jefferson
County. Thl s new faeil ity wi I 1 need to
provide, in addition to secondary waste
treatment, advanced waste treatment for
nitrification and phosphorus removal and
auxiliary waste treatment for effluent aera
tion and disinfection if the established
water use objectives for Whi tewater Creek are
to be met.

+EXISTING PUBLIC TO BE RETAINED

o
ORAFtHC SCALE

2000 4000 FEET

SOUTce: SEWRPC. Source: SEWRPC.
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immediately adjacent to the existing City of Dela
van sewage facility, together with the construction
of a new treatment facility to serve the Elkhorn
sewer service area. Both the existing City of
Delavan and City of Elkhorn sewage treatment
facilities are of the trickling filter type and have
nearly reached the end of their useful lives. The

second alternative provides for a single sewage
treatment facility to serve the Delavan-Delavan
Lake and Elkhorn sewer service areas, locating
the single plant at the Delavan site. Required
sewage treatment levels and performance stand
ards under both alternatives considered are set
forth in Table 216, while detailed cost estimates

I
I
I
I

Table 215

DETAILED COST ESTIMATES

PROPOSED SANITARY SEWERAGE SYSTEM PLAN

FOR THE SHARON SEWER SERVICE AREA

LOWER ROCK RIVER SUBREGIONAL AREA

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970·2020)
Operation Operation

Capital and and
Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant

Sharon
Facilities (055 MGD) . .................... ........ $880,000 $818,000 $680,000 $1,498,000 $52,000 $43,200 $95,200
Land (2.8 Acres) . ..... , .... .......... ........ 14,000 11,000 -- 11,000 700 -- 700

Subtotal. .................................... .......... .. ..... 894,000 829,000 680,000 1,509,000 52,700 43,200 95,900

Trunk Sewers--None

Total. ........ $894,000 $829,000 $680,000 $1,509,000 $52,700 $43,200 $95,900

Source: SEWRPC.

Table 216

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS
FOR THE DELAVAN, DELAVAN LAKE, AND ELKHORN SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of Sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Oesign Capacity Analysis Areas Served l Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
Oelavan Oelavan 14,700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(263 MGD) Delavan Lake Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml
Elkhorn Elkhorn 8,000 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(1.54 MGD) Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml

ALTERNATIVE PLAN 2
Delavan Delavan 22,700 Secondary Activated Sludge CBOD s Discharge: 15 mg/I

(4.17 MGD) Delavan Lake Advanced Nitrification NH 3 ·N Discharge: 1.5 mg/IElkhorn
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

2001100 ml

ISee Map 124.

Source: SEWRPC.
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pertaining to the two alternatives are set forth
in Table 217. The two proposals are shown on
Maps 124 and 125.

Under alternative plan 1, a new Delavan-Delavan
Lake sewage treatment plant would be constructed
on a site immediately adjacent to the existing
City of Delavan treatment facility. This site has
already been selected for use by the Delavan Lake
Sanitary District. In order to accommodate pro
jected future urban growth, it is anticipated that
by 1990 an average hydraulic design capacity of
about 2.6 mgd will be required for this facility
under this alternative. In order to meet the estab
lished water use objectives for Turtle Creek, to
which effluent would be discharged, it will be
necessary for this facility to provide not only
secondary waste treatment, but also advanced

waste treatment for nitrification and phosphorus
removal, and auxiliary waste treatment for efflu
ent aeration and disinfection. A trunk sewer to
convey sewage from the Delavan Lake sewer ser
vice area to the new sewage treatment site is also
included in this alternative plan. In addition,
under alternative plan 1 a new sewage treatment
facility would be constructed at or near the site of
the existing Elkhorn treatment facility to serve
the Elkhorn sewer service area. This facility
would need to provide a 1990 average hydraulic
design capacity of about 1. 5 mgd. In order to
meet the established water use objectives for
Jackson Creek, to which effluent would be dis
charged, the proposed new Elkhorn facility would
be reqUired to provide secondary waste treat
ment, advanced waste treatment for nitrification
and phosphorus removal, and auxiliary waste

I
Table 217

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE DELAVAN, DE LAVAN LAKE, AND ELKHORN SEWER SERV IC E AREAS

LOWER ROCK RIVER SUBREGIONAL AREA

Estimated Cost

Plan Subelement
Capital

Construction

Present Worth (1970-2020)
Operation

and
Construction Maintenance Total

Equivalent Annual (1970·2020)
Operation

and
Construction Maintenance Total

ALTERNATIVE PLAN 1
Sewage Treatment Plants
Delavan

Facilities (2.63 MGDj ......... ........ ............ ..... .............. $3,022,700 $2,692,100 $2,428,900 $ 5,121,000 $170,800 $154,100 $324,900
Land (4.6 Acres) ...... ............... ..... .................. ......... 23,000 17,300 -- 17,300 1,100 -- 1,100

Subtotal ............. ..... ... ...... ...... ................ ......... 3,045,700 2,709,400 2,428,900 5,138,300 171,900 154,100 326,000
Elkhorn

Facilities (1.54 MGD) ......... , ............... .................. ....... 2,195,100 1,982,900 1,434,300 3,417,200 125,800 91,000 216,800
Land (3.8 Acres) .................... .... ... ...... ........... ..... 19,000 14,200 -- 14,200 900 -- 900

Subtotal .................. ...... , ...... ... ............... .... ... .. 2,214,100 1,997,000 1,434,300 3,431,400 126,700 91,000 217,700
Subtotal--Treatment Facilities ..... . , .................... .. ...... 5,259,800 4,706,400 3,863,200 8,569,700 298,600 245,100 543,700

Trunk Sewer
Delavan Lake ....... ............ .......... ................... .......... 1,536,200 1,163,300 173,600 1,336,900 73,800 11,000 84,800

Subtotal ....... ...................... .. ... ............ ... ........ , 1,536,200 1,163,300 173,600 1,336,900 73,800 11,000 84,800

Total ....... ....... ............•.. ", , " .............. .... " ...... $6,796,000 $5,869,700 $4,036,800 $ 9,906,600 $372,400 $256,100 $628,500

ALTERNATIVE PLAN 2
Sewage Treatment Plant
Delavan

Facilities (4.17 MGD) ..
Land (5.7 Acres) ..

Subtotal ..
Trunk Sewers

Delavan Lake ..
Elkhorn .

Subtotal .

Total .

Source: SEWRPC.

$4,305,200
28,500

4,333,700

1,536,200
1,577,000
3,113,200

$7,446,900

$3,890,100 $3,313,200 $ 7,203,300 $246,800 $210,200 $457,000
20,500 -- 20,500 1,300 -- 1,300

3,910,600 3,313,200 7,223,800 248,100 210,200 458,300

1,163,300 173,600 1,336,900 73,800 11,000 84,800
1,258,000 326,000 1,584,000 79,800 20,700 100,500
2,421,300 499,600 2,920,900 153,600 31,700 185,300

$6,331,900 $3,812,800 $10,144,700 $401,700 $241,900 $643,600
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Map 12~

ALTERNATIVE SANITARV SEWERAGE SVSTEM PLAN I
FOR THE DELAVAN, DELAVAN LAKE, AND ELKHORN SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
1990
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One alternative sanitary sewerage system pfan for the Delavan, Delavan Lake, and Elkhorn sewer service areas would
provide for construction of two new sewage treatment facilities, one to replace the existing Elkhorn facility and
the other to replace the existing Delavan facility and to be sized to serve both the Delavan and Delavan Lake
sewer service areas. Both facilities would be required to provide secondary waste treatment, advanced waste
treatment for nitrification and phosphorus removal, and auxil iary waste treatment for effluent aeration and dis
Infection. While this alternative and the other alternative considered for this area, as shown on Map 125, have
about the same cost of implementation, this alternative has the disadvantage of continuing to discharge sewage
effluent to Jackson Creek above Delavan Lake.
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Ma p 125

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2
FOR THE DELAVAN, DELAVAN LAKE, AND ELKHORN SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
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Another alternative sanitary sewerage system plan for the Delavan, Delavan Lake, and Elkhorn sewer
service areas proposes to consol idate treatment of sewage at the Delavan site on Turtle Creek. The
trunk sewer system necessary to convey wastes from the Elkhorn area to the proposed new Del avan
pTant is shown on this map. This alternative was found to have approximately the same plan imple
mentation cost as the other alternative considered, shown on Map 12~, and has the advantage of
eliminating any further discharge of sewage treatment plant effluent to Jackson Creek above Dela
van lak e.

Source: SEWRPC.

615



treatment for effluent aeration and disinfection.
The total estimated capital cost of carrying
out alternative plan 1 for the Delavan-Delavan
Lake and Elkhorn sewer service areas is about
$6.8 million, with an equivalent annual cost of
about $628,500.

As noted above, alternative plan 2 involves the
provision of only one sewage treatment facility
to serve the Delavan-Delavan Lake and Elkhorn
sewer service areas. Under this alternative,
a new Delavan-Delavan Lake treatment facility
would be constructed on a site adjacent to the
existing City of Delavan facility as in the first
alternative presented, but would provide for an
average hydraulic design capacity of nearly
4. 2 mgd in order to accommodate sewage from
both the Delavan-Delavan Lake and Elkhorn sewer
service areas. In order to meet the established
water use objectives for Turtle Creek, this facility
would have to provide secondary waste treatment,
advanced waste treatment for nitrification and
phosphorus removal, and auxiliary waste treat
ment for effluent aeration and disinfection, In
addition to the new trunk sewer to convey sewage
from the Delavan sewer service area to the pro
posed new plant included under alternative plan 1,
alternative plan 2 provides for a trunk sewer from
the existing Elkhorn sewage treatment facility to
the proposed Delavan-Delavan Lake facility. The
total estimated capital cost of carrying out alter
native plan 2 for the Delavan-Delavan Lake and
Elkhorn sewer service areas, including the con
struction of the necessary trunk sewers, is about
$7.4 million, with an equivalent annual cost of
about $643,600.

The cost of implementing the two alternative sani
tary sewerage system plans considered for the
Delavan-Delavan Lake and Elkhorn sewer service
areas is within 2 percent on an equivalent arumal
cost basis, well within the accuracy with which
such costs can be estimated. Consequently, the
two plans may be considered to have approxi
mately the same cost. It is necessary, therefore,
to consider other intangible, but nevertheless very
real, considerations in selecting a recommended
plan from among the alternatives presented. The
second alternative plan has the advantage of pro
viding one sewage treatment facility to serve the
Delavan-Delavan Lake and Elkhorn urban areas,
which areas are tending to coalesce, and thus
avoids proliferation of treatment plants and unnec
essary duplication of staffs and related facilities.
In addition, the second alternative has the advan-
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tage of not discharging any effluent to Jackson
Creek above Delavan Lake, thus further contribut
ing to efforts to improve water conditions in
Delavan Lake. Also, since the Elkhorn sewage
treatment facility must be replaced in the near
future in any case, the opportunity to connect to
the Delavan-Delavan Lake system is at hand and
can readily be accommodated through joint inter
governmental action. Conversely, the first alter
native would commit the construction of a new
Elkhorn sewage treatment facility above Delavan
Lake and thus commit the continued discharge of
sewage effluent into the lake for a minimum of
15 to 20 years. On balance, therefore, while
the two alternatives are approximately equal in
terms of equivalent annual cost, the second alter
native plan providing for one sewage treatment
facility to serve the Delavan-Delavan Lake, and
Elkhorn sewer service areas is more advanta
geous when other intangible considerations are
taken into account.

Alternative Plans - Delavan- Delavan Lake
Darien Subarea
As indicated above, preliminary economic analyses
revealed a need to consider the interconnection of
the Delavan-Delavan Lake and Darien sewer ser
vice areas for sewage treatment purposes. Two
basic alternative plans were formulated. The
first alternative assumes the construction of a
new sewage treatment facility to serve the Dela
van and Delavan Lake sewer service areas at a
site on Turtle Creek adjacent to the existing City
of Delavan treatment facility, together with expan
sion of the existing Darien facility to accommodate
anticipated future urban growth in the Darien
sewer service area. The Darien facility under
this alternative would continue to discharge efflu
ent to the soil and ground water through a seepage
lagoon. The second alternative provides for a
single sewage treatment facility to serve both the
Delavan-Delavan Lake and Darien sewer service
areas, locating the single plant at the site of the
proposed Delavan-Delavan Lake sewage treatment
facility. The recommended sewage treatment
levels and performance standards under both
alternatives are set forth in Table 218, while
detailed cost estimates pertaining to the two
alternatives are set forth in Table 219. The two
proposals are shown on Maps 126 and 127.

Under alternative plan 1, a new sewage treatment
plant to serve the Delavan and Delavan Lake sewer
service areas would be constructed on a site
adjacent to the existing City of Delavan treatment
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facility. In order to accommodate projected future
urban growth, it is anticipated that by 1990 an
average hydraulic design capacity of about 2.6 mgd
will be required for this facility. In order to meet
the established water use objectives for Turtle
Creek, to which effluent would be discharged, it
will be necessary for this facility to provide not
only secondary waste treatment but also advanced
waste treatment for nitrification and phosphorus
removal and auxiliary waste treatment for effluent
aeration and disinfection. A new trunk sewer to
convey sewage from the Delavan Lake sewer ser
vice area to the new treatment plant site is also
included in this alternative plan. In addition,
under alternative plan 1 the existing sewage treat
ment facility serving the Village of Darien would
be expanded to provide a 1990 average hydraulic
design capacity of about O. 6 mgd. This plant is
proposed to continue to discharge effluent to a
seepage lagoon with no overflow to a drainage
course leading to Turtle Creek. It should be noted
that the Darien seepage lagoon is located in a
general area where soils data indicate sand and
gravel deposits at or near the surface and, con
sequently, where the potential for pollution of the

shallow aquifer is high (see Map 18). The con
tinued operation of the Darien seepage lagoon, as
proposed under this alternative, should, therefore,
be carefully monitored. Should detailed engineer
ing investigations conclude at some future date
that soil absorption as a means of effluent dis
posal is no longer feasible and that discharge to
the surface water system is necessary, this facil
ity would need to provide a higher level of waste
treatment than secondary waste treatment with
auxiliary treatment for effluent disinfection. This
alternative plan assumes, then, the continued
Viability of soil absorption for waste disposal in
the Darien area and would have to be reevaluated
at such time as this assumption may prove to be
no longer valid. The total estimated capital cost
of carrying out alternative plan 1 for the Delavan
Delavan Lake and Darien sewer service areas is
about $5. 5 million, with an equivalent annual cost
of about $485,400.

As noted above, alternative plan 2 involves the
provision of only one sewage treatment facility to
serve the Delavan-Delavan Lake and Darien sewer
service areas. Under this alternative, a new

Tab 1e 2 I 8

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS
FOR THE DELAVAN, DELAVAN LAKE, AND DARIEN SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Design Capacity Analysis Areas Served l Population Treatment Levels Plan Preparation Annual Averages).
ALTERNATIVE PLAN 1

Delavan Delavan 14,700 Secondary Activated Sludge CBOD \ Discharge: 15 mg/I
(2.63 MGD) Delavan Lake Advanced Nitrification NH, -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Darien Darien 2,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.59 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

ALTERNATIVE PLAN 2
Delavan Delavan 17,500 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(3.22 MGD) Delavan Lake Advanced Nitrification NH, -N Discharge: 1.5 mg/IDarien
Phosphorus Removal Phosphorus Discharge: I mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

lSee Map 126.

Source: SEWRPC.
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Delavan-Delavan Lake treatment facility would be
constructed on a site adjacent to the existing City
of Delavan facility as in the first alternative pre
sented, but would provide an average hydraulic
design capacity of about 3.2 mgd in order to
accommodate sewage from both the Delavan
Delavan Lake and Darien sewer service areas. In
order to meet the established water use objectives
for Turtle Creek, to which effluent would be dis
charged, this facility would have to provide sec
ondary waste treatment, advanced waste treatment
for nitrification and phosphorus removal, and
auxiliary waste treatment for effluent aeration and
disinfection. In addition to the new trunk sewer to
convey sewage from the Delavan Lake sewer ser
vice area to the proposed treatment plant included
under alternative plan 1, alternative plan 2 pro-

vides for a trunk sewer to connect the Darien
sewer service area to the proposed Delavan
Delavan Lake sewage treatment facility. The
total estimated capital cost of carrying out alter
native plan 2 for the Delavan-Delavan Lake and
Darien sewer service areas, including the con
struction of the necessary trunk sewers, is about
$5. 8 million, with an equivalent annual cost of
about $513,800.

The cost of implementing the two alternative sani
tary sewerage system plans considered for the
Delavan-Delavan Lake and Darien sewer service
areas are within 5 percent on an equivalent annual
cost basis, well within the accuracy with which
such costs may be estimated. Consequently, the
two plans may be considered to have approxi-
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Table 219

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE DELAVAN, DELAVAN LAKE, AND DAR I EN SEWER SERV I CE AREAS
LOWER ROCK RIVER SUBREGIONAL AREA

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

.AlTERNATIVE PLAN 1
Sewage Treatment Plants
Delavan

Facilities (2.63 MGD) ..................................................... $3,022,700 $2,692,100 $2,428,900 $5,121,000 $170,800 $154,100 $324,900
Land (4.6 Acres) .......................... ....................... ....... 23,000 17,300 -- 17,300 1,100 -- 1,100

Subtotal ......................................................... ....... 3,045,700 2,709,400 2,428,900 5,138,300 171,900 154,100 326,000
Darien

Facilities (0 .59 MGD~ ..................................................... 702,700 635,200 331,000 966,200 40,300 21,000 61,300
Seepa~e Lagoons (2 .5 Acres) .......................................... 101,300 91,400 -- 91,400 5,800 -- 5,800
Land ( 2.3 Acres) ......................................................... 161,500 118,200 -- 118,200 7,500 -- 7,500

Subtotal ................................................................. 965,500 844,800 331,000 1,175,800 53,600 21,000 74,600
Subtotal--Treatment Facilities ....................................... 4,011,200 3,554,200 '2,759,900 6,314,100 225,500 175,100 400,600

Trunk Sewer
Delavan Lake .................................... ............................ 1,536,200 1,163,300 173,600 1,336,900 73,800 11,000 84,800

Subtotal .................................... ................. .......... 1,536,200 1,163,300 173,600 1,336,900 73,800 11,000 84,800

Total ......... •••••.••................•... . ............... .. ....... $5,547,400 $4,717,500 $2,933,500 $7,651,000 $299,300 $186,100 $485,400

ALTERNATIVE PLAN 2
Sewage Treatment Plant
Delavan

Facilities (3.22 MGD) ........................................... ......... $3,418,200 $3,045,200 $2,794,600 $5,839,800 $193,200 $177,300 $370,500
Land (5.0 Acres) . ................. ...................................... 25,000 18,900 -- 18,900 1,200 -- 1,200

Subtotal .......................... ....... .............................. 3,443,200 3,064,100 2,794,600 5,858,700 194,400 177,300 371,700
Trunk Sewers
Delavan Lake ..................................... ........................... 1,555,900 1,177,500 173,600 1,351,100 74,700 11,000 85,700
Darien ................................... ........ ............................ 842,300 224,000 665,000 889,000 14,200 42,200 56,400

Subtotal .................................. .............. ............... 2,398,200 1,401,500 838,600 2,240,100 88,900 53,200 142,100

Total ................................................ ................. $5,841,400 $4,465,600 $3,633,200 $8,098,800 $283,300 $230,500 $513,800

Source: SEWRPC.
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mately the same cost. It is necessary, therefore,
to consider other intangible, but nevertheless
real, considerations in selecting a recommended
plan from among the alternatives presented. The
second alternative plan has the advantage of pro
viding only one sewage treatment facility to serve
the Delavan-Deravan Lake and Darien urban areas,
and thus avoids proliferation of treatment plants
and unnecessary duplication of staffs and related

Map

facilities. This alternative would also eliminate
the discharge of sewage effluent to the soil, thus
eliminating the potential polluting effects that such
effluent might have on the groundwater reservoir.
On the other hand, the first alternative has certain
advantages concerning the probability of imple
mentation in that sewage treatment facilities would
continue to be operated by the two units of govern
ment now providing sewer service.
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ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 1
FOR THE DELAVAN, DELAVAN LAKE, AND OAR I EN SEWER SERV 1CE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
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One alternative plan for the Delavan, Delavan lake. and Darien sewer service areas would provide for the construction
of a new Delavan treatllent facility to serve both the Delavan and Delavan lake areas, together with the retention of
the e-isting Darien facility, which now discharges effluent to the soil through a seepage lagoon. This alternative
plan has a slight cost advantage over the other alternative plan considered, shown on Map 127, pri.arily because the
treatllent level requirements for the Darien facility are less stringent due to the utilization of the soil Ilantle for
waste assimilation. Should detailed engineering Investigations at some future date conclude that soil absorption as
a means of effluent disposal Is no longer feasible in the Darien area and conclude that discharge to the surface
waler system is necessary, the Darien facility would need to provide a higher level of waste treatment than secondary
waste treatment.

Source: SEWRPC.
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Alternative Plans-Fontana-Walworth
Williams Bay Subarea
As indicated above, preliminary economic analy
ses revealed a need to consider the interconnec
tion of the Fontana, Walworth, and Williams Bay
sewer service areas for sewage treatment pur
poses. Three basic alternative plans were formu
lated. The first alternative assumes the provision
of three individual sewage treatment facilities to

Map

serve the three sewer service areas, as is cur
rently the case. The second alternative would
provide for consolidation of the Walworth and
Fontana treatment facilities at a new Walworth
treatment plant site, together with the expansion
of the Williams Bay treatment facility. The third
alternative provides for a single sewage treatment
facility at a new Walworth site to serve all three
sewer service areas. The recommended sewage
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ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2
FOR THE DELAVAN, OELAVAN LAKE, AND DARIEN SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
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Another alternative sanitary sewerage system plan considered for the Delal/an, Delavan Laker and
Darien sewer service areas provides for the consol idation of sewage treatment at a single new
Delavan sewage treatment facil i ty. The trunk sewer system necessary to convey wastes from the
Darien sewer service area to the proposed Delavan plant site is shown on the above map. This
alternative was found to be slightly more costly than the other alternative considered, as shown
on Map 126, primarily because the Darien treatment requirements can be less stringent under the
other alternative due to the utilization of the soil mantle for waste assimilation.

Source:
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treatment levels and performance standards under
all three alternatives are set forth in Table 220,
while detailed cost estimates pertaining to the
three alternatives are set forth in Table 221.
The three proposals are shown on Maps 128, 129,
and 130.

Under alternative plan 1, a new sewage treatment
plant to serve the Walworth sewer service area
would be constructed on a site located on the
Piscasaw Creek, a site already utilized by the
Village of Walworth for final effluent treatment
flow-through lagoons. As discussed in Chapter V
of this report, these lagoons provide for a tertiary
level of waste treatment, with secondary waste

treatment being provided at a trickling filter-type
plant located at the western village limits, which
plant was constructed in 1952 and has reached the
end of its useful life. In order to accommodate
projected future urban growth in the Walworth
area, it is anticipated that by 1990 an average
hydraulic design capacity of nearly 1. 0 mgd will
be required for this facility. In order to meet the
established water use objectives for Piscasaw
Creek, it will be necessary for this facility to
provide secondary waste treatment, advanced
waste treatment for nitrification and phosphorus
removal, and auxiliary waste treatment for efflu
ent aeration and disinfection. A new trunk sewer
to convey sewage from the existing secondary
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Table 220

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS
FOR'THE WALWORTH, FONTANA, AND WILLIAMS BAY SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA

Recommended
Type of sewa~e Treatment Performance Standards

Sewage Treatment Plant and Estimated Assumed for ost Analysis in Terms of Effluent Quality
Estimated 1990 Average Sewer Service 1990 Recommended Sewage Purposes in (All Numbers Represent

Hydraulic Oesign Capacity Analysis Areas Served 1 Population Treatment Levels Plan Preparation Annual Averages)

ALTERNATIVE PLAN 1
Fontana Fontana 3,100 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(0.82 MGD) Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Walworth Walworth 5,200 Secondary Activated Sludge CBOD, Discharge: 15 mg/I
(0.95 MGD) Advanced Nitrification NH rN Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Williams Bay Williams Bay 6,500 Secondary Activated Sludge CBOD, Discharge: 15 mg/I
(1.40 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

ALTERNATIVE PLAN 2
Walworth Walworth 8,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(1.77 MGD) Fontana Advanced Nitrification NH J -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Williams Bay Williams Bay 6,500 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(l40 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

ALTERNATIVE PLAN 3
Walworth Walworth 14,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

(317 MGD) Fontana Advanced Nitrification NHJ -N Discharge: 1.5 mg/IWilliams Bay
Phosphorus Removal Phosphorus Discharge: 15 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 128.
Source: SEWRPC.
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Table 221

DETAILED COST ESTIMATES
ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE WALWORTH, FONTANA, AND WILLIAMS BAY SEWER SERVICE AREAS
LOWER ROCK RIVER SUBREGIONAL AREA

I
I

Estimated Cost

Present Worth (1970-2020)
Operation

and
Construction Maintenance Total

$ 428,700 $ 1,237,300
-- 134,000
-- 162,300

428,700 1,533,600

I
I

I
I
I

I

99,000
65,600
14,300

178,900

71,200
5,800
7,800

84,800
317,800

$ 78,500
8,500

10,300
97,300

135,000
700

135,700

600
6,600

500
7,700

27,200

60,600

37,800

60,600

37,800

125,600

$ 27,200

Equivalent Annual (1970-2020)

98,400
59,000
13,800

171,200

$ 51,300
8,500

10,300
70,100

74,400
700

75,100

33,400
5,800
7,800

47,000

192,200

Operation
and

Construction Maintenance Total

2,128,000
11.000

2,139,000

1,560,500
1,033,900

225,400
2,819,800

1,122,000
91,400

122,900
1,336,300
5,008,900

955,000

596,000

955,000

9,500
104,000

7,900

121,400

596,000
1,979,700

1,551,000
929,900
217,500

2,698,400

1,173,000
11,000

1,184,000

526,000
91,400

122,900
740,300

3,029,200

$ 808,600
134,000
162,300

1,104,900

431,000
101,300
167,000
699,300

3,263,900

2,276,500
1,243,800

296,800
3,817,100

$ 895,100
148,500
221,000

1,264,600

1,284,000
16,000

1,300,000

Capital
ConstructionPlan Subelement

ALTERNATIVE PLAN 1

Sewage Treatment Plants
Fontana

Facilities (082 MGD)... ..
Seepage Lagoons (41.0 Acres)
Land (44.2 Acres) .

Subtotal .
Walworth

Facilities (095 MGD) .
Land (3.2 Acres) .

Subtotal .

Williams Bay
Facilities (1.40 MGD) . . .
Seepage Lagoons (30.5 Acres)
Land (33.4 Acres) .

Subtotal .

Subtotal - Treatment Facilities .
Trunk Sewers

Fontana-Geneva Lake .
Williams Bay-Geneva Lake ..
Walworth.

Subtotal.

$2,101,100 $ 7,828,700

$1,718,100 $ 3,732,500
-- 14,200

1,718,100 3,746,700

Total.

ALTERNATIVE PLAN 2

Sewage Treatment Plants
Walworth

Facilities (1.77 MGD) .
Land (4.0 Acres) .

Subtotal .
Williams Bay

Facilities (1.40 MGD) .
Seepage Lagoons (30.5 Acres) ..... . .
Land (33.4 Acres) ...

Subtotal. . .
Subtotal - TreatmentFacilities. . .

Trunk Sewers

Fontana-Walworth .
Fontana-Geneva Lake ,., , .. .. .
Williams Bay-Geneva Lake ,
Walworth . , ,

Subtotal ..

$7,081,000

$2,228,900
20,000

2,248,900

431,000
101,300
167,000
699,300

2,948,200

524,400
2,259,400
1,243,800

364,000
4,391,600

$5,727,600

$2,014,400
14,200

2,028,600

526,000
91,400

122,900

740,300
2,768,900

408,300
1,681,900

929,900
266,000

3,286,100

596,000

596,000
2,314,100

167,100
173,400
104,000

7,900

452,400

1,122,000
91,400

122,900
1,336,300
5,083,000

574,400
1,855,300
1,033,900

273,900
3,737,500

$363,400

$127,800
900

128,700

33,400
5,800
7,800

47,000
175,700

25,900
106,700
59,000
16,900

208,500

$133,300

$109,000

109,000

37,800

37,800
146,800

10,600
11,000
6,600

500
28,700

$496,700

$236,800
900

237,700

71,200
5,800
7,800

84,800
322,500

36,500
117,700
65,600
17,400

237,200

I
I
I
I
I

$7,339,800 $6,055,000 $2,766,500 $ 8,820,500 $384,200

$2,668,500 $ 5,754,700
-- 18,900

2,668,500 5,773,600

$175,500 $559,700Total.

ALTERNATIVE PLAN 3

Sewage Treatment Plant
Walworth

Facilities (3.17 MGD) .
Land (5.0 Acres) .

Subtotal.
Trunk Sewers

Williams Bay-Fontana-Walworth .. .. ..
Fontana-Geneva Lake .
Williams Bay-Geneva Lake .
Walworth , ..

Subtotal . .. ..

$3,415,500
25,000

3,440,500

1,909,600
2,259,400
1,243,800

396,200
5,809,000

$3,086,200
18,900

3,105,100

1,524,200
1,681,900

929,900
290,000

4,426,000

611,600
173,400
104,000

7,900
896,900

2,135,800
1,855,300
1,033,900

297,900

5,322,900

$195,800
1,200

197,000

96,700
106,700
59,000
18,400

280,800

$169,300

169,300

38,800
11.000
6,600

500
56,900

$365,100
1,200

366,300

135,500
117,700
65,600
18,900

337,700

I
I
I

Total .

Source: SEWRPC.

$9,249,500 $7,531,100 $3,565,400 $11,096,500 $477,800 $226,200 $704,000 I
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level Walworth sewage treatment facility to the
Piscasaw Creek site is also included in this alter
native plan. In addition, the existing sewage treat
ment facilities serving the Villages of Fontana and
Williams Bay would be expanded to provide for

1990 average hydraulic design capacities of about
O. 8 mgd and 1. 4 mgd, respectively. These two
plants are proposed to continue to discharge efflu
ent into seepage lagoons. It should be noted that
the Fontana seepage lagoon is located in a general

Map 128

ALTERNATI VE SAN ITARY SEWERAGE SYSTEM PLAN 1
FOR THE WALWORTH, FONTANA, AND WILLIAMS BAY SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
1990
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One alternative plan considered for the Walworth, Fontana, and Will iams Ba~ sewer service areas wOllfd continue to provide
for sewage treatment at three individual facilities as is currently the case. Under this alternative, a new sewage treat
ment plant would be constructed to serve the Walworth area on a site located on the Pi scasaw Creek. The Fontana and Wi II i ams
Bay facilities would continue to discharge effluent to the soil mantle. The above map shows the trunk sewers necessary to
convey wastes from the old Walworth treatment plant site to the new site. as well as from the north and south shores of
lake Geneva to the Williams Bay and Fontana treatment facilities, respectively. This alternative was found to be the least
costly atternative available to serve these three areas primarily because utililation of soil absorption for waste disposal
precludes the need to provide advanced levels of waste treatment for discharge of effluent to the stream system.

Source: SEWRPC.
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area where the potential for pollution of the shal
low aquifer is high and that the Williams Bay
seepage lagoon is located in a general area where
the potential for pollution of the shallow aquifer
ranges from high to low (see Map 18), The
continued operation of these lagoons, as pro-

posed under this alternative, should, therefore,
be carefully monitored. This alternative plan
assumes I then, the continued viability of soil
absorption for waste disposal in the Fontana and
Williams Bay areas, and would have to be reeval
uated at such time as this assumption may prove

Map 129

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 2
fOR THE WALWORTH, FONTANA, ANO WILLIAMS BAY SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
1990

ZE

+ .~

t.. - -

R

[. /

C

u'''lS
~.

\

=" EX'ST'NG TlW"~ SEWER sySTE",
SHOWN IN 9RO~EN UNES. SEE

'''''PT['' :lI:

~~,.....

"

+~MO"OS'D "'~tC

~ ''''S''''<l''''fV'''~ TO"~ """'''oOM:D

S'WEI<S "ND "'''PURll'''ANl ~''''CiLIT'ES

- ""O"D~'" TPUN~ Sf. WEI<

••• ....01'051:0 ~ORC' """"

• PRO"OSEO "<.1"''''1<0 $,,,,r,<:,,,

I"

l-~ "" ~\~~l- ,~,: -t
~~--- ~ ~'> -_1- ~'

'--~~ -+-~---r-~~

•

" I ["

L£GEND
!;£W(R SERVICE Ail£llS

CiZI .",sTtNG "'7<)

c:J .."O~Os~O ,~~'"

5(WA(;( T"("'-."(N1 l'<l(:rl.,T<ES+EX'$T'NG "VlIL'C TO & "EHI~O

~ EXLST'''C pueL" TO BE """'''OONEO

Another alternative considered for the Walworth, Fontana, and Will iams Bay sewer service areas
would provide partial consol idation of treatment at a proposed new Walworth treatment facil ity
on Piscasaw Creek. Under this alternative the Fontana treatment facility would be abandoned;
however, the Wi II iams Bay treatment facil ity would continue to discharge effluent to the soil.
As in the first alternative considered, shown on Map 128. trunk sewers would be provided along
the north and south shores of Geneva Lake to serve ex isting urban development.

Source: SEWRPC.
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to be no longer valid. In addition to the foregoing
treatment facilities to serve Fontana and Williams
Bay, this alternative provides for trunk sewers
extending from the Fontana and Williams Bay
plants to serve the south and north shores of

Geneva Lake, respectively. The total estimated
capital cost of carrying out alternative plan 1 for
the Fontana, Walworth, and Williams Bay sewer
service areas is about $7. 1 million, with an
equivalent annual cost of about $496,700.
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Map 130

ALTERNATIVE SANITARY SEWERAGE SYSTEM PLAN 3
FOR THE WALWORTH, FONTANA, AND WILLIAMS BAY SEWER SERVICE AREAS

LOWER ROCK RIVER SUBREGIONAL AREA
19 on

u

I
I

I
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I

A third alternative sanitary sewerage system plan considered for the Walworth, Fontana, and Williams Bay areas provides for total
consolidation of treatment in 1I new Walworth sewage treatment facility proposed to be located on the Piscasa.w Creek. Under this
alternative the existing Fontana and Williams Bay treatment facilities would be abandoned. All necessary trunk sewers to effect
such abandonment and tQ prQvide fQr sewer service alQn9 the nQrth and south shores of Lake Geneva are alsQ shown Qn the map
abQve. This alternative plan was the most costly Qf the three alternatives cQnsidered fQr this area. primarily because all
sewage effluent would be discharged to the stream system and WQuld. therefore, require advanced level$ of waste treatment as
opposed to the secondary level of waste treatment required under the other alternatives considered. which included effluent
dispQsal to the soil. If at some future date effluent disposal through 5011 absorption is no longer a vIable alternative for
Fontana and Will lams Bay, the alternative plan shown on the above map would be the most desirable course of action.

Source: SEWRPC.
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Alternative plan 2 for the Fontana, Walworth, and
Williams Bay sewer service areas is similar to
alternative plan 1, except that the Fontana plant
would be abandoned and its sewer service area
connected to the new Walworth sewage treatment
facility on Piscasaw Creek. Under this alterna
tive, the Walworth treatment facility would pro
vide an average hydraulic design capacity of about
1. 8 mgd and would provide secondary waste treat
ment, advanced waste treatment for nitrification
and phosphorus removal, and auxiliary waste
treatment for effluent aeration and disinfection.
The Williams Bay facility would provide an aver
age hydraulic design capacity of about 1. 4 mgd
and would continue to discharge effluent to the soil
through a seepage lagoon. Trunk sewers to serve
urban development along the shoreline of Geneva
Lake and to connect the Fontana and Walworth
sewer service areas to the new Piscasaw Creek
plant site would also be provided under this
alternative. The total estimated capital cost of
carrying out alternative plan 2 for the Fontana,
Walworth, and Williams Bay sewer service areas
is about $7. 3 million, with an equivalent annual
cost of about $559,700.

The third alternative plan considered for the Fon
tana, Walworth, and Williams Bay sewer service
areas would consolidate all sewage treatment at
the proposed Piscasaw treatment plant site. Under
this alternative, the Walworth treatment plant
would provide an average hydraulic design capac
ity of about 3.2 mgd and would provide secondary
waste treatment, advanced waste treatment for
nitrification and phosphorus removal, and auxil
iary waste treatment for effluent aeration and
disinfection. Trunk sewers to serve urban devel
opment along the shorelines of Geneva Lake and to
convey sewage from the Williams Bay, Fontana,
and Walworth sewer service areas to the Piscasaw
Creek plant site are also included under this
alternative plan. The total estimated capital cost
of carrying out alternative plan 3 for the Fontana,
Walworth, and Williams Bay sewer service areas,
including the construction of the necessary trunk
sewers, is about $9.2 million, with an equivalent
annual cost of about $704,000.

The three alternative plans considered thus range
in total equivalent annual cost from nearly $497,000
for alternative plan 1, which alternative would
provide for the continued operation of three sew
age treatment facilities, to about $704,000 for
alternative plan 3, which would consolidate treat
ment at one new facility, reflecting a difference of
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about 39 percent. This difference is largely due
to the fact that treatment requirements under
alternative plan 1 are substantially less than that
under alternative plan 3 due to the utilization of
soil absorption for much of the effluent disposal
under alternative plan 1. Clearly, alternative
plan 1 is the most cost effective plan for the
Fontana, walworth, and Williams Bay subarea.
Should at some future date detailed engineering
studies conclude that effluent disposal through
soil absorption is no longer a viable alternative
in the Fontana and Williams Bay sewer service
areas, it would appear that alternative plan 3,
providing for centralized sewage treatment at the
Piscasaw Creek plant site, would be the most
desirable plan available.

Private Sewage Treatment Plants
Four private sewage treatment plants were found
in 1970 to discharge wastes in the Lower Rock
River subregional area. These facilities serve
the Lake Lawn Lodge in the Town of Delavan; the
Libby, McNeill, and Libby, Inc., canning plant in
the Town of Darien; and the Walworth County
Correctional Center and Walworth County Institu
tions, both in the Town of Geneva. Since 1970 one
additional private sewage treatment facility-that
serving the Holiday Inn located on the shoreline
of Lake Como in the Town of Geneva-has been
established. Of these five facilities, two-the
Lake Lawn Lodge and Holiday Inn facilities-lie
within the proposed 1990 sewer service area and
should accordingly be abandoned and connected to
the Delavan Lake sanitary sewerage system in the
case of the Lake Lawn Lodge facility, and the
Williams Bay sanitary sewerage system in the
case of the Holiday Inn facility, as trunk sewer
service is extended. The remaining three facili
ties lie beyond the proposed 1990 sewer service
areas in the subregional area and must, therefore,
continue in operation. These facilities should
provide a level of waste treatment adequate to
meet the water quality objectives and standards
for the receiving stream.

SUMMARY

Plan design, test, and evaluation comprise the
very heart of the planning process. This chapter
presents the results of the plan design, test, and
evaluation phase of the regional sanitary sewerage
system planning program in terms of alternative
sanitary sewerage system plans for subareas of
the seven counties of the Southeastern Wisconsin
Region. The various alternative sanitary sewer-
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age system plans considered were designed to
meet the established water use objectives and
supporting water quality standards set forth in
Chapter VIII of this report, and, in addition, to
contribute toward implementation of the adopted
regional land use plan as presented in Chapter X
of this report.

Based upon the state of the art of sanitary sewer
age set forth in Chapter IX of this report, and
upon previous sewerage system planning experi
ence gained in Commission watershed studies for
the Fox and Milwaukee Rivers, it was concluded
that major emphasis in the formulation of alterna
tive sanitary sewerage system plans for subareas
of the Region should be based upon conventional
centralized sanitary sewerage systems providing
high degrees of treatment at sewage treatment
facilities, with discharge of treated wastes pri
marily to surface waters. Thus, the basic alter
natives considered centered on the provision of
advanced waste treatment where necessary to
achieve the established water use objectives, with
the alternatives differing primarily with respect
to the question of whether a given urban subarea
of the Region should be served by a single sewage
treatment facility or by multiple sewage treatment
facilities. This required consideration of alter
native trunk sewer arrangements to convey sewage
to designated sewage treatment facilities.

While major emphasis was placed in this study
on the basic alternative of providing advanced
levels of waste treatment at varying treatment
plant locations throughout the Region and on the
alternative means of conveying sewage to these
locations, other concepts of wastewater manage
ment, such as the diversion of effluent from one
watershed to another, particularly across the
subcontinental divide traversing the Southeastern
Wisconsin Region, and land disposal of effluent as
an alternative to high degrees of waste treatment,
were also considered. None of these alternative
conceptual solutions to the water quality man
agement problems of the Region were, however,
considered viable on a regionwide scale. For
example, not only would total sewage effluent
diversion within the Region from the Lake Michi
gan basin to the Mississippi River basin constitute
a task of major proportions, involving over 90
percent of all sewage effluent currently discharged
within the Region, the cost of diversion of such
effluent would almost totally be an "add-on" cost
to any of the alternative system plans considered,
since the conveyance facilities required to effect

such diversion represent an additional cost above
and beyond what would be needed to provide sani
tary sewer service and adequate sewage treatment
if sewage effluent were continued to be discharged
in the Lake Michigan basin. Such "add-on" costs
were estimated to approximate $140.7 million.
Similarly, land disposal of sewage effluent was
found to be a waste management concept having
many interrelated problems, not the least of which
would be the extremely large amount of land
needed to successfully dispose of the large vol
ume of waste generated daily within the Region.
Depending upon assumptions made for land re
quirements, the total area required for disposal
of sewage effluent by land treatment in the Region
varies from about 150 to about 360 square miles,
or from about the combined area of four normal
sized townships to an area somewhat larger than
Racine County. Not only do such land require
ments demonstrate the impracticality of applying
land disposal of sewage effluent on a large scale
throughout the Region, but the soil and geological
conditions of the Region render only a small por
tion of the Region well suited for liquid waste
disposal. This is not to say, however, that the
waste management concepts of diversion and land
disposal may not be practical and applicable for a
small, individual community, particularly in the
more rural areas of the Region.

In order to formulate alternative sanitary sewer
age system plans, the Region was divided into
11 distinct subregional areas based upon natural
major watershed divides, the external boundaries
of the Region, existing and potential service areas
of existing centralized sewerage systems, and
existing and probable areas of urban concentra
tion. Eleven such areas were designated (see
Map 53): Milwaukee-Metropolitan, Upper Milwau
kee River, Sauk Creek, Kenosha-Racine, Root
River Canal, Des Plaines River, Upper Fox River,
Lower Fox River, Upper Rock River, Middle Rock
River, and Lower Rock River. A total of 92 indi
vidual sewer service analysis subareas were
identified within the 11 designated subregional
sewerage system planning areas. The adopted
regional land use plan, together with those areas
identified as committed to urban development
since preparation of the land use plan, were used
as the basis for the delineation of the 92 sewer
service analysis areas. Once these areas were
identified, the process of formulating alternative
sewerage system plans could begin. While these
92 sewer service areas comprise the bulk of all
existing and proposed urban development in the
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Region, additional urban areas identified in the
adopted regional land use plan were not included
in the recommended sewer service areas. In
most cases these areas are very small and consist
of clusters of residential and commercial land
uses located either along the shorelines of small
lakes or at rural highway intersections. These
areas were not recommended for sewer service
by 1990 because they are very small and isolated
from other urban development, because they con
sist in part of seasonal homes, are located in
or adjacent to the Kettle Moraine State Forest
where additional urban development should not be
encouraged, or are located on soils fairly well
suited for the use of onsite soil absorption sewage
disposal systems. It is recognized that public
health authorities may advise at some future date
that centralized sanitary sewer service is needed
in one or more of these areas, and it is accord
ingly recommended that analyses be made at such
time of the alternatives that are then available
for the provision of sewer service.

A systematic procedure was utilized to eliminate
from consideration those alternative sanitary sew
erage system plans that were clearly impractical.
An initial screening of potential interconnections
was made based upon Wisconsin Department of
Natural Resources guidelines relating the sewer
lengths required for interconnection to the popula
tions of the communities involved. If a potential

interconnection was found to be feasible based
upon this initial screening, a preliminary eco
nomic analysis was performed to provide gross
cost estimates of the alternatives available, gen
erally the operation of two individual plants ver
sus the operation of one centralized plant. Any
potential interconnection which was found to be
feasible after the preliminary economic analysis
was included as an alternative plan set forth in
this chapter and for which a detailed economic
analysis was performed. It should be noted in this
respect that both the preliminary screening and
the preliminary economic analysis were inten
tionally biased toward interconnection, so that all
practical alternative plans were fully evaluated.

A summary of the alternative sanitary sewerage
system plans evaluated in this chapter is set forth
in Table 222. A total of 38 alternative sanitary
sewerage system plans were fully evaluated. In
addition, 28 system plans were prepared for com
munities in the Region without any interconnection
potential. Thus, a total of 66 sanitary sewerage
system plans for various subareas of the Region
were prepared, costed, and evaluated.

A summary of existing 1970 and planned 1990
sewer service characteristics for the Region are
set forth in Table 223. This summary would be
applicable no matter which of the alternative
sanitary sewerage system plans set forth in this
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Table 222

SUMMARY OF ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

PREPARED FOR THE REGION BY SUBREGIONAL AREA

I
I

1Represents areawide plan for the Milwaukee-Metropolitan Sewerage District
and its contract communities.

'Represents alternative plans considered under the Fox River watershed
study and incorporated by reference into the regional sanitary sewerage sys
tem planning program.

Source: SEWRPC.

"Subregional Area

Milwaukee-Metropolitan ..
Upper Milwaukee River .
Sauk Creek .
Kenosha-Racine..... .. .
Root River Canal .
Des Plaines River ..
Upper Fox River .
Lowerfox River...... .. ..
Upper Rock River .. ..
Middle Rock River .
Lower Rock River ..

Region Total ........

Number of Proposed Number of Alternative
Number of Sewer Sewerage System Plans Sewerage System Plans
Service Subareas for Subareas Without for Subareas With

Identified Interconnection Potential Interconnection Potential

13 11 2
10 7 2
3 1 5
9 5
2 2
6 4 2
5 3'

18 8 5
4 2 2

13 3 3
9 2 7

92 28 38

I
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chapter may ultimately be selected for the Region,
since the population and area served is common
to all alternatives. Assuming full implementation
of such plans, it is estimated that about 2.6 mil
lion persons would be provided with centralized
sanitary sewer service in the Region in 1990, or
about 97 percent of the total anticipated 1990
regional population of nearly 2.7 million persons.
The area proposed to be served by centralized
sanitary sewer service is estimated to approxi
mate 675 square miles, or about 25 percent of the
2,689 square mile area of the Region.

The total proposed 1990 sanitary sewer service
area of about 675 square miles represents in
creases of about 458 square miles over the esti
mated 1963 sewer service area of 217 square
miles, and of about 366 square miles over the
estimated 1970 sewer service area of 309 square
miles (see Chapter V). It is important to recog
nize that about 123 square miles of the 458 square
mile increment in sewer service area proposed to
be added between 1963 and 1990 represents urban
development that existed in 1963, but was not
served with public sewers. The remaining 335
square miles of incremental area is comprised
of about 269 square miles of land recommended
for urban development in the adopted regional
land use plan and included, therefore, in the 1990
urban growth ring, and about 66 square miles of

land area developed or committed for urban
development during the period 1963 through 1973
and lying adjacent to or beyond the recommended
1990 urban development pattern as reflected in
the adopted regional land use plan map (see
Chapter V).

It should be further noted that the proposed incre
ment of about 269 square miles in total area
developed for urban purposes in the regional land
use plan represents a conceptually different, but
related, indicator of land proposed for conversion
from rural to urban use over the 27-year planning
period 1963 through 1990 than the 200 square mile
land area increment referred to in Chapter X of
this report in a discussion of the regional land use
plan. The 200 square mile figure represents the
estimated amount of land that would be actually
converted from a specific rural to a specific urban
land use. The 269 square mile figure refers to
the incremental land area that would be included
within the proposed 1990 urban growth ring under
the adopted regional land use plan and, therefore,
includes, in addition to the 200 square miles of
actually converted land, about 69 square miles of
open space type land-consisting of woodlands,
wetlands, and other open lands-that would remain
in essentially the same use as in 1963 but would
be enveloped by lands actually converted to urban
land uses.

I
I
I
I
I
I
I
I

Table 223

CENTRALIZED SANITARY SEWER SERVICE CHARACTERISTICS

IN THE REGION BY SUBREGIONAL AREA

1970 and 1990

Existing 1970 Planned 1990
Average Average

Area Hydraulic Area Hydraulic
Served Population Loading Population Served Population Loading Population

Subregional Area (Square Miles) Served! (MGD) Unserved! (Square Miles) Served l (MGD) Unserved!

Milwau kee-Metropolitan 207.50 1,096,300 19200 72,800 347.23 1,730,900 236.16 7,100
Upper Milwaukee River. 11.86 35,800 5.29 26,000 26.64 68,600 12.74 9,300
Sauk Creek 2.27 9,600 1.11 3,300 6.86 14,700 3.41 1,800
Kenosha-Racine 46.11 209,400 39.09 17,800 112.86 400,700 84.70 3,000
Root River Canal. 0.74 2,800 0.43 7,100 1.73 7,700 1.43 4,800
Des Plaines River. 1.95 3,600 0.35 7,600 8.37 8,200 2.41 4,500
Upper Fox River. 16.24 58,700 10.69 34,700 72.98 174,800 36.60 2,100
Lower Fox River . 7.61 22,800 3.00 52,000 37.57 73,600 13.76 31,900
Upper Rock River . ......... 2.23 8,500 1.39 12,600 8.50 15,200 3.99 7,200
Middle Rock River. 3.31 13,000 1.97 22,800 29.97 52,400 11.03 6,400
Lower Rock River . 9.64 28,200 3.96 10,600 22.25 52,000 12.14 1,600

Region Total . 309.46 1,488,700 259.28 267,300 674.96 2,598,800 418.37 79,700

lOoes not include seasonal resident population or institutional population
served by private sewage treatment facilities.

Source: SEWRPC.
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Chapter XII

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN

I
I
I
I
I

INTRODUCTION

Previous chapters of this report have presented
in summary form the basic data essential to
sound areawide sanitary sewerage system plan
ning. These have included data on climate; the
hydrologic and hydraulic characteristics of the
Region's lakes and streams; surface and ground
water quality conditions; water use; soil capa
bilities; the kind, location, and intensity of exist
ing and probable future land uses j population
densities; economic activity; existing sanitary
sewerage facilities; locally prepared sanitary
sewerage facility development plans; and the
state-of-the-art of sanitary sewage collection and
treatment. Forecasts of future population and
economic activity levels, land use, and sewage
flows, along with regional sanitary sewerage
development objectives, principles, and standards
and related engineering design criteria, were also
presented as a necessary basis for the preparation
and evaluation of alternative sanitary sewerage
system plans. The Region was divided into sub
regional areas for sanitary sewerage system
planning purposes, these areas being delineated
on the basis of the existing and probable future
urban land use pattern and natural watershed
boundaries. Finally, a series of alternative sani
tary sewerage system plans were presented for
public review and evaluation. These alternatives
included such broad conceptual approaches as
diversion of treated sewage effluent from one
major watershed to another and land disposal of
treated sewage effluent, in addition to the con
tinued use of conventional centralized sanitary
sewerage systems discharging treated effluent to
surface waters. Particularly careful considera
tion was given in the preparation of the alterna
tives to the level of waste treatment required
to achieve the established water use objectives
and to the best means of sewering subareas of
the Region. A particularly important question
addressed with respect to the means of sewerage
was whether each subarea of the Region consid
ered could best be served by a single sewage
treatment facility or by multiple sewage treat
ment facilities.

The selection of the best alternative for each sub
area of the Region from among the various alter-

natives considered must be based upon a careful
evaluation of many factors, both tangible and
intangible. Considerable emphasis in the evalua
tion of the alternatives, however, was placed upon
the accompanying costs, since all of the alterna
tives presented were designed to meet the estab
lished sanitary sewerage system development
objectives and, particularly, the established water
use objectives. Based upon the evaluations pre
sented in the preceding chapter of this report,
a recommended sanitary sewerage system plan
for each subarea of the Region is herein recom
mended for adoption, the recommended plans
for each subarea together constituting the recom
mended regional sanitary sewerage system plan.
The final selection of the alternatives for each
subarea to be included in the adopted regional
sanitary sewerage system plan must ultimately
be made by the responsible public officials and
not by the planning technicians, although the latter
may properly make recommendations based upon
evaluation of the engineering, economic, and legal
considerations involved. The final plan selection
process must, therefore, involve the extensive
use of advisory committees, public informational
meetings, and formal public hearings as described
in Chapter II of this report.

This chapter presents a description of the rec
ommended regional sanitary sewerage system
plan as synthesized from the various alternatives
considered for each subarea. In addition, this
chapter presents a description of certain auxiliary
plan elements relating essentially to all of the
recommended plan elements for each subarea of
the Region, together with an analysis of the eco
nomic feasibility of plan implementation. Finally,
the chapter analyzes the relationship of the rec
ommended regional sanitary sewerage system
plan to potential changes in population and to
economic development trends within the Region,
changes indicated by the revised year 1990 and
new year 2000 population and employment fore
casts prepared by the Commission, forecasts
which became available as the regional sanitary
sewerage system planning program was near
ing completion.

It should be noted that the recommended sanitary
sewerage system plan presented herein repre-
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sents, in some cases, a refinement of the most
cost effective alternative plan for the subarea as
presented in the previous chapter of this report.
These refinements consist solely of changes or
additions to the trunk sewer networks originally
proposed in the alternative plans. Such changes
or additions resnlted from a review of the best
alternative for each subarea by the local public
works officials concerned with the construction,
maintenance, and operation of the sanitary sewer
age system in each subarea.

SEWER SERVICE AREAS

The areas within the Region recommended for
sanitary sewer service by the plan design year
are shown in graphic form on Map 131. These
service areas are based upon the adopted regional
land use plan as refined to inc lude certain areas
committed to urban development since the prepa
ration of the adopted land use plan which lay
beyond the urban area limits originally delineated
on the plan. This refinement was based upon
analysis of new existing land use inventories con
ducted by the Commission in 1967 and 1970 since
adoption of the regional land use plan.

The designated sanitary sewer service areas are
designed to accommodate urban growth within the
Region over the next two to three decades. The
specific placement of future urban development
in both time and space within the broad conceptual
framework of the adopted regional land use and
regional sanitary sewerage system plans is the
responsibility of local public officials. Accord
ingly, a certain amount of flexibility has been
incorporated into the designated sewer service
areas to facilitate local implementation. This
flexibility derives from the population density
ranges, as well as from certain of the engineering
design criteria utilized in the plan preparation,
and generally permits a broad range of housing
types and styles and, therefore, of population
densities, and a reasonable range of commercial
and industrial land use intensities to be accom
modated within the areas designated for future
urban use. In some cases, new urban development
may be placed in certain areas beyond the limits
oft the service areas shown on the recommended
plan map and still meet the adopted land use and
sanitary sewerage system development objectives,
provided that such areas can be served by the
rational outward extension of existing gravity
drainage sanitary sewerage facilities.
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The provision of centralized sanitary sewer ser
vice to all of the areas designated for such service
on the recommended plan map (Map 131) would
result in service being provided to a total area
of about 675 square miles, or about 25 percent
of the total area of the Region. In 1970 a total
area of about 309 square miles, or about 11 per
cent of the total area of the Region, was served
by centralized sanitary sewerage facilities. If
the recommended plan is fully implemented, about
2.6 million persons would be provided with cen
tralized sanitary sewer service in the Region by
1990, or about 97 percent of the total anticipated
1990 regional population of nearly 2.7 million
persons (see Table 224). It should be noted that
the incremental area recommended to be served
by sanitary sewerage facilities totals about 366
square miles'! This is a considerably smaller
area than the total of nearly 450 square miles into
which locally proposed plans would extend service
by the design year. This reduction in required
sewer service area reflects the effect of proper
consideration of areawide development objectives
and areawide land use and sewerage system plans
on the sewerage system planning process.

It is important to note that while the regional
sanitary sewerage system plan recommends the
provision of centralized sanitary sewer service to
much of the urban land use pattern recommended
in the adopted regional land use plan, some urban
areas identified on the land use plan are not
included within the recommended 1990 sewer ser
vice areas. In most cases these areas are very
small, and consist of isolated enclaves of resi
dential and commercial land uses located either
along the shorelines of inland lakes or at rural
highway intersections. Such areas were not
included in a recommended sewer service area
for a number of reasons, including the very small
size and isolated nature bf some of this develop
ment; the presence of a significant number of
seasonal homes; location in or adjacent to the
Kettle Moraine State Forest where additional
urban development should not be encouraged; or
location on soils generally well suited for the use
of onsite soil absorption sewage disposal systems.
Should serious public health hazards or a serious
ground or surface water pollution problem develop

lFor a discussion relating this incremental sewer ser
vice area to the area recommended for incremental
urban development in the regional land use plan, see
the subsection of Chapter XI entitled "Summary."

I
I
I
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in any of these areas at some future date and,
as a result, centralized sanitary sewer service
become necessary, it is recommended that care
ful engineering and economic analyses be made
at that time of the alternatives available for the
provision of such- service, including careful con
sideration of connection to any existing sewerage
systems located in proximity to the problem area.

SEWAGE TREATMENT FACIlITIES

Public
The recommended regional sanitary sewerage
system plan proposes to provide treatment for
sewage generated in the recommended 1990 sani
tary sewer service areas at a total of 52 public
sewage treatment facilities. The recommended
location of these 52 facilities is shown on Map 131.

In order to meet the established water use objec
tives and supporting water quality standards for
the streams in the Southeastern Wisconsin Region,
as well as to meet the recommendations set forth
for Lake Michigan by the Lake Michigan Enforce
ment Conference,2 the plan recommends that 410f
the 52 public sewage treatment facilities provide
advanced waste treatment, and that the remaining

2 For a discussion of the Lake Michigan Enforcement

Conference recommendations, see pp. 302-303 of this

report.

11 plants provide secondary waste treatment.
Thus, the provision of advanced waste treatment to
achieve the established water use objectives may
be considered to constitute the basic water quality
management recommendation in the regional sani
tary sewerage system plan. In 1970, only three of
the 64 existing public sewage treatment facilities
provided a level of treatment beyond secondary.
Of the remaining 61 facilities, three provided only
a primary level of waste treatment, while 58 pro
vided a secondary level of waste treatment.

Full implementation of the recommended regional
sanitary sewerage system plan would permit the
abandonment of 22 existing public sewage treat
ment facilities.3

,4 Implementation of the recom
mended plan would require the construction of
10 new sewage treatment plants within the Region.

3 Four of these 22 treatment facilities were abandoned

prior to final publication of this report: the Oak

view Subdivision facility in the City of Oak Creek

(abandoned in 1971); the Mission Hills facility in

the City of Franklin (abandoned in 1973); the County

Line facility in the Village of Germantown (abandoned

in 1973); and the old Fox River facility in the City

of Brookfield (abandoned in 1973).

4 0ne additional treatment facility--the Northeast

District plant in the City of Muskego--has been

placed into operation since the sewerage system

inventory was completed in 1970. Implementation of

the recommended plan will also permit abandonment of
this plant.

Table 22~

PUBLIC SANITARY SEWER SERVICE CHARACTERISTICS IN THE REGION BY SUBREGIONAL AREA
EXISTING 1970 AND RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN: 1990

Existing 1970 Recommended Plan 1990
Population Population

Area Served! Unserved Total Average Area Served! Unserved Total Average
Served Hydraulic Served Hydraulic
(Square Per- Per- Per- Loading (Square Per- Per- Per- Loading

Subregional Area Miles) Number cent Number cent Number cent (MGD) Miles) Number cent Number cent Number cent (MGD)

Milwaukee-Metropolitan ...... 207.50 1,096,300 93.8 72,800 6.2 1,169,100 100 192.00 347.23 1,730,900 996 7,100 0.4 1,738,000 100 236.16
Upper Milwaukee River. 11.86 35,800 57.9 26,000 42.1 61,800 100 5.29 26.64 68,600 88.1 9,300 11.9 77,900 100 12.74
Sauk Creek ................. ,.,. 2.27 9,600 74.4 3,300 25.6 12,900 100 1.11 6.86 14,700 89.1 1,800 109 16,500 100 3.41
Kenosha-Racine ... 46.11 209,400 92.2 17,800 7.8 227,200 100 39.09 11286 400,700 99.3 3,000 0.7 403,700 100 8470
Root River Canal .. 0.74 2,800 28.3 7,100 71.7 9,900 100 0.43 1.73 7,700 61.6 4,800 38.4 12,500 100 1.43
Des Plaines River .. 1.95 3,600 32.1 7,600 67.9 11,200 100 0.35 8.37 8,200 64.6 4,500 35.4 12,700 100 2.41
Upper Fox River. 16.24 58,700 63.0 34,700 37.0 93,400 100 10.69 72.98 174,800 99.0 2,100 1.0 176,900 100 36.60
Lower Fox River 761 22,800 305 52,000 69.5 74,800 100 3.00 37.57 73,600 70.0 31,900 30.0 105,500 100 13.76
Upper Rock River ..... 2.23 8,500 40.3 12,600 59.7 21,100 100 1.39 8.50 15,200 68.0 7,200 32.0 22,400 100 3.99
Middle Rock River ... 3.31 13,000 36.3 22,800 63.7 35,800 100 1.97 2997 52,400 89.1 6,400 10.9 58,800 100 11.03
Lower Rock River. 964 28,200 73.0 10,600 27.0 38,800 100 3.96 22.25 52,000 97.0 1,600 30 53,600 100 12.14

Region Total . ...... 309.46 1,488,700 85.0 267,300 150 1,756,000 100 259.28 67496 2,598,800 970 79,700 30 2,678,500 100 418.37

!Ooes not include institutional population serviced by private sewage treat
ment facilities or seasonal resident population.

Source: SEWRPC.
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Thus, full implementation would result in a net
decrease of 12 sewage treatment plants within the
Region by the design year.

Recommended sewage treatment levels and per
formance standards, average hydraulic design
capacities, and population levels to be served
by 1990 for each of the 52 recommended public
sewage treatment facilities in the Region are set
forth in Table 225; detailed cost estimates for the
recommended construction of new plants and for
improvements at existing plants are set forth in
Table 226; and a detailed listing of those 22 public
sewage treatment facilities proposed to be aban
doned upon full implementation of the plan is set
forth in Table 227. The following discussion
summarizes the public sewage treatment facility
recommendations contained in the regional sani
tary sewerage system plan by subregional area,
as those areas were identified in Chapter XI of
this report.

Milwaukee-Metropolitan Subregional Area: The
recommended plan proposes that three public
sewage treatment facilities serve the Milwaukee
Metropolitan subregional area by 1990. These
three facilities are the Jones Island and South
Shore treatment plants operated by the Milwaukee
Metropolitan Sewerage Commissions and the South
Milwaukee plant operated by the Ci ty of South
Milwaukee. All three plants are recommended to
provide an advanced level of waste treatment for
phosphorus removal. Together the three plants
are anticipated to serve a total population of over
L 7 million persons by 1990, or about 99 per
cent of the anticipated 1990 population of this
subregional area. The Milwaukee-metropolitan
system would constitute by far the single largest
and most significant sanitary sewerage system
within the Region in 1990, as it did in 1970.

A total of 13 existing public sewage treatment
facilities would be abandoned upon full imple
mentation of the recommended sanitary sewerage
system plan in the Milwaukee-Metropolitan sub
regional area. These include the Hales Corners
facility, operated by the Milwaukee-Metropolitan
Commissions; the Oakview Subdivision facility
operated by the City of Oak Creek;5 the Mission
Hills facility in the City of Franklin operated by
the Mission Hills Water and Sewer Trust;6 the

5This facility was abandoned in 1971.

6 This facility was abandoned in 1973.
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the Rawson Homes facility in the City of Franklin
operated by the Rawson Homes Sewer and Water
Trust; the Thiensville facility operated by the
Village of Thiensville; the Caddy Vista facility
operated by the Caddy Vista Sanitary District in
the Town of Caledonia; the Old Village facility
operated by the Village of Germantown; the County
Line facility operated by the Village of German
town;? the Big Muskego Lake facility operated by
the City of Muskego; the Greenridge facility
operated by the City of New Berlin; the Regal
Manors facility operated by the City of New
Berlin; the Pilgrim Road facility operated by
the Village of Menomonee Falls; and the Lilly
Road facility operated by the Village of Menomo
nee Falls.s

Upper Milwaukee River Subregional Area: The
recommended plan proposes that nine public
sewage treatment facilities serve the Upper Mil
waukee River subregional area by 1990. These
nine facilities would be operated by the Cities of
Cedarburg and West Bend; the Villages of Fre
donia, Grafton, Jackson, Kewaskum, and Sauk
ville; the Newburg Sanitary District in the Towns
of Trenton and Saukville;9 and a proposed sanitary
or utility district in the Town of Farmington to
serve urban development along the shoreline of
Green Lake. The facilities operated by the City
of West Bend and the Village of Jackson would be
required to provide an advanced level of waste
treatment for both phosphorus removal and nitri
fication; the facilities operated by the City of
Cedarburg and the Villages of Grafton, Kewaskum,
and Saukville would be required to provide an
advanced level of waste treatment for phosphorus
removal only; the facility proposed to serve the
Green Lake urban area would be required to pro
vide an advanced level of waste treatment for
nitrification only; with the remaining facilities
serving the Village of Fredonia and the Newburg
Sanitary District required to provide a secondary
level of waste treatment only. The recommenda
tion to provide advanced waste treatment for

?This facility was abandoned in 1973.

SOne additional facility--the Northeast District

plant operated by the City Qf Muskego--which was

placed into operation after 1970, the base year of

the plan, would also be abandoned.

9 an November 5, 1973, the Newburg Sanitary District

was incorporated as the Village of Newburg.
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Table 225

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGION

1990

Type of Sewage Recommended
Estimated 1990 Recommended Treatment Assumed Performance Standards

Average Hydraulic Sewage For Cost Analysis in Terms of Effluent Quality
Sewage Treatment Plant Area(s) Design Capacity Estimated 1990 Treatment Purposes In (All Numbers Represent

(By Subregional Area) Served (MGD) Population Served Level(s) Plan Preparation Annual Averages)

MILWAUKEE·METROPOLITAN
SUBREGIONAL AREA

Milwaukee·Metropolitan Milwa ukee·Metropolitan 200.0 1,701,100 Secondary Activated Sludge CBOD s Discharge: 15 mg/I
Sewerage Commissions-- Sewerage District Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/IJones Island Plant Mequon

Thiensville Auxiliary Disinfection Fecal Coliform Concentration:
Germantown 200/100 ml
Menomonee Falls Secondary Activated Sludge CBOD s Discharge: 15 mg/IMilwaukee·Metropolitan Butler 120.0

Sewerage Commissions-- Brookfield Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
South Shore Plant Elm Grove Auxiliary Disinfection Fecal Coliform Concentration:New Berlin

Muskego 200/100 ml
Raymond
Caddy Vista

South Milwaukee South Milwaukee 6.0 27,500 Secondary Activated Sludge CBODs Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

UPPER MILWAUKEE RIVER
SUBREGIONAL AREA

Kewaskum Kewaskum 0.92 3,200 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

West Bend West Bend 6.10 32,500 Secondary Activated Sludge CBOD s Discharge: 15 mg/I
Tri-Lakes Advanced Nitrification NH,·N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Jackson Jackson 0.50 1,700 Secondary Activated Sludge CBOD s Discharge: 15 mg/I

Advanced Nitrification NH,·N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Newburg Newburg 0.12 1,100 Secondary Activated Sludge CBOD s Discharge: 15 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Fredonia Fredonia 0.23 1,800 Secondary Activated Sludge CBOD s Discharge: 15 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Grafton Grafton 1.90 10,700 Secondary Activated Sludge CBOD s Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Cedarburgl Cedarburg 2.48 14,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Green Lake Green Lake 0.09 700 Secondary Aerated Lagoon CBOD, Discharge: 15 mg/I

Advanced Nitrification NH, ·N Discharge: 1.5 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Saukville Saukville 0.40 2,600 Secondary Activated Sludge CBOD s Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml
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Table 225 (continued)

Type of Sewage Recommended
Estimated 1990 Recommended Treatment Assumed Performance Standards

Average Hydraulic Sewage For Cost Analysis in Terms of Effluent Quality
sewa~e Treatment Plant Area(s) Design Capacity Estimated 1990 Treatment Purposes In (All Numbers Represent

(By ubregional Area) Served (MGD) Population Served Level(s) Plan Preparation Annual Averages)

SAUK CREEK
SUBREGIONAL AREA

Port Washington Port Washington 2.60 12,400 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Belgium Belgium 0.81 2,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Lake Church Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml

KENOSHA-RACINE
SUBREGIONAL AREA

Racine Racine 48.5 220,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Crestview-North Park Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ICaledonia
Stu rtevant- Auxiliary Disinfection Fecal Coliform Concentration:

Mt. Pleasant 200/100 ml
Sanders Pa rk

Kenosha Kenosha 36.2 180,400 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Parkside Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/ISomers
Carol Beach Auxiliary Disinfection Fecal Coliform Concentration:

2001100 ml

ROOT RIVER CANAL
SUBREGIONAL AREA

Union Grove Union Grove 1.882 9,700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Wisconsin Southern Advanced Nitrification NH rN Discharge: 1.5 mg/IColony

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Wisconsin Southern Wisconsin Southern 0.4Q2 2,0003 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Colony Colony

DES PLAINES RIVER
SUBREGIONAL AREA

Bristol Bristol-Lake George 0.32 1,500 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Bristol-IH94 Bristol-IH94 0.33 1,60()4 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Pleasant Prairie- Pleasant Prairie- 0.09 800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
North North Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Pleasant Prairie- Pleasant Prairie- 0.60 2,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

South South Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Paddock Lake Paddock Lake 0.80 3,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Hooker Lake Hooker-Montgomery 0.27 1,300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Lakes Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml
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Table 225 (continued)

Type of Sewage Recommended
Estimated 1990 Recommended Treatment Assumed Performance Standards

Average Hydraulic Sewage For Cost Analysis in Terms of Effluent Quality
Sewage Treatment Plant Area(s) Oesign Capacity Estimated 1990 Treatment Purposes In (All Numbers Represent
(By Subregional Area) Served (MGD) Population Served Level(s) Plan Preparation Annual Averages)

UPPER FOX RIVER
SUBREGIONAL AREA

Brookfield Brookfield-New 19.10 91,600 Secondary Activated Sludge CBOD , Discharge: 15 mg/I
Berlin Advanced Nitrification NH 3 -N Discharge: 1.5 mg/ILannon-Menomonee
Falls Phosphorus Removal Phosphorus Discharge: 1 mg/I

Sussex Auxiliary Disinfection Fecal Coliform Concentration:Pewaukee 200/100 ml
Waukesha Waukesha 17.50 83,200 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
2001100 ml

LOWER FOX RIVER
SUBREGIONAL AREA

Mukwonago Mukwonago 1.39 7,800 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I
Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

EastTroy East Troy 093 4,700 Secondary Activated Sludge CBOD, Discharge: 15 mg/I
Potter Lake Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Lake Geneva Lake Geneva 2.70 14,100 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Lake Como Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
2001100 ml

Lyons Lyons 0.15 700 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Genoa City Genoa City 0.30 1,800 Secondary Activated Sludge CBOD, Discharge: 15 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Wind Lake Wind Lake 145 6,900 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

2001100 ml
Eagle Lake Eagle Lake 0.32 1,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Rochester' Waterford-Rochester 150 8,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Tichigan Lake Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
2001100 ml

Burlington Burlington 2.50 15,000 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

Silver Lake Silver Lake 0.71 3,300 Secondary Activated Sludge CBOD, Discharge: 15 mg/I

Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
II200/100 ml
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Table 225 (continued)

Type of Sewage Recommended
Estimated 1990 Recommended Treatment Assumed Performance Standards

Average Hydraulic Sewage For Cost Analysis in Terms of Effluent Quality
Sewa§e Treatment Plant Area(s) Design Capacity Estimated 1990 Treatment Purposes In (All Numbers Represent

(By ubregional Area) Served (MGD) Population Served Level(s) Plan Preparation Annual Averages)

SUBREGIONAL AREA
LOWER FOX RIVER

(Continued)
Twin Lakes Twin Lakes 0.75 4,200 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/l
Phosphorus Removal Phosphorus Discharge: 1 mg/l

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Camp Lake Camp-Center Lakes 1.06 4,900 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l
Wilmot Advanced Phosphorus Removal Phosphorus Discharge: 1 mg/lCross Lake
Rock Lake Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

UPPER ROCK RIVER
SUBREGIONAL AREA

Allenton Allenton 0.36 1,700 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/l

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/l
Disinfection Fecal Coliform Concentration:

200/100 ml

Slinger Slinger 0.67 3,200 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/l

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Hartford Hartford 2.96 10.100 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l
Pike Lake Advanced Nitrification NHJ -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

MIDDLE ROCK RIVER
SUBREGIONAL AREA

Merton Merton 0.38 1,700 Secondary Aerated Lagoon CBODs Discharge: 15 mg/l

Advanced Nitrification NHJ -N Discharge: 1.5 mg/l
Phosphorus Removal Phosphorus Discharge: 1 mg/l

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml
Wales Wales 0.23 1,100 Secondary Aerated Lagoon CBOD 5 Discharge: 15 mg/l

Advanced Nitrification NH 3 -N Discharge: 1.5 mg/l
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Dousman Dousman 0.46 2.200 Secondary Activated Sludge CBODs Discharge: 15 mg/l
Auxiliary Effluent Aeration DO in Effluent: 6 mg/l

Disinfection Fecal Coliform Concentration:
200/100 ml

Oconomowoc Oconomowoc- 6.16 29.300 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/l
Lac LaBelle Advanced Nitrification NH J ·N Discharge: 1.5 mg/lOconomowoc Lake

Okauchee Lake Phosphorus Removal Phosphorus Discharge: 1 mg/l
North Lake Auxiliary Effluent Aeration DO in Effluent: 6 mg/lPine Lake
Beaver Lake Disinfection Fecal Coliform Concentration:
Silver Lake 200/100 ml

Delafield Hartland 3.80 18,100 Secondary Activated Sludge CBOD s Discharge: 15 mg/l
Delafield- Advanced Nitrification NH 3 ·N Discharge: 1.5 mg/lNashotah
Nashotah- Phosphorus Removal Phosphorus Discharge: 1 mg/l

Nemahbin Lakes Auxiliary Effluent Aeration DO in Effluent: 6 mg/l

Disinfection Fecal Coliform Concentration:
200/100 ml
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Table 225 (continued)

Type of Sewage Recommended
Estimated 1990 Recommended Treatment Assumed Performance Standards

Average Hydraulic Sewage For Cost Analysis in Terms of Effluent Quality
Sewage Treatment Plant Area(s) Design Ca pacity Estimated 1990 Treatment Purposes In (All Numbers Represent

(By Subregional Area) Served (MGD) Population Served Level(s) Plan Preparation Annual Averages)

LOWER ROCK RIVER
SUBREGIONAL AREA

Whitewater Whitewater 3.66 15,500 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Advanced Nitrification NHJ -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Sharon Sharon 0.55 2,600 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Advanced Nitrification NH,-N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1.5 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Delavan Delavan 4.17 22,700 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Delavan Lake Advanced Nitrification NH J-N Discharge: 1.5 mg/IElkhorn

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Darien Darien 0.59 2,800 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
Fontana Fontana 0.82 3,100 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
2001100 ml

Walworth Walworth 0.95 5,200 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
Advanced Nitrification NH J-N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Williams Bay Williams Bay 1.40 6,500 Secondary Activated Sludge CBODs Discharge: 15 mg/I

Auxiliary Disinfection Fecal Coliform Concentration:
200/100 ml

I
I
I
I
I
I

'Assumes the construction of an outfall sewer from the existing Cedarburg
sewage treatment plant to the Milwaukee River.

'Under the recommended plan, the Union Grove sewage treatment plant would
provide secondary waste treatment and advanced waste treatment for phos
phorus removal for the influent sewage from the Union Grove sewer service
area (1.43 MGD) and advanced waste treatment for nitrification and auxiliary
waste treatment for effluent aeration and disinfection for the influent sewage
from both the Union Grove and Wisconsin Southern Colony sewer service
areas (188 MGD).

Source: SEWRPC.

phosphorus removal at Cedarburg is coupled with
a recommendation to construct an outfall sewer
from the existing plant site to the Milwaukee
River to avoid the need to provide for additional
advanced waste treatment for nitrification at the

'Equivalent population based on projected institutional waste flow of 0.40
MGD.

'Population equivalent based on a projected industrial-commercial waste
loading of 0.33 MGD.

SPlant operated by the Western Racine County Sewerage District.

Cedarburg plant site. The West Bend sewage
treatment facility is recommended to serve not
only the City of West Bend and environs but also
urban development along the shorelines of Big
Cedar, Little Cedar, and Silver Lakes as initially
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Tab! e 226

DETAILED COST ESTIMATES FOR SEWAGE TREATMENT PLANTS
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGION

1990

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Sewage Treatment Plant
Operation Operation

Capital and and
(By Subregional Area) Construction Construction Maintenance Total Construction Maintenance Total

MILWAUKEE-METROPOLITAN
SUBREGIONAL AREA

Milwaukee-Metropolitan
Sewerage Commissions
Jones Island Plant

Facilities {200.0 MGDI ..................... ....................... ...... $ -- $ 8,689,600 $ 65,309,800 $ 73,999,400 $ 551,300 $ 4.143,500 $ 4,694,800
Outfall Sewer ......................................................... 2,632,500 1,929,300 -- 1,929,300 122,400 -- 122,400

Subtotal . 2,632,500 10,618,900 65,309,800 75,928,700 673,700 4,143,500 4,817,200

Milwaukee Metropolitan
Sewerage Commissions--
South Shore Plant

Facilities (120.0 MGD) ...... .. .... .... ..................... 26,865,000 25,805,500 40,057,500 65,863,000 1,637,200 2,541,400 4,178,600

South Milwaukee
Facilities (6.0 MGD) ... ..... ....... .... ....................... ........ 1,668,000 1,862,000 3.199,700 5,061,700 118,300 203,000 321.300
Outfall Sewer . ....... .. .... ......... ........................... 270,000 198,600 -- 198,600 12,600 -- 12,600

Subtotal . ............. ...... .... .... ........ ........ ...... 1,938,000 2,060,600 3,199,700 5,260,300 130,900 203,000 333,900

Subregional Area Subtotal ....... .... .. ....... ..... ...... ... ... $ 31,435,500 $ 38,485,000 $108,567,000 $147,052,000 $2,441,800 $ 6,887,900 $ 9,329,700

UPPER MILWAUKEE RIVER
SUBREGIONAL AREA

Kewaskum
Facilities (0.92 MGD) .............. .................. .. $ 1,037,000 $ 935,000 $ 872,000 1,807,000 $ 59,500 $ 55,500 $ 115,000
Land (3.3 Acres) 16,500 12,100 12,100 800 800

Subtotal ..... 1,053,500 947,100 872,000 1,819,100 60,300 55,500 115,800

West Bend
Facilities (6.10 MGD) ................ 2,620AOO 3,609,100 6,008,000 9,617,100 228,700 407,300 636,000
Land (5.4 Acres) ...... .................................. 27,000 27,000 27,000 1,700 1,700

Subtotal ..................................................... 2,647,400 3,636,100 6,008,000 9,644,100 230,400 407,300 637,700

Jackson
Facilities (0.50 MGD) ........................... 824,100 1,016,400 1,210,500 2,226,900 64,400 76,700 141,100
Land (2.8 Acres) .... ........................... 14,000 14,000 14,000 900 900

Subtotal ......... ...................... 838,100 1,030,400 1,210,500 2,240,900 65,300 76,700 142,000

Newburg
Facilities (0.12 MGD) ........................ $ 98,400 $ 140,000 $ 229,000 $ 369,000 $ 8,900 $ 14,500 $ 23,400
Land (1.8 Acres) ....... ....................... 9,000 9,000 9,000 600 600

Subtotal .......................... ............... 107,400 149,000 229,000 378,000 9,500 14,500 24,000

Fredonia
Facilities (0.23 MGD) ............ .................. 146,600 212,600 333,800 546,400 13,500 21,200 34,700
Land (2.1 Acres) ........ ................ 10,500 11.000 11.000 700 700

Subtotal .. ................ 157,100 223,600 333,800 557,400 14,200 21,200 35,400

Grafton
Facilities (1.90 MGD) .... ......................... 654,800 734,500 1,453,300 2,187,800 46,600 92,200 138,800
Land (3.2 Acres) ...... .................. 16,000 11,000 11,000 700 700

Subtotal ... ............................ 670,800 745,500 1,453,300 2,198,800 47,300 92,200 139,500
Cedarburg

Facilities (2.48 MGD) ..................... ..................... 898,300 1,296,300 2,723,200 4,019,500 82,200 172,800 255,000
Outfall Sewer ........................................ ..................... 261,100 261,400 8,500 269,900 16,600 500 17,100
Land (3.7 Acres) .................. .. ................... 18,500 18,500 18,500 1,200 1,200

Subtotal .................................... ............................ 1,177,900 1,576,200 2,731,700 4,307,900 100,000 173,300 273,300
Green lake

Facilities (0.09 MGD) ..................................................... 45,900 41,000 44,100 85,100 2,600 2,800 5,400
Land (6.6 Acres) .................. ................................. 33,000 23,600 23,600 1,500 1,500

Subtotal ................. 78,900 64,600 44,100 108,700 4,100 2,800 6,900
Saukville

Facilities (0.40 MGD) ..... ................ ................. 176,600 284,600 530,700 815,300 18,000 33,700 51,700
Land (2.2 Acres) .. ............... ...................... 11.000 11,000 11,000 700 700

Subtotal ......................... ............... ............... 187,600 295,600 530,700 826,300 18,700 33,700 52,400

Subregional Area Subtotal .... ....................... ........ $ 6,918,700 $ 8,668,100 $ 13,413,100 $ 22,081,200 $ 549,800 $ 877,200 $ 1,427,000
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Table 226 (continued)

Estimated Cost

I Sewage Treatment Plant
(By Subregional Area)

Capital
Construction

Present Worth (1970·2020)
Operation

and
Construction Maintenance Total

Equivalent Annual (1970·2020)
Operation

and
Construction Maintenance Total

I
I

SAUK CREEK SUBREGIONAL AREA

Port Washington
2,824,500 $ 63.400 $ 115,800 $Facilities (2.60 MGD) ........... ... ............ ....................... $ 892,000 $ 999,300 $ 1,825,200 $ 179,200

Outfall Sewer .... ...... ........... .. ........... ...... ...... ........ 908,000 848,000 157,600 1,005,600 53,800 10,000 63,800
Land (3.8 Acres) ................... .. ..... ............ ............... 19,000 14,000 -- 14,000 900 -- 900

Subtotal ...... ...... ................. ............... ....... .. 1,819,000 1,861,300 1,982,800 3,844,100 118,100 125,800 243,900

Belgium
1,744,800 73,500 37,200 110,700Facilities (0.81 MGD) .......... .... ..... ...... , ....................... 1,282,500 1,158,500 586,300

Land (3.1 Acres) .... ............ .. .... .......... .. .... 15,500 11,000 -- 11,000 600 -- 600

Subtotal .... .... ... ........... .... ....... ........ ........ ....... 1,298,000 1,169,500 586,300 1,755,800 74,100 37,200 111,300

ROOT RIVER CANAL SUBREGIONAL AREA
Union Grove

Facilities (1.43 MGD & 1.88 MGD)! ......... .......................... $ 2,092,500 $ 1,889,900 $ 1,435,900 $ 3,325,800 $ 119,900 $ 91,100 $ 211,000
Land (4 Acres) ........ ................ ............................ , ..... 20,000 14,200 -- 14,200 900 -- 900

Subtotal ........ ...... ........... .................................... 2,112,500 1,904,100 1,435,900 3,340,000 120,800 91,100 211,900
Wisconsin Southern Colony

Facilities (0.40 MGD) . ..................... ............................ -- 85,100 285,300 370,400 5,400 18,100 23,500
Subtotal ................................... .. ......................... -- 85,100 285,300 370,400 5,400 18,100 23,500

Subregional Area Subtotal ................ .......................... $ 2,112,500 $ 1,989,200 $ 1,721,200 $ 3,710,400 $ 126,200 $ 109,200 $ 235,400

KENOSHA·RACINE SUBREGIONAL AREA
Racine

Facilities (48.5 MGD) .... ................ .............. ......... .. ... $ 11,600,000 $ 11,806,000 $ 22,619,000 $ 34,425,000 $ 749,000 $ 1,435,000 $ 2,184,000
Land (13 Acres) ............... ...... .... .............. ....... .. ..... 975,000 728,000 -- 728,000 46,200 -- 46,200

Subtotal .. .......... , ............... ........... ...... .. ..... ...... 12,575,000 12,534,000 22,619,000 35,153,000 795,200 1,435,000 2,230,200
Kenosha

Facilities (36.2 MGD) .. ......... .... ................ .... ............ 4,200,000 5,391,000 17,527,000 22,918,000 342,000 1,112,000 1,454,000
Land (14 Acres) ......... ..... .......... ............. ................. 140,000 99,000 -- 99,000 6,300 -- 6,300

Subtotal ... ...... .... .... ... ............. ...... ....... .......... 4,340,000 5,490,000 17,527,000 23,017,000 348,300 1,112,000 1,460,300

Subregional Area Subtotal ... ............ ....... ......... .. ...... $ 16,915,000 $ 18,024,000 $ 40,146,000 $ 58,170,000 $1,143,500 $ 2,547,000 $ 3,690,500

I
I
I
I
I
I

Subregional Area Subtotal . $ 3,117,000 $ 3,030,800 $ 2,569,100 $ 5,599,900 $ 192,200 $ 163,000 $ 355,200

I
I
I
I
I
I
I
I

DES PLAINES RIVER SUBREGIONAL AREA
Bristol

Facilities (0.32 MGD) ......... " ............. $ 589,000 $ 545,000 $ 478,000 $ 1,023,000 $ 34,600 $ 30,300 $ 64,900
Land (2.4 Acres) ........... ......................... 12,000 8,800 8,800 600 600

Subtotal .................................... .. ............ 601,000 553,800 478,000 1,031,800 35,200 30,300 65,500

Bristol·IH 94
Facilities (0.33 MGD) ................. 496,100 448,300 276,200 724,500 28,400 17,500 45,900
Land (2.5 Acres) ..................... 12,500 9,500 9,500 600 600

Subtotal ..... ...................... 508,600 457,800 276,200 734,000 29,000 17,500 46,500

Pleasant Prairie--North
Facilities (0.09 MGD) ....................... ............................ 20,500 53,600 74,100 1,300 3,400 4,700
Outfall Sewer ............................ ............................... 87,100 63,000 1,600 64,600 4,000 100 4,100

Subtotal ................. ................................ 87,100 83,500 55,200 138,700 5,300 3,500 8,800

Pleasant Prairie--South
Facilities (0.60 MGD) ................... .. .............. 905,200 818,000 687,200 1,505,200 51,900 43,600 95,500
Land (3.0 Acres) .... ................. ............... 15,000 11,000 11,000 700 700
Outfall Sewer ............... 70,900 52,000 3,200 55,200 3,300 200 3,500

Subtotal. 991,100 881,000 690,400 1,571,400 55,900 43,800 99,700

Paddock Lake
Facilities (0.80 MGD) .............. 766,000 774,000 922,000 1,696,000 49,100 58,500 107,600
Land (2.9 Acres) ......... ................... .............. 14,500 10,600 10,600 700 700

Subtotal ... 780,500 784,600 922,000 l,706,600 49,800 58,500 108,300
Hooker Lake

Facilities (0.27 MGD) ., ............ , .... 204,000 249,000 308,000 557,OaO 15,800 19,400 35,200
Land (2.3 Acres) . 11,500 8,400 8,400 500 500

Subtotal 215,500 257,400 308,000 565,400 16,300 19,400 35,700

Subregional Area Subtotal ................ $ 3,183,800 $ 3,018,100 $ 2,729,800 $ 5,747,900 $ 191,500 $ 173,000 $ 364,500
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Table 226 (continued)

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Sewa§e Treatment Plant Capital and and

(By ubregional Area) Construction Construction Maintenance Total Construction Maintenance Total

UPPER FOX RIVER SUBREGIONAL AREA
Brookfield

Facilities (19.1 MGD) .................................................... $ 14,178,000 $ 10,482,000 $ 8,811,000 $ 19,293,000 $ 665,000 $ 559,000 $ 1,224,000
land (17.0 Acres) ............. ......................................... 82,500 60,500 -- 60,500 3,800 -- 3,800

Subtotal ................................................................ 14,260,500 10,542,500 8,811,000 19,353,500 668,800 559,000 1,227,800
Waukesha

Facilities (17.5 MGD) .................................................... 12,990,300 9,602,200 8,073,300 17,675,500 609,200 512,200 1,121,400
land (16.5 Acres) ................... .................................... 85,000 62,300 -- 62,300 4,000 -- 4,000

Subtotal . ......................... ................................... 13,075,300 9,664,500 8,073,300 17,737,800 613,200 512,200 1,125,400

Subregional Area Subtotal ...... .................................... $ 27,335,800 $ 20,207,000 $ 16,884,300 $ 37,091,300 $1,282,000 $ 1,071,200 $ 2,353,200

lOWER FOX RIVER SUBREGIONAL AREA
Mukwonago

1,257,800 ~Facilities (1.39 MGD) ................................ $ 1,861,700 $ 1,681,800 $ 2,939,600 $ 106,700 $ 79,800 $ 186,500
land (3.6 Acres) ........................................... 18,000 12,600 12,600 800 800

Subtotal ........... ......................................... 1,879,700 1,694,400 1,257,800 2,952,200 107,500 79,800 187,300
EastTroy

Facilities (0.93 MGD) .................................................... 1,435,700 1,297,200 961,500 2,258,700 82,300 61,000 143,300
land (3.2 Acres) ................................. ....................... 16,000 11,800 11,800 800 800

Subtotal .................................. ............................ 1,451,700 1,309,000 961,500 2,270,500 83,100 61,000 144,100
lake Geneva

Facilities (2.70 MGD) .........~ ................. ..................... 3,119,900 2,818,200 2,211,400 5,029,600 178,800 140,300 319,100
land (4.7 Acres) ............................ ............................ 23,500 17,300 17,300 1,100 1,100

Subtotal ..... .................... ................. 3,143,400 2,835,500 2,211,400 5,046,900 179,900 140,300 320,200
lyons

Facilities (0.15 MGD) ..................... 71,600 64,600 67,800 132,400 4,100 3,200 7,300
land (7.7 Acres) .... ..................... 38,500 28,400 28,400 1,800 1,800

Subtotal .... .................. 110,100 93,000 67,800 160,800 5,900 3,200 9,100
Genoa City

Facilities (0.30 MGD) ............... 172,800 156,000 80,400 236,400 9,900 5,100 15,000
land (2.2 Acres) ..... .................. 12,500 9,500 9,500 600 600

Subtotal ............. 185,300 165,500 80,400 245,900 10,500 5,100 15,600
Wind lake

Facilities (1.45 MGD) . 1,989,900 1,798,400 1,765,300 3,563,700 114,100 112,000 226,100
land (3.7 Acres) ................. ................... 18,500 14,200 14,200 900 900

Subtotal ................ 2,008,400 1,812,600 1,765,300 3,577,900 115,000 112,000 227,000
Eagle lake

Facilities (0.32 MGD) ..... ................. 135,000 122,200 64,600 186,800 7,750 4,100 11,850
land (11.3 Acres) .................... 56,500 41,000 41,000 2,600 2,600

Subtotal ........... 191,500 163,200 64,600 227,800 10,350 4,100 14,450
Rochester'

Facilities (1.50 MGD) ......... ........................ 1,191,600 1,112,800 1,104,900 2,217,700 70,600 70,100 140,700
land (3.3 Acres) ........................ 16,500 12,600 12,600 800 800

Subtotal ........... .. , .............. ................... 1,208,100 1,125,400 1,104,900 2,230,300 71,400 70,100 141,500
Burlington

Facilities (2.50 MGD) . ................. ..................... 1,524,000 1,377,600 1,504,000 2,881,600 87,400 126,400 213,800
land (3.8 Acres) .... ...•........... , ... 19,000 14,200 14,200 900 900

Subtotal ............. ........................... ................. 1,543,000 1,391,800 1,504,000 2,895,800 88,300 126,400 214,700
Silver lake

Facilities (0.71 MGD) ..................................... 649,600 614,700 556,400 1,171,100 39,000 35,300 74,300
land (3.0 Acres) ................................. 15,000 11,000 11,000 700 700

Subtotal ................................................... 664,600 625,700 556,400 1,182,100 39,700 35,300 75,000
Twin lakes

Facilities (0.75 MGD) ........ ................................ 743,900 698,300 126,100 824,400 44,300 8.000 52,300
land (None) .............. ...............

Subtotal ............................ 743,900 698,300 126,100 824,400 44,300 8,000 52,300
Camp lake

Facilities (1.06 MGD) ................. , ......................... 1,107,700 1,000,900 1,018,200 2,019,100 63,500 64,600 128,100
Outfall Sewer .. ............... ............................. 171,200 126,100 3,200 129,300 8,000 200 8,200
land (3.3 Acres) ........................ ..................... 16,500 12,600 12,600 800 800

Subtotal. .............................................................. 1,295,400 1,139,600 1,021,400 2,161,000 72,300 64,800 137,100

Subregional Area Subtotal ........................................... $ 14,425,100 $ 13,054,000 $ 10,721,600 $ 23,775,600 $ 828,250 $ 710,100 $ 1,538,350
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Table 226 (continued)

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Sewage Treatment Pia nt Capital and and

(By Subregional Area) Construction Construction Maintenance Total Construction Maintenance Total

UPPER ROCK RIVER SUBREGIONAL AREA

Allenton
Facilities (0.36 MGD) ............................... ............ ...... $ 166,500 $ 147,000 $ 73,000 $ 220,000 $ 9,300 $ 4,600 $ 13,900
Land (11 Acres) .......................................... ..... ...... 55,000 40,300 -- 40,300 2,600 -- 2,600

Subtotal ...................................... ....... .. .... 221,500 187,300 73,000 260,300 11,900 4,600 16,500
Slinger

Facilities (0.67 MGD) ............... ....... ...... , ... ......... ...... 1,095,000 999,000 749,000 1,748,000 63,400 47,500 110,900
Land 12.9 Acres) ....................................................... .. 14,500 10,600 -- 10,600 700 -- 700

Subtotal ................................. ..... .............. 1,109,500 1,009,600 749,000 1,758,600 64,100 47,500 111,600
Hartford

Facilities (296 MGD) ........... ...... ............ ..... ............ 3,318,300 2,997,900 2,572,400 5,570,300 190,200 163,200 353,400
Land (4.9 Acres) ............................. ...... ................... 24,500 17,300 -- 17,300 1,100 -- 1,100

Subtotal ....................... .... ....... ........................ 3,342,800 3,015,200 2,572,400 5,587,600 191,300 163,200 354,500

Subregional Area Subtotal ................................. ........ $ 4,673,800 $ 4,212,100 $ 3,394,400 $ 7,606,500 $ 267,300 $ 215,300 $ 482,600

MIDDLE ROCK RIVER SUBREGIONAL AREA
Merton

Facilities (0.38 MGD) ........... .......... ........... ....... $ 228,000 $ 207,000 $ 225,000 $ 432,000 $ 13,100 $ 14,300 $ 27,400
Land (12 Acres) ................................... ........... 60,000 44,200 -- 44,200 2,800 -- 2,800

Subtotal .... ............................ ...................... .... ... 288,000 251,200 225,000 476,200 15,900 14,300 30,200
Wales

Facilities (0.23 MGD) ........... ....................... .............. . 152,000 137,000 167,000 304,000 8,700 10,600 19,300
Land (9.0 Acres) ............................... ............ 45,000 33,100 -- 33,100 2,100 -- 2,100

Subtotal .. .......... ...... ..................................... .... 197,000 170,100 167,000 337,100 10,800 10,600 21,400
Dousman

Facilities (0.46 MGD) .......................... .......... 552,400 498,100 260,100 758,200 31,600 16,500 48,100
Land (2.6 Acres) ................. ........... ........... ..... ... .. ... 13,000 9,500 -- 9,500 600 -- 600

Subtotal. ..................... ........ ........ 565,400 507,600 260,100 767,700 32,200 16,500 48,700

Oconomowoc
Facilities (6.16 MGD) 5,731,000 5,160,000 4,640,000 9,800,000 327,300 294,600 621,900
Land (70 Acres) 35,000 25,200 -- 25,200 1,600 -- 1,600

Subtotal . 5,766,000 5,185,200 4,640,000 9,825,200 328,900 294,600 623,500

Delafield
Facilities (3.80 MGD) . ......... . ........... ................... 4,010,000 3,620,000 3,140,000 6,760,000 230,000 199,000 429,000
Land (5.6 Acres) 28,000 20,500 -- 20,500 1,300 -- 1,300

Subtotal . 4,038,000 3,640,500 3,140,000 6,780,500 231,300 199,000 430,300

Subregional Area Subtotal $ 10,854,400 $ 9,754,600 $ 8,432,100 $ 18,186,700 $ 619,100 $ 535,000 $ 1,154,100

LOWER ROCK RIVER SUBREGIONAL AREA

Whitewater
Facilities (3.66 MGD) .................................................... $ 3,911,000 $ 3,533,800 $ 3,177,600 $ 6,711,400 $ 224,200 $ 201,600 $ 425,800
Land (5.4 Acres) . ...................... ........... ........ 27,000 20,500 -- 20,500 1,300 -- 1,300

Subtotal .,. ...... 3,938,000 3,554,300 3,177,600 6,731,900 225,500 201,600 427,100

Sharon
Facilities (0.55 MGD) . 880,000 818,000 680,000 1,498,000 52,000 43,200 95,200
Land (28 Acres) .............................................. 14,000 11,000 -- 11,000 700 -- 700

Subtotal .. 894,000 829,000 680,000 1,509,000 52,700 43,200 95,900

Delavan
Facilities (4.17 MGD) . 4,305,200 3,890,100 3,313,200 7,203,300 246,800 210,200 457,000
La nd (5.7 Acres) . 28,500 20,500 -- 20,500 1,300 -- 1,300

Subtotal. 4,333,700 3,910,600 3,313,200 7,223,800 248,100 210,200 458,300
Darien

Facilities 1059 MGD) 702,700 635,200 331,000 966,200 40,300 21,000 61,300
Seepage Lagoons (29.5 Acres) 101,300 91,400 -- 91,400 5,800 -- 5,800
Land (32.3 Acres) 161,500 118,200 -- 118,200 7,500 -- 7,500

Subtotal . 965,500 844,800 331,000 1,175,800 53,600 21,000 74,600

Fontana
Facilities (0.82 MGD) 895,100 808,600 428,700 1,237,300 51,300 27,200 78,500
Seepage Lagoons (410 Acres) 148,500 134,000 -- 134,000 8,500 -- 8,500
Land (44.2 Acres) 221,000 162,300 -- 162,300 10,300 -- 10,300

Subtotal 1,264,600 1,104,900 428,700 1,533,600 70,100 27,200 97,300
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Table 227
PUBLIC SEWAGE TREATMENT FACILITIES PROPOSED TO BE ABANDONED UPON FULL IMPLEMENTATION

OF THE RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGION: 1990

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Sewage Treatment Plant Capital and and
(By Subregional Area) Construction Construction Maintenance Total Construction Maintenance Total

Walworth
~acilities (0.95 MGO) 1,284,000 1,173,000 955,000 2,128,000 74,400 60,600 135,000
Land (3.2 Acres) ...................... ..... ........... 16,000 11,000 -- 11,000 700 -- 700

Subtotal . ................... 1,300,000 1,184,000 955,000 2,139,000 75,100 60,600 135,700

Williams Bay
596,000 1,122,000 33,400 37,800 71,200Facilities (1.40 MGOJ .......... , ............ .. ... ................. ... 431,000 526,000

Seepage Lagoons (3 .5 Acres) ............ ...... 101,300 91,400 -- 91,400 5,800 -- 5,800
Land (33.4 Acres) . . ................... 167,000 122,900 -- 122,900 7,800 -- 7,800

Subtotal ............ ...... .............. 699,300 740,300 596,000 1,336,300 47,000 37,800 84,800

Subregional Area Subtotal $ 13,395,100 $ 12,167,900 $ 9,481,500 $ 21,649,400 $ 772,100 $ 601,600 $ 1,373,700

Regional Total $134,366,700 $132,610,800 $.218060,100 $350,670,900 $8,413,750 $13,890,500 $22,304,250

'Facility placed into operation dUring 1972 and is not reflected in the inven
tory of pUblic sewage treatment plants reported in Chapter V

Table 226 (continued)
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Disposal of
Effluent

Jackson Creek

Fox River
Pewaukee River
Sussex Creek

Ditch Tributary to Lake Michigan
Pike River
Minor Tributary to Pike River
Lake Michigan

Bark River

Root River
Minor Tributary to Lake Michigan
Minor Tributary to Root River
Minor Tributary to Root River
Milwaukee River
Root River
Menomonee River
Menomonee River
Big Muskego Lake
Seepage Lagoon--Overflow to Tess Corners Creek
Root River
Deer Creek
Menomonee River
Menomonee River

'Plant operated by the Western Racine County Sewerage District.

Agency or Unit of Government
Operating the Facility

City of Brookfield
Village of Pewaukee
Village of Sussex

Village of Hartland

City of Elkhorn

Pleasant Park Utility Co., Inc.
Town of Somers Sanitary District NO.2
Village of Sturtevant
North Park Sanitary District

Milwaukee-Metropolitan Sewerage Commissions
City of Oak Creek
Mission Hills Water and Sewer Trust
Rawson Homes Sewer and Water Trust
Village of Thiensville
Caddy Vista Sanitary District
Village of Germantown
Village of Germantown
City of Muskego
City of Muskego
City of New Berlin
City of New Berlin
Village of Menomonee Falls
Village of Menomonee Falls

Public Sewage Treatment Facility
to be Aba ndoned

(by Subregional Area)

SAUK CREEK SUBREGIONAL AREA
None

KENOSHA-RACINE SUBREGIONAL AREA

P~YM~~.. .
Somers.... .. ..
Sturtevant '" .
North Park . .. ..

ROOT RIVER CANAL SUBREGIONAL AREA
None

DES PLAINES RIVER SUBREGIONAL AREA
None

UPPER FOX RIVER SUBREGIONAL AREA
Brookfield-Fox River Plant'
Pewaukee.
Sussex

LOWER FOX RIVER SUBREGIONAL AREA
None

UPPER ROCK RIVER SUBREGIONAL AREA
None

MIDDLE ROCK RIVER SUBREGIONAL AREA
Hartland

LOWER ROCK RIVER SUBREGIONAL AREA
Elkhorn

MILWAUKEE-METROPOLITAN SUBREGIONAL AREA
Hales Corners
Oakview Subdivision' ...
Mission Hills' .....
Rawson Homes .
Thiensville .
Caddy Vista .
Germantown--Old Village Plant .....
Germantown--County Line Plant' ..
Muskego--Big Muskego Lake Plant
Muskego--Northeast District Plan!' .....
New Berlin-Greenridge Plant
New Berlin-Regal Manors Plant .
Menomonee Falls--Pilgrim Road Plant.
Menomonee Falls--Lilly Road Plant

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
None

'Facility abandoned during 1971.
'Facility abandoned during 1973.

Source: SEWRPC.

'Secondary and advanced (phosphorus removal) treatment capacity 1.43 MGD;
advanced (nitrification) and auxiliary (effluent aeration and disinfection)
treatment capacity 1.88 MGD.

Source: SEWRPC.
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recommended in the adopted Milwaukee River
watershed plan. Together these nine plants are
anticipated to serve a total population of about
68,600 persons by 1990, or about 88 percent
of the anticipated 1990 population of this sub
regional area.

Under the recommended plan for the Upper Mil
waukee River subregional area, no existing public
sewage treatment facilities would be abandoned.
It should be noted, however, that the Jackson
sewage treatment facility is recommended to be
relocated to a new site on Cedar Creek down
stream from the existing treatment plant site in
order to provide better service to the Jackson
urban area and to enable abandonment of the
private sewage treatment facility operated by
Libby, McNeill, and Libby, Inc.

Sauk Creek Subregional Area: The recommended
plan proposes that two public sewage treatment
facilities serve the Sauk Creek subregional area
by 1990. These two facilities are the Port Wash
ington treatment plant operated by the City of
Port Washington, and the Belgium treatment plant
operated by the Village of Belgium. The Belgium
plant is recommended to serve, in addition to the
Village of Belgium itself, the unincorporated
village of Lake Church, urban development along
the shoreline of Lake Michigan, and the newly
established Harrington Beach State Park. The
Port Washington facility is recommended to pro
vice an advanced level of waste treatment for
phosphorus removal. The Belgium treatment plant
is recommended to provide an advanced level of
waste treatment for nitrification. Together the
two plants are anticipated to serve a total popula
tion of about 14,700 persons by 1990, or about
89 percent of the anticipated 1990 population of
this subregional area. No existing public sewage
treatment facilities would be abandoned upon
implementation of the recommended plan for the
Sauk Creek subregional area.

Kenosha-Racine Subregional Area: The recom
mended plan proposes that two public sewage
treatment facilities serve the Kenosha-Racine
subregional area by 1990. These two facilities
are the treatment plants operated by the Cities of
Racine and Kenosha. Both plants are recom
mended to provide an advanced level of waste

treatment for phosphorus removal.lO Together
the two plants are anticipated to serve a total
population of about 400,700 persons in 1990, or
about 99 percent of the anticipated 1990 population
of this subregional area.

A total of four existing public sewage treatment
facilities would be abandoned upon full implemen
tation of the recommended sanitary sewerage
system plan in the Kenosha-Racine subregional
area. These four facilities are the Pleasant Park
facility in the Town of Pleasant Prairie operated
by the Pleasant Park utility Co mpany, Inc.; the
Somers facility operated by the Town of Somers
Sanitary District No.2; the Sturtevant facility
operated by the Village of Sturtevant; and the
North Park facility operated by the North Park
Sanitary District in the Town of Caledonia and
Village of Wind Point.

l°lt should be noted that on October 16, 1973, offi

cials of the Cities of Kenosha and Racine signed

a settlement to a Lake Michigan pollution law suit

brought by the State of Illinois which would commit

the cities to provide higher levels of waste treat

ment at their sewage treatment facilities and elimi

nate pollution from combined sewer overflows. The

agreement, which is binding on Racine and Kenosha

only if all necessary federal and state funds are

made available and if all other municipalities dis

charging effluent in Lake Michigan in the four states

bordering Lake Michigan are also required to meet the

treatment standards, provides for more stringent

effluent limitations than those recommended in the

regional sanitary sewerage system plan. The follow

ing table summarizes the effluent limitations agreed

to by the Cities of Kenosha and Racine and compares

these limitations with those recommended in the

regional plan:

COMPARISON OF EFFLUENT LIMITATIONS: KENOSHA-RACINE
AGREEMENT AND REGIONAL SANITARY SEWERAGE SYSTEM PLAN

Kenosha-Racine Agreement

Effluent By By By Regional
Limitation 12/31/76 12/31/71 7/1/79 Plan

BOD5 20mg/1 10mg/1 4 mg/I 15mg/1
(monthly average) (monthly average) (monthly average) (annual average)

Suspended Sol ids 20mg/1 lOmg/1 5mg/1 ..
(monthly average) (monthly average) (monthly average)

Phosphorus 1 mg/I 1 mg/I 1 mg/I 1 mg/I
(monthl y average) (monthly average) (monthly average) (annual average)

90% Removal 90 % Removal
(annual average) (annual average)

Fecal Coliform 40/100 ml 40/100 ml 40/100 ml 200/100 ml
(Maximum at (Maximum at (Maximum at (annual average)
any time) any tin"le) any time)
20/100 ml 20/100 ml 20/100 ml

(annual average) (annual average) (annual average)
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As reported in Chapter XI of this report, the
alternative sanitary sewerage system plans for
the Kenosha-Racine subregional area were ini
tially evaluated by the Racine Urban Planning
District Citizens Advisory Committee prior to
consideration by the Technical Coordinating and
Advisory Committee on Regional Sanitary Sewer
age System Planning. After very lengthy and
careful consideration, the Citizens Advisory Com
mittee recommended adoption and implementation
of Alternative Plan 3 for the Kenosha-Racine
subregional area, described above as the recom
mended plan, with the understanding that the
North Park sewage treatment facility be expanded
on an interim basis during the early stages of the
plan implementation period in order to meet
pressing existing sewage treatment and pollution
problems. Accordingly, it is recommended that
as part of the regional sanitary sewerage system
plan, the North Park sewage treatment facility
be expanded to a capacity of about 2. 0 mgd to
serve as an interim facility while full implemen
tation of the recommended plan, which includes
construction of a considerable number of major
trunk sewers, proceeds.

Root River Canal Subregional Area: The recom
mended plan proposes that one public sewage
treatment facility serve urban development in the
Root River Canal subregional area in 1990. This
facility is proposed to be operated by the Village
of Union Grove and would consist of a replacement
facility for the existing plant now serving the
village. The plan further recommends the inte
gration of the existing sewage treatment facility
serving the Wisconsin Southern Colony Institution
adjacent to the village with the proposed new
Union Grove sewage treatment facility in order to
provide for advanced waste treatment for sewage
generated in both the village and the Institution.
Thus, it is recommended that the Union Grove
sewage treatment facility provide secondary waste
treatment and advanced waste treatment for phos
phorus removal for the influent sewage from the
Union Grove sewer service area, and advanced
waste treatment for nitrification for the influent
sewage from both the Union Grove and Wisconsin
Southern Colony sewer service areas. The exist
ing Wisconsin Southern Colony plant would be
retained and continue to provide secondary and
tertiary levels of waste treatment. The Union
Grove plant is anticipated to serve a total popu
lation of about 7,700 persons, not including 1,400
persons residing at the Wisconsin Southern Colony
Institution, or about 66 percent of the anticipated
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1990 population of this subregional area. No
public sewage treatment facilities would be aban
doned upon implementation of the recommended
plan for the Root River Canal subregional area.

Des Plaines River Subregional Area: The recom
mended plan proposes that six public sewage
treatment facilities serve the Des Plaines River
subregional area by 1990. These six facilities
are the Bristol treatment plant operated by the
Town of Bristol Utility District No.1; a proposed
plant to be operated by the Town of Bristol and to
serve the Bristol-IH 94 sewer service area; the
Pleasant Prairie treatment plant operated by the
Town of Pleasant Prairie Sewer Utility District D
to serve the Pleasant Prairie-North sewer ser
vice area; a proposed plant to be operated by
the Town of Pleasant Prairie and to serve the
Pleasant Prairie-South sewer service area near
the Wisconsin-Illinois state line; the Paddock
Lake treatment plant operated by the Village of
Paddock Lake; and the Hooker Lake treatment
plant operated by the Town of Salem Sewer Utility
District No. 1.

The Paddock Lake treatment facility is recom
mended to provide an advanced level of treatment
for phosphorus removal and nitrification; the
Bristol and Hooker Lake treatment plants are
recommended to provide an advanced level of
treatment for nitrification only; with the proposed
Bristol-IH 94 plant and the two Pleasant Prairie
plants recommended to provide a secondary level
of waste treatment. Together the six plants are
anticipated to serve a total population of about
8,200 persons by 1990, or about 66 percent of the
anticipated 1990 population of this subregional
area. No existing public sewage treatment facili
ties would be abandoned under the recommended
sanitary sewerage system plan in the Des Plaines
River subregional area.

Upper Fox River Subregional Area: The recom
mended plan proposes that two public sewage
treatment facilities serve urban development in
the Upper Fox River subregional area in 1990.
These two facilities are the Brookfield treatment
plant, operated by the City of Brookfield,l1 and
the Waukesha treatment plant, operated by the
City of Waukesha. The Brookfield plant would be
an areawide facility serving not only the western

llThis facility was placed into operation in 1973.
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portion of the City of Brookfield, but also the
western portion of the City of New Berlin; the
Villages of Lannon, Pewaukee, and Sussex; the
western portion of the Village of Menomonee
Falls; the Pewaukee Lake Sanitary District; and
urban development in the Towns of Brookfield,
Lisbon, and Pewaukee. The Waukesha facility
would serve the City of Waukesha and environs,
including urban development in the Towns of Wau
kesha and Pewaukee. Both treatment facilities
are recommended to provide an advanced level of
waste treatment for phosphorus removal and
nitrification, Together the two plants are antici
pated to serve a total population of about 174,800
persons by 1990, or about 99 percent of the antici
pated 1990 population of this subregional area.

With respect to the Waukesha plant, two possible
locations should be considered -the location of the
existing plant and a new location approximately
two miles downstream from the existing plant
with the ultimate location determined by local
engineering studies. The site of the existing
Waukesha sewage treatment plant has several
disadvantages as the site for the proposed plant
providing areawide service, including limited area
for expansion and a location lying partially in the
natural flood lands of the Fox River. In addition,
new urban development in the Waukesha area is
occurring in areas downstream from the existing
facility, and sewage from such development will
have to be pumped to the old plant site. The
relocation of the plant would overcome the afore
mentioned problems, and would also provide
greater flexibility by preserving the option of ulti
mately consolidating municipal waste treatment
in the Upper Fox River watershed at a single
location, as initially recommended in the adopted
Fox River watershed plan, beyond the design year
of the sewerage system plan. In order to provide
a conservatively high estimate of plan implemen
tation costs, it has been assumed in this report
that the proposed plant will be located at the
downstream site. It is recognized, however, that
detailed engineering design studies may result in
a recommendation to retain and perhaps expand
the existing treatment facility to serve future
urban growth in the Waukesha area through the
plan design year of 1990.

A total of three existing public sewage treatment
facilities would be abandoned upon full implemen
tation of the regional sanitary sewerage system
plan in the Upper Fox River subregional area.
These are the Brookfield-Fox River plant operated

by the City of Brookfield; the Pewaukee plant
operated by the Village of Pewaukee; and the
Sussex plant operated by the Village of Sussex.
In addition, the existing facility operated by the
City of Brookfield and known as the Poplar Creek
Sewage Lagoons would be replaced with the pro
posed new Brookfield sewage treatment plant.

Lower Fox River Subregional Area: The recom
mended plan proposes that 12 public sewage
treatment facilities serve the Lower Fox River
subregional area by 1990. These facilities are
the Mukwonago plant operated by the Village of
Mukwonago; the East Troy plant operated by the
Village of East Troy; the Lake Geneva plant
operated by the City of Lake Geneva; a proposed
plant to be operated by the Town of Lyons Sanitary
District No. 2 to serve the unincorporated village
of Lyons; the Genoa City plant operated by the
Village of Genoa City; a proposed plant to be
operated by the Town of Norway Sanitary District
No. 1 to serve urban development in the Wind
Lake area; a proposed plant to be operated by the
Eagle Lake Sewer Utility District in the Town of
Dover to serve urban development in the Eagle
Lake area; the Rochester plant operated by the
Western Racine County Sewerage District; the
Burlington plant operated by the City of Burling
ton; the Silver Lake plant operated by the Village
of Silver Lake; the Twin Lakes plant operated by
the Village of Twin Lakes; and a proposed Camp
Lake plant to be operated by the Town of Salem
Sewer Utility District No.2. The East Troy plant
is proposed to serve not only the Village of East
Troy but also urban development along the shore
line of Potter Lake in the Town of East Troy
Sanitary District No.2; the Lake Geneva plant
is proposed to serve not only the City of Lake
Geneva but also urban development along the
northern shoreline of Lake Como in the Town of
Geneva; the Rochester plant is proposed to serve
not only the existing Western Racine County Sew
erage District, including the Villages of Rochester
and Waterford and the Town of Rochester Sewer
Utility District No.1, but also urban development
along the Fox River and Tichigan Lake in the
Town of Waterford Sanitary District No.1; and
the Camp Lake facility is proposed to provide
service to nearly all existing urban development
in the Town of Salem Sewer Utility District No.2,
including urban development along the shorelines
of Camp, Center, Cross, Rock, Bennet, Voltz, and
Shangrila Lakes and in the unincorporated villages
of Trevor and Wilmot.
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The Mukwonago, East Troy, Lake Geneva, Wind
Lake, and Twin Lakes treatment facilities are
recommended to provide an advanced level of
waste treatment for both phosphorus removal and
nitrification; the Rochester, Burlington, Silver
Lake, and Camp Lake treatment facilities are
recommended to provide an advanced level of
waste treatment for phoJ3phorus removal only; the
Eagle Lake facility is recommended to provide an
advanced level of waste treatment for nitrification
only; with the Lyons and Genoa City treatment
facilities recommended to provide a secondary
level of waste treatment. Together the 12 plants
are anticipated to serve a total population of about
74,000 persons by 1990, or about 70 percent of
the total anticipated population of this subregional
area. No existing public sewage treatment facili
ties would be abandoned under the recommended
sanitary sewerage system plan in the Lower Fox
River subregional area.

Upper Rock River Subregional Area: The recom
mended plan proposes that three sewage treatment
facilities serve the Upper Rock River subregional
area in 1990. These three facilities are the Allen
ton treatment plant operated by the Allenton Sani
tary District in the Town of Addison; the Slinger
treatment plant operated by the Village of Slinger;
and the Hartford treatment plant operated by the
City of Hartford. The Hartford treatment facility
is proposed to serve, in addition to the City of
Hartford, urban development along the shoreline
of Pike Lake, including the newly established Pike
Lake State Park, in the Town of Hartford. The
Hartford plant is recommended to provide an
advanced level of waste treatment for phosphorus
removal and nitrification; while the Allenton and
Slinger plants are recommended to provide an
advanced level of waste treatment for nitrifica
tion only. Together the three plants are antici
pated to serve a total population of about 15,200
persons by 1990, or about 68 percent of the total
population of this subregional area. No existing
public sewage treatment facilities are proposed
to be abandoned under the recommended sanitary
sewerage system plan for I the Upper Rock River
subregional area. The Hartford facility is, how
ever, recommended to be relocated downstream
from the existing treatment plant site.

Middle Rock River Subregional Area: The recom
mended plan proposes that five public sewage
treatment facilities serve the Middle Rock River
subregional area by 1990. These five facilities
are a proposed treatment plant to serve the Vil-
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lage of Merton; a proposed treatment plant to
serve the Village of Wales; the existing Dous man
sewage treatment plant serving the Village of
Dousman; the existing Oconomowoc sewage treat
ment plant serving the City of Oconomowoc; and
a proposed Delafield sewage treatment plant to
serve the City of Delafield, the Villages of Hart
land and Nashotah, and urban development along
the shorelines of the Nashotah and Nemahbin
Lakes in the Town of Summit. The Oconomowoc
facility would also be areawide in scope, serving
in addition to the City of Oconomowoc the Villages
of Lac LaBelle, Oconomowoc Lake, and Chenequa
and urban development in the Towns of Ixonia,
Oconomowoc, Summit, and Merton.

The Merton, Oconomowoc, and Delafield plants
are recommended to provide an advanced level of
waste treatment for both phosphorus removal and
nitrification; the Wales plant is recommended to
provide an advanced level of treatment for nitri
fication only; while the Dousman plant is recom
mended to provide a secondary level of waste
treatment. Together the five plants are antici
pated to serve a total population of about 52,400
persons by 1990, or about 89 percent of the total
anticipated population of this subregional area.

One existing public sewage treatment facility-that
serving the Village of Hartland-would be aban
doned upon full implementation of the recom
mended sanitary sewerage system plan for the
Middle Rock River subregional area. In addition
the Oconomowoc facility is recommended to be
relocated on a site downstream from and immedi
ately adjacent to the existing sewage treatment
facility site.

Lower Rock River Subregional Area: The recom
mended plan proposes that seven public sewage
treatment facilities serve the Lower Rock River
subregional area by 1990. These seven facilities
are the Whitewater plant ope rated by the City of
Whitewater; the Sharon plant operated by the Vil
lage of Sharon; a proposed Delavan plant to serve
not only the City of Delavan but also the Delavan
Lake Sanitary District and the City of Elkhorn; the
Darien treatment plant operated by the Village of
Darien; the Fontana treatment plant operated by
the Village of Fontana; the Walworth treatment
plant operated by the Village of Walworth; and the
Williams Bay treatment plant operated by the
Village of Williams Bay.
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The Whitewater, Sharon, Delavan, and Walworth
treatment plants are recommended to provide an
advanced level of waste treatment for both phos
phorus removal and nitrification; while the Darien,
Fontana, and Williams Bay facilities are recom
mended to provide a secondary level of waste
treatment. Together the seven plants are antici
pated to serve a total population of about 52,000
persons by 1990, or' about 97 percent of the
anticipated population of this subregional area.

One existing public sewage treatment facility-that
serving the City of Elkhorn-would be abandoned
upon implementation of the recommended sanitary
sewerage system plan for the Lower Rock River
subregional area. In addition, the Whitewater
sewage treatment plant would be relocated at a
new site downstream from the existing sewage
treatment plant site in the Town of Cold Spring,
Jefferson County; the existing City of Delavan
sewage treatment facility would be functionally
integrated with the proposed new Delavan Lake
sewage treatment facility on a site adjacent to the
existing Delavan sewage treatment plant; and the
existing secondary treatment component of the
Walworth treatment facility would be abandoned
and relocated to a site on the Piscasaw Creek at
the site of the existing Walworth tertiary treat
ment lagoons.

It should also be noted that the recommended plan
assumes the continued viability of soil absorption
as a means of waste disposal of sewage generated
in the Villages of Darien, Fontana, and Williams
Bay. Should at some future date engineering
studies conclude that soil absorption is no longer
a feasible means of waste disposal in one or more
of these three areas, reconsideration should be
given to potential interconnections to other sewage
treatment facilities. In particular, should such
contingency come to pass in the case of Fontana
or Williams Bay, careful consideration should be
given to providing treatment to either or both of
these communities at the proposed new Walworth
sewage treatment plant site.

Private
As noted in Chapter Vof this report, there were
in 1970 a total of 59 private sewage treatment
facilities generally serving isolated enclaves of
urban land uses located throughout the Region.
These isolated land uses include agricultural
related industries, public and private recreational

facilities, institutional facilities, and commercial
service facilities. 12

Under the recommended sanitary sewerage sys
tem plan for the Region, 29 of the 59 existing
private sewage treatment facilities could be aban
doned upon full implementation of the plan pro
posals (see Table 228). These 29 facilities all
lie within the proposed 1990 sewer service areas
and could be abandoned upon extension of sewer
service.

Of the 29 private sewage treatment facilities that
could be abandoned on plan implementation, 12 lie
within the Milwaukee-Metropolitan subregional
area and include the facilities serving the follow
ing land use complexes: the Highway 100 Drive-In
Theater and the Pure Oil Truck Stop in the City of
Franklin; the Chalet-on-the-Lake Restaurant, the
Sisters of Notre Dame Academy, and the Federal
Foods Company in the City of Mequon; the Brook
field Central High School in the City of Brookfield;
the Cleveland Heights Grade School, the Highway
24 Drive-In Theater, and the New Berlin Memo
rial Hospital in the City of New Berlin; the
Muskego Rendering Plant and the Tess Corners
Grade School in the City of Muskego; and the
S. K. Williams Company in the City of Wauwatosa.

The remaining 17 private sewage treatment facili
ties that should be abandoned upon full plan imple
mentation are scattered throughout the Region and
include those facilities serving the following land
uses: within the Upper Milwaukee River subre
gional area the Libby, McNeill, and Libby, Inc.
canning plant in the Town of Jackson; within the
Kenosha-Racine subregional area the American
Motors Truck Service plant in the Townof Somers,
the Sienadale Motherhouse in the Town of Pleasant
Prairie, the Frank Pure Food Company in the

12Since 1970, five additional private sewage treatment facilities have

been placed into operation: the Holiday Inn facility on the shoreline

of Lake Como in the Town of Geneva; the Willow Springs Mobile Home Park
facility in the Town of Lisbon; the Country Estates Mobile Home Park

facility in the Town of Lyons; the STH 15 Rest Area facility in the Town

of LaFayette; and the ft'heatland Mobile Home Park in the Town of Wheat~

land. In addition, further checking of Department of Natural Resources

records revealed the existence of two private sewage tre_atment facili

ties constructed before 1970 but not included in the 1970 inventory
reported in Chapter V. These facilities serve the Port Country Club in

the Town of Belgium and the Slovak Sokol Camp in the Town of East Troy.

Four of these seven facilities should be abandoned upon implementation

of the recommended regional sani tary sewerage system plan- - the HoI iday
Inn facility lying within the proposed service area of the Village of

Williams Bay, the Willow Springs Mobile Home Park facility lying within

the proposed service area of the Village of Sussex, the Port Country
Club facility lying within the proposed service area of the Town of

Belgium, and the Slovak Sokol Camp facility lying within the proposed

service area of the Town of East Troy Sanitary Distr ict No.1.
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Towns of Caledonia and Mt. Pleasant, and the
st. Bonaventure Seminary in the Town of Mt.
Pleasant; within the Des Plaines River subregional
area the Howard Johnson Motor Lodge in the Town
of Bristol; within the Upper Fox River subregional
area the Ramad?- Inn-Waukesha in the Town of
Pewaukee, the New Berlin West High School in
the City of New Berlin, and the Oakton Manor
Tumblebrook Golf Course in the Townof Delafield;
within the Lower Fox River subregional area the
Packaging Corporation of America in the Town of
Burlington, the Pasier Produce Company in the
Village of Genoa City, and the Genoa City Coop
erative Milk Assoc. in the Village of Genoa City;
within the Upper Rock River subregional area the

Libby, M~Nei1l, and Libby, Inc. canning plant in
the City of Hartford and the Pike Lake State Park
in the Town of Hartford; within the Middle Rock
River subregional area the St. John's Military
Academy in the City of Delafield and the Gigas
Hillside Apartments in the Town of Delafield; and
within the Lower Rock River subregional area the
Lake Lawn Lodge in the Town of Delavan.

The remaining 30 existing private sewage treat
ment facilities are scattered throughout the Region
and are of various types (see Table 229). One
facility-that serving the Wisconsin Southern Col
ony Institution in the Root River Canal subregional
area-is recommended to be retained as a second-

I
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Table 228

PRIVATE SEWAGE TREATMENT PLANTS PROPOSED TO BE ABANDONED UPON FULL IMPLEMENTATION
OF THE RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGION: 1990

Private Sewage Treatment Facility
Disposal ofto be Abandoned Civil Division

(by Subregional Area) Location Effluent

MILWAUKEE-METROPOLITAN SUBREGIONAL AREA
Highway 100 Drive-In Theater. City of Franklin Root River
Pure Oil Truck Stop ............. City of Franklin Root River
Chalet-on-the-Lake Restaurant ...... City of Mequon Lake Michigan
Sisters of Notre Dame Academy . City of Mequon Lake Michigan
Federal Food Company .......... City of Mequon Soil Absorption
Brookfield Central High School .. City of Brookfield Soil Absorption
Cleveland Heights Grade School City of New Berlin Tributary to Poplar Creek
Hy. 24 Drive-In Theater .......... City of New Berlin Soil Absorption
New Berlin Memorial Hospital . City of New Berlin Tributary to Root River
Muskego Rendering Plant ..................... City of Muskego Soil Absorption
Tess Corners Grade School City of Muskego Tributary to Root River
S. K. Williams Company City of Wauwatosa Menomonee River

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
Libby, McNeill, and Libby, Inc. Town of Jackson Soil Absorption and Cedar Creek

SAUK CREEK SUBREGIONAL AREA

Port Country Club' . Town of Belgium Soi I Absorption

KENOSHA-RACINE SUBREGIONAL AREA
American Motors Truck Service . Town of Somers Soil Absorption
Siennadale Motherhouse ... Town of Pleasant Prairie Soil Absorption
Frank Pure Food Company .... Towns of Caledonia and Mount Pleasant Hood Creek
51. Bonaventure Seminary . lown of Mount Pleasant Minor 1ributary to Pike River

DES PLAINES RIVER SUBREGIONAL AREA

Howard Johnson Motor Lodge. lown of Bristol Des Plaines River

UPPER FOX RIVER SUBREGIONAL AREA
Ramada Inn-Waukesha ........ lown of Pewaukee Soil Absorption
New Berlin West High School .................. City of New Berlin Tributary to Poplar Creek
Oakton Manor-Tumblebrook Golf Course. Town of Delafield Pewaukee Lake
Willow Springs Mobile Home Park' Town of Lisbon Minor Tributary to Fox River

LOWER FOX RIVER SUBREGIONAL AREA
Packaging Corporation of America Town of Burlington Fox River
Pasier Produce Company ...................... Village of Genoa City Soil Absorption
Genoa City Cooperative Milk Association . Village of Genoa City Nippersink Creek
Slovak Sokol Camp' Town of East Troy Soil Absorption

UPPER ROCK RIVER SUBREGIONAL AREA
Libby, McNeill, and Libby, Inc. City of Hartford Rubicon River
Pike Lake State Park. Town of Hartford Soil Absorption

MIDDLE ROCK RIVER SUBREGIONAL AREA
51. John's Military Academy. City of Delafield Bark River
Gigas Hillside Apartments . Town of Delafield Soil Absorption

LOWER ROCK RIVER SUBREGIONAL AREA
Lake Lawn Lodge Town of Delavan Jackson Creek
Holiday Inn' . Town of Geneva Soil Absorption

'These facilities were placed into operation since 1970 or were reported by
the Wisconsin Department of Natural Resources subsequent to the 1970 in
ventory and are not reflected in the inventory of private sewage treatment
plants reported in Chapter V.

Source: SEWRPC.
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ary waste treatment facility, but to be functionally
integrated with the proposed new sewage treat
ment plant to serve the adjacent Village of Union
Grove for the purposes of providing advanced
waste treatment for nitrification. Thus, this pri
vate treatment facility would no longer consti
tute an individual waste source. Four of the 30
facilities-those serving the Wisconsin Electric
Power Company and the Chicago, Milwaukee,
St. Paul and Pacific Railroad Company in the

Milwaukee-Metropolitan subregional area, the
J. I. Case Company in the Kenosha-Racine sub
regional area, and the Trent Tube Company in the
Lower Fox River subregional area-are special
purpose industrial waste treatment facilities pro
viding such treatment as sedimentation and oil
separation and discharging essentially clear water
to the surface water system. These four facili
ties, while located within the 1990 sewer service
areas, should be retained to accommodate the

I
I

Tabl e 229

PRIVATE SEWAGE TREATMENT FACILITIES PROPOSED TO BE RETAINED UNDER THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGION: 1990

I
I
I
I
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Private Sewage Treatment Facility
to be Retained

(by Subregional Area)

MILWAUKEE-METROPOLITAN SUBREGIONAL AREA

Wisconsin Electric Power Co. . .
Chicago, Milwaukee, SI. Paul and

Pacific Railroad Co .
UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Level Valley Dairy ..
Justro Feed Corporation ..
River Road Cheese Factory ..

SAUK CREEK SUBREGIONAL AREA
Hillar Cheese Company .
Krier Preserving Company .

KENOSHA-RACINE SUBREGIONAL AREA
J. I. Case Company .

ROOT RIVER CANAL SUBREGIONAL AREA
Fonk Mobile Homes, Park No.1 .
Racine County Highway and Office Building .
Wisconsin Southern Colony' ..
Pekin Duck Farm ..

York Duck Farm ..
C& DDuck Farm .

Grove Duck Farm ..
DES PLAINES RIVER SUBREGIONAL AREA

Brightondale County Park .
Paramski Mobile Home Park .
Wisconsin Tourist Information Center .
Meeter Brothers Cannin~ Company .
Fonk Mobile Homes, Par No.2 .

UPPER FOX RIVER SUBREGIONAL AREA
Mammoth Springs Canning Company .

LOWER FOX RIVER SUBREGIONAL AREA
Holy Redeemer College .
Alpine Valley Lodge .
Trent Tube Company .
Playboy Club Hotel .
Rainbow Springs Resort .
Country Estates Mobile Home Park2 ..
STH 15 Rest Area2 •••....•..•••••••.......••••••......•••••••••.......•..•••••••••...••.••.•••

Wheatland Mobile Home Pa rk2 , .

MIDDLE ROCK RIVER SUBREGIONAL AREA
Wisconsin School for Boys (Wales) ..

LOWER ROCK RIVER SUBREGIONAL AREA
Libby, McNeill, and Libby, Inc ..
Walworth County Correctional Center ..
Walworth County Institutions .

1Recommended to be functionally integrated with the Village of Union Grove
treatment facility for advanced waste treatment purposes.

2These facilities were placed into operation since 1970 and are not reflected
in the inventory of private sewage treatment plants reported in Chapter V.

Source: SEWRPC.

Civil Division
Location

City of Oak Creek

City of Milwaukee

Town of Jackson
Town of Cedarburg
Town of Saukville

Town of Fredonia
Town of Belgium

Town of Mount Pleasant

Town of Yorkville
Town of Yorkville
Town of Dover
Town of Yorkville

Town of Yorkville
Town of Yorkville

Town of Raymond

Town of Brighton
Town of Bristol
Town of Pleasant Prairie
Town of Yorkville
Town of Dover

Town of Lisbon

Town of Dover
Town of LaFayette
Village of East Troy
Town of Lyons
Town of Mukwonago
Town of Lyons
Town of laFayette
Town of Wheatland

Town of Delafield

Town of Darien
Town of Geneva
Town of Geneva

Disposal of
Effluent

Lake Michigan

Menomonee River

Cedar Creek
Soil Absorption
Soil Absorption

Sauk Creek
Soil Absorption

Lake Michigan

East Branch Root River Canal
East Branch Root River Canal

Soil Absorption and West Branch
Root River Canal

West Branch Root River Canal
Soil Absorption and West Branch

Root River Canal
West Branch Root River

Brighton Creek
Soil Absorption
Des Plaines River
Tributary to Des Plaines River
Tributary to Des Plaines River

Soil Absorption

Tributary to Wind Lake Canal
Soil Absorption
Honey Creek
White River
Tributary to Mukwonago River
Tributary to Ore Creek
Tributary to Sugar Creek
Minor Tributary to Fox River

Soil Absorption

Spray Irrigation
Soil Absorption
Tributary to Jackson Creek
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industrial wastes and should not discharge clear
water 13 into the public sanitary sewerage system.

Twelve of the 30 existing private treatment facili
ties to be retained serve agricultural-related
industries in th~ Region and discharge treated
wastes either to the soil and groundwater system
or the surface water system. These 12 facilities
serve the Level Valley Dairy, the Justro Feed
Corporation, and the River Road Cheese Factory
in the Upper Milwaukee River subregional area;
the Hiller Cheese Company and the Krier Pre
serving Company in the Sauk Creek subregional
area; the Pekin Duck Farm, the York Duck Farm,
the C & D Duck Farm, and the Grove Duck Farm
in the Root River Canal subregional area; the
Meeter Brothers Canning Company in the Des
Plaines River subregional area; the Mammoth
Springs Canning Company in the Upper Fox River
subregional area; and the Libby, McNeill, and
Libby, Inc. canning plant in the Lower Rock River
subregional area.

The remaining 13 existing private to-be-retained
sewage treatment facilities are domestic waste
oriented and serve institutional, residential, and
recreational land uses beyond the proposed 1990
sewer service area limits. These 13 facilities
serve the Fonk Mobile Homes Park No. 1 and the
Racine County Highway and Office Building in the
Root River Canal subregional area; the Brighton
dale County Park, the Paramski Mobile Home
Park, the Wisconsin Tourist Information Center,
and the Fonk Mobile Homes Park No. 2 in the
Des Plaines River subregional area; the Holy
Redeemer College, the Alpine Valley Lodge, the
Playboy Club Hotel, and the Rainbow Springs
Resort in the Lower Fox River subregional area;
the Wisconsin School for Boys (Wales) in the
Middle Rock River subregional area; and the
Walworth County Correctional Center and the
Walworth County Institutions in the Lower Rock
River subregional area.

Since those private sewage treatment facilities
recommended to be retained in the plan generally
are unique in terms of the type of wastes to be
treated, recommendations concerning the type
and level of treatment to be provided must be
formulated on a case-by-case basis during plan

13 Clear water in this respect shall be defined as any

effluent which cannot be substantially improved by the

available public sewage treatment facilities.
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implementation. Accordingly, the recommended
sanitary sewerage system plan does not include
specific performance standards for each of the
30 private sewage treatment fq.cilities that must
be retained and continued in operation throughout
the Region.

It is important to recognize, too, that additional
private sewage treatment facilities will likely be
needed during the plan implementation period to
serve new enclaves of isolated land use develop
ment. Generally, such new facilities will lie
beyond the planned 1990 sewer service areas,
although it is possible that interim private sewage
treatment facilities may be needed to accommo
date urban development even within the recom
mended sewer service areas, until appropriate
extensions of sanitary sewers can be fully effected.
Each proposal for a new private sewage treatment
facility must accordingly be indiVidually evaluated
on a case-by-case basis in light of the adopted
plan and the objectives which that plan is intended
to achieve.

Certain types of urban land use are properly and
logically located in the more rural reaches of the
Region and at times may require the provision of
a sewage treatment facility, as opposed to the
utilization of soil absorption septic tank systems
for relatively minor installations. The types of
urban land uses that must of necessity often be
located in rural areas where public centralized
sanitary sewer service is not available include
highway-oriented commercial service facilities,
such as motels and certain types of truck service
stations and terminals; certain transportation
facilities, such as airports; park and recreational
facilities, both public and private; certain institu
tional facilities; and industrial facilities directly
related to the agricultural land use base. It is
not possible within the context of a regional plan
ning effort to identify all such potential land uses
in the rural areas. Accordingly, each proposal
must be evaluated as it arises. Those additional
private sewage treatment facilities found to be
essential to accommodate such isolated urban land
use enclaves must provide a type and level of
treatment that is designed to achieve the estab
lished water use objectives and supporting stan
dards. It should be recognized in this respect
that while there are a number of different types
of urban land uses which need to be located in
the rural areas of the Region and which may,
therefore, require individual sewage treatment
facilities, such facilities should not be used to
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accommodate new urban residential development
or new urban commercial· or industrial develop
ment that can more rationally and efficiently be
accommodated within the recommended 1990 sewer
service areas-areas where substantial public
capital investment has in many cases already been
made to accommodate future development.

TRUNK SEWERS

Intercommunity
The regional sanitary sewerage system plan for
the Region includes proposals for those trunk
sewers necessary to extend centralized sanitary
sewer service to all of the proposed 1990 sewer
service areas, to enable the abandonment of cer
tain public sewage treatment facilities, and to

provide for intermunicipal connections between
sewer se'rvice areas. The general alignment and
approximate size of these intercommunity trunk
sewers is shown on the recommended plan map
contained in the pocket attached to the back cover
of this report. Cost estimates for all intercom
munity trunk sewers included in the plan are set
forth in Table 230.

Within the Milwaukee-metropolitan subregional
area, the plan recommends completion of the
long-range trunk, relief, and intercepting sewer
plan of the Milwaukee-Metropolitan Sewerage
Commissions. These sewer extensions are de
signed both to provide sewer service to existing
and proposed contract service areas and to pro
vide relief to portions of the trunk sewer system

I
Table 230

DETAILED COST ESTIMATES FOR INTERCOMMUNITY TRUNK SEWERS
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGION: 1990

I !
i

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation
and

Construction Maintenance Total

Operation
and

Construction Maintenance TotalI
I
I

Intercommunity Trunk Sewer
(By Subregional Area)

MILWAUKEE-METROPOLITAN
SUBREGIONAL AREA

Milwaukee-Metropolitan Sewerage District ..
Caddy Vista .
Muskego .......•, .
New Berlin .
Greenfield-New Berlin .
Brookfield-Menomonee Falls .
Menomonee Falls ..
Germantown .
Thiensville-Mequon : .

Capital
Construction

$126,401,300
151,200

1,466,000
749,700
507,200
480,600
522,000

1,067,900
558,400

$ 93,172,300
116,100

1,075,000
550,100
372,000
351,800
383,000
941,700
435,000

$ 398,800
28,400
11,000
7,900
6,300
4,800
3,200

878,000
69,300

$ 93,571,100
144,500

1,086,000
558,000
378,300
356,600
386,200

1,819,700
504,300

$5,911,200
7,400

68,200
34,900
23,600
22,300
24,300
59,800
27,600

$ 25,300
1,800

700
500
400
300
200

55,700
4,400

$5,936,500
9,200

68,900
35,400
24,000
22,600
24,500

115,500
32,000

Subregional Area Subtotal $ 1,137,800 $ 1,130,800 $ 175,600 $ 1,306,400 $ 71,600 $ 11,100 $ 82,700

UPPER MILWAUKEE RIVER
SUBREGIONAL AREA

Tri-Lakes-West Bend $ 1,046,000 $ 1,063,000 $ 174,000 $ 1,237,000 $ 67,300 $ 11,000 $ 78,300
Jackson 91,800 67,800 1,600 69,400 4,300 100 4,400

I
I

Subregional Area Subtotal $131,904,300 $ 97,397,000 $1,407,700 $ 98,804,700 $6,179,300 $ 89,300 $6,268,600

I
SAUK CREEK SUBREGIONAL AREA

Lake Church-Belgium $ 287,800 $ 230,100 $ 122,900 $ 353,000 $ 14,600 $ 7,800 $ 22,400

Subregional Area Subtotal........... $ 287,800 $ 230,100 $ 122,900 $ 353,000 $ 14,600 $ 7,800 $ 22,400

Subregional Area Subtotal .. $ 20,808,000 $ 16,362,000 $2,347,000 $ 18,709,000 $1,038,100 $148,900 $1,187,000

I
I
I

KENOSHA-RACINE SUBREGIONAL AREA
Caledonia (Improvements) $
Crestview-North Park (Improvements) .

~::~~~~:: l~~w6resii,.ie~~N~rth· P~~k·:Rac(ne· (Newj'::::::::::::::::::::::
Carol Beach-Kenosha ..
Sturtevant-Mt. Pleasant, and Sanders Park-Racine ..
Somers and Parkside-Kenosha .

965,000 $
747,000
983,000

5,104,000
729,000

4,631,000
7,649,000

867,000
646,000
772,000

4,461,000
536,000

3,494,000
5,586,000

$ 594,000
473,000
142,000
205,000

11,000
706,000
216,000

$ 1,461,000
1,119,000

914,000
4,666,000

547,000
4,200,000
5,802,000

$ 55,000
41,000
49,000

283,000
34,000

221,700
354,400

$ 37,700
30,000
9,000

13,000
700

44,800
13,700

$ 92,700
71,000
58,000

296,000
34,700

266,500
368,100

I
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Table 230 (continued)

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)
I

Subregional Area Subtotal $ 245,800 $ 193,900 $ 50,500 $ 244,400 $ 12,300 $ 3,200 $ 15,500

Operation
and

Construction Maintenance Total

Operation
and

Construction Maintenance Total
Capital

Construction

I
I

8,000
7,500

$$ 3,000
200

5,000
7,300

126,100 $
118,300

78,800 $ 47,300 $
115,100 3,200

87,800 $
158,000

Intercommunity Trunk Sewer
(By Subregional Area)

ROOT RIVER CANAL
SUBREGIONAL AREA

Wisconsin Southern Colony $
Union Grove ..

DES PLAINES RIVER
SUBREGIONAL AREA

Pleasant Prairie-South $ 121,500 $ 88,300 $ 1,600 $ 89,900 $ 5,600 $ 100 $ 5,700 I
UPPER FOX RIVER
SUBREGIONAL AREA

Sussex $
Pewaukee .
Brookfield-Lannon ..
Waukesha ..
Brookfield-New Berlin .

89,900 $ 5,600Subregional Area Subtotal ............................................. $ 121,500 $

632,000 $
629,000

3,739,000
2,080,100

989,600

88,300

461,700
460,300

2,735,000
1,524,200

725,100

$ 1,600 $

$ 11,000 $
15,800
20,200
4,700
7,900

472,700
476,100

2,755,200
1,528,900

733,000

$ 29,300
29,200

173,500
96,700
46,000

$

$

100

700
1,000
1,300

300
500

$ 5,700

$ 30,000
30,200

174,800
97,000
46,500

I
I

UPPER ROCK RIVER
SUBREGIONAL AREA

Hartford $ 641,300 $ 469,700 $ 4,700 $ 474,400 $ 29,800
Pike Lake 237,700 187,600 85,200 272,800 11,900

$ 13,301,100 $ 10,068,800 $1,579,600 $ 11,648,400 $ 638,800

$ 8,069,700 $ 5,906,300 $ 59,600 $ 5,965,900 $ 374,700

MIDDLE ROCK RIVER
SUBREGIONAL AREA

Oconomowoc-Lac LaBelle (East) $
Oconomowoc-Lac LaBelle (West) .. ..
Oconomowoc Lake, Okauchee Lake,

Pine Lake, North Lake, Beaver Lake ..
Silver Lake .
Hartland, Delafield-Nashotah, Nashotah-Nemahbin . I

I

I

I

I

I
I

$ 6,700
22,700

148,300
245,700
36,300
29,700

165,200
9,600

20,300
35,800
18,700

$ 378,500

$ 47,400

$ 739,000

$ 46,800
19,800

164,300
19,700

253,700

$ 30,100
17,300

$ 100
1,100
8,000

17,100
7,700
5,500

39,200
200

7,600
13,300

400

$ 5,700

$100,200

$ 3,800

$ 300
5,400

$ 11,800
500

41,100
3,800
1,600

6,600
21,600

140,300
228,600
28,600
24,200

126,000
9,400

12,700
22,500
18,300

$ 35,000
19,300

123,200
15,900

252,100

747,200 $ 41,700

738,000
311,900

2,589,000
310,100

3,998,800

105,600 $
357,800

2,337,500
3,872,700

572,300
468,100

2,603,900
151,400
320,000
564,400
294,700

1,600 $
17,400

126,100
269,500
121,400
86,700

617,900
3,200

119,800
209,700

6,300

$ 186,000 $
7,900

647,000
60,000
25,200

657,300 $ 89,900 $

104,000 $
340,400

2,211,400
3,603,200

450,900
381,400

1,986,000
148,200
200,200
354,700
288,400

552,000
304,000

1,942,000
250,100

3,973,600

675,000 $
415,200

2,406,100
327,000

5,422,200

879,000 $

141,800 $
445,900

2,989,100
4,836,000

587,100
505,700

2,517,300
202,200
245,800
436,300
393,900

.......................................... $

Subregional Area Subtotal

Subregional Area Subtotal

Subregional Area Subtotal

LOWER FOX RIVER
SUBREGIONAL AREA

Mukwonago.................................................................. $
Potter Lake .
Geneva Lake-North .
Geneva Lake-South ..
Lake Como .
Denoon Lake-Wind Lake ..
Tichigan Lake .
Silver Lake .
Wilmot .
Cross-Rock Lakes ..
Camp Lake .

$193,323,700 $144,464,300 $7,384,700 $151,849,000 $9,435,400

$ 7,323,200 $ 5,408,100 $ 624,200 $ 6,032,300 $ 613,200

$ 9,245,500 $ 7,021,700 $ 926,100 $ 7,947,800 $ 445,500Subregional Area Subtotal .

LOWER ROCK RIVER
SUBREGIONAL AREA

Whitewater $
Delavan Lake ..
Elkhorn .
Fontana-Geneva Lake .
Williams Bay-Geneva Lake .
Walworth .

Subregional Area Subtotal

Regional Total ..

392,900 $
1,536,200
1,577,000
2,276,500
1,243,800

296,800

288,400 $
1,163,300
1,258,000
1,551,000

929,900
217,500

3,200 $
173,600
326,000

9,500
104,000

7,900

291,600
1,336,900
1,584,000
1,560,500
1,033,900

225,400

$ 288,400
73,800
79,800
98,400
59,000
13,800

$ 58,800

$ 3,200
11,000
20,700

600
6,600

500

$ 42,600

$471,500

$ 504,300

$ 291,600
84,800

100,500
99,000
65,600
14,300

$ 655,800

$9,906,900

I
I
I

Source: SEWRPC.
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now experiencing periods of overloading. This
Milwaukee-metropolitan trunk sewer system has
been designed in part to provide for selective
routing of sewage flows to the two major sewage
treatment facilities-Jones Island and South Shore.
The proposed extensions to the Milwaukee-metro
politan trunk sewer system are shown on Map 131
and have been identified by segment on Map 132.
Two of the segments relate directly to the aban
donment of public sewage treatment facilities
within the Milwaukee-Metropolitan Sewerage Dis
trict. Construction of Segment E will permit the
abandonment of the Hales Corners sewage treat
ment facility, while construction of Segment Q
will permit the abandonment of the Rawson Homes
sewage treatment facility in the City of Franklin.
Several other segments relate directly to the
abandonment of public sewage treatment facilities
within the existing and proposed contract service
area. Construction of Segment J is essential to
the abandonment of the Northeast District and Big
Muskego Lake sewage treatment facilities in the
City of Muskego. Construction of Segment E is
essential to the abandonment of the Regal Manors
sewage treatment facility in the City of New
Berlin. Construction of Segments C and D is
essential to the abandonment of the Lilly Road and
Pilgrim Road sewage treatment facilities in the
Village of Menomonee Falls. Construction of
Segments C, D, and I is essential to the abandon
ment of the Old Village sewage treatment facility
in the Village of Germantown. Finally, construc
tion of segments A, G, L, and M is essential to
the abandonment of the Thiensville sewage treat
ment plant in the Village of Thiensville.

In addition to the proposed trunk sewer extensions
which lie under the jurisdiction of the Milwaukee
Metropolitan Sewerage Commissions, the recom
mended plan includes eight local trunk sewers in
the Milwaukee-metropolitan subregional area that
are of particular significance in providing inter
community sewer service or enabling the aban
donment of existing public sewage treatment
facilities. These eight trunk sewers include the
Caddy Vista sewer, which would enable the aban
donment of the Caddy Vista Sanitary District
sewage treatment facility; the Muskego sewer,
which would enable the abandonment of both the
Northeast District and Big Muskego Lake sewage
treatment facilities operated by the Village of
Muskego; the New Berlin sewer, which would
enable the abandonment of the Regal Manors sew
age treatment facility operated by the City of New
Berlin; the Greenfield-New Berlin sewer, which

would enable abandonment of the Greenridge sew
age treatment facility operated by the City of New
Berlin; the Brookfield-Menomonee Falls sewer,
which would provide sewer service to major areas
of both the City of Brookfield and the Village of
Menomonee Falls; the Menomonee Falls sewer,
which would enable abandonment of the Lilly Road
and Pilgrim Road sewage treatment facilities
operated by the Village of Menomonee Falls; the
Germantown sewer, which would enable abandon
ment of the Old Village sewage treatment facility
operated by the Village of Germantown; and the
Thiensville-Mequon sewer, which would enable
abandonment of the Thiensville sewage treat
ment facility.

Within the Upper Milwaukee River subregional
area the plan proposes two trunk sewers. The
first would provide for sewer service extension to
the Big Cedar, Little Cedar, and Silver Lakes
areas southwest of the City of West Bend and
connect those areas to the West Bend sewage
treatment facility. The second would permit the
relocation of the Village of Jackson sewage treat
ment plant downstream to a new site.

Within the Sauk Creek subregional area, one trunk
sewer is included in the recommended sanitary
sewerage system plan. This sewer would connect
the Lake Church sewer service area in the Town
of Belgium to the Village of Belgium sewage
treatment facility.

Within the Kenosha-Racine subregional area, seven
individual components comprise the recommended
trunk sewer plan. Two of the seven involve
improvements to existing smvers in the Cale
donia and Crestview-North Park sewer service
areas which consist primarily of increased trunk
sewer and pumping station capacities in order
to provide for system extensions and service
to the entire 1990 planned service area. The
remaining five sewers are either extensions of
existing sewers or proposed new sewers from the
recommended sewage treatment facilities. These
include a new sewer extending from the Racine
sewage treatment facility to serve the Caledonia
and Crestview-North Park service areas and
would permit ultimate abandonment of the North
Park sewage treatment facility operated by the
North Park Sanitary District; an extension of a
trunk sewer into the Caledonia sewer service
area; a new sewer from the Racine sewage treat
ment plant to serve the sturtevant-Mt. Pleasant
area and which would permit abandonment of the
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Sturtevant sewage treatment facility operated by
the Village of Sturtevant; a new sewer extending
from the Kenosha sewage treatment facility to
serve the Town of Somers and the University of
Wisconsin-Parkside area, and which would permit
the abandonment of the Somers sewage treatment
facility operated by the Town of Somers Sanitary
District No.2; and a new sewer from the Kenosha
sewage treatment plant to the Carol Beach sewer
service area in the Town of Pleasant Prairie,
which would permit the abandonment of the Pleas
ant Park sewage treatment facility operated by the
Pleasant Park utility Company, Inc.

Within the Root River Canal subregional area, two
trunk sewers are included in the recommended
plan. The first would permit relocation of the
Union Grove sewage treatment facility to a site
downstream on the West Branch of the Root River
Canal. The second-actually an outfall sewer
would connect the Wisconsin Southern Colony
Institution facility with the new Union Grove
facility in order to functionally integrate the two
plants for advanced waste treatment purposes.

Within the Des Plaines River subregional area,
one trunk sewer is included within the recom
mended plan. This sewer would provide service
to the proposed new Pleasant Prairie-South sewer
service area from a proposed sewage treatment
facility to be located on the Des Plaines River.

Within the Upper Fox River subregional area, five
trunk sewers are included within the recommended
plan. Four of these sewers would extend from the
new Brookfield sewage treatment facility located
at the confluence of Poplar Creek and the Fox
River. One of these four would extend from the
treatment plant north to the Villages of Lannon
and Menomonee Falls. The second would extend
from the Lannon-Menomonee Falls sewer to the
Village of Sussex and would permit abandonment
of the existing Sussex treatment facility operated
by the Village of Sussex. The third would extend
from the new Brookfield plant to the Village of
Pewaukee to provide service to the village and the
Lake Pewaukee Sanitary District and would permit
abandonment of the existing Village of Pewaukee
sewage treatment facility. The fourth would extend
from the new Brookfield plant south along Poplar
Creek and would extend service to the Town of
Brookfield and the City of New Berlin. The fifth
sewer included in the recommended plan for the
Upper Fox River subregional area would permit
relocation of the existing Waukesha sewage treat-
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ment plant to a new site about two miles down
stream on the Fox River.

Within the Lower Fox River subregional area,
11 trunk sewers are included in the recommended
plan. The first would permit relocation of the
Mukwonago sewage treatment facility to a new site
downstream on the Mukwonago River. The second
would provide sewer service to the Potter Lake
area in the Town of East Troy and would extend
from the Village of East Troy sewage treatment
facility to a point near Potter Lake. The third
would extend sewer service from the City of Lake
Geneva along the north shore of Geneva Lake in
the Towns of Geneva and Linn. The fourth would
extend sewer service from the City of Lake
Geneva along the southern shoreline of Geneva
Lake in the Town of Linn. The fifth would extend
sewer service from the City of Lake Geneva to
the urban development situated on the northern
shoreline of Lake Como in the Town of Geneva.
The sixth would provide for sewer service to
urban development along the shoreline of Denoon
Lake in the City of Muskego, connecting that area
to the proposed Wind Lake sewage treatment plant
in the Town of Norway. The seventh would extend
sewer service from the Western Racine County
Sewerage District to urban development along the
shoreline of the Fox River and Tichigan Lake in
the Town of Waterford Sanitary District No. 1.
The eighth would extend sewer service from the
Village of Silver Lake treatment facility to urban
development along the shoreline of Silver Lake
located within the Town of Salem Sewer Utility
District No.2. Finally, the ninth, tenth, and
eleventh sewers would interconnect the Wilmot,
Cross-Rock Lakes, and Camp and Center Lakes
sewer service areas to a proposed Camp Lake
treatment facility to be built and operated by the
Town of Salem Sewer utility District No.2.

Within the Upper Rock River subregional area,
two trunk sewers are included within the recom
mended plan. The first would permit relocation
of the City of Hartford sewage treatment facility
to a new site downstream on the Rubicon River.
The second would interconnect the Hartford and
Pike Lake sewer service areas, thus providing
sewer service to urban development on the shore
line of Pike Lake and the Pike Lake State Park.

Within the Middle Rock River subregional area,
five trunk sewers are included in the recom
mended plan. The first two sewers would extend
from the proposed new Oconomowoc sewage treat-
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ment facility along the north and south shorelines
of Lac LaBelle. The third sewer would extend
easterly from the Oconomowoc facility and pro
vide service to urban development along the
shorelines of Oconomowoc Lake, Okauchee Lake,
North Lake, Pine Lake, and Beaver Lake. The
fourth would extend from the Oconomowoc treat
ment facility southerly to serve urban develop
ment along the shoreline of Silver Lake. The fifth
would extend from the proposed new Delafield
sewage treatment facility to serve the Villages of
Hartland and Nashotah and the Town of Summit,
and would permit abandonment of the existing
Village of Hartland treatment facility.

Within the Lower Rock River subregional area,
six trunk sewers are included within the recom
mended plan. The first would permit relocation
of the existing City of Whitewater sewage treat
ment facility to a new site downstream on White
water Creek. The second would extend sanitary
sewer service from the proposed new Delavan
sewage treatment facility to urban development
along the shoreline of Delavan Lake. The third
would provide for interconnection of the Delavan
and Elkhorn sewer service areas and permit
abandonment of the existing City of Elkhorn
sewage treatment facility. The fourth would
extend sewer service from the Village of Fontana
along the shoreline of Geneva Lake in the Town of
Linn. The fifth would extend sewer service from
the Village of Williams Bay along the northerly
shoreline of Geneva Lake and the southerly shore
line of Como Lake in the Towns of Linn and
Geneva. Finally, the sixth would permit the relo
cation of the Village of Walworth sewage treat
ment facility to a new site on the Piscasaw Creek.

Local
The foregoing specific trunk sewer recommenda
tions relate only to those trunk sewers which are
of an intercommunity nature. Also of importance
to the attainment of the basic plan recommenda
tion to provide centralized sanitary sewer service
to the recommended future sewer service areas
are local trunk sewer extensions which generally
involve only a single community and are not,
therefore, of areawide significance. As part of
the plan preparation process, data on the configu
ration and size of locally proposed trunk sewers
were obtained directly from local officials. These
data represent specific proposals set forth in
official community development plans and related
engineering studies. Map scale limitations pre
clude showing these locally proposed trunk sewers

on the recommended plan map (see Map 131).
Accordingly, based upon the data submitted by
the local officials, larger scale, individual com
munity maps identifying the locally proposed trunk
sewers have been prepared by the Commission
and are on file in the Commission offices. It
should be clearly understood that these locally
proposed trunk sewers, while not shown on the
recommended plan map, or included in the plan
cost estimates, represent an important adjunct
to the recommended regional sanitary sewerage
system plan and, as such, should be useful in
plan implementation.

To illustrate the type of local community trunk
sewer map prepared by the Commission from the
data provided by the local officials, a representa
tive example of such a map has been reproduced
in this report (see Map 133). This map illustrates
the locally proposed trunk sewer extensions to
serve the recommended 1990 sewer service area
in the Village of Germantown. A list of all cities,
villages, and special districts for which local
trunk sewer plans have been prepared and are
on file in the Commission offices is set forth in
Table 231. Since all local units of government and
special-purpose districts were contacted in 1973
by the Commission and requested to provide
information on locally proposed trunk sewer
extensions, it may be assumed that at the time
the regional sanitary sewerage system plan was
prepared and evaluated, those local units of gov
ernment and special-purpose districts not listed
in Table 231 had no firm plans for local trunk
sewer extensions.

ABATEMENT OF COMBffiED
SEWER OVERFLOWS

Studies carried out by the Regional Planning
Commission under its comprehensive watershed
planning programs have indicated that combined
sewer overflows constitute a water pollution and
environmental health problem only in the older,
central portions of the three urbanized areas of
the Region-the Milwaukee, Racine, and Kenosha
urbanized areas. As discussed in Chapter XI of
this report, previous Commission studies and
ongoing local research and demonstration pro
grams provide a basis for inclusion in the regional
sanitary sewerage system plan of the following
preliminary recommendations for resolution of
the combined sewer overflow problem in these
three areas.
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Table 231

LIST OF CITY, VILLAGE, AND SPECIAL DISTRICT
TRUNK SEWER PLANS ON FILE WITH THE

SOUTHEASTERN WISCONSIN REGIONAL
PLANNING COMMISSION

City Trunk Sewer Plans!

Brookfield Greenfield Port Washington
Burlington Kenosha Racine
Cudahy Mequon SI. Francis
Delafield Milwaukee South Milwaukee
Elkhorn Muskego Waukesha
Franklin New Berlin Wauwatosa
Glendale Oak Creek West Allis
Hartford Oconomowoc West Bend

Village Trunk Sewer Plans!

Bayside Grafton Saukville
Belgium Greendale Shorewood
Brown Deer Hales Corners Slinger
Butler Hartland Sturtevant
Darien Jackson Twin Lakes
Dousman Kewaskum Union Grove
East Troy Menomonee Falls Walworth
Elm Grove Mukwonago Waterford
Fontana Pewaukee West Milwaukee
Fox Point River Hills Whitefish Bay
Fredonia Rochester Williams Bay
Germantown

Special District Trunk Sewer Plans!

Allenton Sanitary District
Town of Bristol Sewer Utility District NO.1
Browns Lake Sanitary District
Town of Caledonia Sewer Utility District No. 1
Crestview Sanitary District
Delafield-Hartland Water Pollution Control Commission
Delavan Lake Sanitary District
Eagle Lake Sewer Utility District NO.1
Town of Mount Pleasant Sewer Utility District NO.1
Town of Norway Sanitary District NO.1
North Park Sanitary District
Town of Pleasant Prairie Sanitary Districts A, B, C, 0, I, and 2
Town of Rochester Sewer Utility District No.1
Town of Salem Sewer Utility District NO.1
Town of Somers Sanitary District NO.1
Town of Somers Sanitary District NO.2
Western Racine County Sewerage District

IThe following units of government did not submit local trunk sewer
plans and may be presumed to have no firm plans for trunk sewer
extensions at the time the regional plan was prepared and evalu
ated: Cities of Cedarburg, Delavan, Lake Geneva, and Whitewater:
Villages of Genoa City, Paddock Lake, Sharon, Silver Lake, Sus
sex, and Thiensville: and the Caddy Vista and Newburg Sanitary
Districts.

Source: SEWRPC.

Milw'aukee Area
Combined sewer overflows as a water quality
problem in the Milwaukee urbanized area was
studied in detail as part of the Commission's
Milwaukee River watershed study. The adopted
Mihvaukee River watershed plan recommends the
construction of a combination deep tunnel mined
storage/flow-through treatment system to collect,
convey, and adequately treat all combined sewer
overflows throughout the nearly 26.9 square mile
combined sewer service area in Milwaukee
County. The deep tunnel mined storage/flow
through treatment system was selected as the
most cost effective solution after careful consid-
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eration of 15 alternatives including sewer separa
tion. The watershed plan further recommends that
the Milwaukee-Metropolitan Sewerage Commis
sions undertake a preliminary engineering study
as the initial step toward implementing the water
shed plan recommendation.

Toward this end the Milwaukee-Metropolitan Sew
erage Commissions, by a formal resolution
adopted on April 20, 1973, requested the Regional
Planning Commission to prepare a prospectus
documenting the need for and outlining the scope
and content of the necessary preliminary engi
neering study, recommending the best means for
its conduct, and presenting a budget for and means
of financing the study. This prospectus was pre
pared under the direction of a Technical Advisory
Committee of distinguished sanitary and public
works engineers drawn from federal, state, and
local agencies of government and from the major
universities in the Region. It was published in
July 1973 and adopted by the Commission and
certified to implementing agencies on Septem
ber 13, 1973.

The prospectus recommends that the preliminary
engineering study begin with a careful review of
the findings and recommendations of the adopted
Milwaukee River watershed plan and, based upon
a review of the findings of any new research and
demonstration projects completed since prepara
tion and adoption of the watershed plan, either
reaffirm the basic validity of the combined sewer
overflow abatement recommendations contained in
the Milw-aukee River watershed plan or provide
alternative recommendations. Two of the most
important purposes of the preliminary engineering
study will be to determine an optimum combina
tion of storage and flow-through treatment and to
determine the practicality of the required tunnel
and mined storage construction in the bedrock as
a basis for the engineering design of the facilities
necessary to carry out the plan recommendation.

Of particular importance will be a determination
of the subsurface geophysical and geohydrologic
conditions existing in the areas in which subsur
face conveyance and storage facilities are pro
posed to be constructed. Subsurface explorations
will be required to provide information on the bed
rock conditions, including information on the type
and location of the various strata of bedrock
underlying the study area; the location of any
faults that may affect the design of the required
facilities; the chemical and physical characteris-
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As part of the regional sani tary sewerage system plan preparatitln process, data on the configuration and size of
locally proposed trunk sewers were obtained from local pub1 ic officials. These local trunk sewers are essential
to the provision of sewer service to the recommended 1990 urban development area and, as such, constitute an
important adjunct to the recommended regional sarlitary sewerage system plan. Map scale limitations preclude
showing lhese locally proposed lrUrlk sewers on the recommended plan map (see Map 131). The above map of locally
proposed trunk sewers in the Village of Germantowrl illuslrates the type of local community trurlk sewer map pre
pared by the Commission from the data provided by the local officials. Such maps are on file in the Commission
offices for all cities, villages, and special district:> listed in Table 231.

I
I Source: SEI'IRPC.

I
I
I

tics of the rock, including its hardness, porosity,
hydraulic conductivity, and structural stability
and the suitability of the rock, if mined, for use
as aggregate in construction wiLhin the Milwaukee
area, including the construction of shoreline
erosion protection structures; and groundwater
conditions and their potential effect upon the loca
lion, design, and cost of the necessary facilities.

Also of particular imporlance will be the prOV1SlOl1
of a basis for selecting the type of conventional or
flow-through treatment to be used, as well as to
determine the balance between conveyance, stor
age, and treatment in the system design, including
the establishment of the characteristics and treat
ability of the combined sewer overflows after
variable periods ancl conditions of storage. It is

I
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anticipated that the necessary preliminary engi
neering study will begin in 1974 and will be con
ducted over a three-year period.14

Accordingly, the regional sanitary sewerage sys
tem plan recommends that the preliminaryengi
neering study for the abatement of combined
sewer overflows be mounted and completed as
rapidly as possible, and that specific recommen
dations to resolve the combined sewer overflow
pollution problem in the Milwaukee area be deter
mined upon the findings of the preliminary engi
neering study, it being anticipated that the study
will result in recommendations for an optimum
combination of storage and flow-through treatment
of combined sewer overflows. The estimated
costs associated with conducting the engineering
study and with implementing the basic recommen
dation contained in the Milwaukee River watershed
plan are set forth in Table 232.

Racine Area
Combined sewers in the City of Racine cur
rently serve an area of about 1. 9 square miles.
The city has underway a research and demon
stration project to ~valuate the practicality of
"flo\',;-through treatment" as an alternative to
sewer separation. The regional sanitary sew-

14For more detail concerning the proposed engineering

study, see SEWRPC Prospectus Preliminary Engineering

Study for the Abatement of Pollution From Combined

Sewer Overflow in the Milwaukee Metropolitan Area,

July 1973.

erage system plan recommends that definitive
recommendations concerning w-hich of the remain
ing combined sewer areas in Racine should be
separated and w-hich should receive flow-through
treatment facilities be held in abeyance until com
pletion of the research and demonstration study
and a determination as to which alternative is
most cost effective. In order to provide an order
of magnitude cost to include in the regional sani
tary se\verage system plan, however, it has been
assumed that the entire 1. 9 square mile area will
require complete sewer separation. These costs
are set forth in Table 232 and, based upon studies
for the Milwaukee area as documented in the Mil
waukee River watershed plan, it may be conser
vatively assumed that such costs represent the
maximum necessary to resolve the combined
sewer overflow' problem in the Racine area, it
being likely that the research and demonstration
project will provide a more cost effective solution
than sewer separation.

Kenosha Area
Combined sew'ers in the City of Kenosha currently
serve an area of about 1. 6 square miles. The
city has underway a research and demonstration
project to determine the practicality of providing
adequate conveyance capacity and standby treat
ment capacity at the Kenosha treatment facility
rather than at outfall locations to treat the com
bined sewer overflow·s. The regional sanitary
se\verage system plan recommends that definitive
recommendations as to whether the remaining
combined se\ver areas in the City of Kenosha

I
I
I
I
I
I
I
I
I
I
I
I

Table 232

SUMMARY COST ESTIMATES FOR ABATEMENT OF COMBINED SEWER OVERFLOWS

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE REGIDN: 1990

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970·2020)
Operation Operation

Combined Sewer Overflow Capital and and
Abatement Plan Element Construction Construction Maintenance Total Construction Maintenance Total

Milwaukee--Deep Tunnel Conveyance,
Mined Storage, and Screening/
Dissolved Air Flotation System' .... $130,005,000 $148,730,000 $24,610,000 $173,340,000 $ 9,416,000 $1,562,000 $10,978,000

Racine--Sewer Separation Program' ....... ., ............. 27,392,000 20,072,900 -- 20,072,900 1,273,500 -- 1,273,500
Kenosha--Sewer Separation Program' ............................ ........ 21,913,600 16,058,300 -- 16,058,300 1,018,800 -- 1,018,800

Total . $179,310,600 $184,859,200 $24,610,000 $209,471,200 $11,708,300 $1,562,000 $13,270,300

I
I
I
I

llncludes cost of conducting preliminary engineering study as recommended
in Prospectus Preliminary Engineering Study for the Abatement of Pollution
From Combined Sewer Overflow in the Milwaukee Metropolitan Area.

Source. SEWRPC.
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21t is recognized that current (1973) research and demonstration studies in
the Cities of Racine and Kenosha and jointly funded by the U.S. Environ·
mental Protection Agency and the Wisconsin Department of Natural
Resources may result in finding more cost effective solutions to the com
bined sewer overflow problem than complete sewer separation. I

I
I



I
I

should be separated or whether additional treat
ment plant capacity together with construction of
necessary conveyance facilities-probably a single
intercepting sewer along the Lake Michigan shore
line-should be provided, be held in abeyance
until completion of the research and demonstra
tion project. In·order to provide a cost to include
in the regional sanitary sewerage system plan,
however, it has been assumed that the entire
1. 6 square mile area will require sewer separa
tion. These costs are set forth in Table 232 and
may be conservatively assumed to represent the
maximum necessary to resolve the combined
sewer overflow problem in the Kenosha area, it
being likely that the research and demonstration
project will provide a more cost effective solution
than complete sewer separation.

AUXILIARY PLAN ELEMENTS

The foregoing discussion describes the recom
mended regional sanitary sewerage system plan
as it applies to the various subareas of the seven
county Southeastern Wisconsin Region. There are
a number of additional factors and considerations
which are important to the plan recommendations
and which apply in general to all sanitary sewer
age subsystems within the Region. These auxiliary
plan elements inc lude c lear water elimination,
elimination of sewage flow relief points, treatment
plant operation, sludge disposal, flow metering,
and water quality monitoring.

Clear Water Elimination
As noted in Chapter VI of this report, ground
water infiltration and storm water inflow into
sanitary sewerage systems can create serious
problems in both the conveyance and treatment
components of such systems. Excessive clear
water inflow 15 into sanitary sewers may result
in local sewer surcharging and backflooding into

15 The term "excessive clear water inflow" may be

defined as the total quantity of water from both

infiltration and inflow--without distinction as to

source--which can be economically eliminated from

a sewer system by rehabilitation, as determined by
cost effectiveness analyses that compare the cost

of such rehabilitation with the cost of providing

increased conveyance and treatment facility capacity

to provide adequate treatment for the quantities

of inflow.

streets and basements, not only creating costly
nuisance conditions but at times a serious hazard
to public health and safety. Excessive clear water
inflow may also contribute to the discharge of raw
sewage to streams and watercourses at flow
relief points, with the creation of attendant water
pollution and public health problems. Excess
clear water inflow reduces the capacity of con
veyance and treatment facilities to carry and
treat domestic and industrial flows, and thereby
increases both the capital and operational costs
of sewerage systems. Finally, excessive clear
water inflow may not only overload sewage treat
ment facilities but may so alter the character of
the sewage to be treated as to upset the treatment
plant operations. The latter is particularly true
with biological sewage treatment plants where
excessive clear water inflow during periods of
wet weather may destroy the ability of the plant
to provide the required level of treatment for
some period of time following abatement of the
high wet weather flows. For these reasons one of
the requirements for the award of federal grants
in-aid for the construction of sewerage facilities
is the conduct of an infiltration-inflow study in the
local sewerage system in order to determine
whether or not excessive clear water flows exist
in the system and, if so, to determine the most
cost effective method of abating such flows.

The terms "infiltration" and "clear water inflow"
may be defined in two conceptually different ways.
In the first way the two terms are distinguished
on the basis of source, infiltration being defined
as groundwater entering the separate sanitary
sewers through defective pipes, joints, connec
tions, and manhole walls; and inflow being defined
as storm water and certain spent clear industrial
cooling and process waters entering such sewers
through roof leaders, yard drains, manho le covers,
and cross connections from storm sewers, includ
ing inlets and catch basins. In the second way
the two terms are distinguished on the basis of
design objectives, infiltration being defined as
that irreducible minimum of water entering sepa
rate sanitary sewers through defective sewer
joints, broken or cracked sewer pipes, pervious
connections, and manhole walls; and inflow being
defined as water discharged into sewers from
such sourceS as illegally connected roof down
spouts and building foundation drains, illegally
connected storm water inlets on public or private
property, flooded manhole covers, and commer-
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cial and industrial clear water discharges. It is
clear under the second set of definitions that
infiltration is not deliberately planned except
for some defined tolerable irreducible minimum,
while inflow is generally the result of deliberately
planned or expeditiously devised connections of
sources of extraneous clear water into sanitary
sewer systems.

Correction of excessive infiltration and clear
water inflow problems should involve both mini
mization of future extraneous flows through proper
design and construction of new sewers and the
correction of conditions contributing to excessive
inflows in existing sewer systems. Good engi
neering design combined with proper inspection to
assure good joints, proper bedding of pipe, and
control of trench widths to restrict structural
loads on pipe, as well as post-construction testing
for infiltration, can greatly assist in minimizing
clear water infiltration into new sewers. Good
engineering design and proper inspection must
include not only the public portions of the sewer
age system, but must also extend to include the
building sewers in order to avoid the improper
connection of roof and foundation drains to the
sanitary sewerage system.

Correction of excessive infiltration into existing
sanitary sewerage systems involves detailed study
and analysis of existing dry and wet weather
sewage flow conditions to determine the source
and extent of excessive extraneous water flows
and the elimination of such flows through various
corrective methods, including, as may be neces
sary, the repair and replacement of faulty sec
tions of sewer and the disconnection of roof and
foundation drains.

It is recommended that each local unit of govern
ment within the Southeastern Wisconsin Region
responsible for the construction, operation, and
maintenance of sanitary sewerage facilities con
duct a study of the infiltration and inflow problems
existing in the local system. It is further recom
mended that the engineering design criteria set
forth in Chapter IX of this report be utilized in
such studies as a basis for determining whether
or not excessive infiltration or inflows are pres
ent in the system. In this respect, it is suggested
that, if flow gagings at critical points in the
system indicate that the actual wet weather flows
are less than the recommended design flows, it
would be concluded that no substantial infiltration
inflow problems exist in the area tributary to the
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gaging point.16 Where such gaged flows are found
to be in excess of the design criteria, it would be
concluded that a substantial infiltration-inflow
problem does exist requiring further detailed
examinations of the sewerage system tributary to
the gaging point in order to determine the source
and amounts of the excessive flows, and the most
cost effective means for their abatement.17

This recommended procedure is considered par
ticularly appropriate for application to the area
wide systems existing in the Kenosha, Milwaukee,
and Racine areas, which systems are comprised
of several subsystems, each the responsibility
of a different governmental jurisdiction. With
respect to such areawide systems, the required
infiltration-inflow study could be accomplished
in two stages, the first conducted by the agency
responsible for the construction, maintenance, and
operation of the intercommunity trunk sewers at
which existing flows would be gaged at critical
inflow points and compared to the design flow
criteria set forth in this report to determine
whether substantial infiltration-inflow problems
exist in the areas tributary to these inflow points.
Where a problem is determined to exist, the
appropriate local jurisdiction would conduct the
second stage study, a detailed inflow-infiltration
study for the tributary sewerage system.

16 This recommended procedure corresponds to Infiltra

t ion/Inf low Analysis (STEP 1), "An Analysis Demon

strating the Existence or Nonexistence of Excessive

Infiltration/Inflow in Each Sewer System Tributary to

the Treatment Works," set forth in a preliminary draft

report entitled Guidelines for Control of Infiltration/

Inflow in Sewer Systems, U. S. Environmental Protec

tion Agency, September 19, 1973.

17This recommended procedure corresponds to "Sewer

System Evaluation Survey" set forth in a preliminary

draft report entitled Guidelines for Control of Infil

tration/Inflow in Sewer Systems, U. S. Environmental

Protection Agency, September 19, 1973. As conceived

by the EPA, this survey would include the following

major steps: study design, resulting in a sewer

survey proposal to be submitted to and approved by

the EPA; physical survey to determine the specific

flow characteristics, groundwater levels, and physi

cal conditions of the sewer system; rainfall simula

tion to identify sections of sewer lines which have

infiltration/inflow conditions during periods of
rainfall; sewer cleaning and television inspection;

and analysis, including development of sewer rehabili

tation program.

I
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Elimination of Flow Relief Points
As reported in Chapter V of this report, a total
of 566 known points of sewage flow relief were
identified in the inventories conducted under the
sewerage system planning program. The inven
tories indicated that flow relief at these points
were being effected by a number of different
devices, all of which directly or indirectly result
in the discharge of raw sewage to surface water
bodies. Thirty of the 566 flow relief points con
sisted of gravity flow bypass conduits or relief
pumping stations located at or directly ahead of
existing sewage treatment plants; 148 consisted
of combined sewer overflows· of various types;
235 consisted of gravity flow crossovers from the
separate sanitary sewer system to a storm sewer
system; 75 consisted of gravity flow bypasses
from the separate sewer system to the sur
face water courses; 18 consisted of stationary
relief pumping stations discharging sewage from
the separate sanitary sewer system directly to
service water courses; and 60 consisted of port
able pumping stations discharging sewage from
the separate sewer system directly to surface
water courses.

The recommended sanitary sewerage system plan
as described in this chapter, if fully carried out,
would directly eliminate 230 of these 566 known
sewage flow relief points. Construction of new or
expanded sewage treatment facilities as recom
mended would eliminate all of the 30 bypasses now
located at sewage treatment plants. Similarly,
abatement of the combined sewer overflows in
Kenosha, Milwaukee, and Racine in the manner
recommended in the plan would eliminate all of
the 148 combined sewer overflow devices that
now discharge raw sewage during periods of wet
weather directly to surface watercourses. In
addition, construction of trunk sewers contained
in the recommended plan would eliminate an addi
tional 52 points of flow relief, including 11 sta
tionary relief pumping stations, 15 crossovers,
and 26 bypasses. The remaining 336 known points
of sewage flow relief included in the inventory
presented in Chapter Vof this report, as well as
any other points of sewage flow relief that may
exist within the local sanitary sewerage systems
in the Region but which were not uncovered in the
inventory, would not, however, be eliminated by
construction of the sewerage facilities contained
in the recommended plan.

Accordingly, it is recommended that each unit or
agency of government responsible for the con-

struction, operation, and maintenance of separate
sanitary sewerage systems within the Region
conduct a detailed study of the local sanitary sew
erage system to identify all points of sewage flow
relief and to determine the steps needed to assure
the ultimate elimination of the 336 remaining flow
relief points not eliminated through construction
of the sewerage facilities contained in the recom
mended plan, as well as any other points of
sewage flow relief whic h may be uncovered in
such detailed studies. In part the problem is
directly related to the infiltration-inflow problem
discussed in the preceding section. To the extent
that infiltration-inflow analyses and recommenda
tions result in decreasing sewage flows, such
steps in and of themselves may reduce or elimi
nate bypassing at points of sewage flow relief. It
is important, however, that each individual point
of sewage flow relief by ultimately identified and
physically eliminated so as to preclude the pos
sibility of the discharge of raw sewage ahead of
the sewage treatment plant. In some cases this
will requi-re the construction of relief sewers in
addition to efforts aimed at reducing infiltration
and inflow. Detailed local engineering studies will
be necessary in any case to determine the extent
of the problem and to recommend specific solu
tions in specific instances.

Sewage Treatment Plant Operation
Of particular importance in achieving the estab
lished water use objectives, which formed an
important basis for the preparation of the regional
sanitary sewerage system plan, is the proper
operation and maintenance of the existing and
proposed sewage treatment plants within the
Region. This factor becomes even more impor
tant when one considers the substantial upgrading
of treatment necessary within the Region to pro
vide for advanced waste treatment processes. In
general it may be concluded that the commitment
to meet the water use objectives will require
a commitment on the part of the local units of
government to provide for increased staffing and
operational control of the recommended sewage
treatment facilities.

Under current regulations, the Wisconsin Depart
ment of Natural Resources maintains a certifica
tion program for treatment plant operators. The
program seeks to increase operator qualifications
with increasing plant size. While the larger
plants are certainly more important in terms of
the volume of flow and perhaps in terms of the
sophis tication of the operations, it mus t be recog-
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nized that the smaller plants within the Region are
generally located on very small streams and,
therefore, like the large plants, mus t provide
a consistently high level of waste treatment if the
water use objectives are to be attained. Accord
ingly, it is recommended that the DNR review its
certification program and determine if it is ade
quate to achieve the operating standards needed to
carry out the plan recommendations.

In order to assist responsible local public officials
in providing for proper staffing and operational
procedures at sewage treatment plants, Table 233
sets forth for typical plant sizes the recommended
staffing and operational standards, inc luding mini
mum personnel required, hours when personnel
should be present at the plant, laboratory control,
and record keeping. Ideally, all municipal sewage
treatment plants would be staffed on a 24-hour
around-the-clock basis in order to provide con
tinuous surveillance of the operation.

The laboratory tests and procedures set forth in
Table 233 are designed to provide the data needed
to adequately assess the treatment plant operation
and determine whether or not the specific recom
mended performance standards set forth in the
plan are being met. These data should be consid
ered the minimum necessary in this respect.

Flow Metering
The inventory findings reported in Chapter V of
this report revealed a lack of definitive know
ledge concerning total sewage flows within the
Region. This lack is caused by unmetered flows
not only at points of sewage flow relief throughout
local sewerage systems but also at bypasses
located at sewage treatment plants. Effective
design as well as operation and management of
sanitary sewerage systems, and proper water
quality management, require that all sewage flows
be metered. Accordingly, it is recommended that
the following steps be taken toward achieving
complete metering of sewage flows:

1. All sewage treatment facilities should be
provided with metering equipment provid
ing continuous data on rates and volumes
of sewage flows. Such equipment should
be of an adequate size to measure peak
rates of flow and should be installed
to permit accurate measurement of all
inflows, including flows which must for
some reason bypass the treatment plant. In
addition, metering within the sewage treat-
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ment plant shall be provided as necessary
for proper process control. Except in
cases where a sewage treatment facility
is recommended in the plan to be rebuitt
or relocated by 1980, existing bypasses or
relief pumping stations located at or just
ahead of sewage treatment facilities snould
have meters installed to record volume
and duration of bypassed flows until such
bypasses and relief pumping stations can
be eliminated through the provision of ade
quate treatment capacity.

2. All pumping stations within a sanitary
sewerage system should be provided with
metering equipment to provide data on
rates and volumes of sewage flow, either
on a continuous or on an adequate sampling
basis, to determine volume and duration
of pumping and to provide a basis for sys
tems analysis, design, and operation.

3. Major points of sewage flow relief within
the sewer system should be provided with
metering equipment to record volume and
duration of bypassed flows, either on a
continuous or on an adequate sampling
basis, until such points are eliminated.
A major point of sewage flow relief is
defined as one which discharges flows to
storm sewers or surface watercourses in
excess of an equivalent rate of 10 per
cent of the total average hydraulic loading
in the system or subsystem tributary to
the point.

Allof the foregoing recommendations are designed
to provide adequate data on actual sewage flows
and thereby to enable design and operating engi
neers to make better decisions as to system
design and operation and maintenance.

Sludge Disposal
Disposal of sewage sludge has historically been
one of the most neglected aspects of sewage treat
ment plant design and operation. In general,
a great deal of effort has been concentrated on
developing techniques and methods for sludge
handling and sludge reduction, but very little has
been directed at techniques and methods for final
sludge disposal. The conditioning process pres
ently in most common use within the Region con
sists of anaerobic digestion in heated tanks to
stabilize the organic material in the sludge, fol-
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Ta b 1e 233

RECOMMENDED STAFFING AND OPERATIONAL PROCEDURES FOR
SEWAGE TREATMENT PLANTS BY TYPICAL PLANT SIZE

NOTE: The above recommendations for staffmg sewage treatment plants
assume the operation of a conventIOnal sewage treatment plant and do
not. therefore. reffect the potential effects of automation on plant
staffing requirements. Even fully automated plants. however. require
provision for surveillance and monitoring on a 24-hour basis.

Source: The Conference of State Sanitary Engineers. U.S. Public Health
Service. and SEWRPC.
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Typical Minimum
Plant Size Personnel

10 MGD Superintendent
Chemist

6 Operators
I Maintenance Man

2 Laborers

5 MGD Superintendent
4 Operators

I Maintenance Man
1Laborer

Laboratory
Technician

I MGD Superintendent
& Laboratory
Technician

2 Operators
I Laborer

0.5 MGD Superintendent
& Laboratory
Technician

1Operator
1Laborer

0.25 MGO 1 Operator
(part timel

Hours
Personnel

Are Present

24 hours daily

24 hours daily

2 Shifts
16 hrs. per day
6 days per week

6 days per week

5 days per week

Laboratory Control
(As Applicable)

Sludge settleability
pH of raw waste and effluent
DO of raw waste, effluent and receiving stream
BOD's of raw waste and effluent--24-hour composite

samples
Fixed and volatile suspended solids of raw wastes and

effluents--24-hour composite samples
pH of digested sludge where needed
Total and volatile solids of digested sludge where needed
Volatile acids of digested sludge where needed
Chlorine residuals of effluent
Nitrates--24-hour composite
Sludge index where needed
Mixed liquor DO where needed (each shift)
Sludge depth in primary and final settling tanks

(each shift)
Fecal coliforms of raw sewage and effluent--daily
Raw sewage temperature--hourly
Return and waste sludge--suspended solids (fixed &

volatilel. total solids (fixed & volatile) (each shift)
Anaerobic digested sludge--temperature, pH, CO"

total alkalinity (each shift)
Digester supernatant--BOD, total solids (fixed &

volatilel. suspended solids (fixed & volatile) (each shift)
Aerobic digested sludge--temperature, BOD, total

solids (fixed & volatile), suspended solids (fixed &
volatile) (each shift)

NOTE: Require all additional data and sampling of in
fluent and effluent indicated in Table 20 of this
report, total and soluble phosphorus, organic ni
trogen, ammonia nitrogen, based on 24-hour
composite samples weekly.

Same as 10 MGD

Fecal coliform--raw sewage and effluent--daily
Raw sewage temperature--hourly
Sludge setteability
BOD - raw and effluent
3-hour composite taken at 11 a.m., 12 noon, and I p.m.
Suspended solids - raw, mixed liquor and final effluent-

3-hour composite, 11 a.m., 12 noon, and I p.m.
pH digested sludge--also raw sludge pH
Total solids - digested sludge
Oepth of sludge 10 primary and final settling tanks
Sludge index
DO receiving stream
DO mixed liquor
DO of raw waste & effluent
Chlonne residual of effluent
NOTE: Require all additional data and sampling of in

fluent and effluent indicated in Table 20 ot this
report, total and soluble phosphorus, organic ni
trogen, ammonia, nitrogen, based on 3-hour com
posites: 11 a.m., 12 noon, and I p.m.

Same as I MGO except Monday through Friday only.

Fecal coliform--raw sewage and effluent--daily
Raw sewage temperature--hourly
Sludge settleability
Chlonne residual effluent - 5 days
Sludge mdex tests - 5 days
DO raw & effluent - 5 days + stream D.O.
BOD raw & effluent - 3 times per week on 3-hour

composite raw & final effluent
SS raw & effluent - 3 times per week on 3-hour

composite raw & final effluent
(same as 1 MGO)

NOTE: These tests should be made weekly pH digested
sludge. total solids, digested sludge, total and
solu ble phosphorus. organic nitrogen, ammonia
nitrogen of influent and effluent based on 3-hour
composites. II a.m., 12 noon, and 1 p.m.

Records

Keep daily records of all operations on a shift basis.
Personnel should attend short schools, operators meetings,
and have access to current literature.
Typical records are:

Weather
Wind direction
Adequate flow records
Bypassing flow records
Solids handled by weight
Hours of primary and secondary settling tank cleanup
Tnckling filter maintenance, if needed
Activated sludge operations, if needed
Sludge handling operations

Same as 10 MGD

Same as 10 MGO - 6 days per week.

Same as 10 MGO - 6 days per week.

Keep records of all operation on a5-day basis plus
automatic flow records daily
Operator should attend short schools, and operator
meetings
Typical records - 5 days are:

Weather
Wind direction
Adequate flow records
Bypass and flow records
Hours of primary and secondary settling tank clean up
All maintenance records as needed
Activated sludge operation records, as needed
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lowed by air drying beds or lagoons. 18 Vacuum
dewatering of the sludge is practiced in some
plants within the Region. All of the plants produce
a final sludge residue requiring some form of
disposal, either by incineration, land disposal,
or recyc ling.

Within the Region, about half of the municipal
sewage treatment plants use sludge drying beds or
sludge lagoons to dewater sludge, with the dewa
tered residue being trucked to a sanitary landfill
site, plowed into farm lands, or otherwise utilized
for soil fertilization. Nearly a third of the plants,
mostly very small ones located in rural areas,
spread liquid sludge on adjoining farmlands. The
remaining plants use miscellaneous sludge han
dling reduction and disposal techniques, such as
commercial fertilization manufacturing and drying
and incineration, Within this latter category is
the Jones Island sewage treatment plant operated
by the Milwaukee-Metropolitan Sewerage Com
missions. The joint Commissions have long con
verted the raw, dewatered sewage sludge into
a commercial fertilizer sold under the trade
name "Milorganite," an early example of the
desirable recyc ling of waste materials. Unfor
tunately, fertilizer manufacturing facilities have
not been installed in the newer South Shore treat
ment facility operated by the joint Commissions,
where sludge instead is being dewatered in lagoons
for ultimate disposal by a means to be determined
by an engineering study presently being conducted
by the Metropolitan Sewerage District.

The particular method or technique for sludge
handling, reduction, and disposal at a given muni
cipal sewage treatment plant must be evaluated on
a case-by-case basis as engineering studies for
recommended plant improvements are completed.
Since sludge reduction, handling, and disposal may
range from 25 to 50 percent of the total treatment
costs, including both capital and operation and
maintenance cos ts, thorough engineering evalua
tion of all sludge handling, reduction, and disposal
or utilization methods available at a particular
site are warranted. It is likely that for the imme
diate future, final disposal of most sewage sludge
residues in the Region will be handled through
sanitary landfill operations or the spreading of
liquid or air dried sludge on farmlands after sta-

18 Sixty of the 64 public sewage treatment plants

operating within the Region in 1970 were equipped

with sludge digestion facilities.
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bilization by digestion. It should be noted in this
connection that the State of Wisconsin Governors
Recycling Task Force has recommended the
establishment of solid waste recycling centers
throughout the State,19 and that it may be possible
in the not too distant future to centralize the final
disposal or utilization of dewatered sludge at
acommon regional solid waste disposal site where
it could either be recycled, incinerated, or dis
posed of by landfill.

Water Quality Monitoring
Because of the interrelationship between sewage
treatment and water quality enhancement and pro
tection, data concerning long-term trends in
stream water quality are particularly important
to any continuing evaluation of the effectiveness
of the regional sanitary sewerage system plan.
Accordingly, the following discussion reviews
the existing stream water quality monitoring pro
gram in the Region, and sets forth a procedure
whereby data collected under this program will
be analyzed to provide a basis for plan surveil
lance and reevaluation.

History of Water Quality Monitoring: In 1968 the
Commission entered into a cooperative agree
ment with the Wisconsin Department of Natural
Resources whereby the Department and the Com
mission undertook a continuing stream water
quality monitoring program within the Region.
The objective of the program is to provide, on
a continuing basis, the water quality information
necessary to assess the long-term trends in
stream water quality within the rapidly urbanizing
Region. The continuing monitoring program was
designed to build upon the bench mark stream
water quality data base established by the Com
mission in the initial regional stream water
quality study, the findings of which were published
in SEWRPC Technical Report No.4, Water Quality
and Flow of Streams in Southeastern Wisconsin,
November 1966. The continuing stream water
quality monitoring program during 1968 and 1969
involved operation of the 87 stream water quality
sampling stations established by the Commission
in the initial study of 43 streams and watercourses
within the 11 major watersheds of the Region.
Sampling was done twice yearly at all 87 sampling
stations during the periods of high and low flow,

19 See Wisconsin Solid Waste Recycling--Predesign

Report, Board of Engineering Consultants, Governor's

Recycling Task Force, May 1973.
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with the samples being analyzed for dissolved
oxygen, temperature, fecal and total coliform,
nitrate nitrogen, nitrite nitrogen, dissolved phos
phorus, pH, chloride, and specific conductance.

To provide additional information on the diurnal
fluctuations of stream water quality in the Region,
the monitoring program was revised in 1970 to
provide for the collection of six stream water
samples over a 24-hour period once yearly during
a period of low streamflow at each sampling sta
tion, with each sample being analyzed for the
following five parameters: dissolved oxygen, tem
perature, pH, chloride, and specific conductance.
In addition, once during the 24-hour period the
following four parameters would be analyzed:
fecal coliform, nitrate nitrogen, nitrite nitrogen,
and dissolved phosphorus.

In order to obtain regional information on addi
tional water quality indicators, the Commis
sion and the Wisconsin Department of Natural
Resources agreed to a further modification of the
program beginning with the 1972 survey. The
overall continuity of the sampling program was
maintained by continuing to monitor those para
meters included in previous surveys with the
following changes: a decrease from six to four
per day in the frequency of dissolved oxygen,
temperature, and specific conductance measure
ments j a decrease from six to two per day in the
frequency of pH and chloride determinations; an
increase from one to two per day in the frequency
of fecal coliform, nitrate nitrogen, nitrite nitro
gen, and dissolved phosphorus measurements;
and the addition of two determinations per day of
organic nitrogen, ammonia nitrogen, and total
phosphorus. The addition of the three parameters
was prompted by the need for more information
on nutrients and increased interest in both oxygen
demand exerted by ammonia nitrogen and the toxic
effect of ammonia nitrogen. Thus, the stream
water quality monitoring program, as revised
in 1972, provides for four measurements over
a 24-hour period once yearly. These are made
during a period of low flow at each of the 87 sta
tions for each of the following three parameters:
dissolved oxygen, temperature, and specific con
ductance. Two determinations are made at each
station over the same 24-hour period of each of
the following nine parameters: pH, chloride,
fecal coliform, nitrate nitrogen, nitrite nitrogen,
ammonia nitrogen, organic nitrogen, dissolved
phosphorus, and total phosphorus.

Current Review of Monitoring Program Data:
Nearly 10 years have elapsed since the conduct
in 1964 of the initial bench mark stream water
quality survey by the Commission. The Commis
sion is currently (1973) analyzing the data col
lected under the continuing program, and the
findings of this analysis are to be set forth in
a Commission technical report scheduled to be
published in late 1974. The principal objectives
of this analysis are to make a complete presenta
tion of all the data collected to date; provide,
based upon that data, an assessment of long-term
trends in stream water quality in the Region;
evaluate existing water quality against current
adopted water use objectives and supporting stan
dards, as well as anticipated upgraded State of
Wisconsin water use objectives and supporting
standards, to determine how well those objectives
are being achieved; and consider alterations in
the sampling program-revision to and expansion
of the number of water quality indicators included
in the program, modifications in the frequency
of sampling, adjustments in the location of sam
pling stations, and more extensive flow measure
ments-in light of anticipated changes in Wisconsin
water use objectives and standards, changing fed
eral requirements, and data needs revealed by
the analysis.

Implications for Regional Sanitary Sewerage Sys
tem Planning Program: The Commission staff
analysis of the SEWRPC-DNR surface water qual
ity monitoring program and the findings and rec
0mmendations resulting from that analysis may be
expected to be of particular significance to the
implementation phase of the regional sanitary
sewerage system planning program. Inasmuch
as water quality enhancement and protection con
stitute a most important objective of the sanitary
sewerage system planning program, this detailed
examination of recent and current regional water
quality levels will establish a base coincident with
completion of the regional sanitary sewerage sys
tem plan against which sewerage study implemen
tation efforts may be measured.

Furthermore, and as discussed in Chapter IX
of this report, the Technical Coordinating and
Advisory Committee on Regional Sanitary Sewer
age System Planning concluded that the regional
data with respect to instream nitrification were
minimal. Accordingly, the Commission endorsed
the recommendations concerning nitrification set
forth in this report upon the condition that the
Commission, as part of its continuing water
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resources planning programs and in coopera
tion with the Wisconsin Department of Natural
Resources, undertake the collec tion and analysis
of additional instream nitrification data and also
do detailed water quality simulation for selected
stream reaches to further the understanding of the
relationship between sewage treatment, instream
nitrification, and instream water quality.

Recommendations pertaining to acquisition of
additional water quality data in general, and nitri
fication data in particular, and recommendations
with respect to water quality modeling efforts will
result from the current comprehensive exami
nation of existing regional water quality data.
The local units of government in cooperation
with the federal, state, and regional agencies
should examine those findings and recommenda
tions when published and, inasmuch as they are
judged to be consistent with the objectives of the
regional sanitary sewerage system planning pro
gram, lend their active support to implementation
of those recommendations.

Pollution Investigation Surveys: In order to com
plement the stream water quality monitoring pro
gram described above, it is recommended that
the Wisconsin Department of Natural Resources
continue to conduct periodic pollution investiga
tion surveys of the river basins in the Region.
Such surveys are essential to providing additional
water quality information through the collection
and analysis of water samples, as we 11 as to
uncover new sources of pollution. Such surveys,
as continuing surveillance efforts, should be made
for each basin in the Region at regular intervals
of no more than five years. The conduct of such
surveys is essential to providing data for continu
ing water quality management planning efforts,
which efforts in turn provide the data necessary
to enable the Wisconsin Department of Natural
Resources to issue waste discharge permits under
the federal water quality legislation.

COST ANALYSIS

In order to assist the responsible public offi
cials concerned in evaluating the foregoing rec
ommended regional sanitary sewerage system
plan, a preliminary capital improvement program
was prepared which, if followed, would result in
total plan implementation over a 20-year period.
This preliminary capital improvement program
includes the staging of the necessary facility con
struction and the distribution of the attendant
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costs over the 20-year plan implementation period
1970-1990. This program is presented in sum
mary form for the Region as a whole in Table 234
and is presented in more detailed form by sub
regional area in a series of tables in Chapter XIV
of this report. The detailed tables set forth the
construction costs and the estimated maintenance
and operation costs associated with implementa
tion of each of the individual recommended plan
elements by year and by unit or units of govern
ment concerned. The ultimate adoption of capital
improvement programs for implementation of the
sanitary sewerage system plan will require deter
mination by responsible public officials of not only
those individual plan elements which are to be
implemented, and the timing of such implemen
tation, but also of the principal beneficiaries and
the available means of financing. In addition to the
summary capital improvement program set forth
in Table 234, the plan costs for each major plan
element by subregional area are presented in
Table 235.

The full capital investment cost of implementing
the recommended regional sanitary sewerage
system plan is estimated at about $507 million
over the 20-year plan implementation period. Of
this total cost, about $134 million, or about
26 percent, is required to fully implement the
recommended sewage treatment plan element of
the regional plan; about $194 million, or about
38 percent, is required to fully implement the
intercommunity trunk sewer element of the rec
ommended plan; and about $179 million, or about
36 percent, is required to fully implement the
combined sewer overflow abatement element of
the recom mended plan.

The average annual cost of the total capital invest
ment required for plan implementation approxi
mates $25 million, or about $12 per capita, the
per capita cost being based on the anticipated
regional population to be served with sanitary
sewers in 1980. As reported in Chapter V, about
$23 per capita was expended in 1970 in the Region
for sewerage facility capital improvements. The
average annual capital costs and corresponding
per capita costs of implementation of the sewage
treatment plant, intercommunity trunk sewer, and
combined sewer overflow abatement plan elements
are, respectively, about $6 million, or about
$2.90 per capita; $10 million, or about $4.90 per
capita; and $9 million, or about $4.40 per capita.
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It is anticipated that upon adoption of the plan by
the concerned units and agencies of government,
all of the components of the recommended regional
sanitan'sewerage system plan will be eligible for
state and federal grants-in-aid. The possible
sources of state and federal financial assistance
are described in Chapter XIV of this report.
Given adequate funding of such assistance pro
grams at the state and federal levels of govern
ment, it is estimated that full utilization of these
financial resources for local implementation of
the recommended regional sanitary se\verage
system plan could serve to reduce the local plan
implementation cost with respect to capital invest
ment by approximately 80 percent.

In order to assess the possible impact of imple
mentation of the regional sanitary sewerage
system plan on the public financial resources of
the local units of government \vithin the Region,
an analysis was made of the public expenditures
by all of the units of government in the Region
for public sanitary sewerage facilities during

the period 1960 to 1970. The source of data was
audit reports filed by municipalities with the
Wisconsin Department of Administration, Bureau
of Municipal Audit. Data were obtained from the
audit files for the years 1960, 1962, 1964, 1966,
1968, and 1970. The data obtained from the
audit reports from 1970 were then compared with
the results of the inventory of public sewerage
expenditures set forth in Chapter Vof this report.
This comparison was made on a county-by-county
basis, and indicated that the audit reports gen
erally under-reported actual expenditures for
sewerage purposes. Accordingly, factors were
developed to adjust the audit report figures to
those derived from the Commission's own inven
tory of expenditures during 1970, and such factors
\vere then applied to the data for the years 1960
through 1968. These estimated expenditures for
the Region as a whole, as adjusted, are set forth
in Table 236.

As indicated in Table 236, local units of govern
ment in the Region expended an average annual
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Table 23tt

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED REGIONAL SANITARY SEWERAGE SYSTEM PLAN

BY MAJOR PLAN ELEMENT BY YEAR: 1971-1990

Intercommunity Abatement of
Sewa~e Treatment Plant Trunk Sewer Combined Sewer Overflow

Ian Element Plan Element Plan Element' Total
Operation Operation Operation Operation

Calendar Project Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ 11,693,500 $ 9,081,900 $ 522,000 $ 1,300 $ -- $ -- $ 12,215,500 $ 9,083,200
1972 2 14,954,800 9,223,300, -- 200 -- -- 14,954,800 9,223,500
1973 3 12,307,800 9,422,100 12,072,000 950 -- -- 24,379,800 9,423,050
1974 4 2,015,000 9,625,300 -- 1,250 5,478,400 -- 7,493,400 9,626,550
1975 5 5,875,000 9,672,300 11,558,000 1,900 14,609,000 -- 32,042,000 9,674,200
1976 6 11,110,500 10,062,600 13,411,000 3,000 14,609,100 -- 39,130,600 10,065,600
1977 7 31,150,600 10,607,000 18,814,900 45,700 23,714,100 -- 73,679,600 10,652,700
1978 8 6,185,000 10,928,400 13,332,800 87,400 9,300,000 1,600,000 28,817,800 12,615,800
1979 9 1,555,400 12,354,200 30,449,300 20,161,100 9,300,000 1,600,000 41,304,700 34,115,300
1980 10 14,431,100 12,424,200 34,501,900 20,183,400 9,300,000 1,600,000 58,233,000 34,207,600
1981 11 11,328,600 13,038,500 1,000,000 20,395,900 9,300,000 1,600,000 21,628,600 35,034,400
1982 12 382,300 13,467,500 9,643,000 20,401,200 9,300,000 1,600,000 19,325,300 35,468,700
1983 13 -- 13,483,200 15,225,300 20,402,500 9,300,000 1,600,000 24,525,300 35,485,700
1984 14 -- 13,483,200 2,456,500 20,404,000 9,300,000 1,600,000 11,756,500 35,487,200
1985 15 8,744,600 13,483,200 9,920,600 20,409,400 9,300,000 1,600,000 27,965,200 35,492,600
1986 16 -- 13,631,200 -- 20,421,100 9,300,000 1,600,000 9,300,000 35,652,300
1987 17 -- 13,631,200 3,499,200 20,421,900 9,300,000 1,600,000 12,799,200 35,653,100
1988 18 -- 13,631,200 -- 20,421,900 9,300,000 1,600,000 9,300,000 35,653,100
1989 19 -- 13,631,200 3,060,600 20,422,900 9,300,000 1,600,000 12,360,600 35,654,100
1990 20 2,632,500 13,588,000 13,856,600 20,426,900 9,300,000 1,600,000 25,789,100 35,614,900

Total $134,366,700 $238,469,700 $193,323,700 $244,613,900 $179,310,600 $20,800,000 $507,001,000 $503,883,600

Annual Average $ 6,718,335 $ 11,923,485 $ 9,666,185 $ 12,230,695 $ 8,965,530 $ 1,040,000 $ 25,350,050 $ 25,194,180

NOTE: More detailed cost schedules are set forth by subregional area in
Tables 249,251,253,255,257,259,261,263,265,267, and 269.

1Does not include $2.3 million necessary to conduct fhe preliminary engi
neering study for the Milwaukee area deep tunnel/mined storage/flow
through treatment plan recommendation.

Source: SEWRPC.
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Table 235

SUMMARY OF COST ESTIMATES FOR SEWAGE TREATMENT PLANTS,
INTERCOMMUNITY TRUNK SEWERS, AND COMBINED SEWER OVERFLOW ABATEMENT PROGRAMS

RECOMMENDED SANI TARY SEWERAGE SYSTEM PLAN FOR THE REGION: 1990

Esti mated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Sanitary Sewerage System Operation Operation
Plan Component Capital and and

(By Subregional Area) Construction Construction Maintenance Total Construction Maintenance Total

MILWAUKEE-METROPOLITAN
SUBREGIONAL AREA

Sewage Treatment Plants ...... $ 31,435,500 $ 38,485,000 $108,567,000 $147,052,000 $ 2,441,800 $ 6,887,900 $ 9,329,700
Intercommunity Trunk Sewers ................ 131,904,300 97,397,000 1,407,700 98,804,700 6,179,300 89,300 6,268,600
Abatement of Combined Sewer Overflows. 130,005,000 148,730,000 24,610,000 173,340,000 9,416,000 1,562,000 10,978,000

Subtotal. ................................. 293,344,800 284,612,000 134,584,700 419,196,700 18,037,100 8,539,200 26,576,300

UPPER MILWAUKEE RIVER SUBREGIONAL AREA
Sewage Treatment Plants ........ 6,918,700 8,668,100 13,413,100 22,081,200 549,800 877,200 1,427,000
Intercommunity Trunk Sewers. 1,137,800 1,130,800 175,600 1,306,400 71,600 11,100 82,700

Subtotal. 8,056,500 9,798,900 13,588,700 23,387,600 621,400 888,300 1,509,700

SAUK CREEK SUBREGIONAL AREA
Sewage Treatment Plants ......... 3;117,000 3,030,800 2,569,100 5,599,900 192,200 163,000 355,200
Intercommunity Trunk Sewers .. 287,800 230,100 122,900 353,000 14,600 7,800 22,400

Subtotal . 3,404,800 3,260,900 2,692,000 5,952,900 206,800 170,800 377,600

KENOSHA-RACINE SUBREGIONAL AREA
Sewage Treatment Plants ....... 16,915,000 18,024,000 40,146,000 58,170,000 1,143,500 2,547,000 3,690,000
Intercommunity Trunk Sewers ........................... 20,808,000 16,362,000 2,347,000 18,709,000 1,038,100 148,900 1,187,000
Abatement of Combined Sewer Overflows--Kenosha . 21,913,600 16,058,300 -- 16,058,300 1,018,800 -- 1,018,800
Abatement of Combined Sewer Overflows--Racine . 27,392,000 20,072,900 -- 20,072,900 1,273,500 -- 1,273,500

Subtotal. 87,028,600 70,517,200 42,493,000 113,010,200 4,473,900 2,695,900 7,169,300

ROOT RIVER CANAL SUBREGIONAL AREA

Sewage Treatment Plants ........ 2,112,500 1,989,200 1,721,200 3,710,400 126,200 109,200 235,400
Intercommunity Trunk Sewers. 245,800 193,900 50,500 244,400 12,300 3,200 15,500

Subtotal ................................. 2,358,300 2,183,100 1,771,700 3,954,800 138,500 112,400 250,900

DES PLAINES RIVER SUBREGIONAL AREA
Sewage Treatment Plants ........ 3,183,800 3,018,100 2,729,800 5,747,900 191,500 173,000 364,500
Intercommunity Trunk Sewers. 121,500 88,300 1,600 89,900 5,600 100 5,700

Subtotal. 3,305,300 3,106,400 2,731,400 5,837,800 197,100 173,100 370,200

UPPER FOX RIVER SUBREGIONAL AREA
Sewage Treatment Plants ........ 27,335,800 20,207,000 16,884,300 37,091,300 1,282,000 1,071,200 2,353,200
Intercommunity Trunk Sewers. 8,069,700 5,906,300 59,600 5,965,900 374,700 3,800 378,500

Subtotal . 35,405,500 26,113,300 16,943,900 43,057,200 1,656,700 1,075,000 2,731,700

LOWER FOX RIVER SUBREGIONAL AREA
Sewage Treatment Plants ........ 14,425,100 13,054,000 10,721,600 23,775,600 828,250 710,100 1,538,350
Intercommunity Trunk Sewers. 13,301,100 10,068,800 1,579,600 11,648,400 638,800 100,200 739,000

Subtotal . 27,726,200 23,122,800 12,301,200 •..,>5,424,000 1,467,050 810,300 2,277,350

UPPER ROCK RIVER SUBREGIONAL AREA
Sewage Treatment Plants ......... 4,673,800 4,212,100 3,394,400 7,606,500 267,300 215,300 482,600
Intercommunity Trunk Sewers. ..................... 879,000 657,300 89,900 747,200 41,700 5,700 47,400

Subtotal. 5,552,800 4,869,400 3,484,300 8,353,700 309,000 221,000 530,000

MIDDLE ROCK RIVER SUBREGIONAL AREA
Sewage Treatment Plants ........ 10,854,400 9,754,600 8,432,100 18,186,700 619,100 535,000 1,154,100
Intercommunity Trunk Sewers. 9,245,500 7,021,700 926,100 7,947,800 445,500 58,800 504,300

Subtotal . ..... " ........ ............ 20,099,900 16,776,300 9,358,200 26,134,500 1,064,600 593,800 1,658,400

LOWER ROCK RIVER SUBREGIONAL AREA
Sewage Treatment Plants ........ ................ 13,395,100 12,167,900 9,481,500 21,649,400 772,100 601,600 1,373,700
Intercommunity Trunk Sewers. 7,323,200 5,408;100 624,200 6,032,300 613,200 42,600 655,800

Subtotal ................. ............•.... 20,718,300 17,576,000 10,105,700 27,681,700 1,385,300 644,200 2,029,500

SOUTHEASTERN WISCONSIN REGION
Sewage Treatment Plants ....... 134,366,700 132,610,800 218,060,100 350,670,900 8,413,750 13,890,500 22,304,250
Intercommunity Trunk Sewers .............. ............................... 193,323,700 144,464,300 7,384,700 151,849,000 9,435,400 471,500 9,906,900
Abatement of Combined Sewer Overflows. .............................. 179,310,600 184,861,200 24,610,000 209,471,200 11,708,300 1,562,000 13,270,300

Total .. .............. ................. $507,001,000 $461,936,300 $250,054,800 $711,991,100 $29,557,450 $15,924,000 $45,481,450

Source: SEWRPC.
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Table 236

EXPENDITURES FOR PUBLIC SANITARY SEWERAGE PURPOSES AND

TOTAL RECEIPTS REPORTED BY LOCAL UNITS OF GOVERNMENT IN THE REGION:
1960, 1962, 196Lt, 1966, 1968, and 1970 a (IN MILLIONS OF DOLLARS)

Sanitary Sewerage Expenditures Sanitary Sewerage
Operation Expenditures as a

Capital and Percent of Total
Year Improvements' Maintenance' Total Total Receipts' Receipts

1960 $45.9 $3.0 $48.9 $ 586.5 8.3
1962 13.3 5.0 18.3 579.1 3.2
1964 20.8 2.8 23.6 632.8 3.7
1966 76.8 3.7 80.5 750.5 10.7
1968 72.5 6.5 79.0 949.6 8.3
1970 33.7 9.4 43.1 1,355.5 3.2

Average
1960-1970 43.8 5.1 48.9 809 6.0
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'As adjusted to wmpensate for underreporting on audit forms; see accom
panying text

'Items included in this category are sanitary sewer facility construction
costs, and monies expended for debt retirement for sewage facilities, in
cluding special assessment bonds paid.

Source: Wisconsin Department of Administration, Bureau of Municipal Audit
and SEWRPC.

amount of nearly $49 million for the construction,
maintenance, and operation of public sanitary
sewerage facilities over the 1960-1970 period.
This amount is equal to about 6 percent of the
average annual public revenues received by the
local units of government over the same period.
The estimated average annual expenditure of about
$49 million for sanitary sewerage purposes may
be further broken down to estimates of $44 million
for annual capital improvements, with the remain
ing $5 million for annual sewerage operation and
maintenance purposes.

Based upon the data presented in Table 236, four
alternative forecasts, each utilizing differing
assumptions, were prepared to indicate the pos
sible range of future expenditures by local units of
government within the Region for public sanitary
sewerage purposes (see Table 237 and Figure 131).
The first alternative forecast assumed that the
average annual rate of increase in expenditures
which obtained over the 1960 to 1970 period could
be expected to continue to the year 1990. Under
this first assumption, nearly $1. 9 billion would
become available for sanitary sewerage purposes.
The second alternative forecast assumed that the
average per capita expenditures which obtained
over the 1960 to 1970 period could be expected to
continue to the year 1990. Under this assumption,
about $1. 4 billion would become available for
sanitary sewerage purposes. The third alterna
tive forecast assumed that the average proportion
of sanitary sewerage expenditures to total annual
receipts by the local units of government which

'Items Included in this category are operation and maintenance expenditures
for sewage treatment plants and pumping stations, contract payments for
sewage treatment, and overhead.

'Includes all receipts reported by the municipal units of government minus
aRency and trust receipts.

obtained over the 1960 to 1970 period could be
expected to continue to the year 1990. Under this
assumption nearly $2.3 billion would become
available for sanitary sewerage purposes. Fin
ally, the fourth alternative forecast assumed that
the average annual rate of increase of per capita
expenditures which obtained over the 1960 to
1970 period could be expected to continue to the
year 1990. Under this assumption about $2.6 bil
lion would become available for sanitary sew
erage purposes.

A review of past expenditure patterns, along with
the range of possible future expenditure levels,

Tabl e 237

ALTERNATIVE FORECASTS OF EXPENDITURES
FOR PUBLIC SANITARY SEWERAGE PURPOSES

BY THE LOCAL UNITS OF GOVERNMENT

IN THE REGION: 1971-1990

Alternative Forecast Forecast Assumptions Forecast Expenditure

1 Least squares linear projection of $1,896,176,000
the 1960·1970 expenditures.

2 Constant per capita expenditure 1,416,700,000

3 Constant proportion of total receipts 2,340,300,000

4 Increasing per capita expenditure-- 2,622,100,000
least squares linear projection of
1960-1970 per capita expenditure

Source: SEWRPC.
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Figure 131

ACTUAL AND PROJECTED EXPENDITURE LEVELS
FOR SANITARY SEWERAGE PURPOSES

IN THE REGION: 1960-1990

thus indicates that belween $1. 4 and $2.6 billion
may be expected to be expended by the local units
of government within the Region for sani tary sew
erage purposes by 1990. The forecast range does
not represent any major departures from past
expenditure levels or pallerns and, therefore,
may be considered conservative in nature.
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IFrom the foregoing discussion it is fair to

conclude that sufficient monies t.o substantially
implement the recommended regional sanitary
sewerage system plan 'should become available
without significant shifts in local expenditure pat
terns. The costs of the plan must also bc viewed
in terms of the substantial benefits, namely,
achieving the established water USe objectives
and supporting water quality standards for the
Region's surface waters, eli minating certain
existing public health hazards through the exten
sion of sewers, and avoidance of the creation of
new public health hazards due to malfunctioning
septic tank sewage disposal systems on soils
poorly suited for the absorplion of sewage efflu
ent. In addition, implernentation of the recom
mended regional sanitary sewerage system plan
would substantially contribute to\vard achieving
a land use pattern that not only can be effectively
and economically provided wiLh centralized public
sanitary sewer service, but one that also lends
itself to the efficient and economic provision of
other essential public services. It is clear that
if the adopted water uses and supporting water
quality standards arc to be met, the level of
expenditures needed to implement the recom
mended regional sanitary sewerage system plan
is necessary and warranted.

As discussed in Chapter X of this report, the
Commission began in 1972 a major effort toward
reevaluation of the adopted regional land use plan.
As part of this effort, revised population forecasts
were prepared for the year 1990, and such fore
casts were extended to the year 2000. For the
Region as a whole, the revised 1990 population
is anticipated to be 2.3 million persons, with
a 2000 regional population of about 2.6 million

RELATIONSHIP OF PLAN TO REVISED 1990
AND NEW 2000 POPULATION FORECASTS

of private sewage disposal systcrns; 2) large por
tions of the cost of installing lateral and branch
sewers caD be recouped through application of
appropriate financing techniques, such as special
assessments, and through regulations requiring
land developers to install sanitary sewerage
facilities as an integral part of the land develop
ment process; and 3) it is reasonable to conclude
that given the Federal \Vater Pollution Control Aet
Amendments of 1972, non local expenditures for
sanitary sewerage facilities Ln the form of state
and federal aid will play an increasingly important
role in future years.
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The estimated total cost of implementing the
entire recommended sanitary sewerage system
plan for the Region, including capital and opera
tion and maintenance costs, is about $1. a billion
(see Table 234). This amount can be compared
on a gross basis with a possible expenditure of
about $2.0 billion, the average of the four alter
native forecasts of expenditures [or sanitary sew
erage system purposes as presented above. While
such a comparison does indicate that the plan
implementation costs are reasonable, it is irnjX)r
tant to note that the two figures are not compar
able. 'rhe recommended plan docs not include,
for example, the cost of constructing lateral,
common, branch, or local trunk sewers. Thus,
expenditures can be expected for public sanitary
sewerage purposes in addition to those provided
for in the recommended plan. At Icast partially
offsetting this factor are the following considera
tions: 1) implementation of the recommended plan
would result in lower expenditures being made by
homeowners for the installation and maintenance
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persons. On a regional basis, therefore, the
population initially anticipated for the Region in
1990 at the time of the preparation of the regional
land use plan appears most likely to be nearly
reached in the year 2000.

On the basis of g county-by-county comparison of
the initial and revised population forecasts, it
was concluded that with respect to four counties
Ozaukee, Walworth, Washington, and Waukesha
greater rates of population growth than initially
anticipated would likely result in a need for sew
erage facilities in addition to those included
in the recommended regional sanitary sewerage
system plan to serve the population distribution
as assumed in the adopted regional land USe plan.
With respect to Milwaukee County, it was con
cluded that the substantially lower rate of growth
than initially anticipated will have little impact on
the basic areawide sewerage system which is
already substantially in place and which, for
system continuity and water pollution abatement
purposes, must be completed as initially planned.
Within Racine and Kenosha Counties the picture
was somewhat mixed, with greater than antici
pated growth likely to occur in the western por
tions of the counties, coupled with less growth
in the eastern portions of the counties, where
the basic areawide sanitary sewerage system is
already substantially in place.

The revised 1990 and new 2000 population fore
casts have also been allocated to subareas of the
Region designated as planning analysis areas as
a part of the Commission's continuing land use
transportation planning program (see Map 134).
It is possible, therefore, to make a more detailed
comparison between initial and revised 1990 and
new 2000 forecast~ on a subcounty basis and
determine what impact, if any, such forecasts
are likely to have on the recommended regional
sanitary sewerage system plan. The results of
this comparison by selected subarea of the Region
are set forth in Table 238.

Twenty-eight subareas of the Region may be iden
tified which are comprised of one or more of
the planning analysis areas and which generally
correspond to one or more sewer service areas
as utilized in the preparation of the recom
mended regional sanitary sewerage system plan.
With respect to eight of these subareas-western
Kenosha County, Belgium-Fredonia, Union Grove,
Allenton, Waukesha, Elkhorn, Geneva Lake, and
Delavan-it may be concluded that the new 1990

population forecasts are so close to the initial
1990 population forecasts as to have virtually no
substantial impact upon the recommended regional
sanitary sewerage system plan. In some instances
with respect to these eight subareas, however, it
is likely that additional sewerage facilities will be
required to serve the anticipated 2000 population.

In one subarea-Erin-Richfield-the revised 1990
and new 2000 population forecasts indicate sub
stantial growth beyond that initially anticipated in
the adopted regional land use plan, which growth
may require the installation of sanitary sewerage
facilities not anticipated in the recommended plan.
Whether or not such facilities will be needed will
depend upon the density of development in the
area and the continued ability of soils and the
groundwater reservoir to safely absorb increasing
amounts of septic tank effluent. This same con
elusion is at least partially true of the southwest
Waukesha County area designated as the Dousman
Wales-North Prairie-Eagle area in Table 238. In
this area sewerage facilities were recommended
in Dousman, Wales, and North Prairie to serve
primarily existing and a modest amount of antici
pated future development. It may be necessary to
extend sewerage facilities to additional urban
areas if urban growth continues and reaches the
new forecast levels for 1990 and 2000.

In two subareas-the Kenosha Planning District
and the Racine Urban Planning District consisting
of all that area of Kenosha and Racine Counties
east of ill 94, respectively-the revised population
forecasts indicate a potential decrease in popula
tion growth. It is unlikely, however, that this
decrease wlll have any significant impact on the
recommended regional sanitary sewerage system
plan for these two Districts, since in each case
much of the areawide sewerage system has been
completed and is already in place. A decrease in
population growth may require somewhat less
total treatment capacity than anticipated and,
depending upon the spatial distribution of new
urban development within the Districts, may pre
clude the need to extend trunk sewers as far as
envisioned in the plan. Accordingly, careful stag
ing of facility construction in these Districts will
be required.

In the Milwaukee-Metropolitan Sewerage District
and its contract areas, the revised 1990 and new
2000 population forecasts are also significantly
less than the initial 1990 forecast. As concluded
in Chapter X of this report, however I it is unlikely
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Tabl e 238

COMPARISON BETWEEN INITIAL 1990 SEWRPC POPULATION FORECASTS AS USED IN PREPARATION OF THE

RECOMMEN DED REG I ON AL SAN I TARY SEWERAG E SYSTEM PLAN AND REV I SED SEWRPC 1990 AND

NEW SEWRPC 2000 POPULATION FORECASTS BY SELECTED SUBAREA OF THE REGION

Initial SEWRPC

Subarea
1990 Population Forecast'

Served in Unserved in Revised New
Planning Regional Regional SEWRPC SEWRPC
Analysis Sanitary Sanitary 1990 2000

Area Sewerage Sewerage Population Population
Name Oesignation (sjI System Plan System Plan Total Forecast Forecast

Kenosha Planning District .,. 50-53 181,490 1,130 182,620 126,520 139,280

Bristol-Paris .................... 54 1,790 3,340 5,130 6,475 7,380

Western Kenosha County .. , .... 55 14,300 4,940 19,240 19,406 21,741

Milwaukee-Metropolitan
District and Contract Area .... 5,11 1,783,440 9,430 1,792,870 1,394,020 1,519,196

13-35

Cedarburg-Grafton ................ 4 24,980 2,640 27,620 36,907 50,824

Saukville ....................... ... 3 2,620 1,050 3,670 5,617 7,223

Port Washington .............. ... 2 12,370 580 12,950 14,962 17,902

Belgium-Fredonia ........... .... 1 3,770 3,000 6,770 7,021 8,183

Racine Urban
Planning District ....... ....... 43-46 222,070 2,780 224,850 173,931 198,557

Union Grove ... ............. ..... 47 15,990 3,940 19,930 14,994 17,956

Western Racine County .......... 48 16,110 4,690 20,800 24,808 30,549

Burlington . ....................... 49 14,960 2,540 17,500 19,367 23,538

Kewaskum .... ....... .. ......... 6 3,280 2,130 5,410 6,653 7,708

West Bend ...... ........ ......... 7 27,040 3,450 30,490 42,380 54,473

Allenton ... ........ ......... ..... 8 1,670 2,510 4,180 4,236 4,561

Jackson ...................... ..... 9 1,770 2,650 4,420 7,795 9,796

Hartford-Slinger .. .............. 10 13,290 1,380 14,670 16,878 19,774

Erin-Richfield .............. 12 -- 6,080 6,080 12,354 16,575

Sussex-Pewaukee .. ........ 36 29,530 2,630 32,160 37,324 58,431

Oconomowoc-Hartla nd-
Delafield .. ............ .... 37-39 50,050 4,510 54,560 70,656 98,585

Waukesha 40 77,270 2,400 79,670 80,810 107,064

Dousman-Wales-
North Prairie-Eagle . ,41 3,110 8,160 11,270 17,679 23,740

Mukwonago-Big Bend ... ..... 42 7,800 6,880 14,680 28,202 40,065

EastTroy 56 4,550 3,880 8,430 12,946 16,103

Whitewater ..... 57 9,550 4,740 14,290 17,029 18,833

Elkhorn . 58 7,950 3,560 11,510 12,760 15,306

Geneva Lake Area ....... 59 27,060 6,290 33,350 31,708 36,832

Delavan. 60 17,280 2,190 19,470 17,657 19,926

ISee Map 134.
'Based on distribution of forecast county population as recommended in the
adopted regional land use plan.

Source: SEWRPC.
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that this change in population trends will have any
impact on the recommended regional sanitary
sewerage system plan, since much of the areawide
sewerage system has been completed and is in
place, with most remaining trunk sewer exten
sions essential to provide sewage flow relief and
to extend service to committed contract areas.

In all remaining areas of the Region as identified
in Table 238, the revised 1990 population fore
cast exceeds the initial 1990 population forecast
and it may be assumed, therefore, that the facili
ties included in the recommended regional sani
tary sewerage system plan will be the minimum
necessary to accommodate future development.
Design engineers involved in engineering studies
relating to the improvements included in the rec
ommended plan will need to carefully review the
revised forecast to determine what modifications
may be warranted in the sizing or location of
major recommended sewerage facilities.

Based upon the foregoing, it may be concluded that
the regional land use plan remains a sound basis
for the design of the recommended regional sani
tary sewerage system plan. It must be recognized,
however, that both the land use and sewerage
systems plans-like all plans-are intended only
as points of departure against which land use and
sewerage facility development proposals can be
evaluated as they arise on a day-to-day basis. If
they are to continue to serve as valid and useful
points of departure, the plans must be maintained
current, being revised as newly discovered evi
dence may require. Careful attention in plan
maintenance will have to be given to trends of
change in life styles and activity patterns, as
reflected in land use development patterns and in
daytime-nighttime and weekday-weekend popula
tion differentials within subareas of the Region.
Departures of land use development from the
pattern envisioned in the adopted regional land
use plan may result in the need for more sanitary
sewerage facilities to serve outlying areas of
the Region by the year 2000, even though total
resident population levels at the regional scale
approximate or even fall below forecast levels.

PUBLIC REACTION TO RECOMMENDED PLAN

It was noted in Chapter II of this report that
the general approach utilized by the Commission
in the selection of a recommended plan from
among alternatives is to proceed through the use
of advisory committees, interagency meetings,
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informational meetings, and public hearings to
a final decision and plan adoption by the Commis
sion in accordance with the provisions of the
State enabling legislation. Because plan selec
tion and adoption necessarily involve both techni
cal and nontechnical policy determinations, such
selection and adoption must involve the various
governmental bodies, technical agencies, and
private interest groups concerned. Such involve
ment is particularly important in light of the advi
sory role of the Commission in shaping regional
development. The use of advisory committees,
public informational meetings, and public hearings
appears to be the most practical and effective
procedure available for attaining the necessary
involvement of elected and appointed public offi
cials and interested citizens in the planning
process, and of openly arriving at agreement' on
development plans which can be jointly adopted
and cooperatively implemented.

As an integral part of the regional sanitary
sewerage system planning program, a series
of informal public informational meetings and
a formal public hearing were held within the
Region. The meetings and hearing were conducted
by the Commission itself, with either the Chair
man of the Commission or county board-appointed
Commissioners presiding. The purpose of these
meetings and hearing was to more fully inform
public officials and interested citizens about the
findings and preliminary recommendations of the
sewerage system planning program and to obtain
the reaction of the officials and citizens to the
regional sanitary sewerage system plan recom
mended by the staff and by the Technical Coor
dinating and Advisory Committee on Regional
Sanitary Sewerage System Planning together with
the alternatives thereto. The meetings and hear
ing were preceded by an extensive program of
notification, including letters to local, state, and
federal public officials; citizen groups; librarians;
and to about 3,500 individuals and organizations
included on the SEWRPC mailing list. In addition,
news releases were issued to all daily and weekly
newspapers and radio and television stations
serving the Region. A summary of the inventory,
analysis, and forecast findings; of the sewerage
system development objectives and standards; of
the alternative sewerage system plans considered;
and of the recommended preliminary regional
sanitary sewerage system plan was presented at
each of the informational meetings and again at
the public hearing, together with data on the costs
and means for implementation of the recorn-
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mended plan. The public informational meetings
and hearing were held in accordance with the
schedule listed below, and minutes of both the
informational meetings and 'the public hearing,
together with documen tation of the notification

procedures utilized by the Commission, totaling
370 pages in length, were published on February 1,
1974, and transmitted to the Regional Planning
Commission for review and consideration prior to
final adoption of the recommended plan.

I General Informational Meetings

I
Presiding Agency

Southeastern Wisconsin
Regional Planning Commission

Place of Meeting

Racine County Highway and
Office Buildi~g

Sturtevant, Wisconsin

Date of Meeting

November 5, 1973
7:35 p. m. - 9:05 p. m.

November 26, 1973
7:30 p. m. - 9:15 p. m.

November 8, 1973
7:30 p. m. - 8:55 p. m.

November 15, 1973
7:40 p. m. - 8:45 p. m.

November 14, 1973
7:40 p. m. - 9:45 p. m.

November 19, 1973
7:35 p. m. - 10:05 p. m.

Ozaukee County Courthouse
Port Washington, Wisconsin

Washington County Courthouse
West Bend, Wisconsin

PLeasant Prairie Town Hall
Pleasant Prairie, Wisconsin

Walworth County Courthouse
Elkhorn, Wisconsin

Waukesha County Technical
Institute, Pewaukee

Southeastern Wisconsin
Regional Planning Commission

Southeastern Wisconsin
Regional Planning Commission

Southeastern Wisconsin
Regional Planning Commission

Southeastern Wisconsin
Regional Planning Commission

I Southeastern Wisconsin
Regional Planning Commission

I Public Hearing

I

I
I

I
Southeastern Wisconsin
Regional Planning Commission

Milwaukee County Courthouse
Milwaukee, Wisconsin

December 5, 1973
7:30 p. m. - 9:00 p. m.

I

In addition to the foregoing general public infor
mational meetings and the public hearing, four
special public informational meetings were held

at the request of local governmental officials and
concerned citizens to, provide more detailed brief
ings on the preliminary recommended plan:

Special Informational Meetings

I
I
I

GovernmeJlta.L Unit or Group
Requesting Meeting

Towns of Polk and West Bend
Big Cedar Lake Sanitary District
Little Cedar Lake Sanitary District
Silver Lake Sanitary District

place of Meeting

Town Hall
Town of Polk

Date of Meeting

November 27, 1973
7:30 p. m. - 10:30 p. m.

I
City of Elkhorn Common Council City Hall

City of Elkhorn
November 28, 1973
7:30 p. m. - 10:00 p. m.

I
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mental meetings were called by the Commission
in response to concerns expressed at the public
hearing:

In addition to the foregoing general and special
public informational meetings and the public hear
ing, the following three special intergovern-

Delafield-Hartland Water
Pollution Control Commission

City of Delafield Common Council
Village of Hartland Board

City of Lake Geneva Common
Council and Plan Commission

Mill Road Area Residents
City of Delafield

Special Intergovernmental Meetings

Governmental Units and Other
Groups Represented at Meeting

Delafield-Hartland Water Pollu-
tion Control Commission

City of Delafield
Village of Hartland
Village of Nashotah
Town of Summit
Delafield Homeowners Association
U. S. Environmental Protection

Agency
Wisconsin Department of

Natural Resources
SEWRPC

Walworth County
City of Delavan
City of Elkhorn
Delavan Lake Sanitary District
U. S. Environmental Protection

Agency
Wisconsin Department of

Natural Resources
SEWRPC

Washington County
City of West Bend
Town of Polk
Town of West Bend
Silver Lake Sanitary District
Silver Lake Property Owners

Association
Little Cedar Lake Sanitary District
Little Cedar Lake Property

Owners Association
Big Cedar Lake Sanitary District
Big Cedar Lake Property

Owners Association
SEWRPC
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SEWRPC Offices
City of Waukesha

City Hall
City of Lake Geneva

SEWRPC Offices
City of Waukesha

Place of Meeting

SEWRPC Offices
City of Waukesha

City Hall
City of Elkhorn

Washington County Courthouse
City of West Bend

December 3, 1973
4:00 p. m. - 6:00 p. m.

December 3, 1973
7:00 p. m. - 8:30 p. m.

December 19, 1973
7:30 p. m. - 9:00 p. m.

Date of Meeting

January 14, 1974
7:30 p. m. - 9:30 p. m.

January 16, 1974
1:30 p. m. - 3 :00 p. m.

January 16, 1974
7:30 p. m. - 10:00 p. m.
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A total of 610 persons attended the general public
informational meetings and the public hearing.
The record of the proceedings indicates that public
reaction to the plan recommendations, including
the water use objectives, the waste treatment
levels required to meet these objectives through
out the Region, the sewer service areas, and the
trunk sewer and treatment facilities required to
serve these areas, all met with a very favorable
response. The meetings and hearing indicated
that significant controversy existed with respect
to the plan recommendations in only five geo
graphic subareas of the Region: 1) the Lake
Church area of Ozaukee County; 2) the Green Lake
area of Washington County; 3) the Tri-Lakes area
of Washington County; 4) the Delafield-Hartland
area of Waukesha County; and 5) the Elkhorn
Delavan area of Walworth County.

Lake Church Sewer Service Area-Ozaukee County
Some citizens who reside along the shoreline of
Lake Michigan in the Town of Belgium both north
and south of the Harrington Beach State Park
questioned the need to provide centralized sani
tary sewer service to the shoreline development
as recommended in the preliminary plan. In gen
eral, these citizens recognized that centralized
sewer service was required for the unincorporated
village of Lake Church, about one mile west of
the shoreline urban development, and to the
newly-established Harrington Beach State Park.
They indicated, however, that in their opinion,
utilization of onsite soil absorption septic tank
systems to serve the approximately 130 homes
along the Lake Michigan shoreline in the proposed
service area remains a satisfactory long-term
solution to the problem of handling sanitary wastes
in this area.

After careful consideration of this matter, the
Commission determined that the plan should con
tinue to recommend the provision of centralized
sanitary sewer service to the Lake Michigan
shore line development in the Town of Belgium.
In its determination of this matter, the Commis
sion reviewed not only the comments made by the
citizens at the public. informational meetings and
hearing but also the findings that such service
was essential to resolving existing and potential
water pollution and public health hazards at both
Lake Church and Harrington Beach State Park,
the latter being contiguous to the existing shore
line development, and the fact that the soils in

this area are generally poorly suited for the
application of onsite sewage disposal systems.
The Commission also took note of preliminary
proposals advanced by the Town of Belgium
through its consulting engineer, which proposals
also would extend sewer service to the shoreline
development in question. Finally, the Commission
also noted that provision of sewer service to the
shoreline area would also enable the abandonment
of the private sewage treatment facility serving
the Port Country Club.

Green Lake Sewer Service Area
Washington County
The adopted Milwaukee River watershed plan
initially recommended that a centralized sanitary
sewerage system be provided in the Town of
Farmington to serve existing urban development,
including campgrounds, on the shoreline of Green
Lake. The record of the public hearing with
respect to the Milwaukee River watershed plan
reveals no opposition to or comment on the plan
recommendation at that time. Accordingly, this
recommendation was carried over into the prepa
ration of the preliminary regional sanitary sew
erage system plan. At the public hearing on
the preliminary plan, both the Town of Farm
ington and the Washington County Park and Plan
ning Commission requested this recommendation
be deleted from the plan. The local officials
expressed concern that the establishment of such
a system would serve to induce further urban
development and destroy the generally rural char
acter of the surrounding area. Furthermore, they
indicated steps would be taken with respect to the
enactment of sound zoning and other land use
control ordinances to ensure that urban develop
ment would not take place in this area. Finally,
they indicated that alternative solutions to any
existing problems, perhaps including the installa
tion of holding tanks where necessary, would be
superior to the establishment of a new sewerage
system that would be costly to the small number
of permanent residents on the lake.

After careful consideration of the information
presented by the local public officials in this area,
the Commission determined to delete from the
recommended plan the proposal to provide for
a new centralized sanitary sewer system to serve
urban development on the shorelines of Green
Lake. In so determining, the Commission noted
that should at some future date problems related
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to the handling of sanitary wastes in the Green
Lake area become more severe, a recommenda
tion to provide a centralized sanitary sewerage
service could be again reconsidered.

Tri-Lakes Sewer Service Area
Washington Countij
The adopted Milwaukee River watershed plan
initially recommended that centralized sanitary
sewer service be provided for existing urban
development along the shorelines of Big Cedar
Lake, Little Cedar Lake, and Silver Lake, com
monly known as the Tri-Lakes area, in the Towns
of West Bend and Polk, with sewage treatment to
be provided at the City of West Bend treatment
facility. The public hearing record for the Mil
waukee River watershed plan reveals no objection
to or comment on this plan recommendation. The
City of West Bend Common Council endorsed in
principle the proposal to provide sewage treatment
to the Tri-Lakes area and authorized necessary
studies to expand the City of West Bend treatment
facility to include capacity for Tri-Lakes sewage.
Accordingly, the concept of cen tralized sewerage
service to the Tri - Lakes area, with treatment
provided at West Bend, was included in the pre
liminary regional sanitary sewerage system plan.

The public hearing record for the regional sani
tary sewerage system plan reveals substantial
concern over and objection to the proposed sewer
age system on the part of some citizens and local
pub lic officials in the Tri - Lakes area. These citi
zens and officials held that the need for such ser
vice had not been adequately shown, that the costs
for such service had been greatly understated,
and that the provision of such service conflicted
with local desires to retain in open space land
uses those undeveloped lands within the lake sub
watersheds, but away from the lake shore, and
the generally low density, semi-rural character
of the lake community. Certain public officials
indicated that before they would be willing to
commit themselves to endorsing the plan recom
mendation, further studies concerning the need
for and cost of sewers in this area and, particu
larly, the impact that such sewers would have on
lake water quality would be required. These con
cerns were jointly expressed by the Washington
County Park and Planning Commission and by
appropriate officials of the sanitary districts
and property owners associations in the Tri
Lakes area.
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In response to the expressed concern at the public
hearing and in documents filed soon thereafter,
the Commission held an intergovernmental meet
ing on January 16, 1974, at the Washington County
Courthouse. Appropriate officials of the sanitary
districts, property owners associations, the City

of West Bend, and the Washington County Park
and Planning Commission were present at this
meeting. The various problems associated with
providing centralized sanitary sewer service to
the Tri-Lakes area were discussed at length at
this meeting. Of particular concern was the con
tinued eutrophication of the three inland lakes
concerned, and the continued viability of using
onsite sewage disposal and private water supply
systems to serve the intensive urban development
already existing around the shorelines of the
three lakes. In addition, recent growth trends
in the West Bend area have indicated a tendency
toward urban development in the intervening areas
between the City and the lake communities, raising
the possibility of the lake communities eventually
become contiguous to urban development in West
Bend. A general consensus was arrived at the
meeting to the effect that, while more detailed
studies would be desirable to determine the
precise impact on water quality of the installation
of sanitary sewers, and while financial impact
analyses should be made, the proposal contained
in the pre liminary regional sanitary sewerage
system plan should remain in the plan as adopted
by the Regional Planning Commission and certified
to appropriate local, state, and federal agencies.
Subsequently, the Washington County Park and
Planning Commission submitted a supplementary
statement to that included in the public hearing
document indicating their agreement with this
consensus and their support for retaining the
recommendation in the final regional sanitary
sewerage system plan. The County Park and
Planning Commission further indicated that the
three lake-oriented sanitary districts and property
owner associations involved are desirous of pro
ceeding with a local preliminary engineering study
to more precisely determine the costs and bene
fits associated with the sewerage plan recom
mendation and thereby assist the local agencies
concerned in arriving at a decision as to the
desirability and timing of plan implementation.
Based upon that supplementary statement, the
Tri-Lakes sewer service recommendation, includ
ing treatment at the City of West Bend facility,
was retained in the plan as recommended for
adoption by the Commission.
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Delafield-Hartland Sewer Service Area
Waukesha County
A number of residents in the Bark River water
shed area of Waukesha County expressed concerns
over the plan recommendations for proviSion of
sanitary sewer service to the City of Delafield;
the Villages of Hartland, Merton, and Nashotah;
and a portion of the Town of Summit adjacent to
the City of Delafield, and more particularly about
the location of the areawide sewage treatment
plant proposed to serve this area. The prelimi
nary plan recommendation as set forth earlier in
this chapter was to provide centralized sanitary
sewer service to the City of Delafield, the Vil
lages of Hartland, Merton, and Nashotah, and the
Nemahbin and Nashotah Lakes area of the Town
of Summit. A major new areawide sewage treat
ment facility was proposed to be located on the
Bark River in the Town of Summit. In addition,
a new sewage treatment facility was proposed to
serve the Village of Merton and environs. Under
these plan recommendations the existing Village
of Hartland sewage treatment facility would be
abandoned. These plan recommendations gen
erally coincided with the early proposals of the
Delafield-Hartland Water Pollution Control Com
mission formed jointly by the City of Delafield and
Village of Hartland to provide for areawide sew
erage service in this portion of the county.

Coinciding with the completion of the regional
sanitary sewerage system plan and the holdings
of hearings thereon, the Delafield-Hartland Water
Pollution Control Commission was in the process
of selecting an alternate sewage treatment site,
since the Town Board of the Town of Summit,
acting after a vote of town residents during
a special town meeting, had refused to cooperate
in the location of the proposed areawide treat
ment facility below Crooked Lake in the Town
of Summit.

Citizen comments made at the public informational
meetings and public· hearing, therefore, were
directed both at the initial Commission staff and
Technical Coordinating and Advisory Committee
recommendation to build an areawide treatment
facility downstream of Crooked Lake in the Town
of Summit, and at the current Delafield-Hartland
Water Pollution Control Commission proposal to
place the areawide treatment facility on an alter
nate site in the City of Delafield, with discharge
of effluent to the Bark River above the Nemahbin
Lakes. In general, those citizens from the Town
of Summit strenuously opposed the establishment

of an areawide sewage treatment facility within
the town, while recognizing, however, a need to
provide sewer serVice to urban development in the
Nemahbin and Nashotah Lakes area of the town.
Those citizens of Delafield expressed support for
the preliminary Commission plan recommenda
tion, while strenuously opposing the location of
the sewage treatment facility in the City of Dela
field. In addition, the City of Oconomowoc, by
Common Council resolution, expressed its opposi
tion at the pub lie hearing to selection of anothe r
alternative investigated under the study that would
divert all sewage from the Bark River basin to
the Oconomowoc River basin, with treatment to
be provided at an expanded Oconomowoc treat
ment facility.

In an attempt to resolve this matter, the Commis
sion held a special intergovernmental meeting on
January 14, 1974, attended by appropriate officials
representing the Delafield-Hartland Water Pollu
~ion Control Commission, the City of Delafield,
the Villages of Nashotah and Hartland, the Town
of Summit, the Wisconsin Department of Natural
Resources, the U. S. Environmental Protection
Agency, and interested citizens from the City
of Delafield. At this meeting all of the parties
concerned expressed again their individual posi
tions, with a general consensus found on the need
to provide an areawide sanitary sewer system to
serve urban development in the Bark River basin,
but with disagreement as to where specifically
the areawide sewage treatment facility should
be located. Discussion initially centered around
three alternative treatment plant locations. One
of tl:le alternative locations-Oconomowoc-was
opposed by Department of Natural Resources offi
cials on the basis of unsound interbasin diversions
of water, and note was also taken to the previously
expressed official opposition to this alternative by
the City of Oconomowoc. A second alternative
location, consisting of two subalternatives, one
that would locate the areawide plant in the Town of
Summit downstream of Crooked Lake and another
that would locate the plant in the City of Delafield
with an outfall sewer through the Town of Summit
to the Bark River below Crooked Lake, was
objected to by the Town of Summit officials, who
reiterated the position of the town residents, taken
at a special town meeting, in opposition to these
two proposals. A third alternative location, that
selected by the Delafield-Hartland Water Pollution
Control Commission in the City of Delafield, was
opposed by residents of the city in light of poten
tial land use conflicts.
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Further discussion at the meeting centered on two
additional alternative treatment plant locations,
one which would locate the areawide sewage treat
ment plant in the northwest portion of the City of
Delafield adjacent to the Village of Nashotah, with
disposal of effluent primarily to the groundwater
reservoir; the other involving location of the
areawide treatment plant at or near the site of
the existing Dousman sewage treatment facility,
together with abandonment of the existing Dousman
plant. Village of Nashotah officials opposed the
first additional alternative indicating that, in their
opinion, this alternative represented a poor solu
tion to the problem in light of potential ground and
surface water contamination and land use con
flicts. The second additional alternative was
favored primarily by those officials representing
the Town of Summit since it would minimize the
potential land use conflicts involved in the siting
of the treatment plant and would enable the aban
donment of the existing Dousman plant as well.

The cost of transporting the sewage from the
treatment plant site located in the Town of Summit
below Crooked Lake to the proposed Dousman site,
a distance of about two miles, would entail addi
tional capital and operating costs that would be
difficult to justify on the basis of surface water
quality considerations alone. Moreover, the con
struction of a gravity trunk sewer from Dela
field to Dousman would have serious land use
development ramifications in that it would tend
to encourage intensive urban development over
a large area of the Town of Summit, the very kind
of development that the objecting Town of Summit
residents did not favor.

In summary, it was recognized by all concerned
at the meeting that absent the full cooperation of
the Town of Summit, it will be very difficult to
fully implement the preliminary regional plan
recommendation to construct an areawide sewage
treatment facility in the Town of Summit below
Crooked Lake. While all present at the meeting
agreed that the recommended location for the
plant was the best possible location because it
would provide the fullest measure of protection
for the lakes in the area, the Town of Summit
officials indicated that they could not cooperate
in this matter because of the official Town policy
adopted by the electorate at a special Town meet
ing held in 1972.

Following this interagency meeting and further
discussions with public officials representing the
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Delafield-Hartland Water Pollution Control Com
mission and the Town of Summit, the Commission
determined to explore in greater detail two of the
suggested additional alternatives for locating the
proposed areawide Delafield treatment facility.
These two additional alternatives included locating
the areawide sewage treatment plant in the north
west corner of the City of Delafield and disposing
of the treated effluent primarily through discharge
to the groundwater reservoir; and locating the
areawide plant at Dousman together with abandon
ment of the existing Dousman treatment facility.
These two post-pub lic hearing alternative plans
are shown in graphic forms on Maps 134A and
134B, while detailed cost estimates pertaining to
the two additional alternative plans and compari
sons of such cost estimates with recommended
plan equivalents are set forth in Table 238A.

Under the first post-public hearing sewerage
alternative considered for the Delafield subarea,
the proposed Delafield treatment plant would be
located in Section 6, Town 7 North, Range 18 East,
in the City of Delafield, just adjacent to the Vil
lage of Nashotah. Three basic assumptions were
made in the development of this alternative,
namely:

1. That the same level of treatment would be
provided at the proposed plant as that rec
ommended to be provided at the treatment
plants proposed in the alternatives con
sidered in the preparation of the regional
sanitary sewerage system plan;

2. That the proposed seepage ponds would be
constructed and designed like stabilization
ponds; and

3. That an overflow outfall sewer discharging
to upper Nashotah Lake would need to be
provided in order to maintain the system
in operating condition during excessive
periods of flow or during periods of plant
breakdown.

The proposed treatment plant location and the
trunk sewer configuration necessary to carry out
this altern1;ltive for the Delafield subarea is shown
on Map 134A.

The total capital cost of this alternative plan is
estimated at about $13.3 million, with a total
equivalent annual cost of $939,000 (see Table
238A). It is important to note that while this
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Table 238A

DETAILED COST ESTIMATES
POST-PUBLIC HEARING CONSIDERATION OF ADDITIONAL ALTERNATIVE SANITARY SEWERAGE SYSTEM PLANS

FOR THE DELAFIELD-NASHOTAH-HARTLAND-SUMMIT-DOUSMAN SUBAREA
MIDDLE ROCK RIVER SUBREGIONAL AREA

RECOMMENDED PLAN COMPARABLE TO POST-PUBLIC
HEARING ALTERNATIVE PLAN 1

Sewage Treatment Plant
Delafield

Facilities (380 MGD) ................................... $ 4,010,000 $ 3,620,000 $3,140,000 $ 6,760,000 $230,000 $199,000 $429,000
Land (5.6 Acres) .................. ................ 28,000 20,500 20,500 1,300 1,300

Subtotal .................... 4,038,000 3,640,500 3,1 ~O,OOO 6,780,500 231,300 199,000 430,300
Trunk Sewers
Delafield-Nashotah-Hartland and Nashotah-

Nemahbin Lakes . 5,422,200 3,973,600 25,200 3,998,800 252,100 1,600 253,700
Subtotal 5,422,200 3,973,600 25,200 3,998,800 252,100 1,600 253,700

Total ................. $ 9,460,200 $ 7,614,100 $3,165,200 $10,779,300 $483,400 $200,600 $684,000

POST-PUBLIC HEARING ALTERNATIVE PLAN I--
TREATMENT FACILITY LOCATION IN NORTHWEST
CORNER OF CITY OF DELAFIELD

Sewage Treatment Plant
Delafield

Facilities (3.80 MGD) ........ ................................. $ 4,010,000 $ 3,620,000 $3.140,000 $ 6,760,000 $230,000 $199,000 $429,000
Seepage Lagoon ... ............................... 2,872,800 2,596,000 2,596,000 164,700 164,700
Land (385 Acres) .. .................. 1,928,000 1,412,300 1,412,300 89,600 89,600
Overflow-Outfall Sewer 130,100 94,600 1,600 96,200 6,000 100 6,100

Subtotal 8,940,900 7,722,900 3,141,600 10,864,500 490,300 199,100 689,400
Trunk Sewers
Delafield-Nashotah-Hartland and Nashotah-

Nemahbin Lakes 4,400,800 3,355,700 580,100 3,935,800 212,900 36,800 249,700
Subtotal 4,400,800 3,355,700 580,100 3,935,800 212,900 36,800 249,700

Total ...................... $13,341,700 $11,078,600 $3,721,700 $14,800,300 $703,200 $235,900 $939,100

I
I
I
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Plan Subelement
Capital

Construction

Estimated Cost
Present Worth (1970-2020)

Operation
and

Construction Maintenance Total

Equivalent Annual (1970-2020)
Operation

and
Construction Maintenance Total
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POST PUBLIC HEARING ALTERNATIVE PLAN 2--
CONSOLIDATED TREATMENT FACILITY AT DOUSMAN

Sewage Treatment Plant
Dousman

Facilities (4.l8 MGD) $ 4,210,700 $ 3,804,900 $3,188,700 $ 6,993,600 $241,400 $202,300 $443,700
Land (6.4 Acres) ................................ 32,000 23,600 23,600 1,500 1,500

Subtotal ...................................................... 4,242,700 3,828,500 3,188,700 7,017,200 242,900 202,300 445,200
Trunk Sewers
Oelafield-Nashotah-Hartland ..................... 4,466,900 3,273,800 18,900 3,292,700 207,700 1,200 208,900
Nashotah-Nemahbin Lakes .................. ............................ 397,900 323,000 173,500 496,500 20,500 11,000 31,500
Delafield-Dousman . .•......... ' •..........•••••••....................... 1,270,700 991,400 327,800 1,319,200 62,900 20,800 83,700
Dousman ................................ ....................... 25,200 25,200 25,200 1,600 1,600

Subtotal .............................. .......................... 6,160,700 4,613,400 520,200 5,133,600 292,700 33,000 325,700

Total ........................ ................ $10,403,400 $ 8,441,900 $3,708,900 $12,150,800 $535,600 $235,300 $770,900

RECOMMENDED PLAN COMPARABLE TO POST-PUBLIC
HEARING ALTERNATIVE PLAN 2

Sewage Treatment Plants
Delafield

Facilities (3.80 MGD) ... $ 4,010,000 $ 3,620,000 $3,140,000 $ 6,760,000 $230,000 $199,000 $429,000
Land (5.6 Acres) ..................... 28,000 20,500 20,500 1,300 1,300

Subtotal ........................ ....................... 4,038,000 3,640,500 3,140,000 6,780,500 231,300 199,000 430,300
Dousman

Facilities (0.38 MGD) .......... ................................ 552,400 498,100 260,100 758,200 31,600 16,500 48,100
Land (2.6 Acres) • .... •••• .. • .. 1· ......................... 13,000 9,500 9,500 600 600

Subtotal ................ ....................... 565,400 507,600 260,100 767,700 32,200 16,500 48,700
Su btotal-Treatment Facilities ....................... 4,603,40(; 4,148,100 3,400,100 7,548,200 263,500 215,500 479,000

Trunk Sewers
Delafield-Nashotah-Hartland and Nashotah-

Nemahbin Lakes ... 5,422,200 3,973,600 25,200 3,998,800 252,100 1,600 253,700
Subtotal .......................... 5,422,200 3,973,600 25,200 3,998,800 252,100 1,600 253,700

Total ..................... ............................... $10,025,600 $ 8,121,700 $3,425,300 $11,547,000 $515,600 $217,100 $732,700

Source: SEWRPC.
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alternative has a capital cost for the trunk sewer
system of nearly $1 million less than the trunk
sewer system proposed in the recommended
regional sanitary sewerage system plan, the over
all total cost of carrying out this alternative is
substantially higher, with the added treatment
costs necessary to purchase land and construct
the required seepage lagoons and to construct the
overflow outfall sewer more than offsetting the
trunk sewer savings. The estimated equivalent
annual cost of the recommended plan as shown in
Table 238A is $684, 000, which is significantly
greater than the aforementioned equivalent annual
cost of this proposed alternative.

In addition to added costs, a major disadvantage
of the proposed alternative plan is its dependence
upon seepage lagoons in order to avoid the dis
charge of se,vage wastes to the surface water
system. As sho,vn on Map 18, p. 78, of this
report, the entire Delafield-Nashotah area is
classified as being of questionable suitability for
liquid waste disposal since predominate areas of
thick sand and gravel deposits are at or near the
surface and dispersion of contaminants may take
place rapidly, resulting in a very high potential
for pollution of the shallow groundwater aquifer.
In addition, experience with existing seepage
lagoon systems in the Region has shown that such
lagoons have serious operating problems and pro
vide at best an unreliable long-term solution to
effluent disposal. In summary, there would be
little advantage in locating the proposed areawide
Delafield sewage treatment plant in the northwest
portion of the City of Delafield as proposed in this
first post-public hearing alternative plan.

The second post-public hearing alternative plan
considered by the Commission in making a final
determination on the recommended plan for the
Delafield area involves transmission of sewage
from the Delafield-Hartland-Summit area through
a force main to a proposed areawide sewage
treatment plant site located on the Bark River in
the Town of Summit just below the site of the
existing Village of Dousman sewage treatment
facility (see Map 134B). This alternative would
enable the abandonment of the existing Dousman
plant and would thus result in having one less
sewage treatment facility discharging wastes to
the Bark River. The total estimated capital cost
of carrying out this post-public hearing alterna
tive plan is estimated at about $10.4 million, with
a total equivalent annual cost of nearly $771, 000
(see Table 238A). This cost can be compared with
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the recommended plan capital construction cost of
about $10. a million and a total equivalent annual
cost of about $733, 000.

Since the service being provided is identical under
this alternative to that provided under the rec
ommended plan, the additional costs may be
attributed solely to the costs of transmitting the
sewage from the proposed sewage treatment plant
site at Delafield to the proposed site at Dousman,
a distance of about two miles. The utilization of
force main conveyance of the Delafield-Hartland
sewage to the Dousman site would avoid the land
use development problem noted above that would
be created if a large gravity trunk sewer were
constructed along the Bark River to the Dousman
site, and would thus serve to carry out not only
the regional land use plan recommendations but
also the expressed objectives of the To,,,n of
Summit residents. The major disadvantage of
this alternative is that it would involve yet another
municipality in implementation-the Village of
Dousman-and would require a commitment to
a greater capital outlay and a greater annual
operating cost. These disadvantages may be
outweighed by the advantage of overcoming the
expressed objection by the Town of Summit resi
dents to locating a treatment facility in the Town
upstream of the Village of Dousman. No additional
water quality benefits may be attributed to the
alternative of locating the proposed areawide
Delafield plant below Dousman.

After reviewing all of the materials and com
ments presented and made at the public hearing,
after further consideration of all of the discussion
at the interagency meeting held on January 14, 1974,
and after carefully considering the two additional
post-public hearing alternatives, the Commission
determined that the initial plan recommendation
to locate the areawide sewage treatment facility
serving the Delafield-Hartland area in the Town of
Summit below Crooked Lake was a sound recom
mendation and should be maintained in the regional
plan as adopted despite the admittedly difficult
circumstances that may be encountered during
plan implementation. In the judgment of the Com
mission, any solution other than the recommended
plan, the alternatives thereto as presented in
Chapter XI of this report, or the more costly
Dousman alternative, would result in a permanent
commitment either to the discharge of sewage
effluent to the Bark River above the lakes in
the Town of Summit or to the groundwater reser
voir. Either of these two alternatives would
represent, in the opinion of the Commission,
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poor public policy toward resource preservation
and enhancement, since they represent positions
that cannot be defended in light of the consensus
already achieved to abandon the existing Hartland
sewage treatment facility and in light of the reli
ance of urban development in this area on the
shallow groundwater reservoir for public water
supply. With respect to water quality, the Dous
man alternative would be equal to the recom
mended plan. Since that alternative was less cost
effective than the recommended plan, however,
the Commission determined not to specifically
recommend it. Clearly, however, the Dous man
alternative would be preferable to any alternative
other than the recommended plan, and would
represent an acceptable solution to the difficult
problems encountered, so long as all parties con
cerned realize that a modest additional cost would
be involved.

In addition, the Commission after reviewing the
information presented at the public hearing, deter
mined to delete the recommendation to provide an
individual sewage treatment facility to serve the
Village of Merton and environs. Rather, the Com
mission determined that no recommendation for
sewer service for the Village of Merton should be
made at this time, and that should public sewers
become necessary to serve the Merton area, con
sideration be given at that time to either providing
a separate treatment plant with discharge of the
treated effluent to the groundwater reservoir or
conveyance of the sewage to the proposed area
wide treatment facility.

Elkhorn-Delavan-Delavan Lake Sewer
Service Area-Walworth County
Public officials representing the Cities of Elkhorn
and Delavan expressed concern at the public hear
ing over the plan recommendation to provide one
areawide sewage treatment facility to serve the
Cities of Delavan and Elkhorn and the Delavan
Lake Sanitary District in the Town of Delavan.
The City of Elkhorn officials in particular were
concerned over the amount of money already
expended and committed for engineering studies
relating to a proposed new sewage treatment
facility for Elkhorn, a facility which would con
tinue to discharge effluent to Jackson Creek above
Delavan Lake. The City of Delavan officials gen
erally recognized the need to provide sanitary
sewer service to the Delavan Lake area, but
expressed reservations about joining an areawide
system at this point in time. On the other hand,
officials of the Delavan Lake Sanitary District
expressed their full support for the preliminary
plan recommendation.

In an effort to seek a consensus on this matter,
two special intergovernmental meetings were held
on November 28, 1973, and January 16, 1974, at
the Elkhorn City Hall. In attendance at these
meetings were officials of the Cities of Elkhorn
and Delavan, the Delavan Lake Sanitary District,
the Walworth County Park and Planning Com
mission, the Wisconsin Department of Natural
Resources, and the U. S. Environmental Protec
tion Agency. Discussion at the meeting centered
around the advantages and disadvantages of the
preliminary Commission plan recommendation,
with emphasis on the desirability of completely
eliminating sewage effluent from tributary water
courses to Delavan Lake. All of the local public
officials expressed concern over the specific
financial analyses that would be a necessary part
of the plan implementation process. Discussion
was centered around relative timing in terms
of the availability of federal grants-in-aid with
respect to construction of the locally proposed
Elkhorn sewage treatment facility, it being con
cluded that the low availability of federal funds
precludes immediate construction of the proposed
Elkhorn facility and, hence, there being no reason
to believe that full implementation of the proposed
areawide system could not be accomplished as
rapidly as the individual Elkhorn facility.

After careful consideration of the comments made
at and the materials submitted as part of the
public hearing and at the discussion held at the
public interagency meeting held on January 18,
1973, the Commission determined that the pre
liminary plan recommendation to construct an
areawide sewage treatment facility below Delavan
Lake to serve the Cities of Elkhorn and Delavan
and the Delavan Lake Sanitary District was sound
and represents the best and most effective course
of action that could be taken. The Commission's
decision was based primarily upon the desirability
of removing all sewage effluent from tributary
streams to Delavan Lake. In keeping with this
recognition, the Commission further recommended
that the small sewage treatment facility serving
the Walworth County Institutions and Lakeland
Hospital be abandoned and connected to the City
of Elkhorn system, even though it lies beyond the
proposed 1990 sewer service area.

Other Concerns Expressed at Hearings
A single item of concern not relating to the sub
stance of the proposed plan recommendations but
only to the timing of plan implementation was
raised at the public hearing. This item concerned
the timing of the plan implementation for the
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metropolitan trunk and relief sewers in the Mil
waukee area (see Map 132). In particular, public
officials from the Cities of Franklin, Glendale,
and Oak Creek, noting the pressing need to
resolve existing public health hazards, including
the backup of sewage into basements, and further
noting the desirability of eliminating as rapidly as
possible existing temporary sewage treatment
facilities, requested that the proposed construc
tion schedule as it effects their communities be
advanced to reflect more rapid completion of key
trunk and relief sewers. It should be noted that,
as discussed in Chapter XIV of this report, the
proposed construction timetable was based upon
a weighing of several factors, including most
importantly, anticipated availability of state and
federal grants-in-aid, previous construction sche
dules as prepared by the Milwaukee-Metropolitan
Sewerage Commissions, the provision of relief
trunk sewer capacity to resolve pressing existing
public health hazards and water pollution prob
lems, and contract commitments.

The Commission directed that the staff review the
proposed construction schedule for major trunk
sewers in the Milwaukee metropolitan area, con
sidering in that review the comments made at the
public hearing by the public officials representing
the Cities of Franklin, Glendale, and Oak Creek.
Upon completion of this review, the Commission
staff reported that the key constraint inhibiting
an advancement of the proposed construction
schedule was the forecast availability of state and
federal funding in partial support of the proposed
sewer construction. It was noted that the point of
departure used by the Commission staff in devel
oping the major trunk sewer construction schedule
for the Milwaukee metropolitan area, as proposed
to be included in the regional sanitary sewerage
system plan, was such a schedule developed by
the Milwaukee-Metropolitan Sewerage Commis
sion in 1972 when the primary source of funding
for the construction of the trunk sewers were
monies raised through the issuance by Milwaukee
County of general obligation bonds for this pur
pose and state and federal grants-in-aid under
the Wisconsin Water Pollution Prevention and
Abatement Program (Section 144.21 Wisconsin
Statutes) and the federal Waste Treatment Works
Construction Program (35 U. S. Code 466). As
a result of the public policy decision made by
the Finance Committee of the Milwaukee County
Board of Supervisors, the County Executive, and
the Milwaukee-Metropolitan Sewerage Commis
sions in 1973 to relate the rate of major trunk
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sewer construction directly to the availability of
state and federal grants-in-aid, the original con
struction schedule was "stretched out" to adjust
it to the forecast availabiUty of such state and
federal grants. In so doing, the order of priority
originally established for the construction of the
various projects was essentially maintained. The
proposed completion dates of the various projects
were revised, however, to reflect the new funding
limitations, so that the total improvement pro
gram, which originally had completion dates
ranging from 1972 through 1978, was assigned new
completion dates ranging from 1973 through 1990
(see Chapter XIV).

If a level of federal and state funding becomes
available which is substantially higher than that
forecast and if the Milwaukee-Metropolitan Sew
erage Commissions are able and willing to pro
vide the necessary matching funds at the increased
rate-or if a public policy decision is made to rely
more heavily on local funding-then the trunk
sewer construction schedule proposed herein
could be advanced substantially and the problems
cited by the local officials at the public hearing
resolved more rapidly. In view of the serious
public health, water pollution, and urban service
problems involved and in view of the fact that
delays in the construction of certain trunk sewer
segments could result in undesirable aberrations
in the spatial location and timing of urban devel
opment within Milwaukee County, the Commission
recommends that every effort be made by the
federal, state, and local units of government con
cerned to increase the level of funding for, and
to thereby accelerate, the proposed trunk sewer
construction schedule set forth in this report.

Concluding Remarks-Public Reaction
In summary, it may be concluded that public
reaction to the plan recommendations, inc luding
the water use objectives, the waste treatment
levels required to meet these objectives through
out the Region, the sewer service areas, and the
trunk sewers and treatment facilities required
to serve these areas, all met a very favorable
response at the public informational meetings
and hearing. In reviewing all of the comments,
opinions, and data presented at these meetings
and hearing and in the series of intergovernmental
meetings held subsequently to the public hearing,
the Commission determined to change the plan
recommendations made by the Commission staff
and Technical Coordinating and Advisory Com
mittee on Regional Sanitary Sewerage System
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Planning for three specific geographic subareas
of the Region. The Commission acted to delete
the recommendation to establish new sanitary
sewerage systems and accompanying sewage
treatment facilities to serve the Green Lake area
in the Town of Farmington, Washington County,
and to serve the Village of Merton and environs in
Waukesha County. The Commission acted to add
a recommendation to abandon the small sewage
treatment facility serving the Walworth County
Institutions and Lakeland Hospital in the Town of
Geneva and to connect these institutions to the
City of Elkhorn sanitary sewerage system. These
actions by the Commission affect the summary
data presented in Chapters XII and XV of this
report by deleting two of the 52 recommended
public sewage treatment plants and one of the
private treatment plants and by reducing the total
sewer service area within the Region by one
square mile. These changes also affect the plan
implementation costs. Thus, the plan as adopted
recommends a total of 50 public sewage treatment
facilities to serve the Region through the [illan
design year, with a total service area of about
674 square miles. The population proposed to be
served by centralized sanitary sewers, initially
estimated at about 2.6 million persons, was
reduced by about 2,400 persons, while the total
estimated capital cost of implementing the plan
was reduced by about $367,000.

RELATIONSHIP BETWEEN SEWER SERVICE
AREAS AND ENVIRONMENTAL CORRIDORS

The environmental corridor concept and its appli
cation in the Southeastern Wisconsin Region were
discussed in Chapter IV of this report. Because of
the importance of the primary environmental cor
ridors of the Region to the overall quality of the
environment, the identification and delineation of
these corridors was one of the most important
tasks completed under the initial regional land use
planning effort. The primary' environmental cor
ridors encompass almost all of the best remaining
elements of the natural resource base-the critical
resource areas-which are so essential to the
maintenance of the ecologica.l balance, environ
mental quality, and the natural beauty of the
Region. These elements include the lakes and
streams and associated flood lands and shorelands;
prime woodlands and wetlands; prime wildlife
habitat areas; rugged terrain and high relief topo
graphy; significant geological formations and phy
siographic features; and areas coyered by organic
soils. These primary environmental corridors

also include the best remaining potential park and
related outdoor recreation sites within the Region,
frequently include historic sites and structures,
and provide the most attractive scenic areas and
vistas within the Region. All of these natural
resource and natural resource-related elements
tend to occur within the Region in an essentially
lineal pattern; hence, the term "environmental
corridors." The environmental corridors in the
Region were found to encompass approximately
486 square miles of land and inland lake area, or
about 18 percent of the total area of the Region.

Urban development trends within the Region, par
ticularly since 1950, have resulted in encroach
ment of urban development into some of the
primary environmental corridors. If the density
of the development is maintained below 0.5 per
sons per gross acre, and the soils are suitable
for the use of onsite sewage disposal systems,
such intrusion may be compatible with preserva
tion of the corridors. If, however, the density of
the development is excessive, or if the soils are
poorly suited to the use of onsite sewage disposal
systems, such intrusion may destroy the corridor
and thereby the very resources and resource
related amenities sought by the development. Such
unplanned or poorly planned intrusion may also
contribute toward the creation of environmental
problems having areawide effects. Accordingly,
as discussed in Chapter VIII of this report, one
of the recommended sanitary sewerage system
development standards provides that lands desig
nated as primary environmental corridors on the
regional land use plan should generally not be
served by sanitary sewers. Development which is
incidental to the preservation and protection of
the corridors, such as park and related outdoor
recreation areas, and existing clusters of urban
development within such corridors which, because
of soil limitations, cannot continue to rely on
private onsite soil absorption sewage disposal
facilities, however, may have to be provided with
centralized sanitary sewer service. In such cases,
however, the engineering analyses relating to the
sizing of the required sanitary sewerage facilities
should assume the permanent preservation of all
undeveloped primary environmental corridor lands
in natural open space uses.

One of the most difficult tasks faced in deter
mining recommended future sanitary sewer ser
vice areas for the regional sanitary sewerage
system plan involved properly relating such areas
to the delineated primary environmental corridors
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in the Region in those situations wh ere signifi
cant concentrations of existing urban development
already exist within the corridors. Any recom
mendation to extend sanitary sewer service into
primary environmental corridors in order to
serve small clusters of existing urban devel
opment could tend to induce additional urban
development, and thereby destroy the corridor.
Particularly difficult situations are encountered in
lakeshore areas where existing summer cottages
and, increasingly, permanent residences, are
improperly located on soils having severe or very
severe limitations for the safe absorption of
septic tank effluent. In the determination as to
whether or not centralized sanitary sewer service
should be provided in the corridors, reliance was
placed on analyses conducted by the Commission
under the comprehensive watershed studies and
upon any additional local planning and engineering
studies which may have resulted in findings that
centralized sanitary sewer service is essential
in order to avoid a serious public health hazard or
water pollution problem.

In those situations where decisions were made to
extend centralized sanitary sewer service into
the primary environmental corridors, it must
be clearly understood that such proposals are
intended to serve only the existing urban develop
ment, accommodating only a very modest incre
ment of new urban development on already platted
but vacant lots, and is in no way intended to con
stitute a recommendation for the creation of sub
stantial amounts of additional urban development
within the environmental corridor areas. Very
careful attention will have to be given in the design
of the specific sewerage facilities to the objective
of resolVing existing problems relating to onsite
soil absorption of sewage effluent while at the
same time being careful not to induce new devel
opment that would tend to destroy the character
of the primary environmental corridor lands. In
the last analysis, whether or not extension of
required centralized sanitary sewer service into
primary environmental corridors under these
circumstances will, in fact, contribute toward
preserving or destroying the fundamental, critical
resource values found in such corridors will
depend to a very large extent on the care exercised
in the design of the facilities and upon the specific
land use development policies pursued in this
respect by the local unit of government concerned.
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SUMMARY

The recommended sanitary sewerage system plan
for the Southeastern Wisconsin Region is based
upon the provision of conventional centralized
sanitary sewerage syste ms providing high levels
of treatment at sewage treatment facilities, with
discharge of treated wastes primarily to surface
waters. The plan recommends that sewage treat
ment be provided at a total of 52 public sewage
treatment facilities. In order to meet the estab
lished water use objectives and supporting water
quality standards for the surface waters in the
Region. the plan recommends that 41 of the
52 public sewage treatment facilities provide
advanced waste treatment, with the remaining
11 plants recommended to provide a secondary
level of waste treatment. Full implementation of
the recommended plan will enable the abandon
ment of 22 existing public sewage treatment
facilities, 13 of which are currently located in
Milwaukee County and the existing and proposed
contract areas of the Milwaukee-Metropolitan
Sewerage Commissions in Ozaukee, Racine, Wash
ington' and Waukesha Counties. Implementation of
the plan would further permit the abandonment of
29 of the existing 59 private sewage treatment
facilities in the Region. Such facilities currtlntly
serve isolated urban land use enclaves.

The plan recommends that centralized sanitary
sewer service be extended to a total area of about
675 square miles, or about 25 percent of the total
area of the Region. It is anticipated that about
2.6 million persons would reside in this area and
be provided with centralized sanitary sewer ser
vice in the Region by 1900, representing nearly
97 percent of the total anticipated 1990 regional
population of nearly 2.7 million persons. The
incremental sewer service area recommended in
the plan totals about 366 square miles, consid
erably less than the locally proposed future sewer
service area of nearly 450 additional square
miles, thus reflecting the effect of proper consid
eration of areawide development objectives and
areawide land use and sewerage system plans on
the sewerage system planning process.

The recommended regional sanitary sewerage
system plan includes proposals for those trunk
sewers necessary to extend centralized sanitary
sewer service to all of the proposed 1990 sewer
service areas, to enable the abandonment of
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22 existing public sewage treatment facilities,
and to provide for intermunicipal connections
between sewer service areas. The general align
ment and approximate size of these intercom
munity trunk sewers is shown on Map 131. In
addition, locally proposed trunk sewer extensions
which generally involve only a single community
and which are important to the attainment of the
basic plan recommendation to provide sewer ser
vice to the recommended future service areas
were submitted by local officials as important
adjuncts to the recommended plan. These plan
proposals are on file in the Commission offices.

The plan further proposes to abate combined
sewer overflows in the Milwaukee, Racine, and
Kenosha areas of the Region. In the Milwaukee
area the plan recommends proceeding with full
implementation of the recommendations contained
in the adopted Milwaukee River watershed plan
to construct a combination deep tunnel mined
storage/flow-through treatment system to collect,
convey, and adequately treat all combined sewer
overflows throughout the approximately 27-square
mile combined sewer service area in Milwaukee
County. The plan further recommends that, based
on a Prospectus completed in July 1973, the
Milwaukee-Metropolitan Sewerage Commissions
undertake a preliminary engineering study as the
initial step toward implementing the watershed
plan recommendation. The Prospectus recom
mends that the preliminary engineering study
begin with a careful review of the findings and
recommendations of the adopted Milwaukee River
watershed plan and, based upon a review of the
findings of any new research and demonstration
projects completed since preparation and adoption
of the watershed plan, either reaffirm the basic
validity of the combined sewer overflow abatement
recommendations contained in the watershed plan
or provide alternative recommendations. Three
of the most important purposes of the preliminary
engineering study will be to determine an optimum
combination of storage and flow-through treat
ment, the practicality of the required tunnel and
mined storage construction in the bedrock, and
the practicality of utilizing either conventional or
flow-through treatment for the highly diluted com
bined sewer overflows. In the Racine area, the
plan recommends that definitive recommenda
tions concerning which of the remaining combined
sewer areas should be separated and which should
receive flow-through treatment facilities be held
in abeyance until completion of a current research

and demonstration study and a determination as to
the most cost effective method of resolving the
combined sewer overflow problem. Similarly, in
the Kenosha area the plan recommends awaiting
the results of a research and demonstration
project aimed at determining the feasibility of
providing standby treatment capacity before pro
ceeding with completion of a long-proposed sewer
separation program.

In addition to the foregoing specific recommenda
tions concerning the construction of sewerage
facilities, the plan includes several auxiliary
elements applicable in general to all sanitary
sewerage systems. The plan recommends that
clear water elimination efforts be mounted in
all communities and that the design criteria util
ized to prepare the plan become a standard for
determining whether or not a substantial infiltra
tion-inflow problem exists within a system or
subsystem. The plan further recommends that
steps be taken to eliminate all of the nearly 600
points of sewage flow relief found to exist in
1970 throughout the Region. In addition, the plan
recognizes the need to substantially upgrade the
operation and maintenance of sewage treatment
plants in order to provide for the higher levels
of waste treatment that will be necessary to
implement the plan and achieve the water use
objectives. Toward this end the plan sets forth
recommended staffing and operational standards
for typical plant sizes. To overcome problems
uncovered in sewerage system inventories con
cerning a lack of definitive knowledge of total
sewage flow, the plan recommends that steps be
taken to provide for full metering of all flows,
including metering at major bypass points. With
respect to sludge disposal, the plan recommends
that individual case-by-case engineering studies
be undertaken to determine the most cost effective
method of sludge handling, reduction, disposal,
or utilization at individual municipal treatment
plants. Finally, the plan recommends that the
data obtained under the joint Commission-DNR
stream water quality monitoring program be
reviewed and that such review serve as a basis
for the formulation of definitive recommenda
tions as to any changes in the monitoring pro
gram needed to properly assess the status of plan
implementation and achievement of the established
water use objectives over time.

The full capital investment cost of implementing
the recommended regional sanitary sewerage
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system plan is estimated at about $507 million
over the 20-year plan implementation period
1970-1990. Of this total cost, about $134 million,
or about 26 percent, is required to fully imple
ment the recommended sewage treatment plant
element of the plan; about $194 million, or about
38 percent, is required to fully implement the
intercommunity trunk sewer element of the plan;
with the remaining $179 million, or about 36 per
cent, required to fully implement the combined
sewer overflow abatement element of the plan.
The average annual cost of the total capital
investment required for plan implementation
approximates $25 million, or about $12 per
capita. it is anticipated that all of the com
ponents of the recommended plan will be eligible
for federal and state grants-in-aid and that full
utilization of these financial resources could
serve to reduce the local plan implementation cost
with respect to capital investment by as much as
80 percent.

An analysis was conducted of the expenditure
trends for public sanitary sewerage purposes in
the Region during the period 1960 to 1970. This
analysis revealed an average annual expenditure
over that period of about $49 million for sanitary
sewerage purposes, representing about 6 percent
of the average annual public revenues received
by the local units of government over the same
period. Based upon historical data, four alter
native forecasts were prepared to indicate the
possible range of future expenditures by local
governments in the Region for public sanitary
sewerage purposes. These forecasts ranged from
a low of about $1. 4 billion, based upon an assump
tion that the average per capita expenditures
which obtained over the 1960 to 1970 period would
continue to the year 1990; to a high of about
$2.6 billion, based upon an assumption that the
average annual rate of increase of per capita
expenditures which obtained over the 1960 to
1970 period would continue to the year 1990.
An average of the four forecasts indicates that
a total expenditure for public sewerage purposes
of about $2. 0 billion may be anticipated over the
20-year period. This amount can be compared
on a gross basis with the estimated total cost of
implementing the entire recommended regional
sanitary sewerage system plan for the Region,
including operation and maintenance as well as
capital costs, of about $1. 0 billion. Based upon
this analysis, it was concluded that sufficient
monies to substantially implement the recom-
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mended regional sanitary sewerage system plan
should become available without significant shifts
in local expenditure patterns. It is clear that if
the adopted water uses and supporting water
quality standards are to be met for the Region,
the level of expenditures needed to implement the
plan is necessary and fully warranted.

A comparison between the initial 1990 population
forecasts used as a basis for preparation of
the regional sanitary sewerage system plan and
recently available revised population forecasts
indicates that in most areas of the Region the
sewerage facilities included in the recommended
plan will represent a minimum necessary to serve
anticipated urban development growth. In the three
central area cities of the Region-Milwaukee,
Kenosha, and Racine-the population forecasts
have been significantly revised downward. In
these instances, however, the basic areawide
sewerage systems are already in place and the
planned system expansions are essential to pro
viding relief to overloaded areas, to carrying out
contract commitments, to serve shifting land use
development patterns, and to upgrading levels
of treatment.

As an integral part of the regional sanitary
sewerage system planning program, a series
of informal public informational meetings and
a formal public hearing were held within the
Region. The purpose of these meetings and hear
ing was to more fully inform public officials and
interested citizens about the findings and prelimi
nary recommendations of the sewerage system
planning program, and to obtain the reaction of
the officials and citizens to the regional sanitary
sewerage system plan recommended by the Com
mission staff and by the Technical Coordinating
and Advisory Committee on Regional Sanitary
Sewerage System Planning, together with the
alternatives thereto. The meetings and hearing
were preceded by an extensive program of notifi
cation, including letters to concerned local, state,
and federal public officials; to citizen groups;
librarians; and to about 3,500 individuals and
organizations included on the Commission News
letter mailing list. In addition, a series of news
releases was issued to all media in the Region.
Minutes of the informational meetings and public
hearing and documentation of the notification
procedures utilized were published on Decem
ber 31, 1973.
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The preliminary plan recommendations, includ
ing the water USe objectives, the waste treat
ment levels required to meet these objectives
throughout the Region, the sewer service areas,
and the trunk sewers and treatment facilities
required to serve these areas, met a very favor
able response at the meetings and hearing. The
meetings and hearing indicate that significant
controversy existed with respect to the plan rec
ommendations in only five geographic subareas
of the Region: the Lake Church area in Ozaukee
County, the Green Lake area in Washington County,
the Tri-Lakes area in Washington County, the
Delafield-Hartland area in Waukesha County, and
the Elkhorn-Delavan area in Walworth County.
The Commission held a series of additional inter
governmental meetings between the parties con
cerned in an effort to arrive at a consensus with
respect to the final recommendations to be con-

tained in the adopted regional sanitary sewerage
system plan. After holding these meetings and
after reviewing all of the comments, opinions, and
data presented during these meetings and at the
public informational meetings and hearing, the
Commission determined to change the recom
mended regional sanitary sewerage system plan in
three specific goegraphic subareas of the Region.
The Commission acted to delete from the plan
the recommendations to establish new sanitary
sewerage systems and accompanying treatment
facilities to serve the Green Lake area of Wash
ington County and the Village of Merton in Wau
kesha County, and acted to add to the plan the
recommendation to abandon the small sewage
treatment facility serving the Walworth County
Institutions and Lakeland Hospital in the Town of
Geneva, connected these institutions to the City
of Elkhorn sewerage system.
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THE UNPLANNED ALTERNATIVE
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INTRODUCTION

The preceding chapter of this report has set
forth a recommended regional sanitary sewerage
system plan related to and based upon the adopted
regional land use plan. Both the recommended
regional sanitary sewerage system plan and the
adopted regional land use plan were selected after
careful test and evaluation of the alternatives
available and after presentation of these alter
natives to broadly based technical and intergov
ernmental coordinating and advisory committees
established by the Commission to provide techni
cal and policy guidance in the conduct of both the
regional land use and regional sanitary sewerage
system planning programs. With respect to both
planning programs, the plan test, evaluation, and
review processes indicated that implementation
of the recommended plans would best meet the
recommended regional land use and sewerage
system development objectives formulated as part
of the comprehensive planning process.

As part of the regional land use planning program,
an unplanned land use development alternative
consisting of continued existing trend development
in the absence of any attempt to guide such devel
opment on an areawide basis in the public inter
est was examined. It was recognized that such
unplanned development could result in a number
of greatly differing regional land use patterns,
depending upon the degree to which community
plans and land development policies and controls,
together with the availability of areawide planning
and engineering data, such as the detailed soil
surveys, actually influenced the operation of the
urban land market and historic development trends
over time. In order to assess the possible impact
of such unplanned regional land use development
upon the future environment of the Region, one
of many regional land use patterns which might
result from such unplanned development assump
tions was presented. The unplanned land use
alternative was intended to serve not as a recom
mendation, but as a basis of comparison for the
evaluation of the potential benefits of the adopted
regional land use plan and of the workability of
the complementary regional transportation plan

being recommended for implementation as part of
the comprehensive plan for the development of
the Region. In general, the unplanned land use
alternative would require the least amount of
effort toward public regulation of development on
an areawide basis in the public interest and would
require few restraints on the operation of the
urban land market in determining the future char
acter, intensity, and spatial distribution of land
use development in the Region. The unplanned
alternative would, however, provide the people
of the Region with no assurance that the future
regional development pattern would meet the rec
ommended regional development objectives.1

Since one of the important reasons for preparing
the regional sanitary sewerage system plan was
to assist in implementing the adopted regional
land use plan, no attempt was made in the regional
sanitary sewerage system planning program to
develop a sewerage system plan that would serve
the land use pattern projected under the unplanned
land use alternative. The implications of the
unplanned land use alternative for sanitary sew
erage service within the Region was, however,
investigated by analyzing the sewerage system
development costs attendant to unplanned land
use development within a selected subarea of the
Region. Three different means of prOViding for
sanitary waste disposal in the study area were
considered: 1) reliance on onsite soil absorption
sewage disposal systems; 2) provision of central
ized sanitary sewer service with treatment pro
vided at a number of small "package" sewage
treatment plants; and 3) provision of centralized
sanitary sewer service with treatment at a single
centralized treatment facility. The cos ts atten
dant to each of these three alternative means of
handling sanitary wastes were estimated, and
compared with the costs attendant to the regional
sanitary sewerage system plan. This chapter
presents the results of this analysis.

l For a detailed description of the unplanned alterna

tive, see SEWRPC Planning Report No.7, The Regional

Land Use-Transportation Study, Volume Three, Recom

mended Regional Land Use-Transportation Plans--1990,

Chapter V.
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UNPLANNED LAND USE ALTERNATIVE

Under the unplanned land use alternative selected
for analysis in the initial regional land use-trans
portation planning program, historical growth
trends in the Region were assumed to be altered
only by the aggregate effects of local community
plans and plan implementation policies. The need
to restrict intensive urban development to those
areas of the Region having both soils suitable
for such development and gravity sewer service
readily available was not recognized, as it would
be in implementation of the adopted regional land
use plan. The allocation of the various future land
uses to each county of the Region was such as to
approximate, to the extent possible, the proposals
contained in existing community development plans
and zoning documents. The total county employ
ment and population levels consequently were
varied somewhat from the forecast levels. The
unplanned land use alternative for the Region as
a whole is shown in graphic form on Map 135.
Data pertaining to urban and rural land use in the
Region under the unplanned alternative, and as
compared to the adopted regional land use plan,
are set forth in Table 239. Under the unplanned
alternative, a total of 418 square miles of land
would be converted from rural to urban use over
the next two to three decades, or about two times
the total of 200 square miles of land which would
have to be converted under the adopted plan to
accommodate the same incremental increase in
population of about one million persons.

Residen tial Development
Under the unplanned alternative, future residential
development in the Region would occur primarily
at low densities, as contrasted with the primary
reliance upon medium-density development rec
ommended in the adopted regional land use plan.
As shown in Table 239, almost two and one-half
times as much new residential development would
be added to the existing stock of residential land
within the Region under the unplanned land use
alternative than under the adopted land use plan.
Nearly 90 percent of this additional residential
development would be developed at low densities
with lot sizes ranging from one-half to five acres
per dwelling unit, in sharp contrast to the adopted
plan where nearly three-fourths of the residential
acreage would be developed at medium densities
with lot sizes ranging from about 6,300 square
feet to nearly one-half acre per dwelling unit.
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Under the unplanned land use alternative, future
population levels within Ozaukee, Walworth, Wash
ington, and Waukesha Counties would be signifi
cantly greater than the forecast population levels
utilized in the preparation of the regional land use
plan. The three urbanized counties of Kenosha,
Milwaukee, and Racine would each experience
significantly smaller population increases (see
Table 240). It is important to note that, based on
1970 land use and population data, actual popula
tion levels on a county-by-county basis more
closely approximate levels anticipated under the
unplanned alternative than under the recommended
plan (see discussion in Chapter X of this report).
Under the unplanned alternative, urban population
densities within the Region would decrease from
a 1963 level of about 4,800 persons per square
mile, to a 1970 level of about 4,300 persons per
square mile, to a 1990 level of about 2,700 per
sons per square mile. In contrast, the adopted
regional land use plan would provide an overall
population density of about 4,400 persons per
square mile within the Region by 1990 (see
Table 241).

It should be noted that should historic trends in
land use development within the Region continue,
local governments within the Region would con
tinue to be presented with all of the many prob
lems attendant to highly dispersed low-density
development, including incomplete neighborhoods
requiring extensive urban services which can
only be provided inefficiently and at a high cost.
Under the unplanned land use alternative, the
continued abandonment of working farm units
could be expected, leaVing a residual of scattered
undeveloped and underdeveloped areas of land
which lack potential for either good rural or urban
development. In addition, the continued deteriora
tion and destruction of the natural resource base
could be expected, with incompatible urban land
uses intruding into the floodlands, wetlands, wood
lands, and wildlife habitat areas of the primary
environmental corridors.

Sewer and Water Service
As already noted, the unplanned land use alterna
tive would require the conversion of more than
400 square miles of land from rural to urban use.
Only about 55 percent of the total developed area
of the Region in 1990 under the unplanned alterna
tive could be readily provided with public sanitary
sewer service facilities tributary to existing and
locally proposed systems (see Table 242), since
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Table 239

URBAN AND RURAL LAND USE IN THE REGION: 1963 AND 1970
RECOMMENDED LAND USE PLAN AND 1990 UNPLANNED ALTERNATI VE

Existing (1963)
Land
Use

Category

Urban Land Use
Residential

High·Density .
Medium·Density .
Low·Density .

Commercial' .
Industrial' .
Governmental' .
Transportation' .
Recreation .

Total Urban Use ..
Rural Land Use

Agriculture
Prime Agriculture ; .
Other Agriculture , ..

Other Open Lands' .
Total Rural Land Use .

Acres

129,358
34,463
24,748
70,147
6,706
9,746

14,722
96,117
33,262'

289,911

1,085,144
443,952
641,192
345,951

1,431,095

Percent
of Major
Category

44.6
11.9
8.5

24.2
2.3
3.4
5.1

33.1
11.5

100.0

75.8
31.0
44.8
24.2

100.0

Increment 1963 - 1990
Planned Unplanned

Percent Percent
Acres Change Acres Change

71,187 55.0 171,818 132.8
2,790 8.0 466 1.3

53,784 217.3 18,851 76.1
14,613 20.8 152,503 217.4
5,048 75.2 5,950 88.7
5,123 52.5 4,812 49.3
9,573 65.0 8,904 60.4

28,623 29.7 70,215 73.0
8,7185 26.2 5,7625 173

128,272 44.2 267,461 92.2

·102,837 - 9.4 -238,328 -21.9
. 21,267 . 4.7 - 68,591 -15.4
- 81,570 ·127 -169,737 ·26.4
. 25,435 -73 - 29,133 - 8.4

·128,272 . 8.9 ·267,461 ·186

I
I
I
I
I
I

Total .

'Includes on·site parking.
21ncludes institutional uses and on·site parking.
'Includes communications and utilities uses.

Source: SEWRPC.

1,721,006

Table 2110

'Includes the entire site areas of public and nonpublic recreation sites.
51ncludes only that increment recommended for public recreation uses.
'Includes woodlands, water, wetlands, and quarries.

Note: Figures in italics indicate subtotals.

I
I

Source: SEWRPC.

POPULATION DISTRIBUTION IN THE REGION BY COUNTY: 1963 AND 1990

RECOMMENDED LAND USE PLAN AND 1990 UNPLANNED ALTERNATIVE

(POPULATION IN THOUSANDS)

Regional Total ' 1,674.4

Existing (1963)

I

I
I

I
I

Total 1990
Planned Unplanned

Percent Percent
of of

Number "Total Number Total

202.0 7.5 140.8 5.2
1,446.0 54.0 1,224.8 45.7

106.0 4,0 160.0 6.0
283.0 10.6 2560 9.6

87.0 3.2 132.8 5.0
96.0 3.6 125.8 4.7

450.0 17.1 637.8 23.8

2,678.0 100.0 2,678.0 100.0

Increment 1963-1990
Planned Un planned

Percent
of Percent Percent

Total Number Change Number Change

6.4 95.3 89.3 34.1 31.9
64.9 359.7 33.1 138.5 12.7
2.5 64.4 154,8 118.4 284.6
9,0 132.4 87,9 105.4 696
3.3 31.5 56.7 77.3 139.2
2.9 46.5 93.9 76.3 154.1

11.0 273.8 148.6 453.6 246.2

100.0 1,003.6 59.9 1,003.6 59.9

106.7
1,086.3

41.6
150.6
55.5
49.5

184.2

Number

County

Kenosha ..
Milwaukee .
Ozaukee , .
Racine , , .
Walworth .
Washington , ,
Waukesha . .

Table 2111

DEVELOPED AREA AND POPULATION DENSITY IN THE REGION: 1963 AND 1990
RECOMMENDED LAND USE PLAN AND 1990 UNPLANNED ALTERNATIVE

I
Increment 1963-1990 Total 1990Existing Planned Unplanned(1963)

Number Percent Number Percent Planned Unplanned

Square Miles of Developed Areal ..................................... 340 269 79.1 653 191.7 609 993
Urban Population .. ...., ........................................................ 1,634,200 1,017,220 62.2 1,017,220 62.2 2,651,220 2,651,220
Population Per Square

Miles of Developed Area ................................................ 4,807 3,782 78.6 1,560 32.4 4,353 2,673

I
I

'Determined by measuring the extent of uninterrupted urban development
(see footnote 1, Chapter V, Volume 1, SEWRPC Planning Report No.7).

Source: SEWRPC. I
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Table 242

DEVELOPED AREA AND POPULATION SERVED BY PUBLIC SANITARY SEWER SERVICE

AND PUBLIC WATER SUPPLY IN THE REGION: 1963 AND 1990

RECOMMENDED LAND USE PLAN AND 1990 UNPLANNED ALTERNATIVE

Existing (1963) Increment 1963 - 1990

Extent Planned Unplanned
of Public Public Public Public Public Public

Service Sewer Water Sewer Water Sewer Water
Service Supply Service Supply Service Supply

Developed Area:
653.2Total Square Miles ......... ......... 339.7 339.7 269.3 269.3 653.2

Square Miles Served ........ 217.0 200.0 362.9 379.9 331.5 348.5
Percent of Total Served . ............. 63.9 58.8 -- -- -- --

Population:
1,003,600Total Population .. ..-............. 1,674,400 1,674,400 1,003,600 1,003,600 1,003,600

Population Served . 1,419,025 1,372,480 1,127,645 U74,190 570,175 616.720
Percent of Total Served . 84.7 81.9 -- -- -- --

Existing (1963) Total 1990

Extent Planned Unplanned

of Public Public Public Public Public Public
Service Sewer Water Sewer Water Sewer Water

Service Supply Service Supply Service Supply

Developed Area:
6090 992.9 992.9Total Square Miles ..... .............., ................... 339.7 339.7 609.0

Square Miles Served. .............•............... 217.0 200.0 579.9 579.9 548.5 548.5
Percent of Total Served . .......... 63.9 58.8 95.2 95.2 55.2 55.2

Population:
2,678,000 2,678,000 2,678,000Total Population .. ............................. ..... 1,674,400 1,674,400 2,678,000

Population Served .............. ...... 1,419,025 1,372,480 2,546,670 2,546,670 1,989,200 1,989,200
Percent of Total Served . , ... ...... ................ 84.7 81.9 95.0 95.0 74.3 74.3

Source: SEWRPC.

the highly dispersed low-density characteristics
of the residential development would place many
new developments beyond the logical or feasible
extensions of such existing or proposed systems.
Accordingly, the unplanned alternative would
result in an increased emphasis upon the utiliza
tion of onsite septic tank sewage disposal systems
rather than centralized sanitary sewerage facili
ties. The continued widespread use of such septic
tank sewage disposal systems could be expected
under the unplanned land use alternative to subject
the surface water system and the shallow ground
water aquifers to pollution in numerous locations
within the Region, involving ever large areas and
with serious potential attendant public health
problems. Odor, public health, and water pollu
tion problems could be expected to continue to
develop in areas where intensive residential
development is located on soils poorly suited for
septic tank filter field utilization. As discussed
in Chapter IV of this report, about 61 percent of
the total area of the Region is covered with soils
poorly suited for residential development without
sanitary sewer service on lots of one acre or less
in size, with nearly 45 percent of the total area of

the Region unsuitable for residential development
with septic tank systems even on lots larger than
one acre in size.

APPLICATION OF SANIT ARY SEWERAGE
ALTERNATIVES TO A SELECTED STUDY AREA
UNDER THE UNPLANNED ALTERNATIVE

As noted above, it was considered impractical
under the regional sanitary sewerage system plan
ning program to prepare an alternative sanitary
sewerage system plan for the unplanned regional
land use pattern-which pattern represents only
one possible pattern of a very large number of
such patterns which could result from continued
existing trend development within the Region. In
order to demonstrate the costs of providing
centralized sanitary sewer service under the
unplanned land use alternative, and to compare
such costs with those applicable to development
in accordance with the regional land use plan,
as well as to costs associated with a typical
land use development utilizing onsite septic tank
sewage disposal systems, however, it was deter
mined to select a small study area for compara
tive analysis.
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The area selected for study [or such analysis lies
in that portion of the Town of Caledonia in the
Root River watershed, generally in the path of
outward urban expansion from both the Racine and
Mi lwaukee urbanized areas. At the present time,
this portion of the Town of Caledonia already
exhibits a land Lise deve lopment pattern tending
toward that envisioned under the unplanned land
use alternative, with highly scattered residential
development located along section and quarter
section'line roads and in scattered, isolated small
subdivisions. Disposal of sanitary wastes pres-

ently is by use either of septic tanks and onsite
absorption of septic tank effluent or through cen
tralized sanitary sewer service \\lith treatment
provided by contract with the City of Hacine. In
addition, one small subdivision is served by the
Caddy Vista Sanitary District which operates its
own sewage treatment facility. The land use pat
tern assumed under the unplanned alternative for
this portion of the Region is sho\\ln on Map 136,
while [or comparison purposes the recommended
regional land use plan for the area is shown on
Map 137.

I
I
I
I

Map 136

UNPLANNED LAND USE ALTERNATIVE FOR THE CALEDONIA STUDY AREA: 1990 I

I n order to investigate the costs of providing central ized sanitary sewer service to urban development under the unplanned land
use alternative, to compare such costs with those applicable to development in accordance with tne regional land use plan, and to
further compare such cosh to those associated with development utilizing septic tank sewage disposal ~ystems, a small study area
was selected for comparative analysis. This study area is located in tne Root River watershed portIon of the Town of Caledonia,
Racine County, As indicated on the above map, under tne unplanned alternative all new urban development In this portion of the
Town of Caledonia would occur at densities of less than 7.3 persons per net residential acre, (5.5 persons per gross acre, or
3,500 persons per square mile) and would likely occur in scattered, strip development fashion along already existing section and
quarter-section line town and county roads. At the present time all but a small portion of this area of the Town of Caledonia is
served by onsite, septic tank sewage disposal systems.
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In 1970 the resident population in the study area
was estimated at about 9,100 persons, of which
about 4,500 persons resided in areas already
provided with centralized sanitary Sewer service.
Under the unplanned 1990 land use alternative
(see Map 136), it is estimated that about 49,000
persons would reside in the study area, while
under the adopted 1990 regional land use plan
(see Map 137), it is estimated that the study area
resident population would approximate 39,000
persons. In general, development in the study
area under the unplanned land uSe al.ternatives

would consist of diffused, low-density residential
development, while development under the adopted
regional land use plan in the study area would
occur in a more compact pattern at predominantly
medium densities.

In the analysis, three alternative ways of pro
viding the necessary sanitary waste disposal ser
vices were examined with respect to the unplanned
alternative for the study area: septic tank systems
with onsile soil absorption of effluent (unplanned
alternative lA); centralized sanilary sewer ser-

I
Map 137

ADOPTED REGIONAL LAND USE PLAN FOR THE CALEDONIA STUDY AREA: 1990

The adopted reglonll lind ~ .. ,I .. n for the tlledonll stUdy arel I •• how" 0" thi •• ap and .a, be contrastlld with till! unplanned IltIlrnatl~e la"d
dlVlloP.lnl p,ltlrn for th.....e lIrea sho .. n On Mllp 136. Und .. H. Idoptlld reglonll I.nd un pl.n. tI•••• jodty of n... dlVIloP.lnt in thi. portion
01 the TOwn 01 tlledonl ...auld OCCur al .ediu. densities. rllnoing fro. 1.3 \022.8 persons per net resident ill Icre. (S.6 to 15.6 perso". PI' 9'01'
..~;r ... Or 3,500 to 10.000 Plrsons per squIre .ile) .. itll typ;c.l .ingl.·fl.lly hp.e 101 .i~.s IVllr'lling about one-third of In .cre. Tile reolonli
land use pl.n lurlhe, reco••end. Ihat clnlrali~lId nnltary se .. er 1/111 "Iter supply services be .. otended 10 IIrv. III ne .. urb.n dlVIloP.lnt al shown
on tile .1IP. Ind lhat luch d.vIIIOP.llnt furtller be planned to forll cohe.ive nelOhborhood ~nlts. Fin.lly. Ihe Idopted relional land use plan rICO.
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vice with treatment provided at a number of small
pre-engineered or "package" sewage treatment
plants (unplanned alternative 1B); and central
ized sanitary sewer service with treatment pro
vided at the City of Racine sewage treatment
facility (unplanned alternative 1C). In addition,
the costs of implementing each of the three fore
going unplanned alternatives were compared on
a per capita basis with the cost of implementing
the recommended regional sanitary sewerage
system plan, which plan is based upon the adopted
regional land use plan for the study area.

For analysis purposes, it was assumed that of
the total estimated 1990 study area population of
about 49, 000 under the unplanned alternative, an
estimated 17, 000 persons would be served with
public sanitary sewers in those portions of the
study area already served either through exten
sions of trunk sewers from the City of Racine
system or by the Caddy Vista system. Thus,
under each of the three unplanned alternatives
considered, an incremental population of about
32, 000 persons was utilized in order to provide
a common basis for analysis and comparison.

Unplanned Alternative lA-Septic Tank Systems
The first unplanned alternative considered as
sumed the provision of individual onsite septic
tank sewage disposal systems to serve the 1990
study area population of about 32, 000 persons (see
Map 138). This alternative was considered even
though it is recognized that such an alternative
would clearly be an unsatisfactory one for the
study area, an area which is generally covered
by soils having severe or very severe limitations
for the absorption of septic tank effluent. The
alternative was developed, however, primarily
to demonstrate the direct cost of sewering low
density urban development with septic tanks with
out regard to the economic and social costs atten
dant to the use of a system of sewage disposal
which could eventually be expected to malfunction.

The analysis assumed an average of 3.8 persons
per residential dwelling unit, which resulted in
a need to provide approximately 7,100 new indi
vidual septic tank systems to serve the assumed
population increment of about 27, 000 persons
in the study area, since 4,600 persons already
reside in the study area and are already served
with septic tank systems. Based upon an average
hydraulic loading of 125 gallons per capita per day
and a need to provide for retention capacity, it
was assumed each residence would need a stan
dard 1, OOO-gallon septic tank, one service line

706

connecting the tank to the building, and one drain
tile field. Using the design criteria set forth in
the U. S. Public Health Service Manual of Septic
Tank Practice, and assuming a percolation rate of
1 inch in 45 minutes,2 the necessary soil absorp
tion field would consist of 320 feet of drain tile.
The service life for the septic tank was assumed
at 5a years, while the soil absorption field was
assumed to have a service life of 15 years, and
would thus be periodically replaced in the eco
nomic analysis. The total capital cost of installing
the necessary septic tank system was estimated
at $1,220 per residence. Operation and mainte
nance costs were estimated at $10 per septic tank
per year.

Detailed cost estimates for implementing unplan
ned alternative 1A for the study area are set forth
in Table 243. The total estimated capital cost for
the needed 7,100 new septic tank systems is esti
mated at about $8.7 million. The estimated equiva
lent annual cost, including both capital costs for
the new systems and operation and maintenance
costs for both the existing and new systems, is
estimated at about $480, 000. The estimated per
capita equivalent annual cost, based upon an esti
mated 1980 resident population of 18,200 persons,
is about $26.

Unplanned Alternative 1B
Pre-Engineered Treatment Systems
The second unplanned alternative considered to
provide sanitary sewer service to the study area
assumes the utilization of a number of small pre
engineered or "package" sewage treatment plants.
This unplanned alternative would require not only
the installation of the sewage treatment plants,
but also trunk sewers to the treatment plant sites,
lateral and branch sewers, and building sewers.
This unplanned alternative is shown in graphic
form on Map 139. Nine individual "package"
treatment plants would be required to serve the
unplanned land use pattern in the study area.
These plants would range in size from about 0.36
mgd to about L 03 mgd, and would serve resident
populations ranging from 1,700 to 4,900 persons.

2 The percolation rate selected is typical of soils

within the Region which are rated as suitable for the

use of septic tank systems. It is important to note

that the actual soils in the selected study area have

representative percolation rates of about 1 inch

in 90 minutes and are not suitable for septic tank

systems. Any comparison of septic tanks to sew

erage systems in this particular area is, there

fore, hypothetical.
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UNPLANNED SEWERAGE
SEWER

'·lap 138

ALTERNATIVE IA fOR THE CALEOONIA
SERVICE BY SEPTIC TANK SYSTEMS

STUOY AREA

The first of thr~e alternative ways of providing for the disposal of sanitary wastes in the Caledonia study area
under a continuation of existing trend land use development is shown on the above lIIap. Under this alternative all
future development in the study area, excepting only that contiguous to areas already served with centralized
sanitary sewers, would be permanently served by private onsile septic: lank sewage disposal $15lelll$. It should be
noted in this respect that actual soils in the study area have representative percolation rates of about I inch in
90 minutes, and are not, therefore, suitable for the use of septic tank systems. The alternative was developed on
a hypothetical basis, in order to provide cOllparative cost data. The cost of utilizing septic tank sewage disposal
systems in the study area was estimated at about $26 per capi ta per year.
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Table 243

DETAILED COST ESTIMATES
CALEDONIA STUDY AREA UNPLANNED SEWERAGE ALTERNATIVE IA

SEWER SERViCE BY SEPTIC TANK SYSTEMS

Estimated Cost

Present Worth (1970·2020) EQuivalent Annual (1970·2020)

Operation OperatIon
CapItal and and

Plan Element ConstructIon ConstrucllOn Maintenance Total ConstructIon Maintenance Total

Septic Tanks and Elfluent Absorption Systems $8.701.000 $6.925.200 $650,200 $7.575.400 $439.100 $41.200 $4BO.300
Total ....... " ............... ....... $8.701.000 $6.925.200 $650.200 $7.575.400 $439.100 $41.200 $4BO.300

Source: SEWRPC.
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Map 139

UNPLANNED SEWERAGE ALTERNATIVE IB FOR THE CALEDONIA STUDY
SEWER SERViCE BY PRE-ENGINEERED TREATMENT PLANTS
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The second of three alternative ways of providing fOf the disposal of ~:lanitar)' wastes in the Caledonia study area
under a continuation of existing trend land use development provides sanitary sewer service with treatment of the
sewage provided at a nUllber of pre-engineered or "package" sewage treatment plants. As shown above, nine indi
vidual treatment plants would be required to serve the unplanned land use pattern in the study area by 1990. Such
plants would range in size frOIll about O.~ to about 1.0 IIgd, and would serve populations ranging froa 1,700 to
1l.900 persons. The cost of this alternative was estillated at about $102 per capita per year. or 1II0re than either
the septic tank develoPII!nt alternative. as illustrated on Hap 138, or the centralized :sewer service alternative,
as illustrated on Map IQO.

Source: SEWRPC.

Detailed cost estimates for irl1plemcnting unplan
ned alternativc In for the study area are shown
in Table 244. The capital costs for the necessary
sewage treatment facilities is estimated at about
$10.4 million, with the cost of the trunk sewers
estimated at about S6.3 million. In addition, the
estimated capiLal cost of necessary lateral and
branch sewers is about $6.4 million, with the

70B

building sewers having an estimated capital cost
of about $2. 0 million. Thus, the total est! mated
capital cost of providing sewer service under this
unplanned alternative is estimated at about $25.1
million, with a total equivalent annual cost of
about $1. 8 million. The estimated per capita
equivalent annual cost, based upon an assumed
1980 population of 18,200 persons, is about $102.
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TabTe 2L+L+

DETAILED COST ESTIMATES

CALEDON I A STUDY AREA UNPLANNED SEWERAGE AL TERNAT I VE I B
SEWER SERVICE BY PRE-ENGINEERED TREATMENT PLANTS

Estimated Worth
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Element Construction Construction Maintenance Total Construction Maintenance Total

Pre-Engineered Sewage Treatment Plants (9) ............. .................. $10,431,500 $ 9,424,100 $6,843,900 $16,268,000 $ 597,900 $434,200 $1,032,100
Trunk Sewers ....... ,., ... .. .... ............ ........ , ..... 6,250,900 4,733,400 737,800 5,471,200 300,300 46,800 347,100

Subtotal ... ... ........... .............. ......... .............. 16,682,400 14,157,500 7,581,700 21,739,200 898,200 481,000 1,379,200

Lateral and Branch Sewers ................. .... .......... ................ 6,437,900 4,717,600 238,000 4,955,600 299,300 15,100 314,400
Building Sewers ...... .... ................. ..... ..... ....... , ....... 2,027,300 1,484,800 964,600 2,449,400 94,200 61,200 155,400

Subtotal ............. .... ............... .... .... ............... .......... 8,465,200 6,202,400 1,202,600 7,405,000 393,500 76,300 469,800

Total .............. ...... ............... .. ....................... .. .... $25,147,600 $20,359,900 $8,784,300 $29,144,200 $1,291,700 $557,300 $1,849.000

I
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Source: SEWRPC.

Unplanned Alternative lC
Centralized Treatment System
The third unplanned alternative conSidered to pro
vide sanitary sewer service to the study area
assumes provision of centralized sanitary sewer
service with conveyance of sewage to the City of
Racine sewage treatment facility. This alterna
tive is shown in graphic form on Map 140.

Detailed cost estimates for implementing unplan
ned alternative lC are presented in Table 245.
The estimated capital cost of providing incre
mental capacity at the Racine sewage treatment
facility is $1. 5 million, while the necessary trunk
sewers to collect sewage from throughout the
study area and to convey sewage to the Racine
plant have an estimated capital cost of about
$14.0 million. The estimated capital cost for
lateral and branch sewers is about $6. 1 million,
while the capital cost of the necessary building
sewers is estimated at about $2.0 million. Thus,
the total capital cost for implementing unplanned
alternative lC is estimated at about $23.6 million,
with an equivalent annual cost of about $1. 6 mil
lion. The estimated per capita equivalent annual
cost, based upon an assumed 1980 population of
18,200 persons, is about $87.

Comparison of Unplanned Alternatives
With Recommended Plan
The costs of providing centralized sanitary sewer
service to urban development in the Caledonia
study area under the recommended regional sani
tary sewerage system plan are set forth in
Table 246. It is important to note that the data
shown in Table 246 represent the cost of serving

the entire 1990 planned population in the study
area of about 39,000 persons and, therefore, are
not comparable, except on a per capita basis,
with the cos ts presented for each of the three
unplanned sanitary sewerage alternatives set forth
above. It should also be noted that the costs set
forth in Table 246 do include an increment beyond
a strict apportionment of the recommended plan
costs for the study area set forth in Chapter XII
of this report, since lateral, branch, and building
sewer costs had to be included so as to provide
a basis for comparing, on a per capita cost
basis, the recommended plan with the foregoing
unplanned alternatives. The recommended sani
tary sewerage system plan for the study area is
shown on Map 141.

The estimated capital and equivalent annual costs
for the three unplanned sewerage alternatives and
for the recommended regional sanitary sewerage
system plan to serve the study area are set forth
in Table 247. Among the three unplanned sew
erage alternatives considered, the septic tank
alternative is the least costly, with an estimated
equivalent annual per capita cost of about $26,
compared to per capita costs of $102 for the
unplanned sewerage alternative utilizing "package"
sewage treatment plants, and about $87 for the
unplanned sewerage alternative providing for con
veyance and treatment of sewage at the Racine
sewage treatment facility. As noted earlier, how
ever, the use of septic tanks as a permanent
means of sewage disposal is not a feasible alter
native in the study area due to severe soil
limitations, a situation generally exis ting through
out much of the Southeastern Wisconsin Region.
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The third of three alternative ways of providing for the disposal of sanitary wastes in the Caledonia
study area under a continuation of existing trend land use development would provide a centralized sani
tary sewerage system with treatment of the sewage from throughout the study area provided at the City of
Racine sewage treatment plant. The necessary trunk sewers under this alternative, including a conveyance
sewer to the Racine sewage treatment plant, are shown on this map. The cost of this alternative was
estimated at about $87 per capita per year, significantly less than that of the "package" treatment plant
alternative as shown on Map 139, but substantially more than the hypothetical septic tank development
alternative, as shown on Map 138.

Source: SEWRPC. I
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Tab 1e 2It 5

DETAILED COST ESTIMATES
CALEDONIA STUDY AREA UNPLANNED SEWERAGE ALTERNATIVE IC

SEWER S ERV I CE BY CO NNECT I ON TO RAC I NE TRE ATMENT PLA NT

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Element Construction Construction Maintenance Total Construction Maintenance Total

Apportioned Ca pacity at Racine
$ 4,977,900 $ 97,300 $218,600 $ 315,900Sewage Treatment Plant ...... .......... ............. ..... ....... ....... $ 1,479,500 $ 1,532,900 $3,445,000

Trunk Sewers ....... ............. ... .. .... .......... ..... ........... ..... 13,981,900 10,772,700 2,088,200 12,860,900 683,400 132,500 815,900
Subtotal. .................... ..... ...... ........... ...... ....... ........ 15,461,400 12,305,600 5,533,200 17,838,800 780,700 351,100 1,131,800

lateral and Branch Sewers ........... ....... ..... ..... .... .......... ..... 6,092,800 4,465,400 223,800 4,689,200 283,300 14,200 297,500
Building Sewers . .. .... ....... ..... ..... .......... ....... .. ............. 2,027,300 1,484,800 964,600 2,449,400 94,200 61,200 155,400

Subtotal ..... ........ ..... .............. ..... ..... ........ .............. 8,120,100 5,950,200 1,188,400 7,138,600 377,500 75,400 452,900

Total ....... ....... .... .................... ................ ....... ..... $23,581,500 $18,255,800 $6,721,600 $24,977,400 $1,158,200 $426,500 $1,584,700

Source: SEWRPC.

Table 2lt6

DETAILED COST ESTIMATES
CALEDONIA STUDY AREA RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN

SEWER SERVICE BY CONNECTION TO RACINE SEWAGE TREATMENT PLANT

Estimated Cost
Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Element Construction Construction Maintenance Total Construction Maintenance Total

Apportioned Capacity at Racine
$ 99,100 $222,700 $ 321,800Sewage Treatment Plant .................. .................................. $ 1,507,500 $ 1,562,000 $3,510,200 $ 5,072,200

Trunk Sewers ... ..................................... ........................... 5,693,000 4,453,000 897,000 5,350,000 . 282,500 56,900 339,400
Subtotal ....................................................................... 7,200,500 6,015,000 4,407,200 10,422,200 381,600 279,600 661,200

lateral and Branch Sewers 8,987,800 6,585,400 178,100 6,763,500 417,800 11,300 429,100
Building Sewers ............. :::::::: ::::::: :::: ::::::::::::::: ::: ::::::::::::::: 2,059,200 1,508,400 978,800 2,487,200 95,700 62,100 157,800

Subtotal .. ............ ....................................................... 11,047,000 8,093,800 1,156,900 9,250,700 513,500 73,400 586,900

Total ....... ....... ........................................................ $18,247,500 $14,108,800 $5,564,100 $19,672,900 $895,100 $353,000 $1,248,100

Source: SEWRPC.
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Among the feasible alternatives for sewering
unplanned urban development in the study area,
then, the alternative of providing centralized
sanitary sewer service at a single large sewage
treatment plant has a significant cost advantage
over the provision of centralized sanitary sewer
service at several small sewage treatment facili
ties. Significantly, however, both the latter alter
natives, when considered on an equivalent annual
cost per capita basis, are more costly than the
provision of centralized sanitary sewer service
to a more compact planned urban development
pattern as recommended in the regional land use
and sanitary sewerage system plans, which cost
is estimated at $67 per capita. This analysis
demonstrates, then, the advantages of directing
urban development in accordance with the adopted

regional land use plan, rather than allo\ving devel
opment to occur in scattered fashion as depicted
under the unplanned land use alternative. The
analysis further demonstrates, however, that in
those instances where soils clearly are suitable
to safely absorb septic tank effluent, it would be
possible to accommodate low-density urban devel
opment more economically through septic tank
systems than through the provision of centralized
sanitary sewer service.

While the foregoing analysis concludes that it is
more economical to accommodate low-density
urban development through septic tank systems
than through the provision of centralized sanitary
sewer service when such development is located
on soils clearly suitable for the use of onsite
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Map I ~ I

RECOMMEMDED SANITARY SEWERAGE SYSTEM PLAN FOR THE CALEDONIA STUDY AREA
SEWER SERVICE BY CONNECTION TO RACINE TREATMENT PLANT I
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The reco""ended reglOMI unitsry sewerage .yste. plan II It .pplle. to the C.ledonia study area i •• hown on the above "lip. Under this
alternative. l.nd use developlllent is auu_ed to occur in a _ore CO.Pact. urb~n development PlIttern. with Ire.t •• nt of sewage to be
provided through continuee e~pllnsion of the existing RlIcine sewer aile 5yateot and treatllenl of the sewage at the City of Racine treat.ent
plant. All neCIs.ary trunk sewers 10 carry out this recolI.ended plan are shown on the above lIap. The cost of this alternative waa
a.tlluted at about $67 P.r capita per year. or substantially leu lhan the estillated per capita cosh for eltller of the two feasible
alternative... a~ined previoualy with respect to th. unplann.d land use pattern. as shown on Maps 139 and I~O. It Is Important to
recognize that the cost s.:lvlngs toune under thla plan reflect prjlurily the mOre compact urban de",elOPllent pattern u recolMended In
the reg lonal land USI pI In, aa opposed to the 1I0re sc,ttered and les~ dense urban development pattern as assumed under the unplanned
regional land un alternative.

Source: SEWRPC.
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Table 2Lt7

COMPARISON OF DETAILED COST ESTIMATES
UNPLANNED SEWERAGE ALTERNATIVES AND RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN

CALEDONIA STUDY AREA

Equivalent Annual
Cost Per Ca pita

Estimated Cost Less

Equivalent AnnlUll (1970-2020) Lateral,
Estimated Branch,

Operation 1980 and
Capital and Population Building

Alternative Construction Construction Maintenance Total Served Total Sewers

Unplanned Alternatives
1A--Septic Tanks ....................... $ 8,701,000 $ 439,100 $ 41,200 $ 480,300 18,200 $ 26 $--
1B--Pre-Engineered Treatment Plants 25,147,600 1,291,700 557,300 1,849,000 18,200 102 76
1C--Connection to Racine .............. 23,581,500 1,158,200 426,500 1,584,700 18,200 87 62

Recommended Sewerage System Plan ... 18,247,500 895,100 353,000 1,248,000 18,700 67 35

Source: SEWRPC.
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sewage disposal systems, it does not necessarily
follow that such low-density septic tank urban
development represents a desirable development
pattern that should be pursued in those areas of
the Region where suitable soils may be found.
With respect to the septic tank system itself, such
systems have been known to be highly irregular in
performance, reflecting inadequate design, instal
lation, and maintenance practices. Dangerous
concentrations of bacteriological and chemical
contaminants may develop in the groundwater
reservoir underlying high intensity septic tank
development areas. Septic tank sewage disposal
systems also have a limited life and must be
maintained and periodically replaced. Improperly
maintained and operated systems may be subject
to clogging "barriers" in the disposal field which
keep effluent from filtering through. These types
of failures would tend to cause the discharge of
untreated wastes onto the ground surface, and
may cause public health and water pollution prob
lems, as well as an aesthetic nuisance. Many
homeowners simply do not understand that the
septic tank in any system must be cleaned from
time-to-time, and that lack of such maintenance
tends to force the system into failure.

Apart from the problems involved in locating,
operating, and maintaining septic tank systems,
however, there are other concerns of a broader
nature which should be taken into account before
it is concluded that urban development served
by septic tanks represents a desirable form of
urban land use. There are many other costs
associated with widespread low-density urban
development, the kind of urban development that
would be needed to properly utilize onsite soil

absorption septic tank sewage disposal systems.
Such costs occur both in the public and private
sectors of the economy. In the public sector,
there are invariably additional costs involved in
the provision of public facilities and services,
such as transportation, police and fire protection,
solid waste collection, storm water drainage, and
water supply. To accurately assess such incre
mental costs would require the preparation of
a full complement of alternative areawide public
facilities plans. To date the Commission has
completed and adopted only one such facility
plan-a regional transportation plan, initially
adopted by the Commission in 1966 and amended
by Commission adoption of the Milwaukee area
transit plan in 1972.

Analyses conducted by the Commission as part
of the preparation of the regional land use and
transportation and Milwaukee area transit plans
indicate that the capital costs necessary for public
transportation facilities, including highway, park
ing, and transit facilities, could be expected to
increase from an estimated total of about $2.34
billion under the adopted plans to an estimated
total of about $2.42 billion under the unplanned
land use alternative, assuming that a minimal
level of transit service could be maintained in the
Region under the latter alternative. This repre
sents an increase in capital facility costs of about
7 percent. The analyses further indicate that total
operating costs over the 23-year plan implemen
tation period 1967 to 1990 could be expected to
increase from about $23. 6 billion under the
adopted plans to about $26.2 billion under the
unplanned alternative, an increase of about 11 per
cent. These increases in costs are due primarily
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to the more dispersed, highly scattered urban
development pattern assumed under the unplanned
alternative, and reflect the inability to maintain,
much less increase, transit utilization, as well as
the increased travel costs occasioned by greater
separation distances between residences and
places of employment, shopping, and recreation.

The impact upon transit service of not imple
menting the recommended regional land use and
transportation plans is evidenced by the fact that
under the unplanned alternative the total revenue
passengers carried by transit is estimated at
about 82 million annually, as opposed to about
157 million revenue passengers under the adopted
regional land use plan. Concomitantly, travel on
the arterial network could be expected to increase
from about 10 billion vehicle miles annually under
the adopted regional land use plan to nearly 12 bil
lion vehicle miles annually under the unplanned
alternative, an increase of about 20 percent.

The foregoing estimates of increased travel and
related costs under the unplanned alternative do
not fully recognize the additional school bus route
miles that would be needed to accommodate urban
development if it occurred in accordance with the
unplanned alternative. Under the adopted regional
land use and transportation plans, a total of about
335,000 person trips per day could be expected to
be made within the Region for school purposes by
1990. Of this total, an estimated 144,000 trips
could be made by public transit, 63,000 by school
bus, and 24,000 as auto drivers, with the remain
ing 104,000 trips made either as auto passengers
or by walking. Under the unplanned alternative,
while the total number of school trips could be
expected to remain at about 335,000 in 1990, the
number of trips made by transit could be expected
to decrease to about 86,000, a loss of nearly
58,000. It may be conservatively assumed that
these 58,000 trips would have to be accommodated
by special school bussing, as would additional
trips previously made by walking in the predomi
nantly medium-density urban residential neigh
borhoods recommended under the adopted regional
land use plan. Thus, school bussing costs could
be expected to be increased significantly under the
unplanned alternative.

The impact of the unplanned alternative in terms
of fuel consumption and pollutants discharged
from vehicles can also be estimated. Total fuel
consumption based upon assumptions underlying
the adopted regional land use and transportation
plans is estimated at about 832 million gallons

714

per year, whereas such consumption under the
unplanned alternative is estimated at about 952
million gallons per year, an increase of about
14 percent. Similarly, the pollutants from vehicles
as measured in terms of carbon monoxide, hydro
carbons, and oxides of nitrogen emitted could be
expected to be increased significantly. Carbon
monoxide emitted from vehicles could be expected
to increase from an estimated 105,000 tons per
year under the adopted regional land use and
transportation plans to about 116,000 tons per
year under the unplanned alternative, an increase
of about 10 percent. Hydrocarbons emitted from
vehicles could be expected to increase from about
17,000 tons per year under the adopted plans to
about 20,000 tons per year under the unplanned
alternative, an increase of about 18 percent.
Oxides of nitrogen emitted could be expected to
increase from about 22,000 tons per year under
the adopted plans to about 25,000 tons per year
under the unplanned alternative, an increase of
about 14 percent.

While the foregoing analyses relate to some of the
incremental costs to be expected in transportation
through continued dispersion of urban development
within the Region, similar incremental costs may
be expected in other municipal governmental
functions. To adequately assess added incre
mental costs would require the preparation of
additional plan elements and accompanying inter
pretive analyses. Based upon the foregoing analy
ses, however, it may be concluded that while the
utilization of septic tanks to provide for sanitary
sewer service in low-density urban areas may be
cost effective from a single purpose point of view,
any conclusions that low-density urban develop
ment served by septic tank systems represents
a desirable land use pattern should be tempered
with the realization that other not insubstantial
costs are involved in both the public and private
sectors. In particular the increased transporta
tion costs could be severe even assuming the
availability of an adequate fuel supply. Given
restriction on the utilization of fuels, it becomes
even more clear that the type of urban land devel
opment pattern depicted in the unplanned land
use alternative is one that should be pursued by
local governmental officials only after very care
ful analyses.

SUMMARY

The regional sanitary sewerage system plan as
set forth in Chapter XII of this report is related to
and based upon the adopted regional land use plan.
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As part of the regional land use planning program,
an unplanned land use development alternative was
examined. This alternative assumed the continua
tion of existing trends in land use development in
the absence of any attempt to guide such develop
ment on an areawide basis in the public interest.
Under the unplanned alternative, with its emphasis
upon low-density development, about two times as
much land would have to be converted from rural
to urban use over the next two-to-three decades
than under the adopted regional land use plan.
Whereas nearly three-fourths of all new residen
tial development under the adopted regional land
use plan would be developed at medium densities,
about 90 percent of new residential develop
ment under the unplanned alternative would be
developed at low densities. Overall urban popula
tion densities in the Region could be expected to
decrease under the unplanned alternative to a level
of about 2,700 persons per square mile, as com
pared to an overall urban population density of
about 4,400 persons per square mile under the
adopted plan.

It was considered impractical under the regional
sanitary sewerage system planning program to
prepare an alternative plan for providing sani
tary sewage disposal to the unplanned regional
land use alternative. An analysis was made,
however, of the cost of providing sewer service
to a selected subarea of the Region utiliZing
the unplanned alternative as a basis for the
analysis. The selected subarea is located in the
Town of Caledonia, Racine County. Three alter-

native methods of prOViding sewer service to the
unplanned land use alternative development pat
tern in this area were examined: septic tank
systems; provision of centralized sewer service
with treatment at a series of small pre-engineered
or "package" treatment plants; and provision
of centralized sewer service with treatment at
a single sewage treatment facility. The analysis
revealed that the per capita costs of providing
sewer service for the three alternatives were
$26, $102, and $87, respectively. The per capita
cost of implementing the recommended sewerage
system plan for the same study area is estimated
at $67. Since about 60 percent of the Region is
covered by soils unsuited or poorly suited to septic
tank utilization, it may be concluded that the pro
vision of centralized sanitary sewer service to the
urban development pattern recommended in the
adopted regional land use plan is not only the most
cost effective way of accommodating future urban
development in the Region, but would also serve
to most effectively protect the underlying and
sustaining natural resource base. Even in those
instances where it may be concluded that soils
are suitable to support septic tank development,
analyses conducted by the Commission under
other planning programs reveal substantial addi
tional costs generated by a low-density urban
development pattern, particularly with respect
to transportation costs. Such additional costs
must of necessity temper any conclusion that
widespread low-density urban development on
septic tanks represents a desirable urban devel
opment pattern.
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PLAN IMPLEMENTATION
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INTRODUCTION

The recommended sanitary sewerage system plan
for the seven-county Southeastern Wisconsin Re
gion, as described in Chapter xn of this report,
provides a design for the attainment of the specific
land use, water use and quality, and sewerage
system development objectives formulated under
the regional sanitary sewerage system planning
program and related Commission planning pro
grams in cooperation with the local, state, and
federal units and agencies of government con
cerned. The recommended plan, moreover, is
the most cost effective design of the many alter
natives considered.

The recommended regional sanitary sewerage
system plan emphasizes three primary aspects of
sewerage system development within the Region:
1) the delineation of rational, centralized sanitary
sewer service areas as required to support exist
ing and proposed urban land use patterns and to
resolve existing and avoid potential public health
hazards and aesthetic nuisances; 2) the identifica
tion of the sewage treatment and conveyance
facilities required to actually extend sewer ser
vice into the delineated service areas in an
orderly, efficient manner; and 3) the provision of
the level of sewage treatment required to meet the
established water use objectives and supporting
water quality standards for the surface waters in
the Region and to abate the continued pollution of
these waters by both treated and untreated sewage.
In addition, the plan includes recommendations
directed at the abatement of surface water pollu
tion from combined sewer overflows; the abate
ment of excessive clear water inflows to sanitary
sewerage systems; the elimination of points of
sewage flow relief and attendant discharge of raw
sewage to receiving surface waters; the proper
operation of sewage treatment facilities, including
the metering of sewage flows; the disposal of
sewage sludge; and continuing efforts at stream
water quality monitoring in order to assess
the effects of plan implementation on long-term
trends in surface water quality.

In a practical sense, however, the recommended
regional sanitary sewerage system plan is not
complete· until the steps required to implement the
plan-that is, to convert the plan into action
policies and programs-are specified. This chap
ter is, therefore, intended to constitute a guide
for use in the implementation of the regional
sanitary sewerage system plan. Basically, it out
lines the actions which must be taken by the
various levels and agencies of government con
cerned if the recommended regional sanitary
sewerage system plan is to be fully carried out
over the 20-year plan implementation period.
Those units and agencies of government which
have plan adoption and plan implementation powers
applicable to the regional sanitary sewerage sys
tem plan are identified; necessary or desirable
formal plan adoption actions specified; and spe
cific implementation actions and schedules pre
sented with respect to each major element of
the regional sanitary sewerage system plan and
directed at each of the units and agencies of gov
ernment concerned. In addition, financial and
technical assistance programs available to such
units and agencies of government in the imple
mentation of the regional sanitary sewerage sys
tem plan are discussed.

The plan implementation recommendations con
tained in this chapter are, to the maximum extent
possible, based upon and related to the existing
governmental structure and programs and are
predicated upon existing enabling legislation.
Because of the ever present possibility of unfore
seen changes in economic conditions, state and
federal legislation, case law decisions, govern
mental organization, and tax and fiscal policies,
it is not possible to declare once and for all time
exactly how a process as complex as regional
sanitary sewerage system plan implementation
should be administered and financed. In the con
tinuing regional planning program for southeastern
Wisconsin, it will be necessary, therefore, to
periodically update not only the elements included
within the regional sanitary sewerage system plan,
together with the data and forecasts on which these
plan elements are based, but also the recommen
dations contained herein for plan implementation.
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BASIC CONCEPTS AND PRINCIPLES

It is important to recognize that plan implemen
tation measures must not only grow out of for
mally adopted plans, but must also be based upon
a full understanding of the objectives underlying
the recommendations contained in those plans.
Thus, action policies and programs must not only
be preceded by formal plan adoption, and following
such adoption, should not only be consistent with
the adopted plans, but should also emphasize
implementation of the most important and essen
tial elements of the plan and those areas of action
which will have the greatest impact on guiding and
shaping development in accordance with the objec
tives underlying the plan. Of particular impor
tance in this respect is an understanding of the
relationships that exist between the regional sani
tary sewerage system plan and the land use objec
tives expressed in the adopted regional land use
plan, and the water use objectives and supporting
water quality standards expressed not only in the
regional sanitary sewerage system plan but in the
related Commission watershed plans.

Fundamental to implementation of the regional
sanitary sewerage system plan is an understanding
of the underlying regional land use plan upon
which the sewerage system plan is based. To the
extent that urban land use development in the
Region proceeds in accordance with the regional
land use plan, implementation of the regional
sanitary sewerage system plan will provide the
necessary sewer service. The specific placement
of future urban development in both time and
space within the broad, general framework of the
adopted regional land use plan, however, is the
important responsibility of the local units of gov
ernment comprising the Region. In order to pro
vide latitude for the proper exercise of this local
responsibility in light of local needs, desires, and
preferences, as well as areawide needs, a certain
amount of flexibility has been incorporated into
both the regional land use plan and into the desig
nated sanitary sewer service areas. Thus, in
some cases, new urban development or redevelop
ment may in some areas vary somewhat in type
and density from that generally proposed, while
in other areas new development may be placed
beyond the limits of the general service areas
shown on the recommended plan map and still
meet the adopted land use and sanitary sewerage
system development objectives, provided that
overall urban development densities fall within the
three broad density categories proposed in the
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land use plan and that new urban development is
located in time and space so that it can be readily
and economically served by the rational outward
extension of existing gravity drainage sanitary
sewerage facilities.

While the regional land use plan provides the
fundamental basis for the determination of areas
to which centralized sanitary sewer service should
be provided, the established water use objectives
and supporting water quality standards provide the
essential basis for the specification of perform
ance standards for sewage treatment. In this
respect it is important in plan implementation to
distinguish between the recommended performance
standards set forth in the plan and the specific
types and levels of treatment which may be util
ized to achieve these standards. For example,
in order to achieve consistency in the necessary
economic and engineering analyses in the prepa
ration of the plan, it was assumed that all new and
replacement sewage treatment facilities would be
either of the activated sludge type or of the waste
stabilization lagoon type. During the preliminary
engineering phase of plan implementation, other
types of sewage treatment should be considered
and may, in some applications, be found to con
stitute a better approach to the actual design of
a particular individual sewage treatment plant.
Technological alternatives range from other types
of sewage treatment, such as physical-chemical
plants, to other methods of waste disposal, such
as spray irrigation. The particular type of treat
ment or disposal which is ultimately selected for
construction and operation at a given location is
not important to plan implementation; the specific
performance standard of that plant is, however,
of central importance.

The relationship of the regional sanitary sewerage
system plan to other types and levels of planning
is another important factor which must be under
stood for proper plan implementation. As dis
cussed in Chapter VII of this report, federal
legislation envisions the use of basically three
levels, or types, of plans at the state and local
levels of government for assuring that established
water use objectives are met in the most cost
effective manner. At the most general level are
the basin plans, which are essentially water
quality management plans designed to assess
existing water quality conditions over the entire
natural drainage basins; to determine the relative
magnitude of the existing and probable future
water pollution sources, including both point and
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nonpoint sources; and to recommend means by
which pollution from such sources may be abated
and established water use objectives attained.
Although more comprehensive in scope, the Com
mission's watershed plans correspond to these
basin plans.

At the most detailed level of planning are the
facilities plans, directly related to the construc
tion of specific sewage treatment facilities and
sewerage systems. Such plans are designed to
determine the specific waste treatment technology
to be applied in order to effectively implement the
basin plans at a given location within a basin.
Such plans must also recommend the means to be
applied in reducing excessive clear water infiltra
tion and inflow, as well as the means to be used
for sludge reduction, handling, and recycling or
disposal. The preparation of these plans is pri
marily the responsibility of the implementing
agencies.

The third type of plan, the regional or metro
politan water quality management plan, is essen
tially a bridge between the basin plan and the
facilities plan, and is required only in areas of
major urban and industrial concentrations such as
southeastern Wisconsin. These areawide water
quality management plans are intended to be urban
development-oriented and are to recommend the
specific sewerage facilities necessary to permit
sound urban development within a metropolitan
area governed by a multiplicity of jurisdictions.
As such, the areawide plans should contain rec
ommendations relating to intermunicipal connec
tion, as well as general sewer service areas and
anticipated sewage flows. While more detailed
than a basin plan, the areawide plan is not as
detailed as a facilities plan, particularly with
respect to the specific waste treatment tech
nologies to be applied at a given treatment plant
location. The regional sanitary sewerage system
plan presented in this report is intended to con
stitute the areawide water quality management
plan for the seven-county Southeastern Wisconsin
Region. Thus, as envisioned by the Commission,
the adopted watershed plans should meet the
requirements of the basin plans, with particular
emphasis upon the attainment of water use objec
tives and standards, and the abatement of nonpoint
as well as point sources of pollution; while the
regional sanitary sewerage system plan should
meet the requirements of the areawide water
quality management plan, with particular empha
sis on sanitary sewer service areas and on

the location and capacity of conveyance as well
as treatment facilities. The preparation of the
detailed facilities plans is envisioned as the
responsibility of the local unit of government and
represents an extension of, and expansion upon,
the preliminary and final engineering studies that
have historically been conducted at the local level.
It is anticipated that the watershed and regional
sanitary sewerage system plans, taken together,
will provide important inputs to the facilities
plans that must be prepared at the local level.
It is through these local planning efforts that the
adopted areawide plan elements will be carried
into greater depth and detail for sound implemen
tation. More specifically, detailed preliminary
engineering plans will be needed with respect to
the recommended treatment plants, trunk sewers,
and combined sewer overflow abatement projects.
In some cases, detailed preliminary engineering
plans must be prepared to abate excessive infil
tration and inflow, as well as for the ultimate
elimination of all points of sewage flow relief.
The preparation of such preliminary engineer
ing plans and accompanying detailed engineering
studies will require the development of continuing,
close working relationships between the Commis
sion, the local and areawide units and agencies of
government concerned, and key state and federal
agencies, in particular the Wisconsin Department
of Natural Resources and the U. S. Environmental
Protection Agency.

In this respect it will be highly desirable, although
not absolutely essential, to achieve the highest
degree of plan implementation through fulfillment
of the Commission's function as a center for
coordination of local, areawide, state, and federal
planning and plan implementation activities within
the Region. The Commission's work program
includes the continuing provision of assistance to
the local units of government, particularly in
terms of extending the data and recommendations
contained in the plans and integrating the local
plans with the areawide plans, and adjusting the
details of the former to the broader framework of
the latter. In addition, the Commission serves
as a clearinghouse for all applications for fed
eral grants-in-aid, including the construction of
sewerage facilities. Pursuant to long-standing
Commission policy, all comments and recommen
dations on such applications relate the proposed
project to the comprehensive planning program
for the Region, and in particular the extent to
which a particular project contributes to the ful
fillment of plans produced under such programs.
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Indeed, federal legislation requires that all fed
erally aided sewerage facility projects be in
conformance with duly prepared, adopted, and
approved basin and areawide water quality man
agement plans.

Finally, it is extremely important that all public
officials and inferested citizens recognize that
failure by a local unit of government to implement
anyone element of the' recommended areawide
plan may adversely affect many other units and
agencies of government and detract from the
ability of the entire Region, or large parts of the
Region, to serve as a pleasant, safe, and healthful
place in which to live. With particular respect to
water quality, it will do little good for one munici
pality to fully implement the plan and thus con
tribute to achieving the water use objectives if
another municipality fails to take appropriate
steps to similarly implement the plan. It is
essential, too, that the state and federal imple
menting agencies recognize, particularly when
funds are apportioned and priorities established,
the needs of the Southeastern Wisconsin Region
in terms of water quality management, for the
Region is that part of the State of Wisconsin
wherein reside the largest concentration of people,
where the degree of water quality degradation
has often been the greatest, and where existing
demands on water use are the highest.

PLAN IMPLEMENTATION ORGANIZATIONS

Although the Regional Planning Commission can
promote and encourage plan implementation in
various ways, the completely advisory role of the
Commission makes actual implementation of the
recommended regional sanitary sewerage system
plan entirely dependent upon action by certain
local, areawide, state, and federal agencies of
government. These agencies include general
purpose local units of government, such as cities
and villages; special-purpose districts, such as
metropolitan sewerage districts; state agencies,
such as the Wisconsin Department of Natural
Resources; and federal agencies, such as the
u. S. Environmental Protection Agency. Because
of the many and varied agencies in existence, it
becomes exceedingly important to identify those
agencies having the legal authority and financial
capability to most effectively implement the rec
ommended plan elements. Accordingly, those
agencies whose action will have a significant
effect either directly or indirectly upon the
successful implementation of the recommended
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regional sanitary sewerage system plan and whose
full cooperation in plan implementation will be
essential are listed and discussed below. The
agencies are, for convenience, discussed by level
of government; however, the interdependence be
tween the various levels, as well as between
agencies, of government, and the need for close
intergovernmental cooperation cannot be over
emphasized. Most of the agencies needed for
implementation of the recommended regional sani
tary sewerage system plan are already in exis
tence within the Region. In some cases, however,
it may be considered desirable to create new
agencies; in such cases the creation of the new
agencies should be in such form as to comple
ment and supplement most effectively the plan
implementation activities of the agencies already
in existence.

Technical Coordinating and Advisory Committee
Since planning at its best is a continuing function,
a public body should remain on the scene to coor
dinate and advise on the execution of the regional
sanitary sewerage system plan and should under
take plan updating and renovation as necessitated
by changing events. Although the Regional Plan
ning Commission is charged by state statute with
and will perform this continuing areawide planning
function under a continuing environmental engi
neering planning program, it cannot properly do
so without the active participation and support of
local governmental officials through an appropriate
advisory committee structure. It is, therefore,
recommended that the Technical Coordinating and
Advisory Committee on Regional Sanitary Sewer
age System Planning be reconstituted as a con
tinuing intergovernmental advisory committee to
provide a focus for the coordination of the actions
of all levels of government in the execution of the
regional sanitary sewerage system plan. The
Technical Coordinating and Advisory Committee
on Regional Sanitary Sewerage System Planning
would thus continue to be a creature of the South
eastern Wisconsin Regional Planning Commission
pursuant to Section 66. 945(7) of the Wisconsin
Statutes and would report directly to the Com~

mission. It is recommended that all agency
representatives and individuals currently serving
on the Committee remain as members of the
continuing Committee, and that the question of
Committee membership be left open so that addi
tional members could be added to the Committee
as appropriate. It is anticipated that the primary
focus of the Committee will appropriately be upon
the technical aspects of plan implementation, par-
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ticularly with respect to the extension of sewer
service into rational service areas; with respect
to the recommended performance standards for
individual sewage treatment facilities, as those
standards relate to attainment of the water use
objectives and supporting water quality stan
dards; and with respect to the design criteria
utilized in preparation of the plan, as such cri
teria may from time to time be reflected in
detailed planning and engineering studies through
out the Region. It is further anticipated that this
Committee may from time to time be faced with
considerations relating to provision of interim
sewerage facilities as part of larger questions
relating to staging of implementation of the rec
ommended plan.

Local Level Agencies
As discussed in detail in Chapter VII in this
report, there are several different local level
agencies which, under the provisions of the Wis
consin Statutes, may become involved in the pro
vision of centralized sanitary sewer service.
These local level agencies are cities, villages,
towns, sanitary districts, and utility districts.

Cities: In addition to its general grant of home
rule power, cities have specific authority under
Section 62.18 of the Wisconsin Statutes to provide
for sewer service and to construct, operate, and
maintain a sanitary sewerage system. Cities are
allowed to establish within the city limits special
sewerage districts and levy special sewerage dis
trict taxes therein for improvements. Twenty
seven of the 28 cities in the Region currently
exercise this authority and provide centralized
sanitary sewer service.

Villages: By direct reference in Section 61. 39 of
the Wisconsin Statutes, villages are given identical
powers to cities with respect to establishing,
operating, and maintaining sanitary sewerage sys
tems and special sewerage districts. Forty-two
of the 53 villages in the Region currently exercise
this authority and provide centralized sanitary
sewer service.

Towns: Towns generally do not have specific
authority to provide for sanitary sewerage sys
tems except through the establishment of special
town sanitary or utility districts. Under Section
60.29(19) of the Wisconsin Statutes, however,
town boards may, upon petition, build and con
struct sewers and assess benefited property. In
addition, under Section 60.29(30) of the Wiscon-

sin Statutes, town boards may provide munici
pal improvements-presumably including sanitary
sewer service-in any properly designated unin
corporated village in the town. In general, town
boards in the Region have chosen to form sanitary
and utility districts to provide for centralized
sanitary sewer service to urban portions of towns.

Sanitary Districts: Town sanitary districts may
be created under Section 60.30 of the Wisconsin
Statutes to plan, construct, and maintain cen
tralized sanitary sewerage systems. Nine of 27
existing town sanitary districts in the Region cur
rently provide centralized sanitary sewer service.

Utility Districts: Section 66. 072 of the Wisconsin
Statutes permits towns, villages, and cities of the
third and fourth class to establish utility districts
for a number of functions, including the provision
of centralized sanitary sewer service. Utility
districts within the Region have been formed pri
marily within towns. Eleven of 14 existing town
utility districts currently provide centralized sani
tary sewer service. In addition, the Village of
Elm Grove is divided into two separate utility
districts for sanitary sewer purposes.

Areawide Level Agencies
Except as noted below, statutory prOVISIOns exist
for the creation of the following areawide agencies
which may have specific planning and plan imple
mentation powers important to implementation
of the regional sanitary sewerage system plan.
These agencies include counties, the Milwaukee
Metropolitan Sewerage District, other metropolitan
sewerage districts, joint sewerage commissions,
cooperative contract commissions, comprehensive
river basin districts, and the Regional Planning
Commission itself.

Counties: There are only three methods by which
county units of government in Wisconsin may
provide sanitary sewer service, other than pro
viding service to county-owned institutions. Two
of these three methods involve county participa
tion in metropolitan sewerage districts and are
discussed below. The third method is set forth in
Section 59. 03 of the Wisconsin Statutes and is a
limited grant of home rule power to the county
board of any county with a population of 250, 000
or more. While initially directed at Milwaukee
County, this statute has potential application within
the Southeastern Wisconsin Region by the design
year of the plan in both Racine and Waukesha
Counties. Under this statute the county board may
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provide many municipal services, including sani
tary sewer service, and may carry out these
powers in districts which it may create for such
a purpose. Such powers may be exercised by the
county board, however, only upon request of the
towns, cities, and villages which may desire to
have the county board act in such a manner.

Milwaukee-Metropolitan Sewerage District: The
Milwaukee-Metropolitan Sewerage District of the
County of Milwaukee operates under the provi
sions of Section 59. 96 of the Wisconsin statutes
and through the joint agency of the Sewerage Com
mission of the City of Milwaukee and the Metro
politan Sewerage Commission of the County of
Milwaukee. The sanitary sewerage system oper
ated by the District, by its constituent municipali
ties, and by its contract municipalities constitutes
by far the largest and most significant sanitary
sewerage system in the Region. The financing and
organizational details of the Milwaukee-Metropoli
tan Sewerage District have been discussed in
detail in Chapters V and VII in this report,
respectively, and will not be repeated here.
Because the system operated by and under the
control of the District serves a great majority of
the Region's population, it may be expected that
the District will play an extremely important
role in the implementation of the recommended
regional sanitary sewerage system plan.

Other Metropolitan Sewerage Districts: Section
66.20 to 66.26 of the Wisconsin statutes provide
for the creation of metropolitan sewerage dis
tricts outside of Milwaukee County. Proceedings
to create such a district may be initiated by a
resolution by the governing body of any munici
pality. Upon receipt of such a resolution, the
Department of Natural Resources is required to
schedule a public hearing on the matter and, based
upon statutory criteria, either order or deny the
creation of the proposed district. Such districts
are to be governed by five-member commissions
appointed by the county board of supervisors. One
such metropolitan sewerage district has been
created in the Region, but under legislation which
preceded the current legislation. This district is
the Western Racine County Sewerage District
serving the Villages of Rochester and Waterford
and a portion of the Town of Rochester. The area
wide nature of many of the recommended sanitary
sewerage systems in the Region lends itself to
the formation of potential additional metropolitan
sewerage districts.
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Joint Sewerage Commissions: Section 144. 07 of
the Wisconsin statutes provides authority for a
group of governmental units to construct and
operate a joint sewerage system following hearing
and approval by the Wisconsin Department of
Natural Resources. Under this statute the jointly
acting governmental units may create an areawide
sewerage system and may choose to provide for
a sewerage commission to conduct the affairs of
the system in much the same manner as a metro
politan sewerage commission is created to carry
out areawide sewerage functions under a metro
politan sewerage district. The key difference
between a joint sewerage system and a metropoli
tan sewerage district is that under a joint sewer
age system all of the governing bodies of the local
units of government which initially formed the
system must annually approve budgets and appro
priations, whereas in the case of a metropolitan
sewerage district a special unit of government
with its own taxing and appropriations powers is
created. To date no such joint sewerage com
missions have been created in the Southeastern
Wisconsin Region.

Cooperative Contract Commissions: Section 66.30
of the Wisconsin statutes permits the joint exer
cise by municipalities of any power or duty
required of, or authorized to, such municipalities
by statute. Hence, local units of government with
equivalent powers may contract on a cooperative
basis to provide jointly what each unit of govern
ment can provide individually. The exercise of
this cooperative power mayor may not include the
formation of a separate commission to conduct the
municipal activities.. This power has significant
potential for use in the Southeastern Wisconsin
Region with respect to implementation of the
regional sanitary sewerage system plan. Three
formal cooperative contract commissions have
been created to date in the Region for purposes of
constructing areawide sewerage facilities, includ
ing the Underwood Sewerage Commission jointly
created by contract between the City of Brookfield
and the Village of Elm Grove, the Menomonee
South Sewerage Commission jointly created by
contract between the City of Brookfield and the
Village of Menomonee Falls, and the Delafield
Hartland Water Pollution Control Commission
jointly formed by contract between the City of
Delafield and the Village of Hartland. In addi
tion to the foregoing formal cooperative contract
commissions, there are numerous intergovern
mental contracts within the Region that prOvide
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for the conveyance and treatment of sewage by
one municipality for sewage generated in another
municipality.

Comprehensive River Basin Districts: One possi
bility for areawide water quality management plan
implementation is the creation of a special com
prehensive river basin district embracing an
entire watershed and capable of raising revenues
through taxation and bonding, as well as construct
ing and operating any necessary water quality
management facilities. Many attempts to create
such special river basin districts have been made,
usually including proposals for broad powers
beyond water quality management to include land
acquisition, park and open space development,
and flood control functions. Such legislation has
not to date been adopted, and thus this form of
special-purpose areawide district is not pres
ently available as a means of dealing with the
regional sanitary sewerage system plan imple
mentation problem.1

Regional Planning Commission: Although not a
plan implementation agency itself, one other area
wide agency-the Regional Planning Commission
warrants comment. As noted, the Commission
has no statutory plan implementation powers. In
its role as a coordinating agency for planning and
development activities within the Southeastern
Wisconsin Region, however, the Commission may,
through community assistance planning services
and through the review of federal and state grants
in-aid using adopted plan elements as a basis for
this review, promote plan implementation. In
addition, the Commission provides a basis for the
creation and continued functioning of the Technical
Coordinating and Advisory Committee on Regional
Sanitary Sewerage System Planning, which Com
mittee, as noted above, is recommended to remain
as an important continuing public planning organi
z ation in the Region.

State Level Agencies
There exists at the state level the following agen
cies that either have general or specific planning
authority and certain plan implementation .powers
important to the adoption and implementation of
the regional sanitary sewerage system plan.

1Assembly Bill 351 (1973) introduced into the Wisconsin
Legislature on February 6, 1973, represents the latest
attempt to create enabling legislation authorizing
comprehensive river basin authorities.

Wisconsin Department of Natural Resources: As
discussed in detail in Chapter VII of this report,
the responsibility for water pollution control in
Wisconsin is centered in the Department of Natu
ral Resources. The basic authority and accom
panying responsibilities relating to the water
pollution control function of the Department are
set forth in Chapter 144 of the Wisconsin Statutes.
Under this chapter the Department is given broad
authority to prepare water quality management
plans; to establish water use objectives and sup
porting water quality standards; to issue general
and specific orders relating to water pollution
abatement; to review and approve all plans and
specifications for components of sanitary sewer
age systems; to conduct research and demonstra
tion projects on sewerage and waste treatment
matters; to operate an examining program for the
certification of sewage treatment plant operators;
to order the installation of centralized sanitary
sewerage systems; to review and approve the
creation of joint sewerage systems and metropoli
tan sewerage districts; and to administer a finan
cial assistance program for the construction of
pollution prevention and abatement facilities. In
addition, under recent legislation2 the Department
is given broad authority to establish and carry
out a pollution discharge elimination program in
accordance with the policy guidelines set forth by
the U. S. Congress under the Federal Water Pol
lution Control Act Amendments of 1972. This
recent legislation establishes a new waste dis
charge permit system and provides that no permit
may be issued by the Department for any discharge
from a point source of pollution which is in con
flict with any areawide waste treatment manage
ment plan approved by the Department. Also
under this new legislation, the Department is
given rule-making authority to establish effluent
limitations, water quality related limitations, per
formance standards related to classes or cate
gories of pollution, and toxic and pretreatment
effluent standards. All permits issued by the
Department must include conditions that waste
discharges will meet, as applicable; and all efflu
ent limitations, performance standards, effluent
prohibitions, pretreatment standards, and any
other limitations needed to meet the established
water use objectives and supporting water quality
standards as developed under areawide waste
treatment management planning programs. As

2Chapter 74 Wisconsin Laws of 1973. This law created
Chapter 147 of the Wisconsin Statutes.
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appropriate, the permits may include a timetable
for appropriate action on the part of the owner or
operator of any point waste discharge. It is
anticipated that this new legislation and accom
panying procedures will become the primary
enforcement tool of the Wisconsin Department of
Natural Resources in achieving the established
water use objectives and supporting water quality
standards and in, therefore, implementing the
regional sanitary sewerage system plan.

Although not feasible under current legislation and
state constitutional constraints, it is conceivable
that the state itself could assume responsibility
for the construction, operation, and mainte
nance of areawide sewage treatment facilities and
major intercommunity trunk sewer systems. Such
authority would constitute an important departure
from historical practice and tradition in Wiscon
sin, but would be very similar in concept to the
state's role in the transportation field where the
Wisconsin Department of Transportation, operat
ing through the State Highway Commission since
the early part of this century, has designed, con
structed, and maintained those trunk highways
essential to provide for intercommunity movement
of people and goods.

Wisconsin Department of Health and Social Ser
vices, Division of Health: In performing its func
tions relating to the maintenance and promotion of
public health, the Wisconsin Division of Health is
charged with the responsibility of regulating the
installation and operation of private septic tank
sewage disposal systems. The Division reviews
plats of all land subdivisions not served by public
sanitary sewerage systems and may object to such
plats if onsite sanitary waste disposal facilities
are not properly provided for in the plat layout.

Wisconsin Department of Local Affairs and Devel
opment: This Department has limited authority
to review subdivision plats; to review proposed
municipal incorporations, consolidations, and
annexations; and to provide technical assistance to
local units of government in planning and planning
related matters.

Wisconsin Department of Administration: This
Department performs many state level planning
functions, including the integration of functional
plans prepared by state agencies, and serves as
the state clearinghouse under U. S. Office of
Management and Budget (OMB) Circular A-95 with
respect to all applications for federal grants and
related approvals as set forth in OMB Circular
No. A-95.
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Federal Level Agencies
There exist at the federal level the following
agencies which administer federal programs that
can have important effects upon implementation
of the recommended regional sanitary sewerage
system plan.

U. S. Environmental Protection Agency: As dis
cussed in detail in Chapter VII of this report, the
U. S. Environmental Protection Agency has broad
powers under the Federal Water Pollution Control
Act, as amended, to administer federal grants
in-aid for the construction of publicly owned waste
treatment works and related sewerage facilities;
to promote and fund areawide waste treatment
planning and management; to set and enforce water
quality standards, including effluent limitations,
the establishment of water use objectives and
supporting water quality standards, and the con
duct of water quality inventories and inspection
and monitoring programs; and to establish a
national pollutant discharge elimination system.
The Environmental Protection Agency thus acts as
the key federal water pollution control agency and
must approve all basin and areawide waste treat
ment management plans as certified to it by
appropriate state agencies.

U. S. Department of Housing and Urban Develop
ment: This agency administers a grant program
related to development of local sewerage facilities
and also must certify the adequacy of comprehen
sive areawide planning in metropolitan areas,
pursuant to federal legislation. Maintenance of
the certificate of planning adequacy for an urban
area is essential for maintaining the eligibility
of local units of government to receive federal
grants-in-aid for sewerage purposes, not only
under the grant program administered by the
Department of Housing and Urban Development
but also the more significant grant program
administered by the U. S. Environmental Pro
tection Agency.

U. S. Department of the Interior, Geological Sur
vey: This agency conducts continuing programs
with respect to water resources appraisal and
monitoring. The programs of the U. S. Geological
Survey are particularly important to carrying out
continuing stream gauging efforts which provide
a necessary input to the low streamflow analyses
so essential to the design of the regional sanitary
sewerage system plan.
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U. S. Department of Agriculture, Farmers Home
Administration: This agency administers pro
grams providing for waste disposal construction
grants and loans in rural areas. Such grants can
be important to implementation of the regional
sanitary sewerage system plan, particularly with
respect to provision of centralized sanitary sewer
service to small villages and lake-oriented com
munities in the more rural reaches of the Region.

U. S. Department of the Army, Corps of Engi
neers: While the Federal Water Pollution Control
Act Amendments of 1972 transferred all federal
water quality authority to the U. S.Environmental
Protection Agency, including the waste discharge
permit authority under the Federal Refuse Dis
posal Act of 1899, the Army Corps of Engineers
continues to review all permits for waste outfalls
discharging to navigable waters. The scope of the
Corps of Engineers review is one relating to the
interference of such outfalls with anchorage and
navigation in and on navigable waters. The Corps
of Engineers also has authority under Section 208
of the Federal Water Pollution Control Act, as
amended, to consult with and provide technical
assistance to states and areawide planning agen
cies in the development of areawide waste treat
ment management plans for urban areas.

PLAN ADOPTION AND INTEGRATION

Upon adoption of the regional sanitary sewerage
system plan by formal resolution of the South
eastern Wisconsin Regional Planning Commission,
in accordance with Section 66.945(10) of the Wis
consin Statutes, the Commission will transmit a
certified copy of the resolution adopting the plan,
together with a copy of the plan itself, to all local
legislative bodies within the Southeastern Wis
consin Region and to all of the aforesaid existing
local, areawide, state, and federal agencies that
have potential plan implementation functions.

Adoption, endorsement, or formal acknowledge
ment of the regional sanitary sewerage system
plan by the local legislative bodies and the exist
ing local, areawide, state, and federal level agen
cies concerned is highly desirable to assure a
common understanding between the several gov
ernmental levels and to enable their staffs to
program the necessary plan implementation work,
and is, in some cases, required by the Wisconsin
Statutes before certain planning actions can pro
ceed, as in the case of city, village, and town
plan commissions created pursuant to Section

66.23 of the Wisconsin statutes. In addition,
formal plan adoption may also be required for
state and federal financial aid eligibility. It is
extremely important to understand that adoption
of the recommended regional sanitary sewerage
system plan by any unit or agency of government
pertains only to the statutory duties and functions
of the adopting agencies, and such adoption does
not and cannot in any way preempt or commit
action by another unit or agency of government
acting within its own area of functional and geo
graphic jurisdiction.

Upon adoption or endorsement of the regional
sanitary sewerage system plan by a unit or agency
of government, it is recommended that the policy
making body of the unit or agency direct its staff
to review in detail the elements of the plan. Once
such review is completed, the staff can propose to
the policy-making body for its consideration and
approval the steps necessary to fully integrate the
regional sanitary sewerage system plan elements
into the plans and programs of the unit or agency
of government.

Local Level Agencies

1. It is recommended that the governing
bodies of all cities, villages, and towns
within the Region formally adopt the re
gional sanitary sewerage system plan by
resolution pursuant to Section 66. 945(12)
of the Wisconsin statutes after a report and
recommendation by appropriate commit
tees and local plan commissions.

2. It is recommended that the governing
bodies of all town sanitary and utility dis
tricts in the Region formally adopt the
regional sanitary sewerage system plan by
resolution pursuant to Section 66. 945(12)
of the Wisconsin statutes and inform their
respective town boards of such action.

3. It is recommended that the plan commis
sions of all cities, Villages, and towns in
the Region formally adopt the regional
sanitary sewerage system plan, as it
affects them, by resolution pursuant to
Section 66.945(12) and 62.23(3)(b) of the
Wisconsin statutes and certify such adop
tion to their respective governing body.
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Areawide Level Agencies

1. It is recommended that the Milwaukee
County Board of Supervisors formally adopt
the regional sanitary sewerage system
plan by resolution, pursuant to Section
66.945(12) of the Wisconsin Statutes, after
review and recommendation by the County
Park Commission and the County Plan
ning Commission.

2. It is recommended that the Kenosha, Ozau
kee, and Racine County Boards of Super
visors formally adopt the regional sanitary
sewerage system plan by resolution, pur
suant to Section 66.945(12) of the Wisconsin
Statutes, after review and recommendation
by their respective county planning and
zoning committees.

3. It is recommended that the Walworth,
Washington, and Waukesha County Boards
of Supervisors formally adopt the regional
sanitary sewerage system plan by resolu
tion, pursuant to Section 66. 945(12) of the
Wisconsin Statutes, after review and rec
ommendation by their respective county
park and planning commissions.

4. It is recommended that the Metropolitan
Sewerage Commission of the County of
Milwaukee and the Sewerage Commission
of the City of Milwaukee, acting jointly on
behalf of the Metropolitan Sewerage Dis
trict of the County of Milwaukee, adopt the
recommended regional sanitary sewerage
system plan by resolution, pursuant to Sec
tion 66. 945 (12) of the Wisconsin Statutes,
and inform its constituent and contract
municipalities of such action.

5. It is recommended that the Western Racine
County Sewerage Commission and any other
metropolitan sewerage commission which
may be created in the future adopt the rec
ommended regional sanitary sewerage sys
tem plan by resolution, pursuant to Section
66. 945 (12) of the Wisconsin Statutes, and
inform their constituent municipalities of
such action.

6. It is recommended that the Underwood
Sewer Commission, the Menomonee South
Sewerage Commission, the Delafield-Hart
land Water Pollution Control Commission,
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and any other joint sewerage commission
or cooperative contract commission formed
for sewerage purposes in the future for
mally adopt the recommended regional
sanitary sewerage system plan by resolu
tion, pursuant to Section 66.945 (12) of
the Wisconsin Statutes, and inform their
respective creating governing bodies of
such action.

State Level Agencies

1. It is recommended that the Wisconsin
Natural Resources Board endorse the rec
ommended regional sanitary sewerage sys
tem plan, certify the plan as the official
areawide water quality management plan
for the seven-county Southeastern Wiscon
sin Region to the U. S. Environmental
Protection Agency, and direct its staff
in the Wisconsin Department of Natural
Resources to integrate the recommended
sewerage system plan elements into its
broad range of water pollution control
agency responsibilities, as well as to
assist in coordinating plan implementation
activities over the next 20 years.

2. It is recommended that the Wisconsin
Board of Health and Social Services en
dorse the recommended regional sanitary
sewerage system plan and direct its staff
in the Wisconsin Division of Health to uti
lize the plan recommendations as appro
priate in the exercise of its septic tank
regulation and subdivision plat review and
approval powers authorized under the Wis
consin Statutes.

3. It is recommended that the Wisconsin
Department of Local Affairs and Develop
ment endorse the recommended regional
sanitary sewerage system plan and inte
grate the plan into its activities with
respect to the provision of technical assis
tance to local units of government, with
respect to reviewing subdivision plats,
and with respect to administering any
appropriate state and federal grant-in
aid programs.

4. It is recommended that the Wisconsin
Department of Administration endorse the
recommended regional sanitary sewerage
system plan and utilize the plan recom-
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mendations as appropriate in the exercise
of its state planning and state A-95 Clear
inghouse functions.

Federal Level Agencies

1. It is recommended that the U. S. Environ
mental Protection Agency formally accept
and endorse the recommended regional
sanitary sewerage system plan upon State
of Wisconsin certification and utilize the
plan recommendations in its broad range
of agency responsibilities relating to water
quality management.

2. It is recommended that the U. S. Depart
ment of Housing and Urban Development
formally acknowledge the recommended
regional sanitary sewerage system plan
and utilize the plan recommendations as
appropriate in the administration of its
broad range of grant and loan programs
and in its areawide planning certification
process.

3. It is recommended that the U. S. Depart
ment of the Interior, Geological Survey,
formally acknowledge the recommended
regional sanitary sewerage system plan
and continue, in cooperation with the vari
ous agencies concerned, its entire water
resources investigation program.

4. It is recommended that the U. S. Depart
ment of Agriculture, Farmers Home Ad
ministration, formally acknowledge the
recommended regional sanitary sewerage
system plan and utilize the plan recom
mendations in its administration and grant
ing of loans and grants-in-aid for rural
waste disposal facilities.

5. It is recommended that the U. S. Depart
ment of the Army, Corps of Engineers,
formally acknowledge the recommended
regional sanitary sewerage system plan
and utilize the plan recommendations in
carrying out its responsibilities relating to
the issuance of permits for waste outfalls
in navigable waters.

SUBSEQUENT ADJUSTMENT OF THE PLAN

No plan can be permanent in all of its aspects or
precise in all of its elements. The very definition

and characteristics of areawide planning suggest
that an areawide plan, such as the regional sani
tary sewerage system plan, to be viable and
of use to local, areawide, state, and federal
units and agencies of government, be continually
adjusted through formal amendments, extensions,
additions, and refinements to reflect changing
conditions. The Wisconsin Legislature clearly
foresaw this when it gave the regional planning
commissions the power to " ... amend, extend, or
add to the master plan or carry any part or sub
ject matter into greater detail... " in Section
66. 945(9) of the Wisconsin Statutes.

Amendments, extensions, and additions to the
regional sanitary sewerage system plan will be
forthcoming not only from the work of the Com
mission under the continuing regional planning
programs but also from local and areawide agen
cies as they prepare more detailed facilities
plans; from state agencies as they adjust and
refine statewide plans; and from federal agencies
as national policies are established or modified,
as new programs are created, or as existing
programs are expanded or curtailed. Areawide
adjustments may also come from subsequent
regional or state planning programs, which may
include additional comprehensive or special
purpose planning efforts such as the preparation
of additional watershed and basin plans.

All of these adjustments or refinements will
require the utmost cooperation by the local, area
wide, state, and federal agencies of government,
as well as coordination by the Southeastern Wis
consin Regional Planning Commission, which has
been empowered under Section 66. 945(8) of the
Wisconsin Statutes to act as a coordinating agency
for programs and activities of the local units of
government. To achieve this coordination between
the local, state, and federal programs most effec
tively and efficiently and, therefore, to assure the
timely adjustments of the regional sanitary sewer
age system plan, it is recommended that all of
the aforesaid local, areawide, state, and federal
agencies having various plan and plan implemen
tation powers advise and transmit all subsequent
planning studies, plan proposals and amendments,
and plan implementation devices to the Southeast
ern Wisconsin Regional Planning Commission for
consideration as to integration into, and adjust
ment of, the recommended regional sanitary sew
erage system plan. Of particular importance in
this respect will be the continuing role of the
Technical Coordinating and Advisory Committee
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on Regional Sanitary Sewerage System Planning
in intergovernmental coordination, and the role of
the Regional Planning Commission itself under the
review authority set forth in the U. S. Office of
Management and Budget Circular A-95.

IMPLEMENTATION SCHEDULES-SEWAGE
TREATMENT PLANTS, TRUNK SEWERS,
AND ABATEMENT OF COMBINED SEWER
OVERFLOWS

In order to provide a point of departure for
intergovernmental discussions and negotiations
involving the development of necessary areawide
sanitary sewerage systems, and to further provide
a basis for tentative federal and state agency pro
gramming, including the issuance of waste dis
charge permits and the disposition of grant-in-aid
monies, a series of implementation schedules
relating to the facility recommendations contained
in the recommended regional sanitary sewerage
system plan were prepared, one schedule for each
subregional area as those areas were identified in
Chapter XI of this report. These schedules include
proposed dates for the implementation of each
individual plan element, including those relating
to sewage treatment plant construction, trunk
sewer extensions, and abatement of combined
sewer overflows. While these schedules contain
specific dates for the completion of each individ
ual recommended plan component, it should be
recognized that the actual timing of implementa
tion may be expected to vary somewhat from the
schedule depending upon the rate of urban growth
and development in various subareas of the Region
and upon the availability of sufficient federal and
state grant-in-aid monies.

It is accordingly recommended that each named
unit or agency of government in the implementa
tion schedules utilize the timetable provided in the
schedule in the programming of facility construc
tion. It is further recommended that the Wiscon
sin Department of Natural Resources and the
U. S. Environmental Protection Agency, after
careful review, utilize the timetable set forth in
the implementation schedule in preparing sched
ules of compliance for each owner and operator of
a waste source seeking a waste discharge permit
under Chapter 74 of the Wisconsin Laws of 1973
and the Federal Water Pollution Control Act
Amendments of 1972. The essential elements of
each implementation schedule are summarized by
subregional area in the following discussion.

728

Milwaukee-Metropolitan Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Milwaukee-metropolitan subregional
area is set forth in Table 248. With respect to
sewage treatment plants, the schedule recom
mends that the Milwaukee-Metropolitan Sewerage
Commissions complete the addition of secondary
and advanced waste treatment facilities at the
South Shore sewage treatment plant by 1974. No
additional major sewage treatment plant facility
improvements, other than for maintenance pur
poses and for the abatement of pollution from
combined sewer overflows, are anticipated to be
required in this subregional area by 1990

The proposed time schedule for completion of the
long-range metropolitan district trunk, relief, and
intercepting sewer construction program is shown
in Table 248 and on Map 132. The metropolitan
district trunk sewers have been broken down into
segments and identified by the letters A through V.
Local intercommunity trunk sewers needed to
fully implement the plan recommendations are
also included in Table 248 and on Map 132. Based
upon this implementation schedule, it is antici
pated that abandonment of existing public sewage
treatment plants will occur as follows: Menom
onee Falls Pilgrim Road plant and Lilly Road
plant-1977; New Berlin Greenridge plant-1977;
Caddy Vista Sanitary District plant-1977; Hales
Corners plant-1978; New Berlin Regal Manors
plant-1978; Muskego Northeast District plant and
Big Muskego Lake plant-1980; Germantown Old

Village plant-1980; Thiensville plant-1984; and
Franklin Rawson Homes plant-1985. The fore
going schedule of sewage treatment plant abandon
ment reflects the phased construction of trunk
sewers in the manner set forth in the implementa
tion schedule. This proposed timetable was based
upon considerations related to several factors,
including anticipated availability of federal grants
in-aid during the 1974-1976 period; previous con
struction schedules as prepared by the Milwaukee
Metropolitan Sewerage Commissions; contract
commitments; and the provision of relief trunk
sewer capacity to resolve pressing existing water
pollution problems and public health hazards.
Given increased availability of federal funds and
a willingness to provide necessary local matching
funds, there is no reason why this schedule could
not be advanced.3

3See also the discussion set forth in Chapter XII.
p. 691. under the heading "Other Concerns Expressed

a t Hear ings. "
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Table 21+8

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE

MILWAUKEE-METROPOLITAN SUBREGIONAL AREA

Sewage Treatment Plant Plan Element!

Advanced Auxiliary
Secondary Waste Treatment Waste Treatment Combined Sewer

Waste Phosphorus Effluent Effluent Overflow Abatement
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan ElemenF Plan Element

Milwaukee-Metropolitan South Not Jones Not Already Metropolitan District Trunk Complete Preliminary
Sewerage District and Shore- Applicable Island-- Applicable Provided Sewers (By segrnent--see Engineering Study for
Constituent Municipalities; 1974 Already Ma£. 1321 Abatement of Combined
Cities of Brookfield, Mequon, Provided -197 3 Sewer Overflows as Recom-
Muskego, and New Berlin; South B-1975 mended in Milwaukee River
Villages of Butler, Elm Shore-- C-1977 Watershed Plan--1977
Grove, Germantown, Menom- 1974 D-1977 ~Abandon Menomonee
onee Falls, and Thiens- ails STPs) Implement Recommenda-
ville; Town of Raymond; E-1978 (Abandon Hales tions Coming Out of
and Caddy Vista Sanitary Corners STP) Preliminary Engineering
District (Expanded Plants) F-1979 Study--by 1990

G-1979
H-1980
1-1980
J.1980
K-1982
L-1982
M-1983
N-1983
0-1983
P-1984
Q-1985 (Abandon Franklin-

Rawson Homes STPj
R-1985
S-1987
T-1990
U-1989
V-199D

Local Trunk Sewers (By Segment--
See Map 132)
Menomonee Falls--1971
Greenfield-New Berlin--1977

(Abandon New Berlin-Green-
ridge STP)

Caddy Vista--1977 (Abandon
Caddy Vista STPj

New Berlin--1978 (Abandon
New Berlin-Regal Manors STP~

Brookfield-Menomonee Falls--1 78
Muskego--1980 (Abandon Muskego

STPsj
Germantown--1980 (Abandon Ger-

mantown STPj
Thiensville-Mequon--1984

(Abandon Thiensville STP)

City of South Milwaukee Already Not Already Not Already Not Not
(Expanded Pla.nt) Provided Applicable Provided Applicable Provided Applicable Applicable

I
I
I
I
I
I

I
I
I
I
I

I
I

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
In-ald.

Source: SEWRPC.

With respect to the abatement of combined sewer
overflows in the Milwaukee urbanized area, the
proposed implementation schedule recommends
that the preliminary engineering study for the
abatement of combined sewer overflows, as out
lined in a Prospectus published by the Regional
Planning Commission for and on behalf of the
joint Sewerage Commissions, be mounted as
rapidly as possible and completed during 1977.
The implementation schedule also tentatively calls

lSpecific recommended performance standards for each sewage treatmem
plant are set forth in Table 225.

2See Map 131.
'This sewer completed in 1973.

for complete implementation of the recommenda
tions to be forthcoming from the preliminary
engineering study by 1990.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Milwaukee-metropolitan subregional
area is set forth in Table 249. It is important
to recognize that this cost schedule is directly
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Table 2Lt9

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE MILWAUKEE-METROPOLITAN

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element

Milwaukee Metropolitan Milwaukee Metropolitan
Sewerage Commissions-- Sewerage Commissions--

Jones Island Plant South Shore Plant South Milwaukee Subtotal

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 I $ -- $ 4,000,000 $ 10,000,000 $ 2,500,000 $ -- $ 100,000 $ 10.000,000 $ 6,600,000
1972 2 -- 4,000,000 10,000,000 2,500,000 1,938,000 203,000 11,938.000 6,703.000
1973 3 -- 4,000,000 6,865,000 2,500,000 -- 203,000 6,865,000 6,703,000
1974 4 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1975 5 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1976 6 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703.000
1977 7 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1978 8 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6.703,000
1979 9 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6.703,000
1980 10 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1981 11 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1982 12 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1983 13 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1984 14 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1985 15 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1986 16 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1987 17 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1988 18 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1989 19 -- 4,000,000 -- 2,500,000 -- 203,000 -- 6,703,000
1990 20 2,632,~0 4,000,000 -- 2,500,000 -- 203,000 2,632,500 6,703,000

Total $ 2,632,500 $80,000,000 $ 26,865,000 $50,000,000 $ 1,938,000 $ 3,957,000 $ 31,435,500 $133,957,000

Annual Average $ 131,625 $ 4,000,000 $ 1,343,250 $ 2,500,000 $ 96,900 $ 197,850 $ 1,571,775 $ 6,697,850

Intercommunity Trunk Sewer Plan Element

Milwaukee Metropolitan
Sewerage District Caddy Vista Muskego New Berlin

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 I $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ --
1972 2 -- -- -- -- -- -- -- --
1973 3 11,430,700 750 -- -- -- -- -- --
1974 4 -- 750 -- -- -- -- -- --
1975 5 3,307,500 1,400 -- -- -- -- -- --
1976 6 -- 1,400 151,200 -- -- -- -- --
1977 7 12,209,400 2,400 -- 1,800 -- -- -- --
1978 8 4,617,000 2,900 -- 1,800 -- -- 749,700 --
1979 9 26.126,800 5,700 -- 1,800 -- -- -- 500
1980 10 18,454,500 8,200 -- 1,800 1,466,000 -- -- 500
1981 II -- 8,200 -- 1,800 -- 700 -- 500
1982 12 8,316,000 9,700 -- 1,800 -- 700 -- 500
1983 13 14,225,300 11,000 -- 1,800 -- 700 -- 500
1984 14 1,159,100 11,500 -- 1,800 -- 700 -- 500
1985 15 8,242,600 12,200 -- 1,800 -- 700 -- 500
1986 16 -- 12,200 -- 1,800 -- 700 -- 500
1987 17 3,499,200 13,000 -- 1,800 -- 700 -- 500
1988 18 -- 13,000 -- 1,800 -- 700 -- 500
1989 19 2,060,600 14,000 -- 1,800 -- 700 -- 500
1990 20 12,752,600 15,000 -- 1,800 -- 700 -- 500

Total $126,401,300 $ 143,300 $ 151,200 $ 25,200 $ 1,466,000 $ 7,000 $ 749,700 $ 6,000

Annual Average $ 6,320,065 $ 7,165 $ 7,560 $ 1,260 $ 73,300 $ 350 $ 37,485 $ 300

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

related to the proposed implementation schedule
set forth in Table 248. Any deviations from
the implementation schedule would, accordingly,
affect the cost schedule set forth in Table 249.

Upper Milwaukee River Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
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plan in the Upper Milwaukee River subregional
area is set forth in Table 250. With respect to
sewage treatment plants, the plan recommends
that the Village of Jackson complete construction
of its new sewage treatment facility during 1977.
All other sewage treatment facilities are recom
mended to be expanded or constructed as may be
required from time to time by 1990 to meet gi'OW-
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Table 2~9 (continued)

Intercommunity Trunk Sewer Plan Element

Brookfield-
Greenfield-New Berlin Menomonee Falls Menomonee Falls Germantown

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 I $ -- $ -- $ -- $ -- $ 522,000 $ 200 $ -- $ --
1972 2 -- -- -- -- -- 200 -- --
1973 3 -- -- -- -- -- 200 -- --
1974 4 -- -- -- -- -- 200 -- --
1975 5 -- -- -- -- -- 200 -- --
1976 6 -- -- -- -- -- 200 -- --
1977 7 507,200 -- -- -- -- 200 -- --
1978 8 -- 400 480,600 -- -- 200 -- --
1979 9 -- 400 -- 300 -- 200 -- --
1980 10 -- 400 -- 300 -- 200 1,067,900 --
1981 II -- 400 -- 300 -- 200 -- 55,700
1982 12 -- 400 -- 300 -- 200 -- 55,700
1983 13 -- 400 -- 300 -- 200 -- 55,700
1984 14 -- 400 -- 300 -- 200 -- 55,700
1985 15 -- 400 -- 300 -- 200 -- 55,700
1986 16 -- 400 -- 300 -- 200 -- 55,700
1987 17 -- 400 -- 300 -- 200 -- 55,700
1988 18 -- 400 -- 300 -- 200 -- 55,700
1989 19 -- 400 -- 300 -- 200 -- 55,700
1990 20 -- 400 -- 300 -- 200 -- 55,700

Total $ 507,200 $ 5,200 $ 480,600 $ 3,600 $ 522,000 $ 4,000 $ 1,067,900 $ 557,000

Annual Average $ 25,360 $ 260 $ 24,030 $ 180 $ 26,100 $ 200 $ 53,395 $ 27,850

Intercommunity Trunk Sewer Plan Element
Combined Sewer Overflow

Thiensville-Mequon Subtotal Abatement Plan Element Subregional Area Total
Operation Operation Operation Operation

Calendar Project Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 I $ -- $ -- $ 522,000 $ 200 $ -- $ -- $ 10,522,000 $ 6,600,200
1972 2 -- -- -- 200 -- -- 11,938,000 6,703,200
1973 3 -- -- 11,430,700 950 -- -- 18,295,700 6,703,950
1974 4 -- -- -- 950 766,700 -- 766,700 6,703,950
1975 5 -- -- 3,307,500 1,600 766,700 -- 4,074,200 6,704,600
1976 6 -- -- 151,200 1,600 766,700 -- 917,800 6,704,600
1977 7 -- -- 12,716,600 4,400 9,105,000 -- 21,821,600 6,707,400
1978 8 -- -- 5,847,300 5,300 9,300,000 1,600,000 15,147,300 8,308,300
1979 9 -- -- 26,126,800 8,900 9,300,000 1,600,000 35,426,800 8,311,900
1980 10 -- -- 20,988,400 11,400 9,300,000 1,600,000 30,288,400 8,314,400
1981 II -- -- -- 67,800 9,300,000 1,600,000 9,300,000 8,370,800
1982 12 -- -- 8,316,000 69,300 9,300,000 1,600,000 17,616,000 8,372,300
1983 13 -- -- 14,225,300 70,600 9,300,000 1,600,000 23,525,300 8,373,600
1984 14 558,400 -- 1,717,500 71,100 9,300,000 1,600,000 11,017,500 8,374,100
1985 15 -- 4,400 8,242,600 76,200 9,300,000 1,600,000 17,542,600 8,379,200
1986 16 -- 4,400 -- 76,200 9,300,000 1,600,000 9,300,000 8,379,200
1987 17 -- 4,400 3,499,200 77,000 9,300,000 1,600,000 12,799,200 8,380,000
1988 18 -- 4,400 -- 77,000 9,300,000 1,600,000 9,300,000 8,380,000
1989 19 -- 4,400 2,060,600 78,000 9,300,000 1,600,000 11,360,600 8,381,000
1990 20 -- 4,400 12,752,600 79,000 9,300,000 1,600,000 24,685,100 8,382,000

Total $ 558,400 $ 26,400 $131,904,300 $ 777,700 $132,305,000 $20,800,000 $295,644,800 $155,534,700

Annual Average $ 27,920 $ 1,320 $ 6,595,215 $ 38,885 $ 6,615,250 $ 1,040,000 $ 14,782,240 $ 7,776,735

Source: SEWRPC.

I
I
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ing demands. With respect to trunk sewers, the
implementation schedule recommends that the
trunk sewer to serve the Village of Jackson and
convey wastes from the old treatment plant site to
the new treatment plant site be constructed during
1977, that trunk sewer service be extended in the
manner recommended in the plan from the City of
West Bend to the Tri-Lakes urban area southwest
of the city by 1985, and that the recommended

outfall sewer from the City of Cedarburg sewage
treatment facility to the Milwaukee River be com
pleted by 1983.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Upper Milwaukee River subregional
area is set forth in Table 251. It is important
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Table 250

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOM MEN DE D SAN I TA RY SEW ERA GE SYSTE M PLAN I NTH E

UPPER MILWAUKEE RIVER SUBREGIONAL AREA

Sewage Treatment Plant Plan Element'

Secondary Advanced Waste Treatment Auxiliary Waste Treatment
Waste Phosphorus Effluent Effluent

Unit{s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

Village of Kewaskum (Expanded Expansion Not Already Not Already Not
Plmlt) as Required Applicable Provided Applicable Provided Applicable

by 1990

City of West Bend and Big Expansion By 1983 Already Not Already Tri-Lakes--by 1985
Cedar Lake, Little Cedar as Required Provided Applicable Provided
Lake, Silver Lake, and by 1990
Wallace Lake Sanitary Dis-
trict (Expanded Plant)

Village of Jackson (Relocated Relocation By 1983 By 1977 Not By 1977 Old STP site to new STP site--
Plant) bt 1977and Applicable by 1977

xpanslOn
as Required

by 1990

Newburg Sanitary District Expansion Not Not Not Already Not
(Expanded Plant) as Required Applicable Applicable Applicable Provided Applicable

by 1990

Village of Fredonia (Expanded Expansion Not Not Not Already Not
Plant) as Required Applicable Applicable Applicable Provided Applicable

by 1990

Village of Grafton (Expanded Expansion Not Already Not Already Not
Plant) as Required Applicable' Provided Applicable Provided Applicable

by 1990

City of Cedarburg (Expanded Expansion Not Already Not Already Outfall sewer to Milwaukee
Plant) as Required Applicable Provided Applicable Provided River--by 1983

by 1990

Village of Saukville (Expanded Expansion Not Already Not Already Not
Plant) as Required Applicable Provided Applicable Provided Applicable

by 1990

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid.

Source: .SEWRPC.

to recognize that this cost schedule is directly
related to the proposed implementation schedule
set forth in Table 250. Any deviations from
the implementation schedule would, accordingly,
affect the cost schedule set forth in Table 251.

Sauk Creek Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Sauk Creek subregional area is set
forth in Table 252. With respect to sewage treat
ment plants, the schedule recommends that the
City of Port Washington provide additional treat
ment capacity as may be required from time to
time by 1990, and that the Village of Belgium pro
vide additional treatment capacity to serve the

732

'SpeCific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

'See Map 131

Lake Church area in the Town of Belgium by 1977,
with additional capacity to be provided as m.ay be
required from time to time by 1990. With respect
to trunk sewers, the schedule recommends that
the proposed Lake Church trunk sewer be com
pleted during 1977.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Sauk Creek subregional area is set
forth in Table 253. It is important to recognize
that this cost schedule is directly related to the
proposed implementation schedule set forth in
Table 252. Any deviations from the implementa
tion schedule would, accordingly, affect the cost
schedule set forth in Table 253.
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Table 251

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE UPPER MILWAUKEE RIVER

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element
Kewaskum West Bend Jackson Newburg Fredonia

Calendar
Operation Operation Operation Operation Operation

Project Facility and Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ 953,500 $ 16,600 $ -- $ 92,000 $ -- $ 10,000 $ -- $ 7,900 $ -- $ 8,000
1972 2 -- 45,000 -- 92,000 -- 10,000 -- 7,900 -- 8,000
1973 3 100,000 55,500 -- 92,000 -- 10,000 -- 7,900 -- 8,000
1974 4 -- 55,500 -- 92,000 -- 10,000 -- 7,900 -- 8,000
1975 5 -- 55,500 -- 92,000 -- 10,000 -- 7,900 -- 8,000
1976 6 -- 55,500 -- 100,000 -- 10,000 -- 7,900 -- 8,000
1977 7 -- 55,500 1,000,000 100,000 500,000 10,000 -- 7,900 157,100 8,000
1978 8 -- 55,500 1,000,000 200,000 338,IDO 50,000 -- 7,900 -- 21,200
1979 9 -- 55,500 647,400 300,000 -- 76,700 -- 7,900 -- 21,200
1980 10 -- 55,500 -- 350,000 -- 76,700 -- 7,900 -- 21,200
1981 11 -- 55,500 -- 407,300 -- 76,700 -- 7,900 -- 21,200
1982 12 -- 55,500 -- 407,300 -- 76,700 -- 7,900 -- 21,200
1983 13 -- 55,500 -- 407,300 -- 76,700 -- 7,900 -- 21,200
1984 14 -- 55,500 -- 407,300 -- 76,700 -- 7,900 -- 21,200
1985 15 -- 55,500 -- 407,300 -- 76,700 107,400 7,900 -- 21,200
1986 16 -- 55,500 -- 407,300 -- 76,700 -- 14,500 -- 21,200
1987 17 -- 55,500 -- 407,300 -- 76,700 -- 14,500 -- 21,200
1988 18 -- 55,500 -- 407,300 -- 76,700 -- 14,500 -- 21,200
1989 19 -- 55,500 -- 407,300 -- 76,700 -- 14,500 -- 21,200
1990 20 -- 55,500 -- 407,300 -- 76,700 -- 14,500 -- 21,200

Total $1,053,500 $1,060,600 $2,647,400 $5,583,000 $838,100 $1,040,400 $107,400 $191,000 $157,100 $331,600

Annual Average $ 52,030 $ 53,030 $ 132,370 $ 279,150 $ 41,905 $ 52,020 $ 5,370 $ 9,550 $ 7,855 $ 16,580

Sewage Treatment Plant Plan Element
Grafton Cedarburg Saukville Subtotal

Calendar
Operation Operation Operation Operation

Project Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 40,000 $ -- $ 37,500 $ -- $ 17,000 $ 953,500 $ 229,000
1972 2 -- 40,000 916,800 37,500 -- 17,000 916,800 257,400
1973 3 -- 40,000 -- 172,800 -- 17,000 100,000 403,200
1974 4 -- 40,000 -- 172,800 -- 17,000 -- 403,200
1975 5 -- 40,000 -- 172,800 187,600 17,000 187,600 403,200
1976 6 -- 40,000 -- 172,800 -- 33,700 -- 427,900
1977 7 -- 40,000 -- 172,800 -- 33,700 1,657,100 427,900
1978 8 -- 40,000 -- 172,800 -- 33,700 1,338,100 581,100
1979 9 -- 40,000 -- 172,800 -- 33,700 647,400 707,800
1980 10 670,800 40,000 261,100 172,800 -- 33,700 931,900 757,800
1981 11 -- 92,200 -- 173,300 -- 33,700 -- 867,800
1982 12 -- 92,200 -- 173,300 -- 33,700 -- 867,800
1983 13 -- 92,200 -- 173,300 -- 33,700 -- 867,800
1984 14 -- 92,200 -- 173,300 -- 33,700 -- 867,800
1985 15 -- 92,200 -- 173,300 -- 33,700 107,400 867,800
1986 16 -- 92,200 -- 173,300 -- 33,700 -- 874,400
1987 17 -- 92,200 -- 173,300 -- 33,700 -- 874,400
1988 18 -- 92,200 -- 173,300 -- 33,700 -- 874,400
1989 19 -- 92,200 -- 173,300 -- 33,700 -- 874,400
1990 20 -- 92,200 -- 173,300 -- 33,700 -- 874,400

Total $670,800 $1.322,000 $1,177,900 $3,190,400 $187,600 $590,500 $6,839,800 $13,309,500

Annual Average $ 33,540 $ 66,100 $ 58,895 $ 159,520 $ 9,380 $ 29,525 $ 341,990 $ 665,475

Intercommunity Trunk Sewer Plan Element
Jackson Tri-lakes-West Bend Subtotal Subregional Area Total

Calendar
Operation ODeration Operation' Operation

Project Factlity and Facility and Facility and Facility and
Year Year Construction Maintenance ConstructIOn Maintenance Construction Maintenance Construction Maintenance

1971 I $ -- $ -- $ -- $ -- $ -- $ -- $ 953,500 $ 229,000
1972 2 -- -- -- -- -- -- 916,800 257,400
1973 3 -- -- -- -- -- -- 100,000 403,200
1974 4 -- -- -- -- -- -- -- 403,200
1975 5 -- -- -- -- -- -- 187,600 403,200
1976 6 -- -- -- -- -- -- -- 427,900
1977 7 91.800 -- -- -- 91,800 -- 1,748,900 427,900
1978 8 -- 100 -- -- -- 100 1,338,100 581,200
1979 9 -- 100 -- -- -- 100 647,400 707,900
1980 10 -- 100 -- -- -- 100 931,900 757,900
1981 11 -- 100 -- -- -- 100 -- 867,900
1982 12 -- 100 -- -- -- 100 -- 867,900
1983 13 -- IDO -- -- -- IDO -- 867,900
1984 14 -- 100 -- -- -- 100 -- 867,900
1985 15 -- 100 1,046,000 -- 1,046,000 100 1,153,400 867,900
1986 16 -- 100 -- 11,000 -- 11,100 -- 885,500
1987 17 -- 100 -- 11,000 -- 11,100 -- 885,500
1988 18 -- 100 -- 11,000 -- 11,100 -- 885,500
1989 19 -- 100 -- 11,000 -- 11,100 -- 885,500
1990 20 -- 100 -- 11,000 -- 11,100 -- 885,500

Total $91,800 $1,300 $1,046,000 $55,000 $1,137,800 $56,300 $7,977,600 $13,365,800

Annual Average $ 4,590 $ 65 $ 52,300 $ 2,750 $ 56,890 $ 2,815 $ 398,880 $ 668,290

Source: SEWRPC_
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Table 252

PROPOSED IMPLEMENTATION SCHEDULE FOR THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE

SAUK CREEK SUBREGIONAL AREA

Sewage Treatment Plant Plan Element'

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

City of Port Washington Expansion Not Already Not Already Not
(Expanded Plant) as Required Applicable Provided Applicable Provided Applicableby 1990

Village 01 Belgium and Town Service to By 1983 Not By 1977 Already Lake Church--by 1977
of Belgium (Expanded Plant) Lake Church by Applicable Provided

1977 and
Expansion

as Required
by 1990

I
I
I
I
I
I

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid.

Source: SEWRPC.

Table 253

'Specific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

'See Map 131. I
I

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE SAUK CREEK

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Intercommunity
Trunk Sewer

Sewage Treatment Plant Plan Element Plan Element

Port Washington Belgium Subtotal Lake Church-Belgium Subregional Area Total
Operation Operation Operation Operation Operation

Calendar Project Facility and Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 25,000 $ -- $ 8,000 $ -- $ 33,000 $ -- $ -- $ -- $ 33,000
1972 2 100,000 35,000 -- 8,000 100,000 43,000 -- -- 100,000 43,000
1973 3 -- 35,000 -- 8,000 -- 43,000 -- -- -- 43,000
1974 4 -- 35,000 -- 8,000 -- 43,000 -- -- -- 43,000
1975 5 -- 35,000 -- 8,000 -- 43,000 -- -- -- 43,000
1976 6 -- 35,000 1,298,000 8,000 1,298,000 43,000 -- -- 1,298,000 43,000
1977 7 -- 35,000 -- 37,200 -- 72,200 287,800 -- 287,800 72,200
1978 8 811,000 35,000 -- 37,200 811,000 72,200 -- 7,800 811,000 80,000
1979 9 908,000 115,800 -- 37,200 908,000 153,000 -- 7,800 908,000 160,800
1980 10 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1981 11 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1982 12 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1983 13 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1984 14 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1985 15 -- 125,800 -- 37,200 -- 163,000 -- . 7,800 -- 170,800
1986 16 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1987 17 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1988 18 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1989 19 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800
1990 20 -- 125,800 -- 37,200 -- 163,000 -- 7,800 -- 170,800

Total $1,819,000 $1,769,600 $1,298,000 $568,800 $3,117,000 $2,338,400 $287,800 $101,400 $3,404,800 $2,439,800

Annual Average $ 90,950 $ 88,480 $ 64,900 $ 28,440 $ 155,850 $ 116,920 $ 14,390 $ 5,070 $ 170,240 $ 121,990

Source: SEWRPC.

I
I
I
I
I
I
I
I

Kenosha-Racine Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Kenosha-Racine subregional area is
set forth in Table 254. With respect to sewage
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treatment plants, the schedule recommends that
the Cities of Kenosha and Racine provide addi
tional treatment capacity as may be required
from time to time by 1990. In addition the sched
u',e recommends that the North Park Sanitary
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Table 25~

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE
KENOSHA-RACINE SUBREGIONAL AREA

Sewage Treatment Plant Plan Element'
Advanced Auxiliary

Secondary Waste Treatment Waste Treatment
Waste Phosphorus Effluent Effluent Combined Sewer Overflow

Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan ElemenF Abatement Plan Element

City of Racine; Villages of Ex~ansion Not Already Not Already Sturtevant-Mt. Pleasant- Conclude Research and Demon-
Elmwood Park, Sturtevant, as equired Applicable Provided Applicable Provided Sanders Park (Abandon Stur- stration Study and Determine
and North Bay; Town of Mt. by 1990 tevant STP)--by 1976 Most Cost Effective Solution
Pleasant Sewer Utility Caledonia and Portions of to Problem--bl 1975
District; Town of Caledonia Interim Caledonia and Crestview- Implement Most ost Effective
Sewer Utility District No.1; Expansion North Park--by 1980 Solution--by 1977
Crestview Sanitary District; of Remaining Portion of Caledonia
and North Park Sanitary North Park and Crestview-North Park
District (Expanded Plant) STP by (Abandon North Park STP)

1977 --by 1990
Caledonia (Improvements)--As

Required by 1990
Crestview-North Park (Improve-

ments)--As Required by 1990

City of Kenosha; Town of Expansion Not Already Not Already Portions of Somers and Park- Conclude Research and Demon-
Pleasant Prairie Sewer as Required Applicable Provided Applicable Provided side--by 1978 stration Stu~ and Determine
Utility District Nos. 1 by 1990 Remaining Portion of Somers Most Cost E ective Solution
and 2 and A, B, and C; and Parkside (Abandon Somers to Problem--bl 1974
Town of Somers Sanitary STP)--by 1980 Implement Most ost Effective
Districts Nos. 1and 2; Carol Beach (Abandon Pleasant Solution--by 1977
and Pleasant Park Utility Park STPl--by 1980
Company, Inc. (Expanded
Plant)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental.negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid.

Source: SEWRPC.

District undertake an interim expansion program
at its treatment facility to be completed during
1977. With respect to trunk sewers in the Racine
portion of the subregional area, the schedule rec
ommends that the Sturtevant-Mt. Pleasant-Sanders
Park trunk sewer be constructed during 1976, thus
permitting abandonment of the Sturtevant sewage
treatment plant; that the Caledonia trunk sewer
and the initial portion of the Caledonia-Crestview
North Park trunk sewer be constructed by 1980;
and that the remaining portion of the Caledonia
Crestview-North Park trunk sewer be constructed
by 1990, thus permitting abandonment of the
North Park sewage treatment facility. In addi
tion, the schedule recommends that the planned
improvements to existing sewers in Caledonia
and Crestview-North Park be undertaken as may
be required from time to time by 1990. With
respect to the Kenosha portion of the subregional
area, the schedule recommends construction of
the initial phase of the Somers-Parkside trunk
sewer by 1978; construction of the remaining por-

'Specific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

2See Map 131.

tion of the Somers-Parkside trunk sewer by 1980,
thus permitting abandonment of the Somers sewage
treatment facility; and construction of the Carol
Beach trunk sewer by 1980, thus permitting the
abandonment of the Pleasant Park sewage treat
ment facility.

With respect to the abatement of combined sewer
overflows in the Kenosha urbanized area, the pro
posed implementation schedule recommends that
the current research and demonstration study be
concluded and a determination made of the most
cost effective solution to the combined sewer
overflow problem during 1974, with complete
implementation of the most cost effective solution
to be completed during 1977. Similarly, in the
Racine urbanized area, the proposed implemen
tation schedule recommends that the current
research and demonstration study and a deter
mination of the most cost effective solution to the
combined sewer overflow problem in that area be
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Table 255

completed in 1975, with implementation of the
most cost effective solution to be completed
during 1977.

A schedule of the construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system

plan in the Kenosha-Racine subregional area is
set forth in Table 255. It is important to recog
nize that this cost schedule is directly related to
the proposed implementation schedule set forth in
Table 254. Any deviations from the implementa
tion schedule would, accordingly, affect the cost
schedule set forth in Table 255.

I
I
I
I

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE KENOSHA-RACINE

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Intercommunity Trunk
Sewage Treatment Plant Plan Element Sewer Plan Element

Racine Kenosha Subtotal Caledonia (Improvements)
Operation Operation Operation Operation

Calendar Project Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ 400,000 $ 800,000 $ 340,000 $ 600,000 $ 740,000 $ 1,400,000 $ -- $ --
1972 2 -- 800,000 -- 600,000 -- 1,400,000 -- --
1973 3 -- 800,000 -- 600,000 -- 1,400,000 -- --
1974 4 -- 800,000 -- 600,000 -- 1,400,000 -- --
1975 5 4,000,000 800,000 -- 600,000 4,000,000 1,400,000 -- --
1976 6 -- 1,000,000 -- 600,000 -- 1,600,000 -- --
1977 7 4,000,000 1,200,000 4,000,000 600,000 8,000,000 1,800,000 -- --
1978 8 -- 1,200,000 -- -- -- 1,200,000 -- --
1979 9 -- 1,200,000 -- 1,112,000 -- 2,312,000 -- --
1980 10 4,175,000 1,200,000 -- 1,112,000 4,175,000 2,312,000 965,000 --
1981 11 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1982 12 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1983 13 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1984 14 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1985 15 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1986 16 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1987 17 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1988 18 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1989 19 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700
1990 20 -- 1,435,000 -- 1,112,000 -- 2,547,000 -- 37,700

Total $12,575,000 $24,150,000 $ 4,340,000 $17,544,000 $16,915,000 $41,694,000 $ 965,000 $ 377,000

Annual Average $ 628,750 $ 1,207,500 $ 217,000 $ 877,200 $ 845,750 $ 2,084,700 $ 48,250 $ 18,850

Interco,nmunity Trunk Sewer Plan Element
Crestview-North Park Caledonia and Crestview-

(Improvements) Caledonia (New) North Park-Racine (New)

Operation Operation Operation
Calendar Project Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ --
1972 2 -- -- -- -- -- --
1973 3 -- -- -- -- -- --
1974 4 -- -- -- -- -- --
1975 5 -- -- -- -- -- --
1976 6 -- -- -- -- -- --
1977 7 -- -- -- -- -- --
1978 8 -- -- -- -- -- --
1979 9 -- -- -- -- 1,500,000 --
1980 10 747,000 -- 983,000 -- 1,500,000 4,000
1981 11 -- 30,000 -- 9,000 -- 8,000
1982 12 -- 30,000 -- 9,000 -- 8,000
1983 13 -- 30,000 -- 9,000 -- 8,000
1984 14 -- 30,000 -- 9,000 -- 8,000
1985 15 -- 30,000 -- 9,000 -- 8,000
1986 16 -- 30,000 -- 9,000 -- 8,000
1987 17 -- 30,000 -- 9,000 -- 8,000
1988 18 -- 30,000 -- 9,000 -- 8,000
1989 19 -- 30,000 -- 9,000 1,000,000 8,000
1990 20 -- 30,000 -- 9,000 1,104,000 11,000

Total $ 747,000 $ 300,000 $ 983,000 $ 90,000 $ 5,104,000 $ 87,000

Annual Average $ 37,350 $ 15,000 $ 49,150 $ 4,500 $ 255,200 $ 4,350
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Table 255 (continued)

Intercommunity Trunk Sewer Plan Element
Sturtevant-Mt. Pleasant Somers and

Carol Beach-Kenosha and Sanders Park-Racine Parkside-Kenosha Subtotal

Calendar Project Facility
Operation Operation Operation Operation

and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ --
1972 2 -- -- -- -- -- -- -- --
1973 3 -- -- -- -- -- -- -- --
1974 4 -- -- -- -- -- -- -- --
1975 5 -- -- 2,500,000 -- 3,000,000 -- 5,500,000 --
1976 6 -- -- 2,131,000 -- 2,000,000 -- 4,131,000 --
1977 7 -- -- -- -- 2,649,000 -- 2,649,000 --
1978 8 -- -- -- 13,000 -- 13,700 -- 26,700
1979 9 -- -- -- 13,000 -- 13,700 1,500,000 26,700
1980 10 729,000 -- -- 13,00Ci -- 13,700 4,924,000 30,700
1981 11 -- 700 -- 13,000 -- 13,700 -- 112,100
1982 12 -- 700 -- 13,000 -- 13,700 -- 112,100
1983 13 -- 700 -- 13,000 -- 13,700 -- 112,100
1984 14 -- 700 -- 13,000 -- 13,700 -- 112,100
1985 15 -- 700 -- 13,000 -- 13,700 -- 112,100
1986 16 -- 700 -- 13,000 -- 13,700 -- 112,100
1987 17 -- 700 -- 13,000 -- 13,700 -- 112,100
1988 18 -- 700 -- 13,000 -- 13,700 -- 112,100
1989 19 -- 700 -- 13,000 -- 13,700 1,000,000 112,100
1990 20 -- 700 -- 13,000 -- 13,700 1,104,000 115,100

Total $ 729,000 $ 7,000 $ 4,631,000 $ 169,000 $ 7,649,000 $ 178,100 $20,808,000 $ 1,208,100

Annual Average $ 36,450 $ 350 $ 231,550 $ 8,450 $ 382,450 $ 8,905 $ 1,040,400 $ 60,405

Abatement of Combined Sewer Overflow Plan Element
Racine Kenosha Subtotal Subregional Area Total

Calendar Project Facility
Operation Operation Operation Operation

and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ 740,000 $ 1,400,000
1972 2 -- -- -- -- -- -- -- 1,400,000
1973 3 -- -- -- -- -- -- -- 1,400,000
1974 4 -- -- 5,478,400 -- 5,478,400 -- 5,478,400 1,400,000
1975 5 9,130,600 -- 5,478,400 -- 14,609,000 -- 24,109,000 1,400,000
1976 6 9,130,700 -- 5,478,400 -- 14,609,100 -- 18,740,100 1,600,000
1977 7 9,130,700 -- 5,478,400 -- 14,609,100 -- 25,258,100 1,800,000
1978 8 -- -- -- -- -- -- -- 1,226,700
1979 9 -- -- -- -- -- -- 1,500,000 2,338,700
1980 10 -- -- -- -- -- -- 9,099,000 2,342,700
1981 11 -- -- -- -- -- -- -- 2,659,100
1982 12 -- -- -- -- -- -- -- 2,659,100
1983 13 -- -- -- -- -- -- -- 2,659,100
1984 14 -- -- -- -- -- -- -- 2,659,100
1985 15 -- -- -- -- -- -- -- 2,659,100
1986 16 -- -- -- -- -- -- -- I 2,659,100
1987 17 -- -- -- -- -- -- -- 2,659,100
1988 18 -- -- -- -- -- -- -- 2,659,100
1989 19 -- -- -- -- -- -- 1,000,000 2,659,100
1990 20 -- -- -- -- -- -- 1,104,000 2,662,100

Total $27,392,000 $ -- $21,913,600 $ -- $49,305,600 $ -- $87,028,600 $42,902,100

Annual Average $ 1,369,600 $ -- $ 1,095,680 $ -- $ 2,465,280 $ -- $ 4,351,430 $ 2,145,105

I
I
I
I

I Source: SEWRPC.
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Root River Canal Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Root River Canal subregional area is
set forth in Table 256. The schedule recommends
that the Village of Union Grove complete con
struction of a new sewage treatment facility,
including a new trunk sewer from the old treat
ment plant site to the new treatment plant site,
by 1976. ill addition the schedule recommends
that the proposed functional integration of the

Wisconsin Southern Colony and the new Union
Grove sewage treatment facility be completed
through the construction of a new trunk sewer
from the Southern Colony Institution to the new
Union Grove treatment plant site by 1983.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Root River Canal subregional area is
set forth in Table 257. It is important to recog-

I
737



I

Source: SEWRPC.

Table 256

PROPOSED IMPLEMENTATION SCHEDULE FOR THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE

ROOT RIVER CANAL SUBREGIONAL AREA

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE ROOT RIVER CANAL

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

I
I

I

I
I
I

I

I

I

I

I

I

I

I

I

I
I

'Specific recommended performance standards for each sewage treatment
plant are set forth In Table 225

'See Map 131.

Table 257

NOTE: This proposed Implementation schedule represents a POint of depar
ture for intergavArnmental negotiations and tentative federal and state
agency programming, including the Issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in·aid.

Source: SEWRPC

Sewage Treatment Plant Plan ElemenP

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Eftluent Eftluent
Unlt(s) of Government Treatment Nitrification Removal Aeration Disintection Trunk Sewer Plan Element'

Village of Union Grove and Relocation by By 1983 By 1976 By 1976 By 1976 Old Union Grove STP site to
Wisconsin Department ot 1976 and new STP site--by 1976
Health and Social Services-- Expansion Southern Colony (to integrate
Southern Colony [Relocated as Required facilities tor nltrifica-
Plant) by 1990 tion)--by 1983

Intercommunity Trunk
Sewage Treatment Plant Plan Element Sewer Plan Element

Union Grove Wisconsin Southern Colony Subtotal Wisconsin Southern Colony

Operation Operation Operation Operation
Calendar Prolect Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 37,500 $ -- $ -- $ -- $ 37,500 $ -- $ --
1972 2 -- 37,500 -- -- -- 37,500 -- --
1973 3 -- 37,500 -- -- -- 37,500 -- --
1974 4 -- 37,500 -- -- -- 37,500 -- --
1975 5 -- 37,500 -- -- -- 37,500 -- --
1976 6 2,112,500 37,500 -- 18,100 2,112,500 55,600 87,800 --
1977 7 -- 91.100 -- 18,100 -- 109,200 -- 200
1978 8 -- 91.100 -- 18,100 -- 109,200 -- 200
1979 9 -- 91.100 -- 18,100 -- 109,200 -- 200
1980 10 -- 91.100 -- 18,100 -- 109,200 -- 200
1981 11 -- 91.100 -- 18,100 -- 109,200 -- 200
1982 12 -- 91.100 -- 18,100 -- 109,200 -- 200
1983 13 -- 91.100 -- 18,100 -- 109,200 -- 200
1984 14 -- 91.100 -- 18,100 -- 109,200 -- 200
1985 15 -- 91,100 -- 18,100 -- 109,200 -- 200
1986 16 -- 91.100 -- 18,100 -- 109,200 -- 200
1987 17 -- 91.100 -- 18,100 -- 109,200 -- 200
1988 18 -- 91.100 -- 18,100 -- 109,200 -- 200
1989 19 -- 91,100 -- 18,100 -- 109,200 -- 200
1990 20 -- 91.100 -- 18,100 -- 109,200 -- 200

Total $2,112,500 $1,500,400 $ -- $271,500 $2,112,500 $1,771,900 $87,800 $2,800

Annual Average $ 105,625 $ 75,020 $ -- $ 13,575 $ 105,625 $ 88,595 $ 4,390 $ 140

Intercommunity Trunk Sewer Plan Element

Union Grove Subtotal Subregional Area Total

Calendar
Operation Operation Operation

Project Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance

1971 I $ -- $ -- $ -- $ -- $ -- $ 37,500
1972 2 -- -- -- -- -- 37,500
1973 3 -- -- -- -- -- 37,500
1974 4 -- -- -- -- -- 37,500
1975 5 -- -- -- -- -- 37,500
1976 6 158,000 -- 245,800 -- 2,358,300 55,600
1977 7 -- 3,000 -- 3,200 -- 112,400
1978 8 -- 3,000 -- 3,200 -- 112,400
1979 9 -- 3,000 -- 3,200 -- 112,400
1980 10 -- 3,000 -- 3,200 -- 112,400
1981 11 -- 3,000 -- 3,200 -- 112,400
1982 12 -- 3,000 -- 3,200 -- 112,400
1983 13 -- 3,000 -- 3,200 -- 112,400
1984 14 -- 3,000 -- 3,200 -- 112,400
1985 15 -- 3,000 -- 3,200 -- 112,400
1986 16 -- 3,000 -- 3,200 -- 112,400
1987 17 -- 3,000 -- 3,200 -- 112,400
1988 18 -- 3,000 -- 3,200 -- 112,400
1989 19 -- 3,000 -- 3,200 -- 112,400
1990 20 -- 3,000 -- 3,200 -- 112,400

Total $158,000 $42,000 $245,800 $44,800 $2,358,300 $1,816,700

Annual Average $ 7,900 $ 2,100 $ 12,290 $ 2,240 $ 117,915 $ 90,835
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nize that this cost schedule is directly related to
the proposed implementation schedule set forth in
Table 256. Any deviations from the implemen
tation schedule would, accordingly, affect the
cost schedule set forth in Table 257.

Des Plaines River Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Des Plaines River subregional area is
set forth in Table 258. With respect to sewage
treatment plants, the schedule recommends that
all of the six recommended facilities provide
treatment capacity as may be required from time
to time by 1990. With respect to the single new
trunk sewer recommended to serve the south area
of the Town of Pleasant Prairie, the schedule
recommends that such trunk sewer be provided at
such time as the new sewage treatment facility
is constructed.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system

plan in the Des Plaines River subregional area is
set forth in Table 259. It is important to recog
nize that this cost schedule is directly related to
the proposed implementation schedule set forth in
Table 258. Any deviations from the implementa
tion schedule would, accordingly, affect the cost
schedule set forth in Table 259.

Upper Fox River Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Upper Fox River subregional area is
set forth in Table 260. With respect to sewage
treatment plants, the schedule recommends that
the City of Brookfield place into operation its new
sewage treatment facility in 1973 and construct
such additions as may be required from time to
time by 1990; that the City of Waukesha prOVide
for expansion or relocation of its plant and such
additions in capacity as may be required from
time to time by 1990; and that an interim expan
sion of the Sussex sewage treatment plant be com
pleted by 1975. With respect to trunk sewers, the
schedule recommends that the Pewaukee trunk

Table 258

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOMMENDED SAN I TARY SEWERAGE SYSTEM PLAN I N THE

DES PLAINES RIVER SUBREGIONAL AREA

Sewage Treatment Plant Plan Element!

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

Town of Bristol Utility District Expansion By 1983 Not By 1977 Already Not
No.1 (Expanded Plant) as Required Applicable Provided Applicable

by 1990

Town of Bristol--IH 94 Area' New Plant Not Not By 1990 By 1990 Not
(New Plant) as Required Applicable Applicable Applicable

by 1990

Town of Pleasant Prairie Sewer Expansion Not Not Not Already Not
Utility District D(Expanded as Required Applicable Applicable Applicable Provided Applicable
Plant) by 1990

Town of Pleasant Prairie-- New Plant Not Not By 1990 By 1990 To new STP--by 1990
South Area' (New Plant) as Required Applicable Applicable

by 1990

Village of Paddock Lake Expansion By 1983 By 1983 By 1977 Already Not
(Expanded Plant) as Required Provided Applicable

by 1990

Town of Salem Sewer Utility Expansion By 1983 Not By 1977 Already Not
District No.1 (Expanded as Required Applicable Provided Applicable
Plant) by 1990

I
I

I
I
I
I

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid.

Source: SEWRPC.

'Specific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

'See Map 131.
'Plant should be designed to meet 1990 treatment level requirements at time
of initial construction
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Table 259

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE DES PLAINES RIVER
SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element
Bristol Bristol-IH94 Pleasant Prairie-North Pleasant Prairie-South Paddock lake

Operation Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance ConstructiOl1 Maintenance

1971 1 $ -- $ 5,000 $ -- $ -- $ -- $ 3,400 $ -- $ -- $ -- $ 20,000
1972 2 -- 5,000 -- -- -- 3,400 -- -- -- 20,000
1973 3 -- 5,000 -- -- -- 3,400 -- -- -- 20,000
1974 4 -- 5,000 -- -- -- 3,400 -- -- -- --
1975 5 -- 5,000 508,600 -- -- 3,400 590,000 -- -- --
1976 6 -- 5,000 -- 17,500 -- 3,400 -- 30,000 -- 30,000
1977 7 300,000 5,000 -- 17,500 87,100 -- -- 30,000 200,000 30,000
1978 8 301,000 15,000 -- 17,500 -- 3,500 -- 30,000 -- 30,000
1979 9 -- 30,300 -- 17,500 -- 3,500 -- 30,000 -- 30,000
1980 10 -- 30,300 -- 17,500 -- 3,500 401,100 40,000 -- 30,000
1981 11 -- 30,300 -- 17,500 -- 3,500 -- 43,800 580,500 40,000
1982 12 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1983 13 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1984 14 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1985 15 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1986 16 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1987 17 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1988 18 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1989 19 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500
1990 20 -- 30,300 -- 17,500 -- 3,500 -- 43,800 -- 58,500

Total $601,000 $413,600 $508,600 $262,500 $87,100 $65,900 $991,100 $598,000 $780,500 $776,500

Annual Average $ 30,050 $ 20,680 $ 25,430 $ 13,125 $ 4,355 $ 3,295 $ 49,555 $ 29,900 $ 39,025 $ 38,825

Sewage Treatment Plant Plan Element Intercommunity Trunk Sewer Plan Element
Hooker lake Subtotal Pleasant Prairie-South Subtotal Subregional Area Total

Operation Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 10,000 $ -- $ 38,400 $ -- $ -- $ -- $ -- $ -- $ 38,400
1972 2 -- 10,000 -- 38,400 -- -- -- -- -- 38,400
1973 3 -- 10,000 -- 38,400 -- -- -- -- -- 38,400
1974 4 -- 10,000 -- 18,400 -- -- -- -- -- 18,400
1975 5 -- 10,000 1,098,600 18,400 121,500 -- 121,500 -- 1,220,100 18,400
1976 6 -- 12,000 -- 97,900 -- 100 -- 100 -- 98,000
1977 7 215,500 12,000 802,600 94,500 -- 100 -- 100 802,600 94,600
1978 8 -- 19,400 301,000 115,400 -- 100 -- 100 301,000 115,500
1979 9 -- 19,400 -- 130,700 -- 100 -- 100 -- 130,800
1980 10 -- 19,400 401,100 140,700 -- 100 -- 100 401,100 140,800
1981 11 -- 19,400 580,500 154,500 -- 100 -- 100 580,500 154,600
1982 12 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,l00
1983 13 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,100
1984 14 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,l00
1985 15 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,100
1986 16 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,100
1987 17 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,100
1988 18 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,l00
1989 19 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,100
1990 20 -- 19,400 -- 173,000 -- 100 -- 100 -- 173,100

Total $215,500 $326,200 $3,183,800 $2,442,700 $121,500 $1,500 $121,500 $1,500 $3,305,300 $2,444,200

Annual Average $ 10,775 $ 16,310 $ 159,190 $ 122,135 $ 6,075 $ 75 $ 6,075 $ 75 $ 165,265 $ 122,210

Source: SEWRPC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

sewer be completed by 1977, thus permitting
abandonment of the Pewaukee sewage treatment
facility; that the New Berlin trunk sewer be com
pleted by 1978; that the Lannon trunk sewer be
completed by 1985; and that the Sussex trunk
sewer be completed by 1985, thus permitting
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abandonment of the Sussex sewage treatment
facility. In addition the schedule recommends
that Waukesha provide a trunk sewer from the old
sewage treatment plant site to the new sewage
treatment plant site at such time as the initial
p~lase of a relocated plant is constructed.

I
I
I
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Table 260

PROPOSED IMPLEMENTATION SCHEDULE FOR THE
RECOMMENDED SAN ITARY SEWERAGE SYSTEMPPLAN IN THE

UPPER FOX RIVER SUBREGIONAL AREA

Sewage Treatment Plant Plan Element'

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

Cities of Brookfield and New New Plant by By 1983 By 1975 Not By 1973 Pewaukee (Abandon Pewaukee STP)--
Berlin; Villages of Lannon, 1973 and Applicable by 1977
Menomonee Falls, Pewaukee, Expansion New Berlin--by 1978
and Sussex; Towns of Brook- as Required Lannon--by 1983-85
field, Delafield, Lisbon, by 1990 Sussex (Abandon Sussex STP)--by
and Pewaukee; and the Lake Interim 1985
Pewaukee Sanitary District Expansion of
(New Plant) Sussex STP by

1975

City of Waukesha and Towns New or By 1983 By 1975 Not Already Old STP site to new STP site--
of Pewaukee and Waukesha Expanded Applicable Provided if required, by 1990
(Expanded or Relocated Plant) Plant as Re-

quired by 1990

I
I

I
I
I
I
I

NOTE: T!ds proposed implementation schedule represents a point of depar
ture for intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid.

Source: SEWRPC.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Upper Fox River subregional area is
set forth in Table 261. It is important to recog
nize that this cost schedule is directly related to
the proposed implementation schedule set forth in
Table 260. Any deviations from the implemen
tation schedule would, accordingly, affect the cost
schedule set forth in Table 261.

Lower Fox River Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Lower Fox River subregional area is
set forth in Table 262. With respect to sewage
treatment plants, the schedule recommends that
the Village of Mukwonago complete construction of
a relocated plant by 1977; that the Town of Lyons
Sanitary District No.2, the Town of Norway Sani
tary District No.1, and the Eagle Lake Sewer
Utility District each complete construction of new
sewage treatment facilities during 1977; that the
Town of Salem Sewer Utility District No.2 com
plete construction of a new treatment facility by
1978; and that all other treatment facilities be
expanded as may be required from time to time
by 1990.

lSpecific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

'See Map 131.

With respect to trunk sewers, the schedule rec
ommends that the Mukwonago trunk sewer from
the old sewage treatment plant site to the new
sewage treatment plant site be completed by 1977;
that the Potter Lake trunk sewer extending from
the Village of East Troy to the Town of East Troy
Sanitary District No.2 be completed by 1978; that
the Lake Como trunk sewer extending from the
City of Lake Geneva to the unincorporated village
of Lake Como in the Town of Geneva be completed
by 1980; that the Geneva Lake-North and Geneva
Lake-South trunk sewers from the City of Lake
Geneva to the Town of Linn be completed by 1980;
that the Denoon Lake trunk sewer from the Town
of Norway Sanitary District No. 1 to urban devel
opment around Denoon Lake in the City of Muskego
be completed by 1977; that the Tichigan Lake
trunk sewer from the Western Racine County
Sewerage District to the Town of Waterford Sani
tary District No.1 be completed by 1978; that the
Silver Lake trunk sewer in the Village of Silver
Lake to the Town of Salem Sewer Utility District
No. 2 be completed by 1978; that the Camp Lake
trunk sewer in the Town of Salem Sewer Utility
District No. 2 be completed by 1978; that the
Wilmot trunk sewer in the Town of Salem Sewer
Utility District No.2 be completed by 1979; and
that the Cross-Rock Lakes trunk sewer in the
Town of Salem Sewer Utility District No. 2 be
completed by 1980.
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Table 261

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE UPPER FOX RIVER

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element Intercommunity Trunk Sewer Plan Element
Brookfield Waukesha Subtotal Sussex Pewaukee

Operation Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ 200,000 $ -- $ 200,000 $ -- $ -- $ -- $ --
1972 2 -- -- -- 200,000 -- 200,000 -- -- -- --
1973 3 4,000,000 -- -- 200,000 4,000,000 200,000 -- -- -- --
1974 4 -- 160,000 -- 200,000 -- 360,000 -- -- -- --
1975 5 -- 160,000 -- 200,000 -- 360,000 -- -- 629,000 --
1976 6 -- 160,000 4,000,000 200,000 4,000,000 360,000 -- -- -- 1,000
1977 7 4,000.000 160,000 -- 360,000 4,000,000 520,000 -- -- -- 1.000
1978 8 -- 320,000 -- 360,000 -- 680,000 -- -- -- 1.000
1979 9 -- 320,000 -- 360,000 -- 680,000 -- -- -- 1,000
1980 10 -- 320,000 4,000.000 360,000 4,000,000 680,000 -- -- -- 1,000
1981 11 6.260,500 320,000 -- 520,000 6.260,500 840.000 -- -- -- 1,000
1982 12 -- 559,000 -- 520,000 -- 1,079.000 -- -- -- 1.000
1983 13 -- 559.000 -- 520.000 -- 1,079,000 -- -- -- 1,000
1984 14 -- 559,000 -- 520,000 -- 1,079,000 -- -- -- 1.000
1985 15 -- 559,000 5,075,300 520,000 5,075.300 1,079,000 632.000 -- -- 1.000
1986 16 -- 559,000 -- 512,200 -- 1.071,200 -- 700 -- 1.000
1987 17 -- 559,000 -- 512,200 -- 1.071.200 -- 700 -- 1,000
1988 18 -- 559,000 -- 512,200 -- 1.071.200 -- 700 -- 1,000
1989 19 -- 559,000 -- 512,200 -- 1,071.200 -- 700 -- 1,000
1990 20 -- 559,000 -- 512,200 -- 1,071,200 -- 700 -- 1,000

Total $14,260,500 $6,951,000 $13,075.300 $7,801.000 $27,335,800 $14,752,000 $632,000 $3.500 $629,000 $15,000

Annual Average $ 713,025 $ ·347,550 $ 653,765 $ 390,050 $ 1,366,790 $ 737,600 $ 31,600 $ 175 $ 31,450 $ 750

Intercommunity Trunk Sewer Plan Element
Brookfield-lannon Brookfield-New Berlin Waukesha Subtotal Subregional Area Total

Operation Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and Facilit~ and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construc Ion Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ 200,000
1972 2 -- ~- -- -- -- -- -- -- -- 200,000
1973 3 -- -- -- -- -- -- -- -- 4,000,000 200.000
1974 4 -- -- -- -- -- -- -- -- -- 360.000
1975 5 -- -- -- -- -- -- 629,000 -- 629,000 360.000
1976 6 -- -- -- -- 2.080,100 -- 2,080,100 1.000 6.080,100 361.000
1977 7 -- -- -- -- -- 300 -- 1.300 4.000,000 521,300
1978 8 -- -- -- -- -- 300 -- 1.300 -- 681,300
1979 9 -- -- 989,600 -- -- 300 989,600 1,300 989,600 681,300
1980 10 -- -- -- SOD -- 300 -- 1,800 4,000.000 681,800
1981 11 1,000,000 -- -- SOD -- 300 1,000,000 1,800 7.260,500 841,800
1982 12 1,000,000 -- -- SOD -- 300 1,000,000 1,800 1,000,000 1,080,800
1983 13 1,000,000 -- -- SOD -- 300 1.000,000 1,800 1,000,000 1.080,800
1984 14 739,000 1,000 -- SOD -- 300 739,000 2,800 739,000 1,081,800
1985 15 -- 1.300 -- SOD -- 300 632.000 3,100 5,707,300 1,082,100
1986 16 -- 1,300 -- SOD -- 300 -- 3,800 -- 1.075,000
1987 17 -- 1,300 -- SOD -- 300 -- 3.800 -- 1,075,000
1988 18 -- 1,300 -- SOD -- 300 -- 3.800 -- 1,075,000
1989 19 -- 1,300 -- SOD -- 300 -- 3,800 -- 1,075,000
1990 20 -- 1,300 -- SOD -- 300 -- 3,800 -- 1,075,000

Total $3,739,000 $8.800 $989,600 $5,500 $2,080,100 $4.200 $8,069,700 $37,000 $35,405,500 $14,789,000

Annual Average $ 186,950 $ 440 $ 49,480 $ 275 $ 104,005 $ 210 $ 403,485 $ 1,850 $ 1,770,275 $ 739,450

Source: SEWRPC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Lower Fox River subregional area is
set forth in Table 263. It is important to recog
nize that this cost schedule is directly related to
the proposed implementation schedule set forth in
Table 262. Any deviations from the implemen-
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tation schedule would, accordingly, affect the cost
schedule set forth in Table 263.

Upper Rock River Subregional Area
The proposed implementation schedule for the
recommended regional sanitary sewerage system
plan in the Upper Rock River subregional area is
set forth in Table 264. With respect to sewage

I
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Tabl e 262

PROPOSED IMPLEMENTATION SCHEDULE FOR THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE

LOWER FOX RIVER SUBREGIONAL AREA

Sewage Treatment Plant Plan Elementl

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

Village of Mukwonago (Relocated Relocation by By 1983 By 1977 Not By 1977 Old STP site to new STP site--
Plant) 1977 and Applicable by 1977

Ex~ansion
as equired

by 1990

Village 01 East Troy and Town Expansion By 1983 By 1975 By 1977 By 1974 Potter Lake--by 1978
of East Troy Sanitary District as Required
NO.2 (Expanded Plant) by 1990

City of Lake Geneva and Towns Expansion By 1983 By 1975 By 1977 By 1974 Lake Como--by 1980
of Geneva and Linn (Expanded as Required Geneva Lake-North--bY 1980
Plant) by 1990 Geneva Lake-South--bY 1980

Town of Lyons Sanitary District New Plant by Not Not Not By 1977 Not
No.2 (New Plant) 1977 and Applicable Applicable Applicable Applicable

Ex~anSjon
as equired

by 1990

Village of Genoa City (Expanded Ex~ansion Not Not Not Already Not
Plant) as equired Applicable Applicable Applicable Provided Applicable

by 1990

Town of Norway Sanitary New Plant by By 1983 By 1977 By 1977 By 1977 Denoon Lake--by 1977
District NO.1 (New Plant) 1977 and

Expansion
as Required

by 1990

Eagle Lake Sewer Utility New Plant by By 1983 Not By 1977 By 1977 Not
District (New Plant) 1977 and Applicable Applicable

Ex~ansion
as equired

by 1990

Western Racine County Sewerage Expansion Not By 1975 Not Already Tichigan Lake--by 1978
District, Villages of Rochester as Required Applicable Applicable Provided
and Waterford, Town of Rochester by 1990
Sewer Utility District No.1, Town
of Waterford Sanitary District NO.1
(Expanded Plant)

City of Burlington and Browns Expansion Not By 1975 Not Already Not
Lake Sanitary District (Ex- as Required Applicable Applicable Provided Applicable
panded Plant) by 1990

Village of Silver Lake and Expansion Not By 1975 Not Already Silver Lake--by 1978
Town of Salem Sewer Utility as Required Applicable Applicable Provided
District NO.2 (Expanded by 1990
Plant)

Village of Twin Lakes Expansion By 1983 By 1975 By 1977 Already Not
(Expanded Plant) as Required Provided Applicable

by 1990

Town of Salem Sewer Utility New Plant by Not By 1978 Not By 1978 Camp Lake--by 1978
District NO.2 (New Plant) 1978 and Applicable Applicable Wilmot--by 1979

Expansion Cross-Rock Lakes--by 1980
as Required

by 1990
I

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

NOTE: This proposed implementation schedule represents a point of depar
ture for Intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
In-ald.

Source SEWRPC.

'Specific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

'See Map 131.
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Ta b 1e 263

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE LOWER FOX RIVER

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element
Mukwonago East Troy Lake Geneva Lyons Genoa City

project
Operation Operation Operation Operation Operation

Calendar Facility and Facility and Facility and Facility and Facility and
Vear Vear Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 8,000 $ -- $ 12,000 $ -- $ 45,000 $ -- $ -- $ -- $ 10,000
1972 2 -- 8,000 -- 12,000 -- 45,000 -- -- -- 10,000
1973 3 -- 8,000 -- 12,000 -- 45,000 -- -- -- 10,000
1974 4 -- 8,000 15,000 12,000 2,000,000 45,000 -- -- -- 10,000
1975 5 -- 8,000 436,700 14,000 -- 90,000 -- -- -- 10,000
1976 6 -- 10,000 -- 30,000 -- 90,000 -- -- -- 10,000
1977 7 1,879,700 10,000 -- 30,000 -- 95,000 110,100 -- -- 10,000
1978 8 -- 79,800 -- 30,000 -- 95,000 -- 3,200 -- 10,000
1979 9 -- 79,800 -- 30,000 -- 95,000 -- 3,200 -- 10,000
1980 10 -- 79,800 -- 30,000 1,143,400 95,000 -- 3,200 -- 10,000
1981 11 -- 79,800 1,000,000 30,000 -- 140,300 -- 3,200 -- 10,000
1982 12 -- 79,800 -- 61,000 -- 140,300 -- 3,200 185,300 10,000
1983 13 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1984 14 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1985 15 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1986 16 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1987 17 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1988 18 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1989 19 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100
1990 20 -- 79,800 -- 61,000 -- 140,300 -- 3,200 -- 15,100

Total $1,879,700 $1,097,400 $1,451,700 $791,000 $3,143,400 $2,143,000 $110,100 $41,600 $185,300 $240,800

Annual Average $ 93,985 $ 54,870 $ 72,585 $ 39,550 $ 157,170 $ 107,150 $ 5,505 $ 2,080 $ 9,265 $ 12,040

Sewage Treatment Plant Plan Element
Wind Lake Eagle Lake Rochester Burlington Silver Lake

Operation Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and Facility and

Vear Vear Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ 50,000 $ -- $ 45,000 $ -- $ 15,000
1972 2 -- -- -- -- -- 50,000 -- 45,000 -- 15,000
1973 3 -- -- -- -- -- 50,000 -- 50,000 -- 15,000
1974 4 -- -- -- -- -- 50,000 -- 50,000 -- 15,000
1975 5 -- -- -- -- 43,100 50,000 60,000 50,000 21,000 15,000
1976 6 1,000,000 -- -- -- -- 60,000 -- 70,000 -- 20,000
1977 7 1,008,400 -- 191,500 -- -- 60,000 -- 70,000 -- 20,000
1978 8 -- 12,000 -- 4,100 -- 60,000 -- 70,000 -- 20,000
1979 9 -- 12,000 -- 4,100 -- 60,000 -- 70,000 -- 20,000
1980 10 -- 12,000 -- 4,100 1,165,000 60,000 -- 70,000 -- 20,000
1981 11 -- 12,000 -- 4,100 -- 70,100 -- 80,000 643,600 20,000
1982 12 -- 12,000 -- 4.100 -- 70,100 -- 80,000 -- 35,300
1983 13 -- 12,000 -- 4,100 -- 70,100 -- 80,000 -- 35,300
1984 14 -- 12,000 -- 4,100 -- 70,100 -- 80,000 -- 35,300
1985 15 -- 12,000 -- 4,100 -- 70,100 1,483,000 80,000 -- 35,300
1986 16 -- 12,000 -- 4,100 -- 70,100 -- 126,400 -- 35,300
1987 17 -- 12,000 -- 4,100 -- 70,100 -- 126,400 -- 35,300
1988 18 -- 12,000 -- 4,100 -- 70,100 -- 126,400 -- 35,300
1989 19 -- 12,000 -- 4,100 -- 70,100 -- 126,400 -- 35,300
1990 20 -- 12,000 -- 4,100 -- 70,100 -- 126,400 -- 35,300

Total $2,008,400 $156,000 $191,500 $53,300 $1,208,100 $1,251,000 $1,543,000 $1,622,000 $664,600 $512,700

Annual Average $ 100,420 $ 7,800 $ 9,575 $ 2,665 $ 60,405 $ 62,550 $ 77,150 $ 81,100 $ 33,230 $ 25,635

Intercommunity Trunk Sewer
Sewage Treatment Plant Plan Element Plan Element

Twin Lakes Camp Lake Subtotal Mukwonago

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Vear Vear Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 15,000 $ -- $ -- $ -- $ 200,000 $ -- $ --
1972 2 -- 15,000 -- -- -- 200,000 -- --
1973 3 -- 15,000 -- -- -- 205,000 -- --
1974 4 -- 15,000 -- -- 2,015,000 205,000 -- --
1975 5 28,000 15,000 -- -- 588,800 252,000 -- --
1976 6 -- 17,000 -- -- 1,000,000 307,000 -- --
1977 7 54,000 17,000 -- -- 3,243,700 312,000 141,800 --
1978 8 -- 18,000 1,295,400 -- 1,295,400 402,100 -- 100
1979 9 -- 18,000 -- 64,800 -- 466,900 -- 100
1980 10 661,900 18,000 -- 64,800 2,970,300 466,900 -- 100
1981 11 -- 20,000 -- 64,800 1,643,600 534,300 -- 100
1982 12 -- 20,000 -- 64,800 185,300 580,600 -- 100
1983 13 -- 20,000 -- 64,800 -- 585,700 -- 100
1984 14 -- 20,000 -- 64,800 -- 585,700 -- 100
1985 15 -- 20,000 -- 64,800 1,483,000 585,700 -- 100
1986 16 -- 20,000 -- 64,800 -- 632,100 -- 100
1987 17 -- 20,000 -- 64,800 -- 632,100 -- 100
1988 18 -- 20,000 -- 64,800 -- 632,100 -- 100
1989 19 -- 20,000 -- 64,800 -- 632.100 -- 100
1990 20 -- 20,000 -- 64,800 -- 632,100 -- 100

Total $743,900 $363,000 $1,295,400 $777,600 $14,425,100 $9,049,400 $141,800 $1,300

Annual Average $ 37,195 $ 18,150 $ 64,770 $ 38,880 $ 721,255 $ 452,470 $ 7,090 $ 65
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Table 263 (continued)

Intercommunity Trunk Sewer Plan Element

Potter Lake Geneva Lake-North Geneva Lake-South Lake Como

Operation Operation Operation Operation
Calendar Prolect Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ 1,100 $ -- $ -- $ -- $ --
1972 2 -- -- -- -- -- -- -- --
1973 3 -- -- -- -- -- -- -- --
1974 4 -- -- -- -- -- -- -- --
1975 5 -- -- -- -- -- -- -- --
1976 6 -- -- -- -- -- -- -- --
1977 7 -- -- -- -- -- -- -- --
1978 8 445,900 -- -- -- 4,836,000 -- -- --
1979 9 -- 1,100 -- -- -- 17,100 587,100 --
1980 10 -- 1,100 2,989,100 -- -- 17,100 -- 7,700
1981 11 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1982 12 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1983 13 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1984 14 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1985 15 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1986 16 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1987 17 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1988 18 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1989 19 -- 1,100 -- 8,000 -- 17,100 -- 7,700
1990 20 -- 1,100 -- 8,000 -- 17,100 -- 7,700

Total $445,900 $13,200 $2,989,100 $81,100 $4,836,000 $205,200 $587,100 $84,700

Annual Average $ 22,295 $ 660 $ 149,455 $ 4,055 $ 241,800 $ 10,260 $ 29,355 $ 4,235

Intercommunity Trunk Sewer Plan Element
Oenoon Lake-Wind Lake Tichigan Lake Silver Lake Wilmot

Operation Operation Operation Operation
Calendar Prolect FaCility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ --
1972 2 -- -- -- -- -- -- -- --
1973 3 -- -- -- -- -- -- -- --
1974 4 -- -- -- -- -- -- -- --
1975 5 -- -- -- -- -- -- -- --
1976 6 -- -- 1,000,000 -- -- -- -- --
1977 7 505,700 -- 1,000,000 -- -- -- -- --
1978 8 -- 5,500 517,300 -- 202,200 -- -- --
1979 9 -- 5,500 -- 39,200 -- 20,000,000 245,800 --
1980 10 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1981 11 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1982 12 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1983 13 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1984 14 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1985 15 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1986 16 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1987 17 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1988 18 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1989 19 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600
1990 20 -- 5,500 -- 39,200 -- 20,000,000 -- 7,600

Total $505,700 $71,500 $2,517,300 $470,400 $202,200 $240,000,000 $245,800 $83,600

Annual Average $ 25,285 $ 3,575 $ 125,865 $ 23,520 $ 10,110 $ 12,000,000 $ 12,290 $ 4,180

Intercommunity Trunk Sewer Plan Element
Cross-Rock Lakes Camp Lake Subtotal Subregional Area Total

Calendar Prolect Facility
Operation Operation Operation Operation

and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ 1,100 $ -- $ 201,100
1972 2 -- -- -- -- -- -- -- 200,000
1973 3 -- -- -- -- -- -- -- 205,000
1974 4 -- -- -- -- -- -- 2,015,000 205,000
1975 5 -- -- -- -- -- -- 588,800 252,000
1976 6 -- -- -- -- 1,000,000 -- 2,000,000 307,000
1977 7 -- -- -- -- 1,647,500 -- 4,891,200 312,000
1978 8 -- -- 393,900 -- 6,395,300 5,600 7,690,700 407,700
1979 9 -- -- -- 400 832,900 20,063,400 832,900 20,530,300
1980 10 436,300 -- -- 400 3,425,400 20,078,700 6,395,700 20,545,600
1981 11 -- 13,300 -- 400 -- 20,100,000 1,643,600 20,634,300
1982 12 -- 13,300 -- 400 -- 20,100,000 185,300 20,680,600
1983 13 -- 13,300 -- 400 -- 20,100,000 -- 20,685,700
1984 14 -- 13,300 -- 400 -- 20,100,000 -- 20,685,700
1985 15 -- 13,300 -- 400 -- 20,100,000 1,483,000 20,685,700
1986 16 -- 13,300 -- 400 -- 20,100,000 -- 20,732,100
1987 17 -- 13,300 -- 400 -- 20,100,000 -- 20,732,100
1988 18 -- 13,300 -- 400 -- 20,100,000 -- 20,732,100
1989 19 -- 13,300 -- 400 -- 20,100,000 -- 20,732,100
1990 20 -- 13,300 -- 400 -- 20,100,000 -- 20,732,100

Total $436,300 $133,000 $393,900 $4,800 $13,301,100 $241,148,800 $27,726,200 $250,198,200

Annual Average $ 21,815 $ 6,650 $ 19,695 $ 240 $ 665,055 $ 12,057,440 $ 1,386,310 $ 12,509,910

Source: SEWRPC.
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Table 2611

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN I N THE

UPPER ROCK RIVER SUBREGIONAL AREA

Sewage Treatment Plant Plan Element'

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

Allenton Sanitary District Expansion By 1983 Not By 1977 Already Not
(Expanded Plant) by 1977 and Applicable Provided Applicable

as Required
by 1990

Village of Slinger Expansion By 1983 Not By 1977 Already Not
(Expanded Plant) by 1977 and Applicable Provided Applicable

as Required
by 1990

City of Hartford and Town Relocation By 1983 By 1973 By 1977 By 1973 Old STP site to new STP site--
of Hartford (Relocated by 1973 and by 1973
Plant) E~ansion Pike Lake--by 1980

as equired
by 1990

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmentat negotiations and tentative federal and state
agency programming! including the issuance of poltution abatement
orders and waste dIscharge permits and the disposition of grants
In-ald.

Source: SEWRPC.

treatr.nent plants, the schedule recor.nr.nends that
the City of Hartford place into operation its new
sewage treatr.nent facility during 1973 and provide
such additional capacity as r.nay be required fror.n
tir.ne to tir.ne by 1990; and that the Allenton Sani
tary District and the Village of Slinger each pro
vide additional capacity by 1977 and as r.nay be
required fror.n tir.ne to tir.ne by 1990. With respect
to trunk sewers, the schedule recor.nr.nends that
the City of Hartford provide a trunk sewer fror.n
the old sewage treatr.nent plant site to the new
sewage treatr.nent site by 1973, and that the Pike
Lake trunk sewer fror.n the City of Hartford to the
Town of Hartford be cor.npleted by 1980.

A schedule of construction and operation and
r.naintenance costs for ir.npler.nentation of the rec
or.nr.nended regional sanitary sewerage syster.n
plan in the Upper Rock River subregional area is
set forth in Table 265. It is ir.nportant to recog
nize that this cost schedule is directly related to
the proposed ir.npler.nentation schedule set forth in
Table 264. Any deviations fror.n the ir.npler.nen
tation schedule would, accordingly, affect the cost
schedule set forth in Table 265.

Middle Rock River Subregional Area
The proposed ir.npler.nentation schedule for the
recor.nr.nended regional sanitary sewerage syster.n
plan in the Middle Rock River subregional area is
set forth in Table 266. With respect to sewage
treatr.nent plants, the schedule recor.nr.nends that
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'Specific recommended performance standards tor each sewage treatment
plant are set forth in Table 225.

'See Map 131.

the City of Oconor.nowoc cor.nplete construction of
its new plant by 1977 and provide such additional
capacity as r.nay be required fror.n tir.ne to tir.ne by
1990; that the Delafield-Hartland Water Pollution
Control Cor.nr.nission cor.nplete construction of its
proposed new sewage treatr.nent facility by 1977;
and that the Village of Wales and the Village of
Dousr.nan each provide new or expanded capacity
as r.nay be required fror.n tir.ne to tir.ne by 1990.
With respect to trunk sewers, the schedule rec
or.nr.nends that the Hartland-Delafield-Nashotah and
Nashotah-Ner.nahbin trunk sewers be cor.npleted by
1977, thus perr.nitting abandonr.nent of the Hartland
sewage treatr.nent facility; that the Lac LaBelle
East and Lac LaBelle-West trunk sewers be
cor.npleted by 1978; that the Oconor.nowoc Lake,
Okauchee Lake, Pine Lake, North Lake, and
Beaver Lake trunk sewer be cor.npleted by 1980;
and that the Silver Lake trunk sewer be cor.npleted
by 1982.

A schedule of construction and operation and
r.naintenance costs for ir.npler.nentation of the rec
or.nr.nended regional sanitary sewerage syster.n
plan in the Middle Rock River subregional area is
set forth in Table 267. It is ir.nportant to recog
nize that this cost schedule is directly related to
the proposed ir.npler.nentation schedule set forth
in Table 266. Any deviations fror.n the ir.npler.nen
tation schedule would, accordingly, affect the cost
E'~hedule set forth in Table 267.
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Table 265

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE UPPER ROCK RIVER

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element
Allenton Slinger Hartford Subtotal

Calendar Project
Operation Operation Operation Operation

Facility and Facility and Facility and Facility and
Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 10,000 $ -- $ 20,000 $ -- $ 52,000 $ -- $ 82,000
1972 2 -- 10,000 -- 20,000 2,000,000 52,000 2,000,000 82,000
1973 3 -- 10,000 -- 20,000 1,342,800 100,000 1,342,800 130,000
1974 4 -- 10,000 -- 20,000 -- 163,200 -- 193,200
1975 5 -- 10,000 -- 20,000 -- 163,200 -- 193,200
1976 6 -- 10,000 -- 30,000 -- 163,200 -- 203,200
1977 7 221,500 10,000 500,000 30,000 -- 163,200 721,500 203,200
1978 8 -- 4,600 609,500 30,000 -- 163,200 609,500 197,800
1979 9 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1980 10 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1981 11 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1982 12 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1983 13 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1984 14 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1985 15 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1986 16 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1987 17 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1988 18 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1989 19 -- 4,600 -- 47,500 -- 163,200 -- 215,300
1990 20 -- 4,600 -- 47,500 -- 163,200 -- 215,300

Total $221,500 $129,800 $1,109,500 $760,000 $3,342,800 $2,978,400 $4,673,800 $3,868,200

Annual Average $ 11,075 $ 6,490 $ 55,475 $ 38,000 $ 167,140 $ 148,920 $ 233,690 $ 193,410

Intercommunity Trunk Sewer Plan Element
Hartford Pike Lake Subtotal Subregional Area Total

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ 82,000
1972 2 -- -- -- -- -- -- 2,000,000 82,000
1973 3 641,300 -- -- -- 641,300 -- 1,984,100 130,000
1974 4 -- 300 -- -- -- 300 -- 193,500
1975 5 -- 300 -- -- -- 300 -- 193,500
1976 6 -- 300 -- -- -- 300 -- 203,500
1977 7 -- 300 -- -- -- 300 721,500 203,500
1978 8 -- 300 -- -- -- 300 609,500 198,100
1979 9 -- 300 -- -- -- 300 -- 215,600
1980 10 -- 300 237,700 -- 237,700 300 237,700 215,600
1981 11 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1982 12 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1983 13 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1984 14 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1985 15 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1986 16 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1987 17 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1988 18 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1989 19 -- 5,400 -- 5,100 -- 5,400 -- 220,700
1990 20 -- 5,400 -- 5,100 -- 5,400 -- 220,700

Total $641,300 $5,100 $237,700 $5tOOO $879,000 $56,100 $5,552,800 $3,924,300

Annual Average $ 32,065 $ 255 $ 11,885 $ 2,550 $ 43,950 $ 2,805 $ 277,640 $ 196,215

Source: SEWRPC.
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Table 266

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE

MIDDLE ROCK RIVER SUBREGIONAL AREA

Sewage Treatment Plant Plan Element!

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element'

Village of Wales' (New Plant) New Plant as By 1990 Not By 1990 By 1990 Not
Required Applicable Applicable
by 1990

Village of Dousman (Expanded Expansion Not Not By 1990 Already Not
Plant) as Required Applicable Applicable Provided Applicable

by 1990

City of Oconomowoc; Villages of Relocation By 1983 By 1977 By 1977 By 1977 Lac LaBelle (East)--by 1978
Chenequa, Lac LaBelle, and by 1977 and Lac LaBelle (West)--by 1978
Oconomowoc Lake; Towns of Ex~ansion Oconomowoc Lake, Okauchee Lake,
Ixonia, Merton, Oconomowoc, as equired Pine Lake, North Lake, Beaver
and Summit (Relocated Plant) by 1990 Lake--by 1980

Silver Lake--by 1982

City of Delafield, ViHages of New Plant by By 1983 By 1977 By 1977 By 1977 Hartland, Delafield-Nashotah,
Hartland and Nashotah, and 1977 and Nashotah-Nemahbin (Abandon
Town of Summit (New Plant) Ex~ansion Hartland STP)--by 1977

as equired
by 1990

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental negotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid.

Source: SEWRPC.

'Specific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

2See Map 131.
'Plant should be designed to meet 1990 treatment level requirements at
time of initial construction.
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Table 267

SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE MIDDLE ROCK RIVER

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element
Wales Dousman Oconomowoc Delafield

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ 15,000 $ -- $ 50,000 $ -- $ --
1972 2 -- -- -- 15,000 -- 50,000 -- --
1973 3 -- -- -- 15,000 -- 50,000 -- --
1974 4 -- -- -- 15,000 -- 50,000 -- --
1975 5 -- -- -- 15,000 -- 50,000 -- --
1976 6 -- -- -- 15,000 2,000,000 50,000 -- --
1977 7 -- -- -- 15,000 3,766,000 150,000 2,038,000 --
1978 8 -- -- 565,400 15,000 -- 294,600 -- 100,000
1979 9 -- -- -- 16,500 -- 294,600 -- 100,000
1980 10 -- -- -- 16,500 -- 294,600 -- 100,000
1981 11 -- -- -- 16,500 -- 294,600 2,000,000 100,000
1982 12 197,000 -- -- 16,500 -- 294,600 -- 199,000
1983 13 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1984 14 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1985 15 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1986 16 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1987 17 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1988 18 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1989 19 -- 10,600 -- 16,500 -- 294,600 -- 199,000
1990 20 -- 10,600 -- 16,500 -- 294,600 -- 199,000

Total $197,000 $84,800 $565,400 $318,000 $5,766,000 $4,279,800 $4,038,000 $2,191,000

Annual Average $ 9,850 $ 4,240 $ 28,270 $ 15,900 $ 288,300 $ 213,990 $ 201,900 $ 109,550
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Table 267 (continued)

Intercommunity Trunk Sewer Plan Element

Sewage Treatment Plant Oconomowoc Lake, OkaucheePlan Element Oconomowoc· Oconomowoc- Lake, Pine Lake, North
Subtotal Lac La Belle (East) Lac La Belle (West) Lake, and Beaver Lake

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 65,000 $ -- $ -- $ -- $ -- $ -- $ --
1972 2 -- 65,000 -- -- -- -- -- --
1973 3 -- 65,000 -- -- -- -- -- --
1974 4 -- 65,000 -- -- -- -- -- --
1975 5 -- 65,000 -- -- -- -- -- --
1976 6 2,000,000 65,000 -- -- -- -- -- --
1977 7 5,804,000 165,000 -- -- -- -- -- --
1978 8 565,400 409,600 675,000 -- 415,200 -- -- --
1979 9 -- 411.100 -- 11,800 -- 500 1,000,000 --
1980 10 -- 411.100 -- 11,800 -- 500 1A06,100 --
1981 11 2,000,000 411,100 -- 11,800 -- 500 -- 41,100
1982 12 197,000 510,100 -- 11,800 -- 500 -- 41,100
1983 13 -- 520,700 -- 11,800 -- 500 -- 41.100
1984 14 -- 520,700 -- 11,800 -- 500 -- 41.100
1985 15 -- 520,700 -- 11,800 -- 500 -- 41.100
1986 16 -- 520,700 -- 11,800 -- 500 -- 41.100
1987 17 -- 520,700 -- 11,800 -- 500 -- 41.100
1988 18 -- 520,700 -- 11,800 -- 500 -- 41.100
1989 19 -- 520,700 -- 11,800 -- 500 -- 41.100
1990 20 -- 520,700 -- 11,800 -- 500 -- 41.100

Total $1O,566AOO $6,873,600 $675,000 $141,600 $415,200 $6,000 $2,406,100 $411,000

Annual Average $ 528,320 $ 343,680 $ 33,750 $ 7,080 $ 20,760 $ 300 $ 120,305 $ 20,550

Intercommunity Trunk Sewer Plan Element
Hartland, Delafield·

Nashotah, and Nashotah·
Subregional Area TotalSilver Lake Nemahbin Subtotal

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ 65,000
1972 2 -- -- -- -- -- -- -- 65,000
1973 3 -- -- -- -- -- -- -- 65,000
1974 4 -- -- -- -- -- -- -- 65,000
1975 5 -- -- 2,000,000 -- 2,000,000 -- 2,000,000 65,000
1976 6 -- -- 2,000,000 -- 2,000,000 -- 4,000,000 65,000
1977 7 -- -- 1,422,200 1,000 1,422,200 1,000 7,226,200 166,000
1978 8 -- -- -- 1,600 1,090,200 1,600 1,655,600 411,200
1979 9 -- -- -- 1,600 1,000,000 13,900 1,000,000 425,000
1980 10 -- -- -- 1,600 1A06,100 13,900 1A06,100 425,000
1981 11 -- -- -- 1,600 -- 55,000 2,000,000 466,100
1982 12 327,000 3,800 -- 1,600 327,000 58,800 524,000 568,900
1983 13 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1984 14 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1985 15 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1986 16 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1987 17 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1988 18 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1989 19 -- 3,800 -- 1,600 -- 58,800 -- 579,500
1990 20 -- 3,800 -- 1,600 -- 58,800 -- 579,500

Total $327,000 $34,200 $5,422,200 $21,800 $9,245,500 $614,600 $19,811,900 $7,488,200

Annual Average $ 16,350 $ 1,710 $ 271,110 $ 1,090 $ 462,275 $ 30,730 $ 990,595 $ 374,410

Source: SEWRPC.
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Lower Rock River Subregional Area
The proposed implementation schedule for the rec
ommended regional sanitary sewerage system
plan in the Lower Rock River subregional area is
set forth in Table 268. With respect to sewage
treatment plants, the schedule recommends that
the City of Whitewater complete construction of
its new plant by 1977 and provide such additional
capacity as may be required from time to time by
1990; that the City of Delavan, City of Elkhorn,
and Delavan Lake Sanitary District complete con
struction of a new joint sewage treatment facility

by 1977 and provide such additional capacity as
may be required from time to time by 1990; that
the Village of Walworth complete construction of
its new plant by 1977 and provide such additional
capacity as may be required from time to time by
1990; and that the Villages of Sharon, Darien,
Fontana, and Williams Bay provide additional
capacity at their treatment facilities as may be
required from time to time by 1990.

With respect to trunk sewers, the schedule rec
ommends that the City of Whitewater provide a
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Tab 1e 268

PROPOSED IMPLEMENTATION SCHEDULE FOR THE

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN IN THE

LOWER ROCK RIVER SUBREGIONAL AREA

I
I

Sewage Treatment Plant Plan Element'

Secondary Advanced Waste Treatment Auxiliary Waste Treatment

Waste Phosphorus Effluent Effluent
Unit(s) of Government Treatment Nitrification Removal Aeration Disinfection Trunk Sewer Plan Element2

City of Whitewater Relocation By 1983 By 1977 By 1977 By 1977 Old STP site to new STP
(Relocated Plant) by 1977 and site--by 1977

Expansion
as Required

by 1990

Village of Sharon (Expanded Expansion By 1983 By 1990 By 1977 Already Not
Plant) as Required Provided ftNplicable

by 1990

City of Oelavan, City of Elkhorn, New Plant By 1983 By 1977 By 1977 By 1977 Elkhorn - Delavan (Abandon
and Oelavan Lake Sanitary bt 1977and Elkhorn STPI--br 1977
Oistrict (New Plant) x~anslon Delavan Lake--by 977

as equired
by 1990

Village of Darien (Expanded Expansion Not Not Not Already Not
Plant) as Required Applicable Applicable Applicable Provided Tpplicable

by 1990

Village of Fontana and Town of Expansion Not Not Not Already Geneva Lake--by 1980
Linn (Expanded Plant) as Required Applicable Applicable Applicable Provided

by 1990

Village of Williams Bay, Town of Expansion Not Not Not Already Geneva Lake--by 1980
Geneva, and Town of Linn as Required Applicable Applicable Applicable Provided
(Expanded Plant) by 1990

Village of Walworth (Relocated Relocation By 1983 By 1977 By 1977 By 1977 Old STP site to new STP
Plant) by 1977 and site--by 1977

Expansion
as Required

by 1990

NOTE: This proposed implementation schedule represents a point of depar
ture for intergovernmental rlDRotiations and tentative federal and state
agency programming, including the issuance of pollution abatement
orders and waste discharge permits and the disposition of grants
in-aid

Source. SEWRPC.
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lSpecific recommended performance standards for each sewage treatment
plant are set forth in Table 225.

'See Map 131.
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Table 269
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trunk sewer from the old sewage treatment plant
site to the new sewage treatment plant site by
1977; that the Village of Walworth provide a new
trunk sewer from the old sewage treatment plant
site to the new sewage treatment plant site by
1977; that the Elkhorn-Delavan trunk sewer be
constructed by 1977, thus permitting abandonment
of the Elkhorn sewage treatment plant; that the
Delavan Lake trunk sewer be constructed by 1977;
that the Geneva Lake trunk sewer extending to the

Village of Fontana be constructed by 1980; and
that the Geneva Lake trunk sewer extending from
the Village of Williams Bay be constructed by 1980.

A schedule of construction and operation and
maintenance costs for implementation of the rec
ommended regional sanitary sewerage system
plan in the Lower Rock River subregional area is
set forth in Table 269. It is important to recog-
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SCHEDULE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS OF THE
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE LOWER ROCK RIVER

SUBREGIONAL AREA BY PLAN ELEMENT BY YEAR: 1971-1990

Sewage Treatment Plant Plan Element
Whitewater Sharon Delavan Darien

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 50,000 $ -- $ 12,000 $ -- $ 50,000 $ -- $ 15,000
1972 2 -- 50,000 -- 12,000 -- 50,000 -- 15,000
1973 3 - 50,000 -- 12,000 -- 50,000 -- 15,000
1974 4 -- 50,000 -- 12,000 -- 50,000 -- 15,000
1975 5 -- 50,000 -- 12,000 -- 50,000 -- 15,000
1976 6 -- 50,000 -- 15,000 -- 50,000 -- 15,000
1977 7 3,938,000 50,000 50,000 15,000 2,333,700 50,000 -- 15,000
1978 8 -- 204,800 -- 17,000 -- 110,200 -- 15,000
1979 9 -- 204,800 -- 17,000 -- 110,200 -- 15,000
1980 10 -- 204,800 -- 17,000 -- 110,200 965,500 15,000
1981 11 -- 204,800 844,000 17,000 -- 110,200 -- 21,000
1982 12 -- 204,800 -- 43,200 -- 110,200 -- 21,000
1983 13 -- 204,800 -- 43,200 -- 110,200 -- 21,000
1984 14 -- 204,800 -- 43,200 -- 110,200 -- 21,000
1985 15 -- 204,800 -- 43,200 2,000,000 110,200 -- 21,000
1986 16 -- 204,800 -- 43,200 -- 210,200 -- 21,000
1987 17 -- 204,800 -- 43,200 -- 210,200 -- 21,000
1988 18 -- 204,800 -- 43,200 -- 210,200 -- 21,000
1989 19 -- 204,800 -- 43,200 -- 210,200 -- 21,000
1990 20 -- 204,800 -- -- -- 210,200 -- 21,000

Total $3,938,000 $3,012,400 $894,000 $503,600 $4,333,700 $2,282,600 $965,500 $360,000

Annual Average $ 196,900 $ 150,620 $ 44,700 $ 25,180 $ 216,685 $ 114,130 $ 48,275 $ 18,000

Sewage Treatment Plant Plan Element
Fontana Walworth Williams Bay Subtotal

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ 20,000 $ -- $ 20,000 $ -- $ 30,000 $ -- $ 197,000
1972 2 -- 20,000 -- 20,000 -- 30,000 -- 197,000
1973 3 -- 20,000 -- 20,000 -- 30,000 -- 197,000
1974 4 -- 20,000 -- 20,000 -- 30,000 -- 197,000
1975 5 -- 20,000 -- 20,000 -- 30,000 -- 197,000
1976 6 -- 20,000 700,000 20,000 -- 30,000 700,000 200,000
1977 7 -- 20,000 600,000 20,000 -- 30,000 6,921,700 200,000
1978 8 1,264,600 20,000 -- 61,000 -- 30,000 1,264,600 458,000
1979 9 -- 27,200 -- 61,000 -- 30,000 -- 465,200
1980 10 -- 27,200 -- 61,000 699,300 30,000 1,664,800 465,200
1981 11 -- 27,200 -- 61,000 -- 37,800 844,000 479,000
1982 12 -- 27,200 -- 61,000 -- 37,800 -- 505,200
1983 13 -- 27,200 -- 61,000 -- 37,800 -- 505,200
1984 14 -- 27,200 -- 61,000 -- 37,800 -- 505,200
1985 15 -- 27,200 -- 61,000 -- 37,800 2,000,000 505,200
1986 16 -- 27,200 -- 61,000 -- 37,800 -- 605,200
1987 17 -- 27,200 -- 61,000 -- 37,800 -- 605,200
1988 18 -- 27,200 -- 61,000 -- 37,800 -- 605,200
1989 19 -- 27,200 -- 61,000 -- 37,800 -- 605,200
1990 20 -- 27,200 -- 61,000 -- 37,800 -- 562,000

Total $1,264,600 $486,400 $1,300,000 $933,000 $699,300 $678,000 $13,395,100 $8,256,000

Annual Average $ 63,230 $ 24,320 $ 65,000 .p 46,650 $ 34,965 $ 33,900 $ 699,755 $ 412,800
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Tab 1e 269 ( con tin u e d )

Intercommunity Trunk Sewer Plan Element
Whitewater Delavan Lake Elkhorn Fontana-Geneva Lake

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ --
1972 2 -- -- -- -- -- -- -- --
1973 3 -- -- -- -- -- -- -- --
1974 4 -- -- -- -- -- -- -- --
1975 5 -- -- -- -- -- -- -- --
1976 6 392,900 -- 1,536,200 -- 1,577,000 -- -- --
1977 7 -- 3,200 -- 11,000 -- 20,700 -- --
1978 8 -- 3,200 -- 11,000 -- 20,700 -- --
1979 9 -- 3,200 -- 11,000 -- 20,700 -- --
1980 10 -- 3,200 -- 11,000 -- 20,700 2,276.500 --
1981 11 -- 3,200 -- 11,000 -- 20,700 -- 600
1982 12 -- 3,200 -- 11,000 -- 20,700 -- 600
1983 13 -- 3,200 -- 11,000 -- 20,700 -- 600
1984 14 -- 3,200 -- 11,000 -- 20,700 -- 600
1985 15 -- 3.200 -- 11,000 -- 20,700 -- 600
1986 16 -- 3.200 -- 11,000 -- 20.700 -- 600
1987 17 -- 3.200 -- 11.000 -- 20.700 -- 600
1988 18 -- 3.200 -- 11,000 -- 20,700 -- 600
1989 19 -- 3.200 -- 11,000 -- 20,700 -- 600
1990 20 -- 3.200 -- 11,000 -- 20,700 -- 600

Total $392,900 $44,800 $1,536,200 $154,000 $1,577,000 $289.800 $2,276.500 $6.000

Annual Average $ 19,645 $ 2,240 $ 76,810 $ 7,700 $ 78,850 $ 14,490 $ 113,825 $ 300

Intercommunity Trunk Sewer Plan Element

Williams Bay-Geneva Lake Walworth Subtotal Subregional Area Total

Operation Operation Operation Operation
Calendar Project Facility and Facility and Facility and Facility and

Year Year Construction Maintenance Construction Maintenance Construction Maintenance Construction Maintenance

1971 1 $ -- $ -- $ -- $ -- $ -- $ -- $ -- $ 197,000
1972 2 -- -- -- -- -- -- -- 197,000
1973 3 -- -- -- -- -- -- -- 197,000
1974 4 -- -- -- -- -- -- -- 197.000
1975 5 -- -- -- -- -- -- -- 197.000
1976 6 -- -- 296.800 -- 3,802,900 -- 4.502.900 200.000
1977 7 -- -- -- 500 -- 35,400 6,921,700 235,400
1978 8 -- -- -- 500 -- 35,400 1.264,600 493,400
1979 9 -- -- -- 500 -- 35,400 -- 500.600
1980 10 1,243,800 -- -- 500 3,520.300 35,400 5,185.100 500,600
1981 11 -- 6,600 -- 500 -- 42,600 844.000 521,600
1982 12 -- 6,600 -- 500 -- 42,600 -- 547.800
1983 13 -- 6,600 -- 500 -- 42,600 -- 547,800
1984 14 -- 6,600 -- 500 -- 42,600 -- 547,800
1985 15 -- 6,600 -- 500 -- 42.600 2,000,000 547.800
1986 16 -- 6,600 -- 500 -- 42.600 -- 647,800
1987 17 -- 6,600 -- 500 -- 42.600 -- 647,800
1988 18 -- 6,600 -- 500 -- 42,600 -- 647,800
1989 19 -- 6,600 -- 500 -- 42,600 -- 647,800
1990 20 -- 6.600 -- 500 -- 42,600 -- 604.600

Total $1,243,800 $66,000 $296,800 $7.000 $7.323.200 $567,600 $20,718.300 $8,823.600

Annual Average $ 62,190 $ 3.300 $ 14,840 $ 350 $ 366,160 $ 28,380 $ 1.035,915 $ 441,180

Source: SEWRPC.
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nize that this cost schedule is directly related to
the proposed implementation schedule set forth
in Table 268. Any deviations from the implemen
tation schedule would, accordingly, affect the cost
schedule set forth in Table 269.

IMPLEMENTATION OF AUXILIARY
PLAN ELEMENTS

As discussed in Chapter XII of this report, there
are a number of additional factors and considera-
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tions which relate to the basic sewerage facility
plan recommendations and which apply in general
to the entire Region. These factors and consider
ations have been termed auxiliary plan elements
and are not included in the foregoing specific
implementation schedules. They are, however,
essential to full implementation of the plan and to
attaining the established water use objectives and
supporting water quality standards for the surface
waters in the Region.

I
I
I
I
I



I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I

Clear Water Elimination
It is recommended that each local unit of govern
ment within the Region responsible for the con
struction, operation, and maintenance of sanitary
sewerage facilities conduct a study of the infiltra
tion and inflow problems existing in the local
system. Such infiltration and inflow studies should
utilize, in the manner recommended in Chap
ter XII of this report, the engineering design
criteria set forth in Chapter IX of this report as
a basis for determining whether or not excessive
infiltration or inflows are present in the system.
In the metropolitan sewerage systems currently
existing in the Kenosha, Racine, and Milwaukee
areas, which systems are comprised of several
subsystems, each the responsibility of a different
governmental jurisdiction, it is recommended that
the required infiltration/inflow study be accom
plished in two stages. The first stage would be
conducted by the agency responsible for the con
struction, operation, and maintenance of the met
ropolitan or intercommunity trunk sewers. Where
an infiltration/inflow problem is determined to
exist in areas tributary to critical inflow points on
the metropolitan trunk sewer system, the appro
priate local unit of government would conduct the
necessary detailed inflow-infiltration study for the
tributary sewerage system. Such studies should
determine the most cost effective method of
resolving the problem, comparing the costs of full
or partial flow abatement with the costs of con
veyance and treatment.

As discussed in Chapter XII of this report, two of
the major sources of clear water inflow into the
sanitary ·sewerage systems are roof downspout
and building foundation drain connections to the
separate sanitary sewerage system. These con
nections may be classified as either "legal"-that
is connections made prior to the enactment of
local ordinances prohibiting such connections-or
"illegal"-that is, connections made after the
enactment of such ordinances. Local units of
government in the Region are generally under
state orders to eliminate these sources of clear
water-whether in the form of "legal" or "illegal"
connections-as a first step in the reduction of
clear water flows in separate sanitary sewer
age systems.

One community's approach to the problem of
eliminating clear water inflows from roof down
spouts and building foundation drains is illustrated
in Figure 132. By ordinance, the City of Oak
Creek has prohibited the discharge of clear water

into the sanitary system and further declares it to
be the public policy to eliminate all discharge of
clear water now occurring in the sanitary sewer
system. The ordinance relating to this matter,
as well as a diagram illustrating a recommended
arrangement for eliminating clear water discharge
from foundation drains to the sanitary sewer
system, are shown on Figure 132. Under the
ordinance, and in accordance with Section 66. 22
of the Wisconsin Statutes, the city has the author
ity to impose special assessments against real
property for all or part of the cost of abating,
correcting, or eliminating clear water connections
to the sewer system. In this connection, it should
be recognized that with respect to those problem
situations created before local ordinances were
enacted to prohibit the discharge of clear water to
sanitary sewer systems, there may well be a
public responsibility to assist financially in cor
recting such problems. Clearly no such public
responsibility exists for correcting such prob
lems created by illegal connections.

Elimination of Flow Relief Points
It is recommended that each unit or agency
of government responsible for the construction,
operation, and maintenance of sanitary sewerage
systems in the Region conduct a detailed study of
the local sanitary sewerage system to identify all
existing points of sewage flow relief and to deter
mine the steps necessary to assure the ultimate
elimination of those flow relief points not elimi
nated through the construction of the sewerage
facilities contained in the recommended regional
sanitary sewerage system plan. Each individual
point of sewage flow relief must be identified and
physically eliminated so as to preclude the possi
bility of the discharge of raw sewage ahead of the
sewage treatment plant. It is recognized that in
many cases this will require the construction of

local relief sewers.

Sewage Treatment Plant Operation
It is recommended that the Wisconsin Department
of Natural Resources review its sewage treatment
plant operator certification program and make
such changes as may be deemed necessary in
order to improve the operation and maintenance
of sewage treatment plants so as to achieve the
operating standards needed to carry out the plan
recommendations. It is further recommended that
each local unit of government responsible for the
construction, operation, and maintenance of a
sewage treatment facility consider staffing and
operation in accordance with the minimum stand-
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Section 66.60 of tbe Wisconsin
statutes, and sball constitute a
lien ontbeproperty. Paymentsball
be made as the cotmcil provides
in said resolution. The council
may provide for installment pay
ments not to exceed five (5) years,
witb 6 percent interest on tbe un
paid balance. Tbe owner sball
bave tbe rigbt to appeal tbe said
special assessment in the man
ner provided in Section 66.60 (12)
witbln 40 days of the publication of
tbe final resolutton.

Section 6. City officers and con
tractors retained by tbe city are
autborized to enter upon property
lor tbe purpose of performing tbe
work necessary to abate, correct,
or eliminate such clearwatercon
nections or infiltration. No per
son shall refuse such entry, or
interfere with such city officer
or contractor in the performance
of sucb work. In addition to tbe
penalties berein provided, any per
son who so refuses or interferes,
sball be SUbject to injunction or
restraining order of a court. or
&mpetent jurisdiction.

Section 7. Any person, firm,
or corporation violating any of tbe
provisions of this ordinance. shall
forfeit not less tban $10 nor more
tban $200 or in defanlt of payment
thereof, be imprisoned in tbe
county jail for a period not
to exceed 60 days. Eacb day of
violation shall constitute a
separate offense.

Section 8. All ordinances or
parts of ordinances contravening
the provisions of this ordinance
are hereby repealed.

Section 9. This ordinance shall
take effect and be in force from
and after its passage and publica
tion.

Passed and adopted tbis 21st
day of November, 1972.
/s/Allen H. Windscbanz,
President, Common Council

Approved tbis 22nd day of
November, 1972.
Is/Elroy C. Honadel, Mayor
Atlest:
Is/La Verne C. Gutknecbt
City Clerk
Vote: Ayes 5 Noes 0

Figure 132

CLEAR WATER PROHIBITION AND ELIMINATION ORDINANCE AND
RECOMMENDED ARRANGEMENT FOR CORRECTING EXISTING SITUATIONS

WHERE FOUNDATION DRAINS DISCHARGE TO THE
SANITARY SEWER SYSTEM

CITY OF OAK CREEK, WISCONSIN
,

Section 3. The inspection offi
cers of tbe city of Oak Creek
are hereby autborizedanddirected
to make such inspections as are
necessary to determine where
clear water connections, or clear
water infiltration, exists. In
making such inspections, they are
authorized and direded to' obtain
special inspection warrants under
the provisions of Sections 66.122
and 66.123 of tbe Wisconsin
statutes.

Section 4. Upon determining that
a clear water connection, or clear
water infiltration exists, city in
spection officers are authorized
and directed to issue appropri
ate orders to abate, correct, or
eliminate such connection of in
filtration within a reasonable time,
not to exceed 90 days. This order
sball be sent to tbe owner by
certified mail, at the address
shown on the tax roll. The owner
sball bave tbe right to appeal the
said order to the common council
within 10 days from tbe date of
mailing. Tbe council sball hold
a public hearing on the said
appeal, witbin 10 days from re
ceipt of the appeal. The owner
sball bave tbe rigbt to appear
in person" or by an attorney. The
council shall have the authority
to affirm, modify, or reverse the
order appealed from. The owner
sball bave tbe rigbt to appeal tbe
council's decision by certiorari
commenced within 10 days of the
council order. If no such ap
peal is taken, the council's order
shall be final, and may be im
plemented by mandatory injunction
or other appropriate legal means.

Section 5. In accordance with
tbe provisions of Section 66.62
Wisconsin statutes, the council
shall bave tbe autbority to impose
special assessments against the
property for all or part of the
cost of abating, correcting, or
eliminating clear water connec
tions or infiltration. including the
manual valving system described
in the preamble hereof. Prior
to the imposition of such assess
ment. the council shall conduct a
public hearing. preceded by a Class
1 notice published in the official
city newspaper, and a mailed notice
to each owner at the address shown
on tbe last tax roll. Any special
assessment imposed shall be by
a final resolution as provided in

Official Notice
ORDINANCE NO. 493

By Ald. Martens

WHEREAS, the Department of
Natural Resources of the state of
Wisconsin has issued an order.
4B-70-5-4, directing the city of
Oak Creek to eliminate clear water
that reaches sanitary. main and
intercepting sewers; this, to im
prove the capacity and efficiency
of overtaxed sewerage treatment
facilities, and reduce pollution, and

WHEREAS, all sewers installed
in Oak Creek since 1959 bavebeen
designed as separate sanitary
sewers and no sources of clear
water have been allowed to be
connected to the sanitary sewer
system; however. clear water
sources· do exist in areas where
sewers and buildings were con
structed prior to the enactment of
Ordinance No. 99 in 1959; also,
some structures have a valving
system to be manually operated
by the homeowner to direct the
now of waste water into
the sanitary sewers, and clear
water into the sump system; how
ever, said systems are not proper
ly used by tbe owners, and
clear water is pumped into the
sanitary system; further, some
property owners ba>e pbysically
altered sanitary sewer systems
originally properly installed, todi
rect sump pump clear water dis
charge into the sanitary sewer sys
tem, and

WHEREAS, tbe public bealth,
safety, and wellare requires all
such clear water discharges into
the sanitary sewer system to be
eliminated.

NOW, THEREFORE, tbe com
mon council of tbe city of Oak
Creek do hereby ordain as follows:

Section 1. Tbediscbargeofclear
water into the sanitary sewer sys
tem is prohibited.

Section 2. Tbediscbargeofclear
water into the sanitary sewer sys
tem is to be eliminated.

CITY OF OAK CREEK

An Ordinance to Prohibit the Dis
charge of Clear Water into the
sanitary Sewer System and to
Authorize Inspection of Connec
tions, Providing for Notice, Hear
ing, Appeal, Assessment and
Penalty.

......
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ards set forth in Table 233. Wherever possible
all municipal sewage treatment plants should be
staffed on a 24-hour around-the-clock basis in
order to provide continuous surveillance of the
operation. It should be recognized that the rec
ommendations for staffing sewage treatment plants
set forth in Table 233 assume the operation of a
conventional sewage treatment plant and do not,
therefore, reflect the potential effects of automa
tion on plant staffing requirements. Even fully
automated plants, however, require provision for
surveillance and monitoring on a 24-hour basis.
Such surveillance and monitoring could be effected
either through a greatly reduced operating staff
during certain hours of the day or by remote data
transmission and alarm systems. It is further
recommended that each local unit of government
provide the proper laboratory and related facili
ties needed to adequately assess the treatment
plant operation and determine whether or not the
specific recommended performance standards set
forth in the plan are being met. In this respect,
it is further recommended that the Wisconsin
Department of Natural Resources require that all
facilities plans and related engineering studies
prepared in support of applications to construct
sewage treatment facilities include design data
related to effluent quality on an average annual
basis. Finally, it is recommended that the Depart
ment of Natural Resources review its require
ments for sewage treatment plant operational
reporting to ensure that all the data described in
Table 233 and those additional data which may be
necessary to determine whether or not the treat
ment level performance standards are being met
are included in the reports submitted to the
Department of Natural Resources by individual
treatment plant operators.

Flow Metering
It is recommended that each local unit of govern
ment constructing, operating, and maintaining a
sanitary sewerage system take steps to achieve
complete metering of sewage flows in accordance
with the metering recommendations set forth in
Chapter XII of this report. Metering equipment
providing continuous data on rates and volumes of
sewage flow should be provided at all sewage
treatment facilities and pumping stations, as well
as at major points of sewage flow relief.

Sludge Disposal
It is recommended that as part of facilities plan
ning and engineering efforts, each local unit of
government in the Region responsible for the con
struction, operation, and maintenance of sewage

treatment facility include as a specific component
of such plans and studies a cost effectiveness
determination with respect to the best method of
sludge handling, reduction, and final disposal or
recycling. It is further recommended that such
plans and studies include investigations relating to
the recycling of sludge wastes.

Water Quality Monitoring
It is recommended that the Regional Planning
Commission and the Wisconsin Department of
Natural Resources review the current stream
water quality monitoring program and, based upon
such a review and analysis, determine whether
changes are needed in the program concerning the
frequency of sampling, the location of sampling
stations, and the need for more extensive flow
measurements. Such review should be made in
light of the sewage treatment plant location rec
ommendations included in the regional sanitary
sewerage system plan and in light of changing
state and federal requirements with respect to
changing water use objectives and supporting
water quality standards. It is further recom
mended that the Wisconsin Department of Natural
Resources continue to conduct periodic field pol
lution investigation surveys of the river basins in
the Region. Such surveys, as continuing field
surveillance efforts, should be made for each
basin in the Region at regular intervals of no
more than five years.

FINANCIAL AND TECHNICAL ASSISTANCE

Upon adoption of the regional sanitary sewerage
system plan and any necessary implementation
schedules and schedules of capital costs, it
becomes necessary for the governmental units
and agencies concerned to utilize effectively all
sources of financial and technical assistance avail
able for the timely execution of the recommended
plan. In addition to current tax revenue sources
such as property taxes, fees, fines, and public
utility earnings, and other sources such as shared
taxes, the agencies and units of government con
cerned can also make use of other revenue sources
such as borrowing, special assessments, sewer
service charges, and state and federal grants-in
aid. Various types of technical assistance useful
in plan implementation are also available from
regional, state, and federal agencies.

Financial Assistance
Financial assistance includes borrowing, special
assessments, sewer service charges, and state
and federal grants-in-aid.
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Borrowing: Areawide agencies and local units of
government are normally authorized to borrow so
as to discharge their duties and responsibilities.
Chapter 67 of the Wisconsin statutes generally
empowers counties, cities, villages, and towns to
borrow money and to issue municipal obligations
not to exceed 5 percent of the equalized assessed
evaluation of its taxable property with certain
exceptions, including school bonds and revenue
bonds. Such borrowing powers are important to
local units of government in the construction of
sewerage facilities to implement the recommended
plan. Section 60.307 of the Wisconsin statutes
specifically authorizes town sanitary districts
to borrow money and to issue bonds for the
construction or extension of sanitary sewerage
systems. Section 66.202 and 59.96(7) of the
Wisconsin statutes authorize metropolitan sew
erage districts to borrow money and to issue
bonds for the construction of sanitary sewerage
facilities. In addition, the powers of coopera
tive contract commissions under Section 66.30
of the Wisconsin Statutes include borrowing by
the contracting bodies of such commissions for
acquiring, constructing, and equipping areawide
sewerage projects.

Rural sewer development loans are available to
rural units of government from the U. S. Farmers
Home Administration for developing waste dis
posal systems. To qualify, such rural units of
government must have less than 5,500 population,
lie beyond the metropolitan area, and be unable to
obtain financial assistance elsewhere. Finally, in
an effort to ensure that inability to borrow nec
essary funds at reasonable terms does not prevent
local public agencies from carrying out neces
sary sewerage facility construction programs, the
U. S. Congress, as part of the Federal Water
Pollution Control Act Amendments of 1972, cre
ated an Environmental Financing Authority, which
Authority is empowered to make commitments to
purchase and to purchase, on terms and conditions
to be determined by the Authority, any obligation
which is issued by a state or local public body to
finance the nonfederal share of any sewerage
facility project. It is the intent of Congress that
this authority should not provide financial assis
tance to a community that can borrow money on
the open market at reasonable rates.

Special Assessments: Most governmental units
which have authority to provide for sanitary sew
erage facilities have special assessment powers
under various provisions of the Wisconsin Statutes.
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Cities and villages have such special assessment
powers under Sections 62.18(16) and 61. 39 of the
Statutes; metropolitan sewerage districts have
special assessment powers under Sections 59.96(9)
and 66.25 of the statutes; and town sanitary and
utility districts have such special assessment
powers under Sections 60. 309 and 66. 072 of the
Wisconsin Statutes. It is recognized that such
special assessment powers and revenues would be
utilized primarily for local sewerage system
improvements needed to extend sewer service to
the areas recommended in the regional sanitary
sewerage system plan, as opposed to the areawide
facilities actually inc luded in the plan itself.

Sewer Service Charges: Section 66.076 of the Wis
consin Statutes provides that municipalities may
establish sewer service charges. The revenue
from such charges may be pledged as security for
mortgage bonds or mortgage certificates. For
the purpose of making equitable charges for all
services rendered by the sewerage system, the
property benefited may be classified, taking into
consideration the volume of water, the character
of the sewage or waste disposed, and the nature
of the use made of the sewerage system. It is
anticipated that the user charge requirements set
forth in the Federal Water Pollution Control Act
Amendments of 1972 as a condition to obtaining
federal grants-in-aid will result in the establish
ment of sewer service charges throughout most of
southeastern Wisconsin in those principalities now
relying primarily on the general property tax levy
to finance sewerage improvements and operation
and maintenance costs.

Grant-in-Aid Programs: One state and several
federal grant programs are available to local
units of government for the financing of sewerage
facility improvements. These include the follow
ing programs:

1. State Water Pollution Prevention and Abate
ment Program: This program, adminis
tered by the Wisconsin Department of
Natural Resources pursuant to the rules
set forth in Chapter NR 125 of the Wiscon
sin Administrative Code, provides finan
cial assistance to local governments for
the cost of approved pollution abatement
and prevention projects. Eligible projects
include waste treatment facilities; trunk,
relief, and intercepting sewers; outfall
sewers; certain sewage collection systems;
and other appurtenances. It is anticipated
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that all facility recommendations included
in the regional sanitary sewerage system
plan would be eligible for state financial
assistance. For nonfederally aided proj
ects, the state grant is 25 percent of the
total cost. For projects receiving federal
aid, the. state grant offer may amount to
25 percent or less in order to provide
combined state and federal assistance not
in excess of 85 percent of the cost of the
project, except that combined state and
federal assistance may extend to 90 per
cent of the cost of that part of the project
consisting of advanced or tertiary sewage
treatment components.

2. Federal Waste Treatment Works Con
struction Program: This program, admin
istered by the U. S. Environmental Pro
tection Agency, provides federal financial
assistance in an amount of 75 percent of
the total cost of approved projects. Proj
ects must be found to be in conformance
with an approved facility plan and areawide
water quality management or Section 303
basin plan, as applicable. It is anticipated
that all facilities included in the recom
mended regional sanitary sewerage system
plan will be eligible for 75 percent federal
assistance under this program.

3. Federal Water and Sewer Facilities Pro
gram: This program, administered by the
U. S. Department of Housing and Urban
Development, provides grants up to 50
percent to local units of government toward
the cost of constructing sewerage collec
tion, conveyance, and transmission sys
tems. At the present time the funding
status of this program is somewhat clouded
by an administration proposal to abandon
the program in favor of special federal
revenue sharing.

4. Federal Rural Waste Disposal Facilities
Program: This program, administered by
the U. S. Department of Agriculture,
Farmers Home Administration, provides
grants in amounts up to 50 percent toward
the cost of developing rural waste collec
tion and disposal systems to rural units of
government up to 5,500 population and
located outside of metropolitan areas. At
the present time the funding status of this
program is also clouded by the proposal to

institute special federal revenue sharing
for categorical grant programs.

Technical Assistance
Those agencies directly involved in water quality
management normally provide various levels and
types of technical assistance which may be useful
in implementation of the regional sanitary sewer
age system plan. Limited guidance and assistance
is usually provided without cost. In some cases
the local unit of government may contract with the
agency for more extensive technical assistance
and services. At the federal level the U. S. Envi
ronmental Protection Agency provides technical
assistance and advice on request at no cost to
state and local units of government and to private
firms relative to water quality management prob
lems. At the state level, the Wisconsin Depart
ment of Natural Resources is authorized under
Section 144. 025(2)(h) , upon request and without
charge, to consult with and advise owners and
operators of sewage facilities as to the best
method of sewage disposal. The Department is
not required, however, to prepare specific facility
plans. In addition, the Department provides con
tinuing technical assistance services to treatment
plant operators regarding the proper operational
procedures to be followed in achieving the neces
sary treatment levels and maintaining the per
formance standards recommended in areawide
water quality management plans. Recently, the
Department has made available one full-time staff
member in its district office to provide such
technical assistance at no cost to the local units of
government in the seven-county Southeastern Wis
consin Region. At the regional level, the Regional
Planning Commission staff as part of its continu
ing environmental engineering planning program
stands ready and willing to provide whatever
technical assistance it can to the implementing
agencies in securing and assuring continued com
pliance with the plan recommendations in the
design of sewerage facilities, thereby also assur
ing that such facilities will be eligible to receive
maximum federal and state grants-in-aid.

SUMMARY

This chapter has described the various means
available and has recommended specific proce
dures for implementation of the regional sanitary
sewerage system plan. The most important rec
ommended plan implementation actions are sum
marized in the following paragraphs by level and
responsible agency or unit of government.
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Local Level
Common Councils, Village Boards, and Town
Boards: It is recommended that, upon referral to
and upon recommendation of the local plan com
missions, each common council, village board,
and town board within the Region, as appropriate:

1. Adopt the recommended regional sanitary
sewerage system plan as a guide to future
sewerage facility development in the com
munityas that plan affects each community.

2. Review and adopt the appropriate sewer
age facility implementation schedule and
accompanying schedule of capital and oper
ation and maintenance costs, and direct its
staff and consulting engineers to utilize
such schedules in the preparation of de
tailed facilities plans and in the conduct of
engineering studies.

3. Conduct an infiltration and inflow study to
determine whether or not an infiltration/
inflow problem exists and, if so, the reme
dial action needed to resolve such problem.

4. Conduct a detailed study relating to the
identification of all existing points of sew
age flow relief and a determination of the
steps necessary to ultimately eliminate
such points.

5. Review the operational characteristics of
each sewage treatment plant to determine
if the facility is properly staffed and oper
ated in accordance with the standards set
forth in the plan and, if not, to ensure
compliance with such standards.

6. Take such steps as are necessary to
achieve complete metering of sewage flows
in accordance with the metering recom
mendations set forth in the plan.

Sanitary and Utility Districts: It is recommended
that the governing body of each sanitary and utility
district in the Region, as appropriate:

1. Adopt the recommended regional sanitary
sewerage system plan as a guide to future
sewerage facility development in the dis
trict as the plan affects the district, and
inform its respective general-purpose local
unit of government of such action.
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2. Review and adopt the appropriate sewer
age facility implementation schedule and
accompanying schedule of capital and oper
ation and maintenance costs, and direct its
staff and consulting engineers to utilize
such schedules in the preparation of de
tailed facilities plans and in the conduct of
engineering studies.

3. Conduct an infiltration and inflow study to
determine whether or not an infiltration/
inflow problem exists and, if so, the reme
dial action needed to resolve such problem.

4. Conduct a detailed study relating to the
identification of all existing points of sew
age flow relief and a determination of the
steps necessary to ultimately eliminate
such points.

5. Review the operational characteristics of
each sewage treatment plant to determine
if the facility is properly staffed and oper
ated in accordance with the standards set
forth in the plan and, if not, to ensure
compliance with such standards.

6. Take such steps as are necessary to
achieve complete metering of sewage flows
in accordance with the metering recom
mendations set forth in the plan.

Plan Commissions of Cities, Villages, and Towns:
It is recommended that the plan commissions of
all cities, villages, and towns within the Region:

1. Adopt the regional sanitary sewerage sys
tem plan as a guide to future sewerage
facility development in the community and
certify such adoption to the local gov
erning body.

2. Integrate the sewerage facility and sewer
service area recommendations in the plan
into local master plans.

Areawide Level
County Boards of Supervisors: It is recommended
that the county boards of supervisors of the seven
counties in the Region, upon recommendation of
the appropriate agencies and committees:
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1. Adopt the regional sanitary sewerage sys
tem plan, as it applies to each county, as
a guide to the future urban development in
the county.

2. Adopt the recommended implementation
schedules and schedules of construction
and operating and maintenance costs set
forth in the plan and appropriate annu
ally the monies so scheduled (Milwaukee
County).4

3. As appropriate, assist in the creation
of metropolitan sewerage districts, joint
sewerage commissions, or cooperative
contract commissions with respect to those
portions of the recommended plan pro
posing the creation of areawide sanitary
sewerage systems (Kenosha, Ozaukee,
Racine, Walworth, Washington, and Wau
kesha Counties).

4. Consider establishment of county grant-in
aid programs designed to encourage the
preparation of detailed facilities plans and
the conduct of engineering studies that will
tend to implement and carry out the rec
ommended regional sanitary sewerage sys
tem plan.

Metropolitan Sewerage District of the County of
Milwaukee: It is recommended that the Sewerage
Commission of the City of Milwaukee and the Met
ropolitan Sewerage Commission of the County of
Milwaukee, acting as agents of the Milwaukee
Metropolitan Sewerage District of the County of
Milwaukee:

1. Adopt the recommended regional sanitary
sewerage system plan as a guide to future
sewerage facility development in the Dis
trict.

2. Adopt the appropriate implementation
schedule and accompanying schedule of
capital and operation and maintenance
costs.

3. Undertake the initial step of a proposed
two-step infiltration/inflow study through
out the District.

4parentheses indicate that the recommended action is

applicable only to the named unit or units of govern

ment.

4. Undertake responsibility for implementa
tion of the plan recommendation dealing
with the abatement of pollution caused by
combined sewer overflows in the Milwau
kee urbanized area.

5. Conduct a detailed study relating to the
identification of all existing points of sew
age flow relief in the metropolitan trunk
sewer system and a determination of the
steps necessary to ultimately eliminate
such points.

6. Review the operational characteristics of
each sewage treatment plant to determine
if the facility is properly staffed and oper
ated in accordance with the standards set
forth in the plan and, if not, to ensure
compliance with such standards.

7. Take such steps as are necessary to
achieve complete metering of sewage flows
in accordance with the metering recom
mendations set forth in the plan.

Other Metropolitan Sewerage Commissions: It is
recommended that the Western Racine County
Sewerage Commission and any future metropolitan
sewerage commissions:

1. Adopt the recommended regional sanitary
sewerage system plan as a guide to future
sewerage facility development in the met
ropolitan district.

2. Adopt the appropriate implementation
schedule and accompanying schedule of
capital and operation and maintenance
costs.

3. Undertake in cooperation with its constitu
ent municipalities the infiltration/inflow
analyses as recommended in the plan.

4. Conduct a detailed study relating to the
identification of all existing points of sew
age flow relief and a determination of
the steps necessary to ultimately eliminate
such points.

5. Review the operational characteristics of
each sewage treatment plant to determine
if the facility is properly staffed and oper
ated in accordance with the standards set
forth in the plan and, if not, to ensure
compliance with such standards.
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6. Take such steps as are necessary to
achieve complete metering of sewage flows
in accordance with the metering recom
mendations set forth in the plan.

Other Areawide Agencies: It is recommended that
the Delafield-Hartland Water Pollution Control
Commission, the Underwood Sewer Commission,
the Menomonee-South Sewerage Commission, and
any other future joint sewerage commission or
cooperative contract sewerage commission:

1. Adopt the recommended regional sanitary
sewerage system plan as a guide to future
sewerage facility development in its juris
dictional area.

2. Adopt the appropriate implementation
schedule and accompanying schedule of
capital and operation and maintenance
costs.

3. Undertake in cooperation with its constitu
ent municipalities the infiltration/inflow
analyses as recommended in the plan.

4. Conduct a detailed study relating to the
identification of all existing points of sew
age flow relief and a determination of the
steps necessary to ultimately eliminate
such points.

5. Review the operational characteristics of
each sewage treatment plant to determine
if the facility is properly staffed and oper
ated in accordance with the standards set
forth in the plan and, if not, to ensure
compliance with such standards.

6. Take such steps as are necessary to
achieve complete metering of sewage flows
in accordance with the metering recom-,
mendations set forth in the plan.

state Level
Wisconsin Department of Natural Resources: It is
recommended that the State Natural Resources
Board and the Department of Natural Resources:

1. Endorse the recommended regional sani
tary sewerage system plan and direct its
integration into the water quality manage
ment functions and programs conducted by
the Division of Environmental Protection.
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2. Certify the regional sanitary sewerage
system plan to the U. S. Environmental
Protection Agency as the official water
quality management plan for the seven
county Southeastern Wisconsin Region.

3. Utilize the implementation schedules in
cluded in the plan, after careful review and
analysis, in the issuance of pollution abate
ment orders and waste discharge permits
and in the disposition of state and federal
grant-in-aid monies.

4. Review the sewage treatment plant oper
ator certification program and determine
whether or not changes are necessary to
assist in upgrading the operation of sewage
treatment plants so. as to achieve the
operating standards needed to carry out
the plan recommendations.

5. Require all facilities plans and related
engineering studies to include design data
related to effluent quality on an average
annual basis.

6. Review sewage treatment plant operational
reporting requirements to ensure that all
of the data necessary to determine whether
or not the treatment level performance
standards are being met are included in
treatment plant operator reports submitted
to the department.

7. Cooperate with the Regional Planning Com
mission in reviewing the joint SEWRPC/
DNR water quality monitoring program to
determine if changes are desirable in light
of plan recommendations.

8. Continue to conduct periodic field pollution
investigation surveys of river basins in
the Region.

Wisconsin Board of Health and Social Services: It
is recommended that the Wisconsin Board of
Health and Social Services:

1. Endorse the regional sanitary sewerage
system plan.

2. Direct the staff in the Division of Health
to utilize the plan recommendations as
appropriate in the exercise of the septic
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tank regulation and subdivision plat review
and approval powers.

Wisconsin Department of Local Affairs and Devel
opment: It is recommended that the Wisconsin
Department of Local Affairs and Development:

1. Endorse the recommended regional sani
tary sewerage system plan.

2. Utilize as appropriate the plan recommen
dations in the provision of technical assis
tance to local units of government, in
reviewing subdivision plats, and in admin
istering appropriate state and federal grant
programs.

Wisconsin Department of Administration: It is
recommended that the Wisconsin Department of
Administration:

1. Endorse the recommended regional sani
tary sewerage system plan.

2. Utilize as appropriate the plan recommen
dations in the exercise of its state planning
and State A-95 Clearinghouse functions.

Federal Level
U. S. Environmental Protection Agency: It is rec
ommended that the U. S. Environmental Protection
Agency:

1. Accept and endorse the regional sanitary
sewerage system plan upon certification
from the Wisconsin Natural Resources
Board.

2. Utilize as appropriate the plan recommen
dations in the approval of waste discharge
permits and in the disposition of federal
grants-in-aid.

U. S. Department of Housing and Urban Develop
ment: It is recommended that the U. S. Depart
ment of Housing and Urban Development:

1. Endorse the recommended regional sani
tary sewerage system plan.

2. Utilize the plan recommendations in the
administration of grants-in-aid and loan
programs.

3. Certify that the areawide planning require
ments for sewerage purposes in the South
eastern Wisconsin Region have been met.

U. S. Department of the Interior, Geological Sur
vey: It is recommended that the U. S. Department
of the Interior, Geological Survey:

1. Formally acknowledge the recommended
regional sanitary sewerage system plan.

2. Continue its water resources investigation
program, including the provision of low
streamflow data.

U. S. Department of Agriculture, Farmers Home
Administration: It is recommended that the
U. S. Department of Agriculture, Farmers Home
Administration:

1. Formally acknowledge the regional sani
tary sewerage system plan.

2. Utilize as appropriate the plan recom
mendations in the administration of its
rural waste disposal grant-in-aid and loan
programs.

U. S. Department of the Army, Corps of Engi
neers: It is recommended that the U. S. Depart
ment of the Army, Corps of Engineers:

1. Formally acknowledge the regional sani
tary sewerage system plan.

2. Utilize as appropriate the plan recom
mendations in issuing permits for waste
outfalls in navigable waters.
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SUMMARY AND CONCLUSIONS
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INTRODUCTION

Upon completion and adoption of the regional land
use and transportation plans late in 1966, the
Regional Planning Commission decided that a
regional sanitary sewerage system plan should
constitute the next region-wide element of the
comprehensive plan for the physical development
of the Region to be prepared. Several factors
contributed to the recognition of the need to pre
pare such a plan, namely: inadequate sewer ser
vice, particularly in newly developed areas of the
Region; forecast population growth and population
redistribution, together with concomitant conver
sion of land within the Region from rural to urban
use; deteriorating surface water quality accom
panied by increasing conflicts over water use
and increasing public demand for water pollution
abatement; the widespread occurrence within the
Region of soils unsuited to the disposal of sewage
through onsite septic tank systems; the increasing
use of small, isolated sewage treatment plants and
tributary sanitary sewerage systems on an unco
ordinated, individual basis, without regard for the
effect on areawide land use and sewerage system
development or on surface water quality; the
importance of the orderly extension of sanitary
sewerage service throughout the Region to imple
mentation of the adopted regional land use plan;
and a mounting need to meet the areawide plan
ning prerequisites of state and federal sanitary
sewerage facility grant-in-aid programs.

These factors were fully explored by a 2.4-member
Technical Coordinating and Advisory Committee
on Regional Sanitary Sewerage System Planning
in a Regional Sanitary Sewerage System Planning
Program Prospectus published in December 1968.
The Prospectus provided the basis for undertaking
the regional sanitary sewerage system planning
program, with the cost of the program shared by
the seven county boards in the Region and the
U. S. Department of Housing and Urban Develop
ment. The program was conducted by the Com
mission staff, supplemented by the contractual
services of the Harza Engineering Company,
Chicago, Illinois, and was conducted under the
continuing technical and policy guidance of the
Technical Coordinating and Advisory Committee.

The Committee was comprised of the most expe
rienced and distinguished sanitary and municipal
engineers working within the Region, including
representation from agencies with long experience
in the development of sanitary sewerage systems
and in the operation and maintenance of sewage
treatment facilities, as well as from the Region's
major universities.

Next to transportation facilities, sanitary sewer
age facilities are the singularly most important
public works influencing the development of an
urbanizing Region. The location and adequacy of
these facilities greatly affect the public health,
safety, and welfare; the overall quality of the
environment; recreational activity; industrial pro
ductivity; and the value and use to which land may
be put. If not properly tended to, sewerage system
development will inevitably emerge as a major
obstacle in the sound growth of the Region, and
will become a major policy issue facing public
officials, citizen leaders, and technicians.

Sanitary sewerage facility planning cannot be
accomplished successfully within the context of a
single municipality or county if the municipality
or county is part of a larger urban complex. The
urbanizing Region must form the geographic unit
for sanitary sewerage system planning in order
to assure coordination of related subsystems
and to assure coordination with areawide land
use development.

The regional sanitary sewerage system planning
program is directly related to the Commission's
series of more broadly oriented land and water
resources planning programs conducted on a
watershed basis. The Commission's comprehen
sive watershed planning programs may be thought
of as natural resource conservation oriented plan
ning efforts which provide a broad approach to
water control facility and related land and water
use planning and development. The sanitary sew
erage system planning program, on the other
hand, may be thought of as an urban development
oriented planning effort which seeks to provide
the facilities necessary to permit sound urban
development within the Region while protecting the
underlying and sustaining natural resource base.
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The watershed and sanitary sewerage plan ele
ments, together with a land use plan element,
must be carefully coordinated and must comprise
integrated elements of a single comprehensive
areawide development plan.

The purpose of .the regional sanitary sewerage
system planning program is two-fold:

1. To permit, within a comprehensive frame
work, public evaluation and choice of
alternative sanitary sewerage system de
velopment policies and plans.

2. To provide, through an agreed-upon area
wide, long-range plan for sanitary sewer
age facility development, for the efficient
and coordinated development of sanitary
sewerage facilities within the Region and
for the coordination of such facility devel
opment with land use development.

Through the regional sanitary sewerage system
planning process several goals are to be attained,
including protection of the public health; the abate
ment of water pollution; the sound investment of
public funds in efficient and effective sanitary
sewerage systems; the more effective guidance
of land use development into a sound areawide
pattern; and the wise use of limited land and
water resources.

Five basic principles were formulated which
formed the basis for the planning process as
applied in the regional sanitary sewerage system
planning program. These five principles are:

1. Sanitary sewerage system planning must
be regional in scope, but must recognize
subregional planning areas related to natu
ral watershed boundaries and urban con
centrations with well-developed sewerage
systems.

2. Sanitary sewerage system planning must
be conducted concurrently with land use
planning.

3. Both land use and sanitary sewerage facil
ity planning must recognize the existence
of a limited natural resource base to
which rural and urban development must
be adjusted to ensure a pleasant and habit
able environment.
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4. Sanitary sewerage facilities must be planned
as integrated systems or coordinated sub
systems.

5. Primary emphasis should be placed on
solutions within the natural watershed
to sanitary sewerage system develop
ment problems related to water pollu
tion abatement.

The major findings and recommendations of the
regional sanitary sewerage system planning pro
gram are documented and presented in this report.
This report is intended to allow careful, critical
review of the alternative plan elements by public
officials, agency staff personnel, and citizen
leaders within the Region, and to provide the
basis for plan adoption and implementation by the
local, areawide, state, and federal agencies of
government concerned. The report can only sum
marize in brief fashion the information assembled
in the extensive data collection, analysis, fore
casting, and plan design phases of the program.
Although the reproduction of all information
assembled in the study in report form is imprac
tical due to its magnitude and complexity, all of
the basic data are on file in the Commission
offices and are available to member units and
agencies of government and to the public in gen
eral upon specific request.

INVENTORY AND ANALYSIS FINDINGS

Socioeconomic Base
The seven-county Southeastern Wisconsin Region
is an interrelated complex of natural and man
made features, which together form a rapidly
changing environment for human life. Important
manmade features of the Region include its land
use pattern, its public utility networks, and its
transportation system. Together with the popula
tion residing in the Region and the economic
activities taking place within the Region, these
features may be thought of as the socioeconomic
base of the Region.

The Region consists of a seven-county area
encompassing 2,689 square miles of land and
inland water area, or about 5 percent of the total
area of the state of Wisconsin. About 40 percent
of the state's population, however, resides within
the seven counties, which employ about 38 percent
of the total work force of the state, and which
contain about half of all the tangible wealth of
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the state as measured by equalized assessed
valuation. The Region contains 153 local units of
government, exclusive of school and other special
purpose districts, and encompasses all or parts
of 11 major watersheds.

The population of the Region has been increasing
at an average rate of about 18,000 persons per
year from 1960 to 1970, and as of 1970 totaled
1,756,100 persons. This rate of population growth,
although higher than state and national rates, is
considerably lower than the approximately 33,000
persons per year growth rate experienced within
the Region from 1950 to 1960. The composition
of the population is becoming increasingly urban,
and at the present time only about 12 percent of
the total regional population is classified as rural.
Moreover, of that 12 percent, about 10 percent is
classed as rural nonfarm and only 2 percent is
rural farm.

Employment opportunities have increased at a
rate of approximately 9,370 jobs per year over
the last decade, with a current level of approxi
mately 741,600 jobs within the Region. The eco
nomic factors which promote population growth
and urbanization within the Region are largely
centered in and around the major urban centers
of Milwaukee, Racine, and Kenosha, although a
diffusion of economic activity into the outlying
areas of the Region is occurring.

Land within the Region has been undergoing con
version from rural to urban use at the rate of
about 14 square miles per year. Recent urban
development within the Region has been discon
tinuous and highly diffused, consisting primarily
of many scattered, low-density, isolated enclaves
of residential development located away from
established urban centers. Overall urban popula
tion densities within the Region, which peaked in
1920 at a level of about 11,000 persons per square
mile, have been steadily declining since then to
a level of about 4,300 persons per square mile
in 1970. The highly diffused nature of recent
urban development and a sharp decline in urban
population density have intensified many long
standing environmental problems within the Region
and have created new environmental and develop
mental problems of an unprecedented scale and
complexity, including problems relating to sani
tary sewerage system development.

Natural Resource Base
The importance of considering natural resource
base elements in sanitary sewerage system plan
ning cannot be overemphasized, since sanitary
sewerage system development, by its impacts on
that base, has the potential to either significantly
degrade or to protect and enhance the natural
heritage and environmental quality of the Region.
Furthermore, the monetary costs attendant to the
planning, design, construction, and operation of
sanitary sewerage systems are, in part, a func
tion of how well such systems are adjusted to the
supporting capabilities of the natural resource
base. Certain elements of the natural resource
base have particular significance to the regional
sanitary sewerage system planning program, in
cluding temperature, precipitation, prevailing
winds, surface drainage patterns, bedrock, soil
types, vegetational patterns, and surface waters.

The Region has a climate characterized primarily
by a continuous progression of markedly different
seasons and a large range in annual temperature,
onto which is superimposed frequent, distinct
changes in weather conditions which, particularly
in winter and spring, normally occur once every
two or three days. The annual temperature range,
which is based on monthly means for six geo
graphically representative observation stations,
extends from a January low of 20.7oF to a July
high of 71. OOF. Extreme high temperatures within
the Region have ranged from 1040 F in the extreme
eastern portion of Racine County to slightly more
than 1100 F in western Walworth, Waukesha, and
Washington Counties, whereas extreme low tem
peratures have ranged from about -20oF along
the entire Lake Michigan shoreline to -330 F in
the northwestern corner of Washington County.
Temperature affects the amount of heat energy
needed for sludge digestion at sewage treatment
plants and, because of freezing problems, places
restrictions on those sewage treatment effluent
disposal methods which involve application to
the soil in lieu of discharge to surface waters.
More importantly, however, temperature markedly
affects the reaction rates of aerobic and anaerobic
processes which are fundamental to the operation
of conventional activated sludge trickling filter
sewage treatment processes, as well as self
purification processes occurring naturally in lakes
and streams. Aerobic biochemical processes at
sewage treatment plants and in natural waters are
also influenced by temperature in that these
processes require an ample supply of oxygen,
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the solubility of which decreases markedly with
increasing temperatures.

The annual total precipitation in the Region is
30.3 inches, expressed as water equivalent, with
monthly averages ranging from a February low of
1. 32 inches to a high of 3.86 inches in June. The
maximum 24-hour precipitation recorded in the
Region was 7.58 inches in the West Bend area on
August 4, 1924, and the greatest 24-hour snowfall
recorded was 30.0 inches at Racine in February
1898. Precipitation is relevant to the development
and operation of sanitary sewerage systems pri
marily because it is a major causative factor in
combined sewer and separate sewer overflows
and sewage treatment plant bypasses, all of
which can cause serious pollution of the surface
water resources.

Prevailing winds follow a clockwise pattern in
terms of the prevailing direction over the seasons
of the year, being northwesterly in the late fall
and in winter, northeasterly in the spring, and
southwesterly in the summer and early fall.
Beneficial effects of wind include the increased
rate of oxygen absorption that occurs in lakes and
streams as well as at wastewater treatment units
open to the atmosphere, and accelerated evapora
tion from sludge drying beds.

The regional surface drainage system is charac
terized by a disordered and dendritic pattern,
primarily because of the heterogenous nature of
the glacial drift. There is a preponderance of
ponds and lakes, and much of the Region is
covered by wetlands with many streams being
mere threads of water through these wetlands. A
major subcontinental divide traverses the Region
such that 1, 685 square miles, or 63 percent of the
Region, drain toward the Mississippi River, while
1,004 square miles, or 37 percent of the Region,
are tributary to the Great Lakes-st. Lawrence
River drainage basin. The subcontinental divide
thus determines the gross surface water drainage
pattern and, in addition, poses considerable con
straints on water use and sewerage system devel
opment. The surface water drainage pattern of
the Region may be further subdivided so as to
identify 11 individual watersheds and numerous
small catchment areas contiguous to Lake Michi
gan, which may be considered as comprising a
twelfth watershed. The surface water drainage
pattern and the location of watershed boundaries
are pertinent to the regional sanitary sewerage
system plan since emphasis on in-watershed solu-
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tions is one of the five basic principles formulated
under the regional sanitary sewerage system
planning program.

The bedrock of the Region is for the most part
covered by unconsolidated glacial deposits that
are over 500 feet thick in some buried preglacial
valleys. In contrast, there are approximately
150 square miles of southeastern Wisconsin, gen
erally east of and parallel to the Kettle Moraine
area, where bedrock lies within 20 feet of the
ground surface, and a few localized areas where
bedrock is actually exposed. Outcrop areas in
those portions of the Region having less than 20
feet of glacial drift overlying the bedrock con
stitute an important consideration in the design
and construction of private onsite septic tank
sewage disposal systems and public sanitary sew
erage systems, since the operation of the former
is dependent on favorable soil characteristics
while the latter involves extensive trenching and
excavation.

A wide variety of soil types have developed in
southeastern Wisconsin as the result of the inter
action of parent glacial deposits covering the
Region, topography, climate, plants, animals, and
time. As a result of a detailed soil survey for
the Region, all the diverse soil types have been
mapped; the physical, chernical, and biological
properties have been identified; and interpreta
tions made for planning purposes. Such data and
interpretations reveal that approximately 716
square miles, or about 27 percent of the Region,
are covered by soils that are poorly suited for
residential development with public sanitary sewer
service; approximately 1,637 square miles, or
about 61 percent of the Region, are poorly suited
for residential development without sanitary sewer
service on lots smaller than one acre in size;
and about 1,181 square miles, or approximately
44 percent of the Region, are poorly suited for
residential development without public sanitary
sewer service on lots one acre or larger in size.

Woodlands comprise about 133,000 acres, or
about 8 percent of land area, while wetlands com
prise about 179,000 acres, or about 10 percent of
the area of the Region. The proper planning and
development of public sanitary sewerage systems,
combined with control of private onsite sewage
disposal systems, is necessary if the best remain
ing woodlands and wetlands are to be protected
and managed.
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Lakes, streams and their associated floodlands,
and groundwater comprise the water resources of
the Region. The Region contains 1,148 lineal
miles of major streams and 100 major lakes,
the latter having a total surface area of about
57 square miles, or about 2 percent of the area
of the Region, and a total shoreline length of
448 miles. These surface water resources are
very vulnerable to man's activities in that their
quality can easily degenerate as a result of exces
sive nutrient and organic pollution loadings from
malfunctioning or improperly placed private onsite
sewage disposal systems, combined sewer and
separate sanitary sewer overflows, and inadequate
waste treatment facilities.

Commission studies have indicated that many of
the major lakes and many miles of major streams
in the Region are being degraded as a result of
man's activities to the point where they now have,
or soon will have, little or no value for recrea
tional purposes, as desirable locations for con
trolled water-oriented residential development, or
as aesthetic assets of southeastern Wisconsin. Of
the 43 major streams in the Region, 21 were
found to be essentially unsuitable for the preser
vation and enhancement of aquatic life, and 33
were found to be essentially unsuitable for rec
reational use. In general, the surface waters
of the Region may be characterized as highly
polluted. Surface water degradation is primarily
attributable to mismanagement of human wastes,
and therefore the regional sanitary sewerage sys
tem planning program has important potential to
protect the Region's surface water resources.

Analyses indicate the most important remaining
elements of the natural resources of the Region
are concentrated in narrow elongated areas which
have been termed primary environmental cor
ridors. Such corridors occupy approximately
486 square miles, or about 18 percent of the
area of the Region, and contain almost all of the
remaining high-value wildlife habitat areas and
woodlands within the Region; most of the wetlands,
lakes, and streams, and associated floodlands; as
well as many significant physiographic features
and historic sites. Preservation of these primary
environmental corridors in their natural state or
in related open space uses is essential to main
taining a high level of environmental quality in the
Region and to the protection of its natural beauty,
and as such is one of the principal objectives of
the adopted regional land use plan upon which
the regional sanitary sewerage system plan has
been based.

Existing Sanitary Sewerage Systems
One of the initial steps in the regional sanitary
sewerage system planning program was an inven
tory of all existing sanitary and combined sewer
age systems within the Region, whether publicly
or privately owned. Such an inventory is essential
to the evaluation of the adequacy of the existing
network of sanitary sewers presently serving
urban land use development within the Region; an
analysis of the deficiencies in the existing sys
tems in meeting present needs; and to a deter
mination of the capabilities of the existing systems
to be expanded to meet probable future needs. In
addition, an inventory was conducted of all locally
prepared sanitary sewerage system plans and
engineering reports.

The inventory found that there are a total of
91 existing public sanitary sewerage systems
operating within the Region which provide public
sanitary sewer service to various subareas of the
Region. Together these 91 systems serve a total
area of about 309 square miles, or about 11 per
cent of the total area of the Region, and a total
population of about 1. 5 million, or nearly 85 per
cent of the total population of the Region. The
remaining 15 percent of the population, or about
268,000 persons, are served by onsite sewage
disposal facilities. The percent of the total area
of a county served by sewers ranges from a high
of 74 percent in highly urbanized Milwaukee
County to a low of 2 percent in largely rural Wal
worth County. The percent of total county popula
tion served ranges from a high of 98 percent in
Milwaukee County to a low of 47 percent in Wash
ington County.

Of the total 309 square miles of area served by
public sanitary sewers in the Region, about 31
square miles, or nearly 10 percent, consist of
combined sewer service areas where, by design,
sanitary sewage and storm water are collected
and conveyed in a single sewer system. About
26 of the 30 square miles of combined sewer
service area are in the City of Milwaukee, about
one square mile is in the Village of Shorewood,
and about two square miles each are in the Cities
of Kenosha and Racine.

Treatment for sewage generated in the 91 cen
tralized sanitary sewerage systems is provided
at 64 sewage treatment facil ities throughout the
Region, indicating that many of the systems are
actually subsystems of larger systems that pro
vide sewage treatment on an intergovernmental
contract or special-purpose district basis. All
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but three of these 64 sewage treatment facilities
discharged treated wastes to the surface waters
of the Region. The remaining three treatment
plants-those serving the Villages of Darien,
Fontana, and Williams Bay-discharge treated
wastes to the groundwater reservoir through
seepage lagoons. The sewage treatment facilities
range in size, as measured by average hydraulic
design capacity, from 30,000 gallons per day at
the facilities serving the Town of Somers Sanitary
District No. 2 in Kenosha County and the Village
of Jackson in Washington County to 200 mgd at the
Jones Island sewage treatment plant operated by
the Milwaukee-Metropolitan Sewerage Commis
sions. Of the 64 sewage treatment facilities,
three, as of 1970, were equipped to provide only
a primary level of waste treatment; 58 were
equipped to provide a secondary level of waste
treatment; two were equipped to provide a ter
tiary level of waste treatment; and one was
equipped to provide an advanced level of waste
treatment. Of the 64 sewage treatment facilities
in the Region, 20 were found to be operating at or
over their average hydraulic design capacity in
1970, providing an important indication of existing
or potential problems associated with sewage
treatment facilities.

The total effluent discharged from municipal
treatment plants in the Region during 1970 was
about 265 mgd. Of this total, 233 mgd, or nearly
88 percent, were discharged directly to Lake
Michigan, while an additional 10 mgd, or an addi
tional 4 percent, were discharged to streams
draining directly to Lake Michigan. Clearly, the
waters in the Lake Michigan basin bear the
greatest burden of wastewater assimilation in the
Region. The total sewage treatment plant effluent
discharged to streams west of the subcontinental
divide and, therefore, in the Mississippi River
basin, was about 21 mgd, or only about 8 percent
of the total sewage effluent discharged in 1970 in
the Region. The remaining 1 mgd, or less than
1 percent, were discharged to the groundwater
reservoir.

In addition to the 64 facilities providing treatment
for wastes generated in the 91 centralized sani
tary sewerage systems in the Region, there are
a total of 59 private sewage treatment facilities
generally serving isolated enclaves of urban land
use development. Of these 59 small private treat
ment plants, 30 are located in the Lake Michigan
basin and 29 in the Mississippi River basin. Thus,
there are a total of 123 sewage treatment facili-
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ties in the Southeastern Wisconsin Region, of
which all but 22 discharge wastes to the surface
waters of the Region.

An attempt was made in the sanitary sewerage
system inventory to identify all known sewage
overflow, or relief, points located on either the
separate or combined sewerage systems in order
to determine the number of points at which raw
sewage is presently discharged to surface waters
in the Region, particularly during periods of wet
weather and peak sewage flows. Thirty of the
64 public sewage treatment facilities serving the
Region were found to have a flow relief device
located at or just ahead of the sewage treatment
plant that would allow the direct bypass of raw
sewage at times when the plant capacity is
exceeded or the plant is not operable for some
reason. In addition, a total of 536 additional flow
relief devices are known to exist in the sanitary
sewerage systems tributary to the sewage treat
ment plants within the Region, of which 428 are
located in Milwaukee County. Of the 536 known
flow relief devices in the Region, not including
bypasses or relief pumping stations at sewage
treatment plants, 148 are combined sewer outfalls
located in the Cities of Kenosha, Milwaukee, and
Racine and the Village of Shorewood; 235 are
gravity crossovers from the separate sanitary
sewer system to a storm sewer system; 75 are
gravity bypasses from the separate sewer system
directly to surface watercourses; 18 are station
ary relief pumping stations, pumping sewage from
the separate sanitary sewer system directly to
surface watercourses; and 60 are portable relief
pumping stations also utilized to pump sewage
from the separate sewer system directly to sur
face watercourses. It is important to note that
the foregoing data represent only those flow relief
devices that are actually known to exist in the
Region and that local officials willingly reported
in the inventories conducted under the sewerage
system planning program. Consequently, the fore
going data cannot be assumed to constitute an
accurate inventory of all such devices within the
Region, but rather represent an approximation of
the total number of such devices.

An important aspect of the inventory of existing
sanitary sewerage systems in the Region related
to sewerage system expenditures. Total expendi
tures during 1970 for operation, maintenance, and
capital improvements, including debt retirement,
for the sanitary sewerage systems in the Region
were found to approximate $43.1 million, or about
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$29 per capita, such per capita cost based upon
the estimated total population within the Region
served by sanitary sewers. Of this total, about
$9.4 million, or about $6 per capita, was expended
for operation and maintenance, and about $33.7
million, or about $23 per capita, was expended
for capital improvements. Total expenditures
during 1970 on a per capita served basis ranged
from a low of $4 per capita in the Village of Muk
wonago to a high of $463 per capita in the City of
Franklin. Capital expenditures during 1970 on a
per capita served basis ranged from a low of
$1 per capita in the Village of Mukwonago to a
high of $462 per capita in the City of Franklin.
Operation and maintenance expenditures during
1970 on a per capita served basis ranged from
a low of $1 per capita in the Cities of Franklin and
Muskego to a high of $45 per capita in the Village
of Dousman. In general, it was found that opera
tion and maintenance costs for sanitary sewerage
systems decreased with increasing system size.

As already noted, about 15 percent of the total
regional population, or about 268,000 persons,
rely on septic tank sewage disposal systems for
domestic sewage disposal. Only about 27,000 of
these persons actually reside on farms. The re
maining 241,000 persons constitute urban dwellers
generally living in a scattered fashion throughout
the suburban and rural-urban fringe areas of the
Region. Of this total, about 139,000 persons, or
about 8 percent of the total regional population,
reside in significant concentrations of urban devel
opment. These scattered urban concentrations
total about 61 square miles of urban land use, or
slightly over one-fifth of the area of the Region.

Local units of government in the Region have pro
posed the extension of sanitary sewer service to
about an additional 447 square miles of land
throughout the Region. This can be compared to
the approximately 309 square miles of area in the
Region now served by centralized sanitary sewers.
It is assumed that urban development would take
place throughout the locally proposed sewer ser
vice area at an average overall population density
equal to 5,000 persons per square mile, the
average population density for new development as
recommended in the adopted regional land use
plan, the locally proposed sewer service area
could be expected to accommodate an incremental
population growth of about 2.2 million persons.
Thus, locally proposed sewer service areas in the
Region already contain enough area to more than
double the population of the Region. Since even

the most optimistic population forecasts indicate
an increase in the population of the Region over
the next two to three decades of no more than one
million persons, there is a need to better coordi
nate land use development with sewerage system
planning and development within the Region. The
most appropriate vehicle for providing such coor
dination is the adopted regional land use plan.

Sewage Characteristics
Of particular importance in the planning and
design of sanitary sewerage systems are the
characteristics of the sewage to be collected and
treated, including the rate and volume of flow and
the concentration of contaminants. Several inves
tigations were made under the regional sanitary
sewerage system planning program to determine
the flow and strength characteristics of sewage
generated in the Region. Such characteristics
were then utilized, together with widely accepted
engineering standards and experienced engineering
judgment, as a basis for the selection of sewerage
system design criteria.

The principal sources of sanitary sewage are
spent municipal water supply, groundwater infil
tration, and storm water inflow. Analyses con
ducted under the program indicated that, with
respect to sewage flows, the average amou.-nt of
domestic sewage flow contributed by all urban land
uses except major industrial and commercial con
centrations was 88 gallons per capita per day; the
average amount of sewage flow contributed by
major concentrations of industrial land uses was
12,270 gallons per acre per day; the average
amount of sewage flow contributed by major con
centrations of commercial land uses was 7, 640
gallons per acre per day; the average infiltration
rate was 0.24 gallons per minute per gross
developed acre; the average storm water inflow
rate was 0.57 gallons per minute per gross
developed acre; the average peak-to-average flow
rate for trunk sewers was 3.72 to 1; and the
average peak-to-average flow rate for sewage
treatment plants was 1. 87 to 1 (see Table 87).

While variation in sewage strengths is not as
critical a consideration in regional sanitary sew
erage system planning as variation in sewage flow
rates, a knowledge of sewage strength character
istics is required to determine the necessary type
and level of treatment to be provided and the
potential effects of effluent discharges on the
quality of the receiving streams. Analyses con
ducted under the program indicated that, with
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respect to sewage strength characteristics, the
average five-day carbonaceous biochemical oxy
gen demand in municipal sewage was equivalent to
a contribution of 0.259 pound per capita per day;
the average suspended solids value was 0.219
pound per capita per day; the average total phos
phorus value wa~ 0.0138 pound per capita per day;
the average organic nitrogen value was 0.011
pound per capita per day; and the average ammonia
nitrogen value was 0.0143 pound per capita per
day. Actual average sewage strength values found
were 195.9 mg/l of CBOD5; 170.9 mg/l of sus
pended solids; 11. 9 mg/l of total phosphorus;
10.5 mg/l of organic nitrogen; and 15.4 mg/l of
ammonia nitrogen.

Sewerage Law
Sewerage related law consists primarily of water
pollution control legislation and administrative
machinery at the federal, state, and local levels
of government. With the passage of the Federal
Water Pollution Control Act Amendments of 1972,
the U. S. Congress set in motion a series of
actions which will have many ramifications for
sewerage system planning and development within
the Region. Water use objectives and supporting
water quality standards are now required for all
navigable waters in the United states. It is a
national goal to eliminate the discharge of pollu
tants into navigable waters of the United states by
1985, and to achieve an interim goal of suitable
water quality for the maintenance of fish life and
for use for human recreational activities in and on
the waters by 1983. To meet these goals the Act
requires, in addition to water use objectives and
water quality standards, the enactment of specific
effluent limitations for all point sources of water
pollution. If economically and technically feasible,
such effluent limitations could include a complete
discharge prohibition. For certain categories of
polluters, national standards of performance with
respect to the discharge of pollutants are to be
formulated and applied to any newly established
source within the categories. Thus, no matter
what the assimilative capacity may be of a receiv
ing water body, a newly established industrial
firm anywhere in the nation will have to meet the
national standard.

The new federal Act also establishes a pollutant
discharge permit system under which the federal
Environmental Protection Agency (EPA), or a
state upon approval of the EPA, is to issue per
mits for the discharge of any pollutants, subject
to the conditions that the discharge will meet
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all applicable effluent limitations and contribute
toward achieving the established water use objec
tives and supporting water quality standards. This
new system supercedes the established but little
utilized waste discharge permit system under the
federal Refuse Act of 1899.

Each state must have a continuing water quality
management planning process designed to achieve
the overall water quality objectives in the Act.
This state planning process is to be designed to
result in the preparation of comprehensive devel
opment plans for natural basins and watersheds
and must incorporate metropolitan or regional
sanitary sewer system plans. In order to provide
a firm basis upon which to expend federal monies
in metropolitan areas for public waste treatment
works construction, the new Act requires the
development and implementation of areawide waste
treatment management plans. The regional sani
tary sewerage system plan for southeastern Wis
consin is intended to constitute the first step in
meeting this requirement. The EPA adminis
trator can only make federal grants for waste
treatment works construction to such management
agencies and only for treatment works and related
sewerage facilities found to be in accordance with
the officially adopted plan. In addition, no per
mits may be issued for any point sources of water
pollution found to be in conflict with an adopted
areawide waste treatment management plan.

Federal funding for waste treatment works con
struction, including related sewerage facilities,
has been set at 75 percent of construction costs.
In addition to meeting planning requirements, any
federal grant recipient must establish a system of
sewer service charges to assure that each recip
ient of waste treatment services pays its propor
tionate share of the operation, maintenance, and
replacement costs of the waste treatment ser
vices provided.

Responsibility for water pollution control in Wis
consin is centered in the Department of Natural
Resources. The Department is given the authority
to prepare long-range water resources plans, to
set standards of water quality applicable to all
waters of the state, to issue pollution abatement
orders to certify sewage treatment plant opera
tors, to review and approve plans for sewerage
facilities, to order the installation of sanitary
sewerage systems, and to administer financial
assistance programs for the construction of pollu
tion abatement facilities. In addition, recent
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legislation has given the Department the author
ity to set up a waste discharge permit sys
tem designed to implement the national pollutant
discharge system established under the afore
mentioned federal Water Pollution Control Act
Amendments of 1972. Water use objectives and
supporting water quality standards have been
adopted by the Wisconsin Natural Resources Board
for all waters in the state, and provide a basic
input to the formulation of the regional sanitary
sewerage system plan.

Local water pollution control machinery generally
centers around specific methods of organizing to
provide for sanitary sewer service. Cities and
villages under the home rule power can take all
steps necessary to effectively establish, operate,
and maintain sanitary sewerage systems, includ
ing the adoption of rules regulating the discharge
of substances into such systems. Counties and
towns do not have such broad authority. Towns,
however, may form sanitary or utility districts
to provide such sewerage service to portions
of the town.

Several ways exist to provide for areawide sani
tary sewerage systems. In addition to the long
established Metropolitan Sewerage District of the
County of Milwaukee, other metropolitan sewerage
districts, which must include at least one city or
village in its entirety, may be established under
state law. In addition, adjacent communities can
establish joint sewerage commissions to operate
areawide facilities upon approval of the Depart
ment of Natural Resources. The general grant of
intergovernmental cooperation powers set forth in
Section 66. 30 of the Wisconsin Statutes also is
available to establish areawide sewerage systems.

DEVELOPMENT OBJECTIVES

The task of formulating objectives and standards
to be used in plan design and evaluation is a dif
ficult but necessary part of the planning process.
Regional plan elements must advance development
proposals which are physically feasible, economi
cally sound, aesthetically pleasing, and conducive
to the promotion of public health and safety.
Agreement on development objectives beyond such
generalities, however, becomes more difficult to
achieve because the definition of specific develop
ment objectives and supporting standards inevi
tably involves value judgments. Nevertheless
it is essential to state such objectives for the
development of regional sanitary sewerage sys-

tems and to quantify them insofar as possible
through standards in order to provide a framework
through which the regional sanitary sewerage
system plan can be prepared. Moreover, so that
the regional sanitary sewerage system plan will
form an integral part of the overall framework
of long-range plans for the development of the
Region, the regional sanitary sewerage system
objectives must be compatible with and depen
dent upon other regional development objectives.
Therefore, the regional sanitary sewerage system
development objectives and supporting principles
and standards set forth in this report are based
upon previously adopted regional development
objectives as established under the regional land
use and watershed planning programs, supple
mented as required to meet the specific needs
of the regional sanitary sewerage system plan
ning program.

Four new development objectives, together with
supporting principles and standards, were for
mulated under the regional sanitary sewerage
system planning program. These four new devel
opment objectives are:

1. The development of sanitary sewerage
systems which will effectively serve the
existing regional urban development pat
tern and promote implementation of the
regional land use plan, meeting the antici
pated sanitary waste disposal demand gen
erated by the existing and proposed land
uses.

2. The development of sanitary sewerage
systems so as to meet established water
use objectives and supporting water quality
standards (see Map 49).

3. The development of sanitary sewerage
systems that are properly related to and
will enhance the overall quality of the
natural and manmade environments.

4. The development of sanitary sewerage
systems that are both economical and
efficient, meeting all other objectives at
the lowest cost possible.

Together with the land use and related water con
trol facility development objectives previously
established under related Commission work pro
grams, these new development objectives and
their supporting principles and standards provided
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the basic framework within which alternative
regional sanitary sewerage system plans were
formulated and a recommended regional sanitary
sewerage system plan synthesized.

DESIGN CRITERIA

A very important part of the regional sanitary
sewerage system planning program was the selec
tion of engineering design criteria and analytic
procedures utilized in the design of alternative
sewerage system plans and in the essential eco
nomic comparisons between such plans. While the
design criteria in general are widely accepted and
firmly based in current civil and sanitary engi
neering practice, it was nevertheless deemed
important to document the criteria as part of the
planning program report. Such criteria were
based upon and related to a discussion of the
state of the art of sanitary sewerage.

It was determined as part of the review of the
state of the art of sanitary sewerage that the
system of using water carriage for domestic
wastes to central locations for treatment can be
expected to remain the normal sewerage practice
within the Region for at least the next several
decades. Despite the seemingly high capital costs
of the sewerage systems necessary to collect
and convey the sewage to central locations, it
was concluded that the water carriage system
of sewage disposal has fewer and less serious
disadvantages than the practically available alter
natives. The disadvantages of available alterna
tives, which consist of various onsite disposal
systems, include higher unit costs, inability to
dispose of kitchen wastes and wash water, main
tenance problems, and lack of demonstrated tech
nical feasibility. The review of the state of the
art also concluded that the current policy of
building separate sanitary and storm sewerage
systems is sound and there is no reason to ques
tion the validity of continued reliance on separate
sewerage systems. This conclusion was reached
even though it was conceded that treatment of
storm water may eventually be required in some
areas for sound water quality management.

The engineering design criteria and analytic pro
cedure set forth in this report were applied in
the analysis of the existing sanitary sewerage
systems, in the synthesis and testing of alter
native plans, and in the making of economic
comparisons between those plans. With respect
to sewer design, the criteria relate to sewage
flows, hydraulic friction, pipe capacity, flow
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velocity, depths of flow, mInImUm sewer slopes,
and construction practices. After analyzing inven
tory data relating to actual sewage flows in the
Region and comparing such data with generally
recommended sewage flow design standards, cri
teria were developed relating average daily and
instantaneous peak sewage flows to the major land
use categories identified on the adopted regional
land use plan and to allowances for normal ground
water infiltration and storm water inflow.

An average daily sewage flow contribution of
125 gallons per capita per day. was utilized for
sizing sewerage system components, including all
domestic, commercial, and industrial sewage con
tributions exclusive of inflow and infiltration. For
major industrial and retail land use concentra
tions, a peak daily sewage flow contribution of
7,500 gallons per acre was utilized. A variable
peak-to-average ratio for sanitary sewage, ex
cluding infiltration and storm water inflow, was
utilized to design trunk sewers, with the ratio
varying from a low of 2.5 to 1 to a high of 5.0 to
1 depending upon the population of the service
area tributary to the given sewer. A total peak
infiltration flow allowance of 0.6 gallon per minute
per acre was established, which allowance was
intended to be added to the peak flow rate derived
by appropriately factoring the base flow of 125
gallons per capita per day. In addition, a peak
storm water inflow allowance of an additional
O. 6 gallon per minute per acre was established,
which, like the infiltration allowance, was intended
to be added to the peak flow rate derived by
factoring the base flow. Based on the foregoing
sewage flow criteria, design curves were pre
pared related to each of the three urban density
categories utilized in the regional land use plan
low, medium, and high density.

With respect to sewer hydraulics, the Manning
formula was utilized for calculations of sewer
flow velocities, discharges, and slopes. A Man
ning roughness coefficient, or "n value", of O. 013
was used in hydraulic calculations for all sewers,
with the exception of cement-lined cast iron force
mains where an "n value"of O. 015 was used. All
sewers were designed to flow full at a maximum
velocity of 15 feet per second and at a minimum
velocity of 2 feet per second under peak design
flow conditions.

With respect to the design of pumping and lift
stations, such stations were sized in the program
to handle the peak flow rates from the tributary
sewer service area discharging to the station.
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Wet wells in the stations were assumed to have
sufficient capacity to eliminate surcharging of
influent sewers under design loadings. A mini
mum of two pumping units was assumed for
each station, with sufficient pump capacity to
meet the peak flow demand with the largest unit
out of service.

The design criteria with respect to sewage treat
ment plants involved such factors as hydraulic
loadings, pollution loadings, receiving stream
flows, receiving stream waste assimilative capac
ities, and the kind and level of treatment to be
provided. In the regional sanitary sewerage sys
tem plan the design capacity of sewage treatment
plants was established by calculating the estimated
average daily sewage flow from the entire tribu
tary sewer service area, based on a flow rate of
125 gallons per capita per day. In addition, a
constant rate of infiltration of O. 6 gallon per
minute per acre was assumed, with the acreage
being computed by dividing the forecast 1990
population by a medium population density of
10.2 persons per acre. This procedure results
in an equivalent infiltration flow of 85 gallons per
capita per day which, when added to the sanitary
sewage flow of 125 gallons per capita per day,
resulted in a design flow of 210 gallons per capita
per day. Design flows for sewage treatment plants
were, therefore, computed as the product of 210
gallons per capita per day and the forecast 1990
population of the service area, except where 1970
sewage treatment plant flows were known, in
which case the design flow was calculated as
the 1970 flow plus the product of 210 gallons
per capita per day and the forecast 1990 popu
lation increment.

With respect to pollution loadings, the following
criteria were utilized: suspended solids-0.21
pound per capita per day; carbonaceous biochemi
cal oxygen demand (CBOD5)-0.21 pound per
capita per day; nitrogen-O. 054 pound per capita
per day as a total nitrogen, O. 027 pound per capita
per day of the nitrogen as ammonia; and phos
phorus-O. 01 pound per capita per day. Equivalent
influent sewage strengths were 120 mg/lof sus
pended solids, 120 mg/l of CBOD5' 31 mg/l of
total nitrogen, 15. 5 mg/l of ammonia nitrogen,
and 5.7 mg!l total phosphorus.

Each sewage treatment facility was designed based
on an assumed streamflow at the discharge point
equivalent to the lowest average flow over seven
consecutive days in the last decade. The forecast

1990 seven day-ten year low flows were estimated
for all existing and potential sewage treatment
plant locations as the sum of the natural low flow
plus the forecast 1990 flow from upstream sewage
treatment plants. An oxygen sag curve model was
developed to determine for each sewage treatment
plant location the treatment levels required in
order to assure adequate dissolved oxygen in the
receiving stream so as to meet the water quality
standards that support the water use objectives.
Based on the application of the model, design
curves were prepared for use in determining the
level and type of treatment required at a potential
sewage treatment plant site. Consideration was
also given in establishing the level of treatment
required to the steps necessary to avoid ammonia
toxicity in the receiving streams.

Criteria utilized to make economic comparisons
between alternative sanitary sewerage system
plan elements were also developed. For purposes
of the economic analysis, an interest rate of
6 percent was used and sewers and land were
assumed to have an economic life of 50 years,
whereas treatment facilities and pumping and lift
stations were assigned a 25-year economic life.
Although the plan design period is for the 20-year
period from 1970 to 1990, the economic analysis
period was taken as the 50-year period from 1970
to 2020. Cost computations assumed that con
struction of major sewerage system plan elements
will commence in 1975. All construction costs
and all equivalent annual costs expressed in the
plan are expressed as 1970 values.

ANTICIPATED GROWTH AND CHANGE

In the preparation of a sanitary sewerage system
plan for the Region, future population and eco
nomic activity levels must be forecast. These
forecasts, when combined with the engineering
design criteria discussed above, can then be con
verted to future demand for sewage treatment
facilities within the Region, and a sewerage sys
tem plan and alternatives thereto prepared to
meet the demand.

The regional land use plan was an essential input
into the design of the regional sanitary sewerage
system plan, since sewerage system planning
must assume some anticipated distribution of
future urban land uses in order to properly size
and locate sewage conveyance and treatment facil
ities, and must further assume anticipated popu
lation and economic activity levels in order to
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determine future waste loadings on sewerage
systems. The adopted regional land use plan was
based upon an initial 1990 forecast population
level of about 2.7 million persons, representing
an increase of nearly one million persons over the
1963 population level. Employment in the Region
was expected to reach nearly the one million job
level by 1990, an increase of nearly 350,000 jobs
over the 1963 level. This anticipated growth in
population and employment was to be accommo
dated in the plan through the conversion of about
200 square miles of land from rural to urban use
over the 27-year period 1963-1990. The regional
land use plan contained specific recommendations
for the amount and spatial location of future resi
dential development, as well as the establishment
of major commercial, industrial, and recrea
tional centers. The plan recommended that the
majority of new residential land uses within the
Region be developed at medium densities and be
provided with public sanitary sewer and water
supply services. By 1990 the plan envisioned
about 580 square miles, or 95 percent of the
developed urban area, and about 2.5 million per
sons, or 95 percent of the total forecast popula
tion, being served by both public sanitary sewer
and water supply facilities.

While the regional sanitary sewerage system
plan was designed to serve the adopted regional
land use plan, the dynamic nature of develop
ment trends in the Southeastern Wisconsin Region
required that attention be given to potential
changes in the development trends with respect to
land use and population distribution reflected in
the regional land use plan. Accordingly, the
probable impact upon the regional sanitary sewer
age system plan of revised population forecasts
that became available as the regional sanitary
sewerage system plan was nearing completion and
which were prepared as part of the Commission's
continuing comprehensive planning effort were
evaluated. This evaluation indicated that the popu
lation was tending to grow at a somewhat slower
rate than originally forecast, and that the design
year population level for the adopted regional land
use plan-and therefore, for the recommended
sewerage system plan-of about 2.7 million per
sons would probably not be reached until the year
2000, or about a decade later than originally
envisioned. More importantly, this evaluation
indicated that population was tending to grow more
rapidly than originally anticipated in the outlying
areas of the Region and less rapidly than origi
nally anticipated in the three major central urban
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areas of the Region-Milwaukee, Racine, and
Kenosha. It was concluded that such changing
development trends would, however, have little
impact upon the regional sanitary sewerage sys
tem plan since, with respect to those areas of
the Region growing more rapidly than originally
anticipated, the sewerage system plan recommen
dations would be the minimum necessary to handle
anticipated future urban growth, while with respect
to the three central city metropolitan areas In the
Region, the basic areawide sanitary sewage sys
tems are already substantially in place and for
system continuity and water pollution abatement
purposes must be completed.

ALTERNATIVE PLANS

Plan design, test, and evaluation comprise the
very heart of the planning process. The various
alternative sanitary sewerage system plans con
sidered were designed to meet the established
water use objectives and supporting water quality
standards and, in addition, to contribute toward
implementation of the adopted regional land use
plan. Based upon the state of the art of sanitary
sewerage and upon previous sewerage system
planning experience gained in Commission water
shed studies for the Fox and Milwaukee Rivers, it
was concluded that major emphasis in the formu
lation of alternative sanitary sewerage system
plans for subareas of the Region should be based
upon conventional centralized sanitary sewerage
systems providing high degrees of treatment at
sewage treatment facilities, with discharge of
treated wastes primarily to surface waters. Thus,
the basic alternatives considered centered upon
the provision of advanced waste treatment where
necessary to achieve the established water use
objectives, with the alternatives differing pri
marily with respect to the question of whether
a given subarea of the Region should be served by
a single sewage treatment facility or by multiple
sewage treatment facilities. This required con
sideration of alternative trunk sewer arrange
ments to convey sewage to designated sewage
treatment facilities.

While major emphasis was placed in the study on
the basic alternative of providing advanced levels
of waste treatment at varying treatment plant
locations throughout the Region and on alternative
means of conveying sewage to these locations,
other concepts of waste management, such as
the diversion of effluent from one watershed to
another, particularly across the subcontinental
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divide traversing the Southeastern Wisconsin Re
gion, and land disposal of effluent as alternatives
to high degrees of waste treatment were con
sidered. None of these alternative conceptual
solutions to the water quality management prob
lems of the Region were, however, considered
viable on a region-wide scale. For example, not
only would total sewage effluent diversion within
the Region from the Lake Michigan basin to the
Mississippi River basin constitute a task of major
proportions, involving over 90 percent of all
sewage effluent currently discharged within the
Region, but the cost of diversion of such effluent
would almost totally be an "add on" cost to any of
the alternative system plans considered, since
the conveyance facilities required to effect such
diversion represent an additional cost beyond what
would be needed to provide sanitary sewer service
and adequate sewage treatment if sewage effluent
were continued to be discharged into the Lake
Michigan basin. Such "add on" costs were esti
mated to approximate $136 million. Similarly,
land disposal of sewage effluent was found to be
a waste management concept having many inter
related problems, not the least of which would be
the extremely large amount of land needed to
successfully dispose of the large volume of waste
generated daily within the Region. Depending upon
assumptions made for land requirements for liquid
waste disposal, the total area required for dis
posal of sewage effluent by land treatment in the
Region would vary from about 150 to 360 square
miles, or from about the combined area of four
normal-sized townships to an area somewhat
larger than Racine County. This is not to say,
however, that the waste management concepts of
diversion and land disposal may not be practical
and applicable for a small individual community,
particularly in the more rural areas of the Region.

In order to formulate alternative sanitary sewer
age system plans, the Region was divided into
11 distinct subregional areas based upon natural
major watershed divides, the external boundaries
of the Region, existing and potential service areas
of existing centralized sanitary sewerage sys
tems, and existing and probable areas of urban
concentration. Eleven such areas were desig
nated: Milwaukee-metropolitan, Upper Milwaukee
River, Sauk Creek, Kenosha-Racine, Root River
Canal, Des Plaines River, Upper Fox River,
Lower Fox River, Upper Rock River, Middle Rock
River, and Lower Rock River. A total of 91 indi
vidual sewer service analysis subareas were
identified within the 11 designated subregional

sewerage system planning areas. Alternative
sewerage system plans were then prepared to
provide for centralized sanitary sewer service to
these 91 sewer service analysis subareas.

A systematic procedure was utilized to eliminate
from consideration those alternative sanitary sew
erage system plans that were clearly impractical.
An initial screening of potential interconnections
was made based upon Wisconsin Department of
Natural Resources guidelines relating the sewer
lengths required for interconnection to the popula
tions of the communities involved. If a potential
interconnection was found to be feasible based
upon this initial screening, a preliminary eco
nomic analysis was performed to provide gross
cost estimates of the alternative available. Any
potential interconnection which was found to be
feasible after the preliminary economic analysis
was included as an alternative plan set forth in
the report and for which a detailed economic
analysis was performed. Both the preliminary
screening and the preliminary economic analysis
steps were intentionally biased toward intercon
nection, so that all practical alternative plans
were fully evaluated.

A total of 38 alternative sanitary sewerage system
plans were prepared and fully evaluated. In addi
tion' 28 system plans were prepared for com
munities in the Region without any interconnection
potential. Thus, a total of 66 sanitary sewerage
system plans for various subareas of the Region
were prepared, costed, and evaluated. Each of
the alternative plans included recommendations
concerning the location, capacity, level of treat
ment, and performance standards for sewage
treatment facilities, as well as proposed con
figurations and sizes of necessary intercommunity
trunk sewers. Detailed cost estimates for all
alternative plans are presented in the report.

RECOMMENDED PLAN

The recommended regional sanitary sewerage
system plan for southeastern Wisconsin is com
prised of five major elements: sewer service
areas, sewage treatment facilities, trunk sewers,
abatement of combined sewer overflows, and
auxiliary elements applicable in general to all
sanitary sewerage systems.

Sewer Service Areas
The plan recommends that centralized sanitary
sewer service be extended to a total area of about
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675 square miles, or about 25 percent of the total
area of the Region. It is anticipated that about
2.6 million persons would reside in this area and
be provided with centralized sanitary sewer ser
vice in the Region by 1990, representing nearly
97 percent of the total anticipated 1990 regional
population of nearly 2.7 million persons. The
incremental sewer service area recommended in
the plan totals about 366 square miles, consider
ably less than the locally proposed incremental
sewer service area of nearly 450 additional square
miles, thus reflecting the effect of proper con
sideration of areawide development objectives and
areawide land use and sewerage system plans on
the sewerage system planning process.

Sewage Treatment Facilities
The recommended sanitary sewerage system plan
for the Region is based upon the provision of con
ventional centralized sanitary sewerage systems
providing high levels of treatment at sewage
treatment facilities with discharge of treated
wastes primarily to surface waters. The plan
recommends that sewage treatment be provided at
a total of 52 public sewage treatment facilities. In
order to meet the established water use objectives
and supporting water quality standards for the
surface waters in the Region, the plan recom
mends that 41 of the 52 public sewage treatment
facilities provide advanced waste treatment, with
the remaining 11 plants recommended to provide
a secondary level of waste treatment. Full imple
mentation of the recommended plan will enable the
abandonment of 22 existing public sewage treat
ment facilities, 13 of which are currently located
in Milwaukee County and in the existing and pro
posed contract areas of the Milwaukee-Metropoli
tan Sewerage Commissions and Ozaukee, Racine,
Washington, and Waukesha Counties. Implemen
tation of the plan would further permit the aban
donment of 29 of the existing 59 private sewage
treatment facilities now serving isolated urban
land use enclaves in the Region.

Trunk Sewers
The recommended plan includes proposals for
those trunk sewers necessary to extend central
ized sanitary sewer service to all of the proposed
1990 sewer service area, to enable the abandon
ment of 22 existing public sewage treatment
facilities, and to provide for intermunicipal con
nections between sewer service areas. The gen
eral alignment and the approximate size of these
intercommunity trunk sewers is shown on the
recommended plan map (see Map 131). In addi-
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tion, locally proposed trunk sewer extensions,
which generally involve only a single community
and which are important to the attainment of the
basic plan recommendation to provide sewer ser
vice to the recommended future service areas,
were submitted by local officials as important
adjuncts to the recommended plan. These plan
proposals are on file in the Commission offices.

Abatement of Combined Sewer Overflows
The plan further proposes to abate combined
sewer overflows in the Milwaukee, Racine, and
Kenosha areas of the Region. In the Milwaukee
area the plan recommends proceeding with full
implementation of the recommendations contained
in the adopted Milwaukee River watershed plan
to construct a combination deep tunnel mined
storage/flow-through treatment system to collect,
convey, and adequately treat all combined sewer
overflows throughout the approximately 27 square
mile combined sewer service area in Milwaukee
County. The plan further recommends that, based
upon a prospectus completed in July 1973, the
Milwaukee-Metropolitan Sewerage Commissions
undertake a preliminary engineering study as the
initial step toward implementing the watershed
plan recommendation. The prospectus recom
mends that the preliminary engineering study
begin with a careful review of the findings and
recommendations of the adopted Milwaukee River
watershed plan and, based upon a review of the
findings of any new research and demonstration
projects completed since preparation and adoption
of the watershed plan, either reaffirm the basic
validity of the combined sewer overflow abatement
recommendations contained in the watershed plan
or provide alternative recommendations. Three
of the most important purposes of the preliminary
engineering study will be to determine an optimum
combination of storage and flow-through treat
ment, the practicality of the required tunnel and
mined storage construction in the bedrock, and
the practicality of utilizing either conventional or
flow-through treatment for the highly diluted com
bined sewer overflows. In the Racine area the
plan recommends that definitive recommendations
concerning which of the remaining combined sewer
area should be separated and which should receive
flow-through treatment facilities be held in abey
ance until completion of the current research and
demonstration study and a determination of the
most cost effective method of resolving the com
bined sewer overflow problem. Similarly, in the
Kenosha area the plan recommends awaiting the
results of a research and demonstration project
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aimed at determining the feasibility of provid
ing standby treatment capacity before proceeding
with completion of a long-proposed sewer sepa
ration program.

Auxiliary Plan Elements
In addition to the foregoing specific recommenda
tions concerning the construction of sewerage
facilities, the plan includes several auxiliary ele
ments applicable in general to all sanitary sewer
age systems. The plan recommends that clear
water elimination efforts be mounted in all com
munities and that the design criteria utilized to
prepare the plan become the standard for deter
mining whether or not excessive clear water
inflows exist within the existing systems or sub
systems. The plan further recommends that steps
be taken to eliminate all of the nearly 600 points
of sewage flow relief found to exist in 1970
throughout the Region. In addition, the plan rec
ognizes the need to substantially upgrade the
operation and maintenance of sewage treatment
plants in order to provide for the higher levels of
waste treatment that will be necessary to imple
ment the plan and achieve the established water
use objectives. Toward this end, this plan sets
forth recommended staffing and operational stan
dards for typical plant sizes. To overcome prob
lems uncovered in sewerage system inventories
concerning a lack of definitive knowledge of total
sewage flow, the plan recommends that steps be
taken to provide for full metering of all flows,
including metering at major bypass points. With
respect to sludge disposal, the plan recommends
that individual case-by-case engineering studies
be undertaken to determine the most cost effective
method of sludge handling, reduction, and disposal
or recycling at individual municipal treatment
plants. Finally, the plan recommends that the data
obtained under the joint Commission-Department
of Natural Resources stream water quality moni
toring program be reviewed, and that such review
serve as a basis for the formulation of definitive
recommendations as to any needed changes in the
monitoring program needed to properly assess the
status and effect of plan implementation and the
achievement of the established water use objec
tives over time.

PUBLIC REACTION TO RECOMMENDED PLAN

As an integral part of the regional sanitary sew
erage system planning program, a series of infor
mal public informational meetings and a formal
public hearing were held within the Region. The

purpose of these meetings and hearing was to
more fully inform public officials and interested
citizens about the findings and preliminary rec
ommendations of the sewerage system plamring
program, and to obtain the reaction of the officials
and citizens to the regional sanitary sewerage
system plan recommended by the Commission
staff and by the Technical Coordinating and Advi
sory Committee on Regional Sanitary Sewerage
System Planning, together with the alternatives
thereto. The meetings and hearing were preceded
by an extensive program of notification, including
letters to concerned local, state, and federal
public officials; to citizen groups; librarians;
and to about 3,500 individuals and organizations
included on the Commission Newsletter mailing
list. In addition, a eeries of news releases was
issued to all media in the Region. Minutes of the
informational meetings and public hearing and
documentation of the notification procedures uti
lized were published on December 31, 1973.

The preliminary plan recommendations, including
the water use objectives, the waste treatment
levels required to meet these objectives through
out the Region, the sewer service areas, and the
trunk sewers and treatment facilities required
to serve these areas, met a very favorable
response at the meetings and hearing. The meet
ings and hearing indicate that significant contro
versy existed with respect to the plan recommen
dations in only five geographic subareas of the
Region: the Lake Church area in Ozaukee County,
the Green Lake area in Washington County,
the Tri-Lakes area in Washington County, the
Delafield-Hartland area in Waukesha County, and
the Elkhorn-Delavan area in Walworth County.
The Commission held a series of additional inter
governmental meetings between the parties con
cerned in an effort to arrive at a consensus with
respect to the final recommendations to be con
tained in the adopted regional sanitary sewerage
system plan. Mter holding these meetings and
after reviewing all of the comments, opinions, and
data presented during these meetings and at the
public informational meetings and hearing, the
Commission determined to change the recom
mended regional sanitary sewerage system plan
in three specific geographic subareas of the
Region. The Commission acted to delete from the
plan the recommendations to establish new sani
tary sewerage systems and accompanying treat
ment facilities to serve the Green Lake area of
Washington County and the Village of Merton in
Waukesha County, and acted to add to the plan the
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recommendation to abandon the small sewage
treatment facility serving the Walworth County
institutions and Lakeland Hospital in the Town of
Geneva and connect these institutions to the City
of Elkhorn sewerage system.

COST ANALYSIS

The full capital investment cost of implementing
the recommended regional sanitary sewerage sys
tem plan is estimated at about $507 million over
the 20-year plan implementation period 1970-1990.
Of this total cost, about $134 million, or about
26 percent, is required to fully implement the
recommended sewage treatment plant element of
the plan; about $194 million, or about 38 percent,
is required to fully implement the intercommunity
trunk sewer element of the plan; with the remain
ing $179 million, or about 36 percent, required
to fully implement the combined sewer overflow
abatement element of the plan. The average
annual cost of the total capital investment required
for plan implementation approximates $25 million,
or about $12 per capita, while the average annual
operation and maintenance cost associated with
the plan also approximates $25 million, or about
$12 per capita. It is anticipated that all of the
components of the recommended plan requiring
capital investment will be eligible for federal and
state grants-in-aid and that full utilization of
these financial resources could serve to reduce
the local plan implementation costs with respect
to capital investment by as much as 80 percent.

An analysis was conducted of the expenditure
trends for public sanitary sewerage purposes in
the Region during the period 1960 to 1970. This
analysis revealed an average annual expenditure
over that period of about $49 million for sanitary
sewerage purposes, representing about 6 percent
of the average annual public revenues received by
the local units of government over the same
period. Based upon the historical data, four
alternative forecasts were prepared to indicate
the possible range of future expenditures by local
governments in the Region for public sanitary
sewerage purposes. These forecasts range from
a low of about $1. 4 billion, based upon an assump
tion that the average per capita expenditures which
obtained over the 1960 to 1970 period would
continue to the year 1990, to a high of about
$2. 6 billion, based upon an assumption that the
average annual rate of increase of per capita
expenditures which obtained over the 1960 to 1970
period would continue to the year 1990. An aver-
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age of these four forecasts indicates that a total
expenditure for public sewerage purposes of about
$2.0 billion may be anticipated over the 20-year
period. This amount can be compared on a gross
basis with the estimated total cost of implement
ing the entire recommended regional sanitary
sewerage system plan for the Region, including
operation and maintenance as well as capital
costs, of about $1. 0 billion. Based upon this
analysis, it was concluded that sufficient monies
to substantially implement the recommended re
gional sanitary sewerage system plan should
become available without significant shifts in local
expenditure patterns.

THE UNPLANNED ALTERNATIVE

As part of the regional land use planning program,
an unplanned land use development alternative was
examined. This alternative assumed the continua
tion of existing trends in land use development in
the absence of any attempt to guide such develop
ment on an areawide basis in the public interest.
It was considered impractical under the regional
sanitary sewerage system planning program to
prepare an alternative plan for providing sanitary
sewerage to the unplanned regional land use
alternative. An analysis was made, however, of
the cost of providing sewer service to a selected
subarea of the Region utilizing the unplanned
alternative as a basis for the analysis. The
selected subarea is located in the Town of Cale
donia, Racine County.

Three alternative methods of providing sewer
service to the unplanned land use alternative
development pattern in the study area were exam
ined: septic tank systems; provision of centralized
sewer service with treatment at a series of small
pre-engineered or "package" treatment plants;
and provision of centralized sewer service with
treatment at a single sewage treatment facility.
The analysis revealed that per capita costs of
providing sewer service for the three unplanned
alternatives were $26, $102, and $87, respec
tively. The per capita cost of implementing the
recommended regional sanitary sewerage system
plan for the same study area is estimated at $67.
Since about 60 percent of the Region is covered
by soils unsuited or poorly suited to septic tank
utilization, it may be concluded that the provision
of centralized sanitary sewer service to the urban
development pattern recommended in the adopted
regional land use plan is not only the most cost
effective way of accommodating future urban
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development in the Region, but would also serve
to most effectively protect the underlying and
sustaining natural resource base. Even in those
instances where it may be concluded that soils are
suitable to support septic tank development, anal
yses conducted by the Commission under other
planning programs reveal substantial additional
costs generated by a low density urban develop
ment pattern, particularly with respect to trans
portation costs. Such additional costs must of
necessity temper any conclusion that widespread
low density urban development on septic tanks
represents a desirable regional settlement pattern.

IMPLEMENTATION

The legal and governmental framework existing in
the Southeastern Wisconsin Region is such that the
existing local, areawide, county, and state units
and agencies of government can readily implement
all of the major recommendations contained in
the regional sanitary sewerage system plan. In
Chapter XIV of this report, a comprehensive,
cooperative, intergovernmental plan implementa
tion program is set forth which indicates the
specific actions which will be required at each
level, agency, and unit of government operating
within the Region if the recommended sewerage
system plan is to be fully implemented. These
levels, agencies, and units of government include,
at the local level, the governing bodies of the
cities, villages, towns, and sanitary and utility
districts within the Region; at the areawide level,
the governing bodies of the counties, metro
politan sewerage commissions, joint sewerage
commissions, and cooperative contract sewerage
commissions; at the state level, the Wisconsin
Department of Natural Resources; the Wisconsin
Department of Health and Social Services, Divi
sion of Health; the Wisconsin Department of
Local Mfairs and Development; and the Wisconsin
Department of Administration; and at the federal
level, the U. S. Environmental Protection Agency;
the U. S. Department of Housing and Urban Devel
opment; the U. S. Department of the Interior,
Geological Survey; the U. S. Department of Agri
culture, Farmers Home Administration; and the
U. S. Department of the Army, Corps of Engineers.

Primary emphasis in the regional sanitary sew
erage system plan implementation is based upon
actions by the U. S. Environmental Protection
Agency; the Wisconsin Department of Natural
Resources; the governing bodies of the metropoli-

tan sewerage commissions and cooperative con
tract sewerage commissions; and each individual
local municipal unit of government that now
operates or is recommended in the future to con
struct and operate a centralized sanitary sewerage
system. It is recommended that the U. S. Envi
ronmental Protection Agency utilize the plan rec
ommendations in achieving the U. S. Congressional
objectives expressed in the federal Water Pollu
tion Control Act Amendments of 1972, particularly
with respect to the areawide waste treatment
management planning required under the Act; the
achievement of the established water use objec
tives and supporting water quality standards also
required under the Act; and in the disposition of
essential federal grants-in-aid for the construc
tion of sanitary sewerage facilities. It is rec
ommended that the Wisconsin Natural Resource
Board endorse the recommended regional sanitary
sewerage system plan and certify the plan as
the official areawide water quality management
plan for the seven-county Southeastern Wisconsin
Region to the federal Environmental Protection
Agency. It is further recommended that the
Department of Natural Resources utilize the
implementation schedules set forth in the plan,
after careful review and analysis, in the issuance
of pollution abatement orders and waste discharge
permits and in the disposition of state and federal
grant-in-aid monies. It is recommended that
the governing bodies of all metropolitan sewer
age commissions, cooperative contract sewerage
commissions, and local municipal units of gov
ernment which operate or are recommended to
operate centralized sanitary sewerage systems
adopt the recommended regional sanitary sewer
age system plan as a guide to future sewerage
facility development, and further adopt the appro
priate implementation schedule and accompanying
schedule of capital and operation and maintenance
costs and appropriate monies as necessary to
fully implement the plan recommendations. All
units and agencies of government responsible for
the construction, operation, and maintenance of
centralized sanitary sewerage systems are rec
ommended, in addition, to conduct detailed studies
relating to the identification and ultimate elimina
tion of all existing points of sewage flow relief, to
conduct detailed studies relating to the reduction
of infiltration and inflow, to review the operational
characteristics of each sewage treatment plant
and provide for proper staffing and operation in
accordance with the standards recommended in
the plan, and to take such steps as are necessary
to achieve complete metering of sewage flows.
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The foregoing enumeration of certain recom
mended plan implementation activities for sum
mary purposes does not mean that the other plan
implementation actions recommended in Chapter
XIV of this report and not repeated here may be
neglected. In the final analysis, the implementa
tion of the recommended regional sanitary sewer
age system plan must proceed in a comprehensive,
fully coordinated fashion, with the assistance and
cooperation of all affected levels, units, and
agencies of government within the Region.

CONCLUSION

The regional sanitary sewerage system plan pro
vides another extremely important element of the
evolving comprehensive plan for the physical
development of the seven-county Southeastern
Wisconsin Region. Together with the regional
land use plan and the series of comprehensive
watershed plans, the sanitary sewerage system
plan provides the Region, its public offiCials, and
its citizens with a sound, coordinated guide to
water pollution abatement and sewerage facility
development. The plan is based upon extensive
inventories and analyses of the Region's socio
economic and natural resource base, its existing
sewerage facilities and sewage characteristics,
and its sewerage-related laws and regulations,
and has been carefully selected from among many
alternatives. The plan has been endorsed by
a committee comprised of knowledgeable and
experienced sanitary and municipal public works
engineers, including representatives from public
agencies involved in the provision of sanitary
sewer service within the Region for over half
a century, as well as from the Region's leading
universities. The recommended plan and the
alternatives thereto were, moreover, subject to
extensive public review at a series of six public
informational meetings and a formal public hear
ing, the results of which are documented in a
published transcript of the meetings and hearing.
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The regional sanitary sewerage system plan
includes definitive recommendations for the estab
lishment of sewer service areas; for the configu
ration and sizing of major trunk sewers; for the
location of sewage treatment plants; for treatment
levels and standards of performance at sewage
treatment plants; and for the abatement of com
bined sewer overflows. Within the context of the
overall regional planning program, the recom
mended regional sanitary sewerage system plan
should meet all applicable federal and state plan
ning requirements and thereby should be able to
serve as the official water quality management
plan for the Region and, as such, a sound basis
for the approval of waste discharge permits and
federal grants-in-aid. It is recognized that the
plan recommendations will need to be further
refined and detailed through the preparation at the
local level of specific facilities plans. In this
respect, the plan should serve as a sound point of
departure for the necessary engineering studies.

Based upon an analysis of available alternatives,
the plan is the most cost-effective way to provide
sanitary sewer service to the designated sewer
service areas of the Region, while abating the
serious water pollution problems of the Region.
The plan should, therefore, provide a sound basis
for future public capital investment in sewerage
facilities. Implementation of the plan should not
only serve to reduce total costs but also ensure
the most effective and efficient utilization of the
public monies which will have to be expended for
sewerage purposes over the next two to three
decades within the Region in any case. Most
importantly, implementation of the plan will con
tribute toward enhancing the overall quality of the
natural environment in the Region and thereby
contribute toward making the Region a safer,
more healthful, and more attractive area in which
to live and work.
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Lester Hoganson
Vice-Chairman
William D. McElwee
Secretary
Vinton W. Bacon •

Anthony F. Bales trieri .

Kurt W. Bauer
Richard C. Dess
Thomas G. Frangos.

Herbert A. Goetsch
Harlan D. Hirt

Donald K. Holland
George A. James.

Raymond J. Kipp.
Thomas A. Kroehn

Theodore W. Meilahn
Melvin Noth
John W. Peters

Herbert E. Ripley

Donald A. Roensch
Rodney M. Vanden Noven
Frank A. Wellstein
Henry B. Wildschut

James F. Wilson .

Harvey E. Wirth .

.Chief Engineer and General Manager,
Milwaukee-Metropolitan Sewerage Commissions

City Engineer, City of Racine

Chief Environmental Planner, SEWRPC

.Professor, College of Applied Science and Engineering,
University of Wisconsin-Milwaukee

Consulting Engineer, Elkhorn, Wisconsin;
Commissioner, SEWRPC

Executive Director, SEWRPC
.Engineering Administrator, City of Wauwatosa

Adminis trator, Division of Environmental Protection,
Wisconsin Department of Natural Resources

Commissioner of Public Works, City of Milwaukee
.Chief, Planning Branch, Region V,

U. S. Environmental Protection Agency
Director of Public Works, City of Kenosha

Acting Director, Bureau of Local and Regional Planning,
Wisconsin Department of Local Affairs and Development

. Dean, College of Engineering, Marquette University
• District Director, Southeast District,

Wisconsin Department of Natural Resources
. County Surveyor, Washington County

. Director of Public Works, Village of Menomonee Falls
.Assistant Director, Planning and Relocation Branch,

U. S. Department of Housing and Urban Development, Milwaukee
. Director of Environmental Health Services,

Waukesha County Department of Health
• Director of Public Works, City of Mequon
Director of Public Works, City of Waukesha

. City Engineer, City of Oak Creek
.County Highway Commissioner and Director of

Public Works, Milwaukee County
.District Supervisor, Farmers Home Administration,

U. S. Department of Agriculture
.State Sanitary Engineer, Division of Health,

Wisconsin Department of Health and Social Services
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The following individuals also participated actively in the work of the Committee: John Cain, Chief, Water
Resources Planning Section, Wisconsin Department of Natural Resources; Lawrence A. Ernest, Plant
Superintendent, Milwaukee-Metropolitan Sewerage Commissions; Donald W. Hook, Chief, Water Quality
Monitoring Section, Planning Branch, Region V, U. S. Environmental Protection Agency; Robert M. Krill,
Chief, Municipal Wastewater Section, Wisconsin Department of Natural Resources; William Manske,
Sewer Research Engineer, Department of Public Works, City of Milwaukee; Jerry McKersie, Chief, Water
Quality Evaluation Section, Wisconsin Department of Natural Resources; Duane H. Schuettpelz, Wate"r
Quality Evaluation Specialist, Wisconsin Department of Natural Resources; Bernard G. Schultz, Assistant
District Director, Southeast District, Wisconsin Department of Natural Resources; Gilbert Vosswinkel,
Chief Sewer Design Engineer, Department of Public Works, City of Milwaukee; Donald G. Wieland, Divi
sion Engineer, Milwaukee-Metropolitan Sewerage Commissions; and Eugene F. Wojcik, Water Resources
Planner, Region V, U. S. Environmental Protection Agency.
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I
APPENDIX B

KNOWN FLOW RELIEF DEVICES IN THE REGION: 1970

I
I

"table B-1

KNOWN COMBINED SEWER OUTFALLS
IN KENOSHA COUNTY: 1970

Table B-~

KNOWN COMBINED SEWER OUTFALLS
IN MILWAUKEE COUNTY: 1970

Tabl e B-3

JThe number beside each listed bypass corresponds to a code number on Map 31.
Source: SEWRPC.

Ifhe number beside each listed crossover corresponds to a code number on Map 31.
Source: SEWRPC.

lfhe number beside each listed combined sewer outfall corresponds to a code number on Map 31.
Source: SEWRPC.

Receiving
Water Body

Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee RIver
Milwaukee River
Milwaukee River
Milwaukee RIver
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
MIlwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
MIlwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Kmnickinnic River
Kinnickinnlc River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
KinniCkinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnlc River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menom:Jnee River

Combined Sewer Outfall Location l

City of Milwaukee
~: t ~~~~~rS~~;~~ .
3. E. florida Street .
4. E. Polk Street .
~: ~: ~!Jsb~~~~OAv~~~~t .
7 N. Broadway .
8. S. Water Street .
9. S 1st Street...

10. E. Erie Street .

11. E. Chicago street1.".••••••••••••••••••••••••••••••••••••••••••••••••••••12. E. Buffalo Street
13. W. St. Paul Avenue
14. E. St. Paul Avenue
15. N. of W. St. Paul Avenue
16. W. Clybourn Street
17. E, Clybourn Street , .
l~ ~. ~i~hi~~nb~1:;lreet .

20. E. Michigan Street .
21. N. of W. Michigan Street

22. E. Wisconsin Avenue ;;,~; •••••••••••••••••••••••••••••••••••••••••••..•••••••23. W. Wisconsm Avenue
24. N. of W. Wisconsin Avenue
25. E. Wells Street .
26 W. Wells Street .

~~. ~. ~ij~O~~I~v~~~:t ..•...•.•••...•••..••.•.•.•.••...•.•..•.••.•...•..••...••....•...••.••...••.•.••.....•.••.•.•....•.•.•••••
29. W. Kilbourn Avenue ...

30. E. Kilbourn Aven~~e, •••••••••••••••••••••••••••••••••••••••••••••••••••

31 W. State Street
32. E. State Street
33 W. Highland Avenue
34. E. Highland Avenue
35 W. Juneau Avenue
36 E. Juneau Avenue

37. N. of W. Juneau Avenu"e•..••.•.•...••••••.•••••••.••••..••.••.•.•••.••.•.•••••.•.38. W. McKmley Avenue ,
39. E. Ogden Avenue .
40. W. Cherry Street " .
41. N 01 W Cherry Street .
42. E, lyon Street .
43. E. Pleasant Street .
44 E. Walnut Street " .
:~ ~.' B~aEdy~atlr~~~ Street .

47 N. Hofton Street.

48. N. Marshall Stree: u; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••49. N. PulaskI Street
50. N. Humboldt Avenue
51 E. Tunnel Place ....

52 E. Boylston Street , .....•••..•••......••.•••.•...•••••••..••....••..••••••.••.••.•53. E. Bradford Avenue
54. E, Park Place "..
55 E. Locust Street .....
56 E. Chambers Street .
57. E. Burleigh Street ..

58. E. Hampshire Str::e~:t, ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

59. E. Auer Avenue
60. E. Auer Avenue
61 E. Keefe Avenue
62 E. Edgewood Avenue
63. E. National Avenue .
64 E. Walker Street .
65 S. of E. Walker Street .

~~: ~: Gfr:~n~~f~iR~~~~t.:re..e••t..•••••.•••.•••••••.•••.•••.••••••••.•••.••••••••.•••.•••.••••.••••
68, S. Kinnickinnic Avenue

69 S. Kinnickinn"rc "An"."nu"e•...•....•..•.•••.•.••..•••.••..••••.••••..•..•.•••...••.••70 S I st Street ....
71 S I st Street..
72 S. 2nd Street .

71 W. Rogers Street •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••74. W. Becher Street
75. W. Becher Street

76. W.lincoln Avenue .......••..•••••.•......•••.•..•••••.••.•..••.•••..•••.....•••..•.77 W. lincoln Avenue ....
78 S. Chase Avenue ...•.•.....••••....•••....••................•.................•..•...•....•..•....79 S. Chase Avenue ...

80. W. Cleveland Avenue ...•.•.••••.•••.•••••••••••••.....•...••......••..•..•..•...81. W. Cleveland Avenue .",
82 S. 8th Street.

83. S. 14th Street ...••••••.•.•.•....•....•.•....••......•.•.••..••.•••.•.•.••.••••••.••••84 S. 27th Street .
85 S. 2nd Street .
86. W. 01 N. 8th Street ..

87. S. Muskego Ave;:u~;e ..••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••88 S, Muskego Avenue
89. N. 15th Street

90. N. 15th Street .....•...•••.••••••.••••••••.•••.••...•••...•...••••••..••••••••.•.••••••91. N 17th Street ....

92 N. 25th Street ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
93. N. 26th Street
94. S. 27th Street
95. S. 27th Street
96. S. 35th Street .
97. W. Wisconsin Avenue

Pike Creek

lake Michigan

Brighton Creek
Paddock lake

Bassett Creek

Des Plaines River

Des Plaines River

Receiving
Water Body

Pike River
Pike River
Pike River
Pike Creek

Pike River

Pike River
Pike Creek
Pike Creek
lake Michigan
lake Michigan

lake Michigan
lake Michigan
lake Michigan
lake Michigan
lake Michigan
lake Michigan
lake Michigan
lake Michigan
lake Michigan
lake Michigan

1970

Bypassi.ocation l

KNOWN BYPASSES
INK ENO SHA COUNTY:

Table B-2

KNOWN CROSSOVE RS
IN KENOSHA COUNTY: 1970

City of Kenosha
Villag~-Of ~~j~~;~i:~;atment Plant .

2. At Sewage Treatment Plant .
1 Parkview Boulevard and Chestnut lane ..

Village of Twin lakes
4. At Sewage Treatment Plant ....

Town of Bristol Utility District No.1

Town50f P~~a~;~tJ;aj:i~a~~:~~ ~Iti~:y 'O'i'sfrict"[j'"
6. At Sewage Treatment Plant .....

Town of Somers Sanitary District No.2
7. At Sewage Treatment Plant

Crossover location l

City of Kenosha
L Alford Drive and 18th Street .
2. North Pershing Boulevard and 19th Avenue.
1 20th Place and 22nd Avenue"
~. ~I;: ~~;~~;~g11t1r1v~~~~t .

(200' East of 14th Avenuel .
6. 33rd Street and 14th Avenue

(200' East ot 14th Avenuel .
7. 50th Street and 10th Avenue ......
8. Sheridan Road and 51st Place.
9. 14th Avenue and 59th Street ..

10. 63rd Street and 12th Avenue ..
11. 65th Street and 22nd Avenue

(150' West 01 22nd Avenue) .
12. Roosevelt Road and 64th Street .
13. Pershing Boulevard and Taft Road"
14. 75th Street and 18th Avenue .
15. Sheridan Road and 76th Street ..
16. 78th Streeland 20th Avenue.
17. 79th Street and 24th Avenue .
18. 79th Street and Johnson Road.
19. 79th Street and lincoln Road .
20. 78th Street and 43rd Avenue ..

Combined Sewer Outfall location1
Receiving

Water Body

City of Kenosha
1. 40th Place and Lake Michigan ..... Lake Michigan
2. 57th Street and lake Michigan. Lake Michigan
3. 59th Street and lake Michigan ....... lake Michigan
4. 66th Street and lake Michigan. lake Michigan
5 75th Street and Lake Michigan .... lake Michigan
6. 80th Street and Lake Michigan . lake Michigan

I

I

I
I
I

I

I
I

I
785



I
Table B-4 (continued)

IThe number beside each listed bYfJDsS corresponds to a code number on Map 34.

Source: SEWRPC

JThe number beside each listed combined sewer outfall corresponds to a code number on Map 34.

Source: SEWRPC.

Combined Sewer Outfall Location l :a~;~iB~3y

98 W. Wisconsin Avenue Menomonee River
99 N. 43rd Street Menomonee River

100. N. 45th Street Menomonee River
101. N. 46th Street .. Menomonee River
102 N. Hawley Road Menomonee River
103. S 4th Street South Menomonee Canal
104. s. 6th Street South Menomonee Canal
105. S. 9th Street Menomonee River -

Burnham's Canal
106 S. 9th Street Menomonee River -

Burnham's Canal
107 5 11th Street Menomonee River -

Burnham's Canal
108 S.13th Street Menomonee River -

Burnham's Canal
109 s. 13th Street Menomonee River-

Burnham's Canal
110 S. Muskego Avenue Menomonee River -

Burnham's Canal
111. E. Bay Street Lake Michigan
112. E. Russell Avenue Lake Michigan

Village of Shorewood
113 E. Edgewood Avenue Milwaukee River

I
I

I

I
I

I

I

I

I

I

I

I

I

I
I

I

I

lake Michigan
Lincoln Creek
Lincoln Creek
Uncoln Creek
Lincoln Creek
Menomonee River

Lincoln Creek

~i~=a~~~~i~~er
Lake Michigan
Menomonee River

Lincoln Creek
Kinnickinnic River
Menomonee River
lincoln Creek
Kinnickinnic River
Menomonee River
Kinnickinnic River
lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
Milwaukee River
Menomonee River
Menomonee River
Menomonee River
lincoln Creek
Lincoln Creek
Lincoln Creek
Menomonee River
Menomonee River
Kinnickinnic River
Menomonee River

Lake Michigan
Lake Michigan
Lake M~ch!gan
lake MichIgan
lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
lake Michigan
Lake Michigan

Kinnickinnic River
lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
Lincoln Creek
Lincoln Creek
lincoln Creek
Lincoln Creek
Menomonee River
lincoln Creek
Kinnickinnic River
lincoln Creek
Lincoln Creek
Lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
lincoln Creek
Menomonee River
Menomonee River
lincoln Creek
lincoln Creek
Lincoln Creek
Lincoln Creek
Kinnickinnic River

Lincoln Creek
Lincoln Creek
lincoln Creek
Kinnickinnic River
Lincoln Creek
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River

Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Milwaukee River
Menomonee River
Menomonee River
Menomonee River
Lincoln Creek
Kinnickinnic River

Lincoln Creek
Lincoln Creek

lincoln Creek
Menomonee River
Menomonee River

Kinnickinnic River
Menomonee River
Menomonee River

Table B-6 (continued)

Receiving
Crossover Locationl Water Body

6. N. Lydell Avenue and W. Montclaire Avenue ..
7. N. 27th Street and W. Silver Spring Drive ..
8. N. 31st Street and W. Fairmount Avenue .
9. N. 51lt Street, 800' North of W. Congress Street ..

10. N. 51st Street and W. Congress Street .
11. Martha Washington Drive, South of Milwaukee Avenue ..
12. Easement Parallel to C.NW.RR., 500' Soufh ot Ozaukee

County Une and West 01 Regent Road and North
Shore Estates , .

13. N. Richard Street and the Milwaukee River .
14. S. Kinnickinnic Avenue and E. St. Francis Avenue ..
15. S. 12th Street and W. National Avenue .. :

City 01 Cudahy
16. E. Allerton Avenue and S. Hatley Avenue .
17. E. Armour Avenue and S. Kirkwood Avenue .
18. E. Armour Avenue and S, Packard Avenue .
19. E. Layton Avenue and S. Packard Avenue.
20. E. SQuire Avenue and S. Lake Drive .
21. E. Munkwitz Avenue and S. Swift Drive .
22. E. Somers Avenue and S. Lake Drive .
23. E. Holmes Avenue and S. Kirkwood Avenue .
24. E. Martin Avenue and S. Lake Drive ..
25. E. Pulaski Avenue al\d S. Lake Drive , ..
26. E. Hammond Avenue and S. Packard Avenue ..
27. E. Hammond Avenue and S. Lake Drive ..
28. E. Morris Avenue and S. Kirkwood Avenue ..

City of Milwaukee
29. E. Grange Avenue at S, Howell Avenue .
30. N. 24fh Sfreet and W. Hope Avenue ..
31. N. 25th Street and W. Hope Avenue .
32. N. 27th Street and W. Fiebrantz Avenue , , .
33. N. 30th Street and W. Hope Avenue .
34. N. 31st Street extended and W. Hope Avenue extended
35. N. 31st Street and W. Villard Avenue.
36. N. 31st Street and W. Villard Avenue .
37. N. 41st Street and W. Congress Street .
38. N. 47th Street and W, Concordia Avenue ..
39. N. 47th Street and W. Congress Streef .
40. N. 49th Street and W. Concordia Avenue ..
41. N. 68th Street and W. Center Street .
42. N. 20th Street at W. Fairmount Avenue .
43. S. 3rd Street at W. Saveland Avenue .
44. N, 51st Boulevard and W. Auer Avenue .
45. N, 51st Boulevard and W. Concordia Avenue ..
46. N. 51st Boulevard and Roosevelt Drive ..
47. N. 51st Street and W. Burleigh Street .
48. N. 54th Street and W. Burleigh Street .
49. N. 55th Street and W. Burleigh Street ..
SO. N. 56th Street and W. Burleigh Street .
51. N. 76th Sfreet, Point 200' North 01 W. Hadley Street ..
52. N. 79th Sfreet and W. Locust Street .
53. W. Capitol Drive and N, 31st Street .
54. W. Capitol Drive and N. 31st Street .
55. N. Sherman Boulevard and W. Ruby Avenue .
56. N. Sherman Boulevard and W. Fond du Lac Avenue ..
57. S. Whitnall Avenue and E. Howard Avenue .
58. N. 36th Street Between W. Carmen Avenue and

W.FloristAvenue .
59. E. Howard Avenue at S. Pine Avenue .
GO. W. Center Street at N. 86th Street .
61. N. 35th Street at a Point 40' North 01 W. Oriole Drive.
62. S. 35th Street at W. Lakelield Orive .....
63. W. Center Street at N. 88fh Street.
64. W. Ruskin Streel at S. 38th Street .
65, W. Silver Spring Drive at N. 38th Street ..
66. W. Silver Spring Drive at N. 37th Street .
67. W. Silver Spring Drive at N. 36th Street ,.
68, W. Silver Spring Drive at N. 35th Street .
69. N. Humboldt Avenue and E. Capitol Drive.
70. N. 89th Street at W. Townsend Street.
71 N. 90th Street at W, Townsend Street ..
72. W. Dickinson Street and S. 62nd Street ..
73 W. Hope Avenue and N. 47th Street .
74 W. Silver Spring Drive and N. 39th Street ..
75. W. Silver Spring Drive and N, 41st Street
76. W. Stevenson Street and N. 7lst Street ..
77. W. Mt. Vernon Avenue and N. 69th Street ..
78. W. Morgan Avenue at S. 57th Street ..
79. W. Hadley Street af N. 80th Street .
80. W. Mt. Vernon Avenue at Point 75' East

01 N. 91st Street .
81. N. 41st Street and W. Congress Street .
82. N. 66th Street ~ Block Between W. Congress Street

and W. Ruby Avenue .
83. N. 94th Street and W. Townsend Street .
84. N. 95th Street and W. Metcalf Place .....
85. E. Armour Avenue at a Point 69' West

of S. Austin Street .
86. N. 89th Street and W. Center Street ..
87. N. 87th Sfreet and W. Center Street ..
88. N. 44fh Sfreet at a Point 285' Soulh

of W. Burleigh Street .
89. N. 53rd Street at W. Glendale Avenue ..
90. N. 53rd Street at W. Courtland Avenue extended ..
91. S. Austin Street at W. Dakota Street .
92. N. 27th Street, 404' South ot W. Hope Avenue ..
93. W. Oklahoma Avenue and S. 22nd Sireet
94. E. Ohio Street and S. Quincy Avenue .
95. S. 43rd Street and W. Morgan Avenue .
96. N. 26th Street and W. Vienna (From a Point 120' North

of W. Vienna Avenue to a Point 176' North of W.
Vienna Avenue) .

97. N. 37th Sfreet at a Poinf 145' North ot
W, Mt. Vernon Avenue , .

98. N. 38th Street and W. Mt. Vernon Avenue ..
99. N. 51st Street and W. Wisconsin Avenue.

100. N. 461h slreet and W. Slate Slreel .
101. N. 49th Street and W. Wisconsin Avenue .
102. N. 48th Street and W. Wisconsin Avenue ..
103. N. 48th Street and W. Wisconsin Avenue .....
104. N. 50th Street and W. Wisconsin Avenue ..
105. N. 51st Street and W. Wisconsin Avenue .
106. E. Meinecke Avenue and N. Gordon Place .
107. N. Story Parkway and W. Bluemound Road .
108. W. Woodlawn Court and W. Wisconsin Avenue ..
109. W. Hilda Place and S. 38th Street .
110. N. Sherman Boulevard at W. Burleigh Street ..
111. E. Lincoln Avenue at S. Burrell Street.

Receiving
Water Body

1970

Menomonee River
Lincoln Creek
Milwaukee River
Milwaukee River
Milwaukee River

Receiving
Water Body

Honey Creek
Menomonee River
Milwaukee River
Milwaukee River
Milwaukee River

Root River

Root River

Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan

lake Michigan
Oak Creek
Oak Creek
Lake Michigan

Lake Michigan

Indian Creek

Root River
Root River
Root River

Milwaukee River
Milwaukee River
Milwaukee River
Menomonee River
Menomonee River
Kinnickinnic River
Milwaukee River
Milwaukee River
Lake Michigan
Lake Michigan
Lincoln Creek
Lincoln Creek
Menomonee River
Honey Creek
Kinnickinnic River
Menomonee River
Kinnickinnic River

IN
1970

Crossover Location!

Table B-6

KNOWN CROSSOVERS
IN MILWAUKEE COUNTY:

Milwaukee-Metropolitan Sewerage Commissions
1. N. 13th Stre~t North of W. Clybourn Street
2 Roosevelt Drive and W. Scranton Place ., , .
3. N. Green Bay Avenue and W, Hampton Avenue, East .
4. N, Green Bay Avenue and W. Hampton Avenue, West
5, N. Lydell Avenue and W, Lancaster Avenue

Bypass Location l

Tabl e B-5

KNOWN BYPASSES
IN MILWAUKEE COUNTY:

Milwaukee-Metropolitan Sewerage CommissIons
1 N. Marshall Street and the Milwaukee River
2. E. Brady Street and N. Van Buren Street

3. N. Commerce Street and W. Vliet S~tlrree,e'tt •••••••••••••••••••••••••••••••4 S. lIth Street and W. Canal Street
5 S. 8th Street and W. Canal Street
6. S. 1st Street and Kinnickinnic River
7. S. Water Street and E, Bruce Street .
8 N. 2nd Street and W. Hampton A'Vveernl.uu'e' ••.•••.•.•.•••••••.••.•..
9 E. Fairmount and N. Lake Drive ...

10 N. Lake Drive near E. Ravine Lane .
11 N. 31st Street. 480' North of W. Hampton Avenue
12. N. 35th Street and W. Congress Street " .
13 300' East of N. 68th Street and RIver Parkway
14 Honey Creek Parkway and W. Portland Avenue
15 S. 43rd Street and W. Lincoln Avenue . .
16 500' West of 4125 W. Mt. Vernon Avenue
17 S. 60th Street and the Kinnickinnic RIver
18 S. 80th Street ex.tended and

W, Dickinson Street extended
19 W. State Street and N. 46th Street
20. 8506 N. Manor Road ....
21 E. Bruce Street at Milwaukee River .

City~~ cu~a~;ie Street at Milwaukee RIver .

23. E. Allerton Avenue and S. Lake Drive .
24 E. Van Norman Boulevard and S. Hatley Avenue

~~: t ~~~~~er:~~~~~:~~J·S~Kli~tk~~~~u:ve···n··u··e·········· .
27. E. Hammond Avenue and S. Kirkwood Avenue

CIty of franklin
28. At the Rawson Homes Sewer and Water Trust Sewage

Treatment Plant .
City of South Milwaukee

~5: ~~~~~~~~ ~~~~~~ ~~~ ~~dk ~~~~~~ .

31. N. Chicago Avenue and Oak Cree"k .••.•.••.••••.•.•••.•••...••...•.•••.•32. Brookdale Drive and Lake Drive ...

Villa~~.of 2~gi~: Dnve extended at E. Sheridan Circle

VillaJ:. of ~~~r~~~~ Circle. 17 Block South of E. Spoonek Road

ViltaJS.o
f
~~If~r~~:~~~e Avenue and S. 108th Street

36 Sewage Treatment Plant Site .

~~. ~·i03~dvS~I~e:tO;~daW~ ~d~~r~~~ l~~~~e···························
(East of S. 104th Streefl

786

I



I

1The number beside each listed crossover corresponds to a code number on Map 34.
Source: SfWRPC.

Table B-6 (continued) Table B-7

IThe number beSIde each lIsted relief pumpmg statIon corresponds to a code number on Map 34.

Source: SfWRPC.

Receiving
Water Body

Honey Creek
Honey Creek

~6~te~i~~;ek

Milwaukee River
Milwaukee River

Root River

Milwaukee River
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Lincoln Creek
Menomonee River
Honey Creek
Honey Creek
Little Menomonee River
Little Menomonee River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnic River
Kinnickinnlc River
Honey Creek
Honey Creek

~~~teRi~~~ek
Kinnickinnic River
Oak Creek
Kinnickinnic River
Kinnickinnic River
Lincoln Creek
Lincoln Creek

Lake Michigan
Lake Michigan

Receiving
Water Body

Lincoln Creek
Lincoln Creek
Menomonee River
Menomonee River
Lincoln Creek
Lincoln Creek
Honey Creek
Honey Creek
Kinnickinnic River
Milwaukee Riller

Kinnickinnic River

Root River

Root River
Root River
Root River

Indian Creek
Indian Creek

ST AT ION S
1970

City of Milwaukee
1. N. 20th Street and W. Hampton Avenue ...•••••.•••.••...•••••••••.
2. N. 47th Street and W. Hampton Avenue ...
3. N. 47th Street and W. Eggert Place i ••...•••....••.•...••.••••••
4. N. 49th Street and W. Luscher Avenue
5. N. 57th Street and W. Sheridan Aven"u'e' .•.•.•.•••.•••.••.••••••6. N. 61st Street and W. Lawn Avenue ....
7. N. 63rd Street and W. Fairmount Avenue
8. N. 64th Street and W. Stark Street .
9. N. 66th Street and W. Ruby Avenue " ..

to. N. 66th Street North at W. Marion Street ..
11. N. 67th Street North at W. Marion Street ..
12. S. 60th Street and W. Adler Street .
13. S. 79th Street and W. O'Connor Street ..
14. N. 90th Street and W. Mt. Vernon Avenue
15. N. 107th Street and W. Lawn Avenue .
16. W. Monrovia Avenue and W. Crossfield Avenue
17. E, Armour Avenue West of S. Austin Street .
18. S. Burrel Street and E. Van Norman Avenue .
19. S. Howell Avenue, South of E. Layton Avenue
20. S. 15th Place and W. Howard Avenue .. ,
21. S. 20th Street and W. Howard Avenue .".
22. S. 31st Street and W. Manitoba Street.
23. S. 37th Street and W. Uncoln Avenue .
24. S. 46th Street and W. Cleveland Avenue ..
25. S. 54th Street and W. Midland Drive .
26. S. 57th Street and W. Euclid Avenue ..
27. S. 58th Street and W. Stack Drive ..
28. S. 72nd Street and W. Honey Creek Drive
29. S. 77th Street, South of W. Oklahoma Avenue.
30. S. 84th Street and W. Morgan Avenue .
31. S, 92nd Street and W. Howard Avenue .
32. S. 44th Street and W. Kinnickinnic River Parkway .
33. S. Howell Avenue and W. Ramsey Avenue extended ..
34. S. 1st Street and W. Layton Avenue "..
35. S. Howell Avenue and W. Edgerton Avenue ..
36 N. 48th Street and W. Luscher Avenue .
37 N. 55th Street and North of W. Fairmount Avenue

City of South Milwaukee
38. Brooklawn Circle in the Circle ...... "....
39. 7th Avenue and Lakeview Avenue .

City of West Allis

40. S. 93rd Street and W. Orchard Street ..
41. S. 81st Street and W. Rogers Street ...
42. S. 74th Street and W. Dakota Street ie..•••••.••.•••••••••••••.••••43. S, 102nd Street and W. National Avenue

Village of Brown Deer
44, N. Green Bay Road and W. Fairy Chasm Road ..
45. W, Brown Deer Road, 300' West of the Milwaukee RIVer

Village of Hales Corners
46. S. I11th Street and Janesville Road ..

Portable Pumping Station Location l

KNOWN PORTABLE PUMPING STATIONS
IN MILWAUKEE COUNTY: 1970

Relief Pumping Station location l

KNOWN RELIEF PUMPING
IN MILWAUKEE COUNTY:

Tab 1e B- 8

Milwa1~ke~~2j~hPs~~~ae~ ;~~W~t11~~dA~~~~~s.....
2. N. 32nd Street and W, Hampton Avenue .... ".. ,,, ........
3. Menomonee River Parkway and W. Center Street ..
4. Menomonee River, South of W. North Avenue.
5. N. 63rd Street and W. Hampton Avenue ..
6. N. 35th Street and Roosevelt Drive ..
7. W. Wisconsin Avenue and Honey Creek.
8. S. 84th Street and W. Adler .
9. S. 35th Street and W. Manitoba ..

10. Range Line Road and the Milwaukee River,
City of Greenfield

11. S. 44th Street and W. St. Francis Avenue.
City at West Allis

12. S. 112th Street and W. Cleveland Avenue .........
13. Root River Parkway (North Side) and S. 116th

Street extended , .
14. Root River Parkway and Rust Court extended ..
15. W. Morgan Avenue at S. 115th Street extended

Village of Fox Point
16. Santa Monica Boulevard and Willow Road ..
17. Mall Road and Crossway Road ..

lfhe number beside each listed portable pumping station location corresponds to a code number
on Map 34.

Source: SfWRPC.

Receiving
Water Body

Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan

Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Milwaukee River
Lake Michigan
take Michigan
Lake Michigan
Lake Michigan

Milwaukee River
Milwaukee River
Milwaukee River
Lake Michigan

Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake'Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake MichIgan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan

Lake Michigan

Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Menomonee River
Underwood Creek
Honey Creek
Menomonee River

Kinnickinnic River

Kinnickinnic River
Milwaukee River
Milwaukee River
Menomonee River
Menomonee River

Milwaukee River

Honey Creek
Menomonee River
Menomonee River
Menomonee River

Kinnickinnic River
Kinnickinnic River
Honey Creek
Honey Creek
Honey Creek
Kinnickinnic River
Kinnickinnic River
Honey Creek
Kinnickinnic River

Crossover Location l

112. E.lincoln Avenue at a Point 150' West·of S.
Greeley Street .

III E. Lincoln Avenue at a Point 450' West of
S. Greeley Street .

114. N. 55th Street at W. Vine Street .

ll~ ~. ~7t~0~t;:~~1\~V~~~~t01 JI1.\~ ~:~~~tnA;e;;;e
117. W. Mt. Vernon Avenue, 10"West at N. 37th Street ..
118. E. Chambers Street and West Bank of

the Milwaukee River ..
City of Oak Creek

119. 5th Avenue and High Street ".
City of Wauwatosa

120. Ridge Place and Harding Boulevard .
121. W. North Avenue and Menomonee River .
122. Jackson Park Boulevard and Swan Boulevard.
123. Jackson Park Boulevard and N. 90th Street .....
124. Jackson Park Boulevard and N. 85th Street ..
125. W. North Avenue and N, 82nd Street ..
126. W. Meinecke Avenue and N. 83rd Street .
127. Stickney Avenue and N. 85th Street ..
128. Stickney Avenue and N. 90th Street .
129. Swan Boulevard and Menomonee River Parkway .
130. N. 90th Street and Menomonee River Parkway .
131-. Ludington Avenue and Hoyt Park .
131. Hillcrest Drive and N. 85th Street .
133. Milwaukee Avenue and N. 72nd Street ..
134. Martin Drive and N. 62nd Street .
135. N. 62nd Street and Western Metal Company ..
136. End at Hillside Lane ..
137. Glenview Avenue and Currie ..
138. Ravenswood Circle and N. 89th Street ..
139. Glenwood Avenue and Hawthorne Avenue .

~:~: ~~~teSi~;eoefkG~~~v~wW~~~~~~~tAHillt~urt·::···
142. N. 65th Street and W. Wisconsin Avenue .....
143. N. 68th Street and W. Wisconsin Avenue ..
144. N. 70th Street and W. Center Street .

~:~: ~.. t~~~ho~yae~\~~~eWan~u~~~~~~~~e ..Riiier·park·~aY··:::
l:~ ~aJ~n6s~0~~efi;~I~da~d ~'~h..~/tt~kc~ay
149. N. 67th Street and W. Wells Street .
150. N. 85th Street Between Hill Court and

Ravenswood Circle , ..
151. N. 86th Street and W. Meinecke Avenue ..
152. N. 63rd Street and W. North Avenue ....
153. N. 64th Street and W. North Avenue.

City at West Allis
154. S. 70th Street and W. Arthur Avenue .......
155. S. 70th Street and W. Burnham Street ..
156. S. 77th Street and W. Walker Street .
157. S. 78th Street and W. Arthur Avenue .
158. S. 84th Street and W. Orchard Street ..
159. S. 73rd Street and W. Burnham Street .
160. S. 60th Street and W. Mobile Avenue .
161. W. Madison Street. 1Block West at S. 77th Street .
162. S. 64th Street and W. Arthur Avenue .

Village of Fox Point
163. E. Club Circle, 3rd Manhole East of N. Lake Drive .......
164. E. Goodrich Lane, 1st Manhole East of N. Lake Drive ..
165. N. Lake Drive, 1st Manhole North of N. Links Circle.
166. N. Lake Drive and E. Fox Lane ..
167. E. Fox Lane, 225' East of N. Lake Drive .
168. N. Lake Drive and E. Appte Tree Road ..
169. N. Lake Drive and E. Daphne Road ......
170. E. View Place and N. Barnett Lane ..

Village of Shorewood
171. E. Edgewood Avenue and N. Oakland Avenue ..
172. E. Glendale Avenue and N. Larkin Street ..
173. E. Glendale Avenue and N. Morris Boulevard ..
174. N. Morris Boulevard and E. Lake Bluff Boulevard .
175. E. Olive Street and N. Wilson Drive ....: .
176. N. Woodburn Street and E. Olive Street .
177. E. Kensington Boulevard and N. Murray Avenue ..
178. E. Kinsington Boulevard and N. Farwell Avenue .
179. E. Kinsington Boulevard and N. Maryland Avenue ..
180. E. Kinsington Boulevard and N. Cramer Street .

VilItlt of ~h~~~~~o~aAvenue and N. Idlewild Avenue ..
182. E. Hampton Avenue and N. Sheffield Avenue ..
183. E. Lancaster Avenue and N. Diversey Boulevard .
184. N. Bayridge Avenue and E. Monrovia Avenue .
185. N. Berkley Boulevard, 500' North at

E. Montlair Avenue .
186. N. Lake Drive and E. Monrovia Avenue .
187. N. Lake Drive, 200' South of E. Monrovia Avenue ..
188. W. Montclair Avenue and N. Bayridge Avenue .
189. E. Montclair Avenue and N. Berkeley Boulevard.
190. E. Montclair Avenue and N. Kent Avenue ..
191. E. Montclair Avenue and N. Lake Drive .
192. E. Montclair Avenue and N. Santa Monica Boulevard ..
193. E. Montclair Avenue and N. Shoreland Avenue ..
194. N. Santa Monica Boulevard and E. Monrovia Avenue ..
195. E. Chateau Place and N. Newhall Street .
196. E. Fairmont Avenue and N. Larkin Street ..
197. E. Fairmont Avenue and N. Newhall Street .
198. E. Glendale Avenue and N. Cra~r Street .
199. E. Glendale Avenue and N. Murray Avenue ..
200. E. Henry Clay Street, Just East of N. Lake Drive .
201. N. Lake Drive, 250' North of E. Birch Avenue ....
202. N. Lake Drive at E. Circle Drive.
203. N. Lake Drive at E. Circle Drive .
204. N. Lake Drive, 200' North of E. Fairmont Avenue .
205. N. Lake Drive, 400' North of E. Fairmont Avenue .
206. N. Lake Drive, 700' North of E. Fairmont Avenue .
207. N. Lake Orive, Just North of E. Henry Clay Street .
208. N. Lake Drive at E. LeXington Boulevard .
209. N. Lake Dr!ve at E. Lexington Boulevard ..
210. N. Lake Drive at E. Sylvan Avenue .

~g: ~: ~ir:hrr~i~o:~ ~tStc~"m~~~~~~ ·Bou·le·va·r<L .
213. N. Woodburn Street and E, Henry Clay Street .
214. E. Circle Drive at W. End of Drive .
215. N. Lake Drive and E. Lake View Avenue ..

I

I

I

I

I

I
I

I

I

I
I

I

I

I

I

I

I
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Tab 1e B- 9

JThe number beside each listed bypass corresponds to a code number on Map 36.

Source: SEWRPC.

Bypass location l

Cedar Creek
Cedar Creek
Cedar Creek

Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Sauk Creek

I

I
I

I

I

I

Receiving
Water Body

Lake Michigan
Lake Michigan
Lake Michigan
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River
Root River

Root River
Root River
Root River
Root River
Root River
Root River
Root River

TableB-12

Combined Sewer Outfaillocation 1

KNOWN COMBINED SEWER OUTFALLS
IN RACINE COUNTY: 1970

City of Racine
~. ~:Jts~:~~~ta~~d l~k~eM~~h~~~~n ,........... .

~: ~~~h~;nSlr::~~;~n~a~~eMR~~~gRrve·;r·· ••·.· ••••·.· •.·•· •••.•...••.•.••..•.•.•.•.•..•.•...•...•.•..
5. Chatham Street and the Root RIver ..
6. N. Main Street and the Root River .

~: r~k~iA~~~~~ ;~~e~~:R~~~~~~~1 ..R•••IV.••e••.r.•.••••••••••••••••••••••••••••
9. Main Street and the Root River .

10. 2nd Street and Water Street cc ·· ·· .
11. State Street and the Root River , .
12 Ontario Street and 3rd Street extended .
13 4th Street and Water Street , ..
14 Ontario Street and 4th Street extended .
15 Root River (South Bank). 600' East of Marquette Street
16 Marquette Street and the Root River.
17 South of Bank Street and the Ro,o,uot",R,,,iv,'e'r' •.••••...•.•..•.•.••••
18. 6th Street and the Root River ,..
19. 8th Street and the Root River .

~~: ~.' ~:~g;ii:118;i:: :~~ tt~: ~ggi ~ii::; .
22. Harrison Street and the Root River " .
23. Southeast of Clayton Avenue and Howland on

Clayton Avenue extended " .
24. Cedarbend Avenue and the Root River

25 W. 6th Street and the Root River ';"0' •.••••.••••••••••••••••••••••.•26. W. 6th Street and the Root RIVer
27 Parkview Drive and the Root River
28. liberty Street and the Root River _ _.
29. Domanick Drive, 200' East of Fairchild Street

Receiving
Water Body

Onion River

Milwlltlkee River

Milwaukee River
Milwaukee River
Milwaukee River

Milwaukee River

KNOWN BYPASSES
IN OZAUKEE COUNTY: 1970

City 01 Cedarburg
1. At Sewage Treatment PlanL ...
2. Water Street and Main Street .....

City 07'po~i~h~~h~~~~e and Cedar Creek .

4. At Sewage Treatment Plant .
5. Grand Avenue and franklin Street .
6. S. Wisconsin Street Near River Drive "' .
7. lake Street and Jackson Avenue .
~: ~r~iJC~~:~~;~~d\V~gs~~~St~:~~~ .

Village of Belgium
Villa~~' of :~e~~~i:e Treatment Plant ..

11. At Sewage Treatment Plant.
Village of Grafton

12. At Sewage Treatment Plant : .
13. Bridge Street and the Milwaukee River .
14. 12th Avenue One Block South of Falls Street ..

Villar~.of ~r~;~:i~~eDrive and Madero Street

'The number beside each listed portable pumping station location corresponds to a code number
on Map 36.

Source: SEWRPC.

Receiving
Portable Pumping Station Location l Water Body

City of Mequon
1. Riverside Drive and the Milwaukee County Une .... Milwaukee River

Village of Thiensville
2. Firemans Park Near the Milwaukee River ......................... Milwaukee River

Table B-13

JThe number beside each listed combined sewer outfall location corresponds to a code number
on Map 38

Source: SEWRPC

I

I

I
I
I

I

I
Receiving

Water Body

Root River

West Branch Root River

Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Root River
Root River
Root River
Root River
Root River
Lake Michigan

Pike River

Lake Michigan

Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
Lake Michigan
lake Michigan

Root River
Hoods Creek
Root River
Hoods Creek

Pike River
Pike River

KNOWN BYPA SSES
IN RACINE COUNTY: 1970

Bypass Location!

City of Racine
~. ~~~~ §~~~~~ :~~ t:~~ ~:~~:~:~ .
3. 11th.Street and Lake Michigan , : : .
4. Hamilton Street extended and Lake MichIgan .
5. Root River (South Bank), 400' East of Marquette Street
6. Harrison Street and the Root River ... ... _..... __ ....
7. Old Spring Street Bridge and Luedtke Avenue
8. frances Street and Harrington Drive ..••.•••.•••••••..••••••••••••.•••9. South 38th Street and Rapids Drive ..

Villa~~'of ~~uSri::agnet Treatment Plant ..

Villa~~·of ttnf~;G~~v~eatment Plant .

12. At Sewage Treatment Plant " "..
Town of Caledonia, Caddy Vista Sanitary District

13. At Sewage Treatment Plant .
Town of Caledonia, Crestview Sanitary District

14. Novak Road, 1.000' North of 5'h Mile Road
Town of Caledonia, North Park Sanitary District

15 STH 32, 1,300' North of 5 M,le Road ..
16 Erie Street and 4V, Mile Road ..
17. Valley Trail Road, 1,400' North of 4 Mile Road.
lB. 4 Mile Road, 400' West of Hunt Club Road
19. Tower Circle and Lake Michigan ..
20. Johnson Foundation Road, 1,700' South of 4 Mile Road

Town of Caledonia Sewer Utility District No.1
21. Root River and Johnson Drive (600' North on extended
22. South Lane and GIfford Road , .
23. Birch Drive extended and the Root River (SOD' East)
24. CTH K and Kraut Road ..

Town of Mt. Pleasant Sewer Utility District
25. Meadow lane Road, 1,100' South of Hwy. 20 ..
26. Racine Avenue and Pine River Drive.

ST AT ION S
1970

Table B-IO

KNOWN PORTABLE PUMPING
IN OZAUKEE COUNTY:

JThe number beside each listed relief pumping station corresponds to a code number on Map 36.

Source: SEWRPC.

Receiving
Relief Pumping Station Location! Water Body

Village of Thiensville
1. STH 57 Near Friestadt Road Pigeon Creek

Village of Saukville
2. Across the Milwaukee River From the Sewage

Treatment Plant .. Milwaukee River

I The number beside each listed bypass corresponds to a code number on Map 38.

Source: SEWRPC.

I The number beside each listed portable pumping station corresponds to a code number on Map
38.

Source: SEWRPC.

I

I
I

ISTATIONS
1970

Table B-I~

KNOWN PORTABLE PUMPING
IN RACINE COUNTY:

Receiving
Portable Pumping Station Location! Water Body

Town of Caledonia, Crestview Sanitary District
1. Elm Drive and Six Mile Road Lake Michigan

STAT IONS
1970

Tab I e B- I I

KNOWN RELIEF PUMPING
IN OZAUKEE COUNTY:
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I

I The number beside each listed bypass corresponds to a code number on Map 40

Source: SEWRPC

Portable Pumping StatIOn Location l
Receiving

Water Body

Village of Sharon
1 West End of George Street Sharon Creek

Bypass Location l
Receiving

Water Body

City of Delavan
1. At Sewage Treatment Plant Turtle Creek

City of Elkhorn
2 At Sewage Treatment Plant Jackson Creek

City of Lake Geneva
3 At Sewage Treatment Plant White River

City of Whitewater
4 Main Street Bridge Over Wtlitewater Creek Whitewater Creek

Village of East Troy
5. Trent Tube Company Pumping Station Honey Creek

Village of Sharon
6. At Sewage Treatment Plant Sharon Creek

Village of Walworth
7. At Sewage Treatment Plant Piscasaw Creek

Table B-I6

1970

STATIONS
1970

Table B-19

KNOWN BYPASSES
IN WAUKESHA COUNTY:

Table B-18

KNOWN PORTABLE PUMPING
IN WASHINGTON COUNTY:

Receiving
Portable Pumping Station Location l Water Body

Village of Germantown
Menomonee RiverL STH 145 and Pilgrim Road

IThe number beside each listed portable pumping station corresponds to a code number on Map 42.

Source: SEWRPC.

[The number beside each listed bypass corresponds to a code number on Map 44.

Source: SEWRPC

Receiving
Bypass Location l Water Body

City of Brookfield
Fox River1. At Fox River Sewage Treatment Plant

City of Oconomowoc
Oconomowoc River2. Gated Manhole NearSewage Treatment Plant

3. Gated Manhole Near Sewage Treatment Plant Oconomowoc River
City of Waukesha

Fox River4. At Sewage Treatment Plant
Village of Butler

Menomonee River5. N. 124th Street NearW. Villard Avenue, extended
Village of Dousman

Bark River6.-.MaQhole Ahead of Sewag& Treatment Plant
Village of Hartland

Bark River7. At Sewage Treatment Plant
VHlage of Menomonee Falls

Menomonee River8. At the Sewage Treatment Plant No.1

1970

STATIONS
1970

KNOWN BYPASSES
WALWORTH COU NT Y:

Table B-15

IN

KNOWN PORTABLE PUMPING
I N WALWORTH COUNTY:

I

I

I
I

I

I

I
IThe number beside each listed portable pumping statton corresponds to a code number on Map
40.

Source: SEWRPC. Table B-20

KNOWN PORTABLE PUMP I NG
IN WAUKESHA COUNTY:

STATIONS
1970

Receiving
Bypass location l Water Body

City of West Bend
1. Manhole Near Sewage Treatment Plant Milwaukee RIver

I
I

Table B-17

KNOWN BYPA SSES
IN WASHINGTON COUNTY: 1970

Portable Pumping Station location l

City of Brookfield
1. Barker Road and Glenn-Oaks Drive .
2. Riverview Drive and Fox River Sewage Treatment

Plant .
3. N. Brookfield Road North of Hoffman Avenue ..
4. N. Brookfield Road Near Carol Drive ..
5. W. Greenfield Avenue Near Ridgeway Road.
6 Deer Park Orive East of Betty Lane .
7. W. BJuemound Road Near Lynnwood Lane
8. S. 124th Street Near Robinwood Street.
9. W. Center Street Near Arbor Drive ..

Village of Sussex
10; Manhole Near Sewage Treatme.nt Plant ..

Receiving
Water Body

Fox River

Fox River
Fox River
Fox River
Poplar Creek
Deer Creek
Underwood Creek
Underwood Creek
Underwood Creek

Sussex Creek

JThe number beside each listed bypass corresponds to a code number on Map 42.

Source: SEWRPG.
lThe number beside each portable pumping station corresponds to a code number on Map 44.

Source: SEWRPC.

I
I
I
I
I
I
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Appendix C

WATER QUAliTY PARAMETERS-DEFINITIONS AND SIGNIFICANCE

I
I
I

I
I
I
I
I
I
I
I
I
I
I

INTRODUCTION

The regional sanitary sewerage system planning report
contains numerous references to water and wastewater
quality and the parameters-or indicators-used to quanti
tatively measure and describe that quality. The report
includes, for example, a review of existing surface water
and groundwater quality in the Southeastern Wisconsin
Region (Chapter IV), a presentation of data on the quality
of municipal sewage treatment plant influent and effluent
(Chapters V and VI), a summary of adopted water use
objectives and supporting water quality standards (Chap
ters VII and VIII), a discussion of the anticipated impact of
municipal sewage treatment plant discharges on water
quality in the receiving stream-as determined by water
quality modeling {Chapter IX), and a presentation of rec
ommended performance standards for municipal sewage
treatment plants (Chapter XI).

The entire sanitary sewerage system planning program is,
by its very nature, water quality oriented inasmuch as it
is based on the premise that the activities of man in an
urbanizing area affect, and are affected by, water quality
in that area. Furthermore, planning efforts in general,
and the regional sanitary sewerage system planning pro
gram in particular, must include an evaluation of present
and anticipated future conditions of water quality and of the
relationship of water quality to existing and probable future
land and water uses.

This Appendix, which is referenced at numerous places in
the report, is intended to provide a self-contained, concise
discussion of water and wastewater quality parameters that
complements and supports the main body of the regional
sanitary sewerage system planning report. Brief discus
sions of all significant water quality parameters mentioned
in the report are included in this Appendix. This Appendix
is more than a glossary of water quality parameters
inasmuch as it not only defines each parameter but also
discusses its significance to water use.

WATER QUALITY AND POLLUTION

The term "water quality" refers to the physical, chemical,
and biological characteristics of water. Water quality is
determined both by the natural environment and by the
activities of man. The uses which can be made of a par
ticular water are significantly affected by its quality, and
each potential use requires a certain level or range of
water quality.

Definition of Pollution
Pure water, in a chemical sense, is not known to exist in
nature in that foreign substances, originating from the
natural environment or the activities of man, will always
be prese.nt. Water is said to be polluted when those foreign

substances are in such a form and concentration so as to
render the water unsuitable for any desired beneficial uses
such as the following: preservation and enhancement of
fish and other aquatic life, water-based recreation, public
water supply, industrial water supply and cooling water,
and aesthetic enjoyment.

This definition of pollution does not explicitly consider the
source of the polluting substance which may significantly
affect the meaning and use of the term. For the purpose
of this report, the causes of pollution are considered to
be exclusively related to human activity. Examples of
potentially polluting discharges to the surface waters that
are related to human activities include discharges from
municipal sewerage systems and from commercial and
industrial facilities, runoff from urban areas and from
agricultural lands, and effluent from onsite sewage dis
posal systems. Any substance present in such quantities
as to adversely affect certain beneficial water uses but
derived from natural sources would not be herein defined
as pollution but would constitute a natural condition that
impairs the usefulness of the water.

The Relative Nature of Pollution
The determination of whether or not a particular stream
or lake is polluted is a function of the intended use of the
water resource in that the water may be polluted with
respect to some uses and not polluted with respect to
others. For example, a stream that contains a low dis
solved oxygen level would be classified as polluted with
respect to its use for sport fishing since the survival and
propagation of fish is contingent upon an ample supply of
dissolved oxygen. That same stream, however, would not
necessarily be polluted with respect to its use for aesthetic
enjoyment, since its use for this purpose is dependent
on the appearance of the stream and adjacent land area.
Water pollution, therefore, is a relative term, depending
on the uses or needs that the water is to satisfy and the
quality of the water relative to the minimum requirements
established for those uses or needs.

WATER QUALITY PARAMETERS

There are literally hundreds of water quality parameters,
or indicators, availab Ie for measuring and describing
water quality, that is, its physical, chemical, and biologi
cal characteristics. A list of these parameters would
include all of the physical and chemical substances in
solution or suspension in water, all the macroscopic and
microscopic organisms in water, and the physical charac
teristics of the water itself. Only a few of these hundreds
of parameters, however, are normally useful in the evalu
ation of wastewater quality and natural surface water
quality and as indicators of pollution. Twelve parameters
were selected in the regIonal sanitary sewerage system
planning program for use in the evaluation of lake and
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stream water quality and in comparing it to supporting
adopted water use standards, for describing the quality of
municipal sewage treatment 1llant effluents,and for deter
mining the effect of those effluents on receiving streams.
These parameters in the order of discussion-physical,
chemical, biological-are: temperature, dissolved solids,
undissolved solids or suspended solids, pH, chloride, dis
solved oxygen, carbonaceous biochemical oxygen demand,
nitrogenous biochemical oxygen demand, ammonia, coli
form bacteria, nutrients, and aquatic flora and fauna.

With the exception of one parameter-nitrogenous bio
chemical oxygen demand-the water quality indicators
referred to in this report and the uses that were made of
those indicators during preparation of the regional sanitary
sewerage system plan generally conform to accepted,
traditional usage and, therefore, require only brief dis
cussions and minimal documentati.on. Inasmuch as the
consideration of nitrogenous biochemical oxygen demand
and its relationship to ammonia and to carbonaceous bio
chemical oxygen demand-particularly as these three indi
cators relate to the oxygen budget of a flowing stream-is
a fairly recent development, the discussion of water quality
parameters incorporates an expanded treatment of nitro
genous and carbonaceous biochemical oxygen demand and
of ammonia and also includes literature references.

Temperature
Temperature levels in surface waters are determined by
the natural environment, primarily solar radiation and
atmospheric temperatures, and from wastewaters that are
discharged to the surface waters at a temperature different
than the ambient temperature. In southeastern Wisconsin,
natural climatic temperature conditions do not raise water
temperatures sufficiently high to significantly affect most
uses of the water. Waste discharges such as spent cooling
water, however, can raise the temperature of surface
waters sufficiently high to preclude other water uses.

Water temperature is important for many uses. It affects
the taste of water and the value of water for certain indus
trial processes. More importantly, however, aerobic and
anaerobic biochemical processes fundamental to the opera
tion of conventional activated sludge and trickling filter
units at sewage treatment plants, as well as similar
processes occurring in stabilization lagoons and naturally
in surface waters, are temperature dependent, since
reaction rates approximately double with each 200 F rise
in temperature within the temperature range normally
encountered. Furthermore, an ample supply of oxygen is
critical to aerobic sewage treatment processes as well as
aerobic natural self-purification processes. That supply of
oxygen available for such processes is a function of oxygen
solubility in water which is, in turn, highly dependent
on temperature.

Dissolved Solids
The dissolved solids content of water and wastewater
consists of all inorganic and organic substances that occur
dissolved in the water regardless of source. Excluded by
this definition are suspended organic or inorganic mate
rials, floating organisms, and dissolved gases.

792

The concentration of dissolved solids in natural surface
waters normally exhibits a wider variation than does the
dissolved solids content of sanitary sewage. For example,
the Commission's 1964-65 regional surface water quality
survey found concentrations of dissolved solids in the
streams of southeastern Wisconsin ranging from a mini
mum of about 200 mg/l to a maximum of approximately
2,500 mg/1. This study, which was based on analyses of
539 samples collected at 87 regional water quality sampling
stations, found an average dissolved solids concentration
of 570 mg/1. Sanitary sewage composed primarily of
domestic wastes may be expected to have a dissolved
solids concentration of about 500 mg/l-a concentration
that approximates the average dissolved solids level of the
Region's surface waters.

The dissolved solids content of surface water has an
important bearing upon its suitability for several water
uses. Water quality standards supporting adopted State of
Wisconsin water use objectives specify that surface waters
used for municipal water supply should contain a monthly
average of 500 mg/l or less of dissolved solids and shall
not exceed 750 mg/l at any time. Quality standards with
respect to dissolved solids content of water used for car
bonated beverages, food canning, food equipment washing,
and general processing are generally higher than for over
all industrial and cooling water use and even higher than
for drinking water use. Many factors are interrelated in
determining the suitability of water for irrigation, impor
tant among which are the type of crop, the soil composition,
drainage conditions, and climate. It would appear that
water containing not more than 2,000 mg/l of dissolved
solids is probably suitable for irrigation purposes in south
eastern Wisconsin.

Undissolved Solids
Undissolved solids-also commonly referred' to as sus
pended solids-consist of all the settleable and colloidal
materials present in water and wastewater. These solids
are either Volatile (organic) or fixed (mineral) and their
concentration generally increases with the degree of pollu
tion. Sanitary sewage composed primarily of domestic
waste may be expected to contain about 200 mg/l of undis
solved solids.

Some of the volatile and fixed solids in sanitary sewage
are settleable and are removed in first-stage sedimenta
tion. In subsequent biological treatment, undissolved
organic matter is available as food for bacteria, protozoa,
and fungi either in the undissolved state or after conver
sion to soluble forms. These bacteria, protozoa, and fungi
grow either on trickling filter media or in suspension in the
activated sludge process. A cumulative suspended solids
removal in excess of 90 percent is possible in a well
operated secondary sewage treatment plant.

With respect to sewage treatment plant operation, the
undissolved solids content of the influent is important since
it is a measure of the quantity of solid material that will
ultimately be accumulated as sludge in the treatment
process. The undissolved solids present in sewage treat
ment plant effluent are of concern because of the potential
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adverse impact on the recelvmg stream. The volatile or
organic component may produce excessive oxygen demand
on the receiving waters, thereby producing fish kills,
odors, and generally noxious conditions. Both the volatile
and fixed components of the undissolved solids in sewage
treatment plant effluent may result in excessive color and
turbidity in the receiving stream and may be detrimental
to fish by causing abrasive injuries, obstructing respira
tory passages, and covering and thereby damaging eggs in
spawning areas.

Hydrogen Ion Concentration
The hydrogen ion concentration or hydrogen ion activity
of a solution is expressed in pH units which are equal to
the common (base 10) logarithm of the reciprocal of the
hydrogen ion concentration. This system of denotation was
devised to avoid negative coefficients and numbers with
many decimals. The p stands for potenz, which is German
for power, and H is the chemical symbol for hydrogen.
Thus a pH value of 7.0 is equivalent to a hydrogen ion con
centration of O. 0000001 in grams per liter of solution. The
pH scale ranges from 0 to 14, with 7.0 identifying the
neutral point separating acids with values of less than
7.0 from bases or alkaline substances with values of more
than 7. O.

The hydrogen ion concentration of water or wastewater is
dependent upon the dissolved substances, both solids and
gases, that occur in the water. The streams of the seven
county planning region, which generally exhibit pH values
near or slightly above 7.0, are characteristically calcium
bicarbonate waters that act as chemical buffers tending
to neutralize acids or bases. Most domestic sewage is
neutral or slightly basic, whereas many industrial wastes
are markedly acid or basic. Such municipal and industrial
waste discharges can alter the pH of the stream depending
on the complex of chemical, physical, and biological con
ditions that exist separately in the receiving water and in
the waste discharge, and that combine to interact upon
blending of these waters.

A pH range of 5.0 to 9.0 for the stream-wastewater mix
ture is generally favorable for the biological decomposition
of organic substances. Water quality standards supporting
adopted State of Wisconsin water use objectives specify
that surface waters should have a pH in the range of 6. 0 to
9.0 to be suitable for public water supply and fish and
aquatic life uses.

In cases where municipal and industrial waste treatment
utilize biological processes, pH must be controlled within
a range favorable to the particular biological organisms
involved. In addition, chemical processes used to coagu
late municipal or industrial wastes, dewater sludge, or
oxidize certain substances require that the pH be con
trolled within very narrow limits. The normal pH range
of domestic sewage varies from 7.3 to 7.8, which is
slightly alkaline. If the pH is significantly below 7.0, the
sewage may corrode unprotected metal and concrete and
usually indicates that industrial wastes in significant
amounts are being discharged to the municipal sewer
system without adequate pretreatment.

Chlorides
Chlorides are present in practically all surface water and
groundwater, since the chlorides of calcium, magnesium,
potassium, and sodium are readily soluble in water. The
source can be the natural environment, specifically the
leaching of minerals by groundwater movement and surface
runoff, or induced through human activities including
domestic and industrial waste discharges, agricultural
drainage, and urban runoff containing, for example, salts
applied to roads for winter maintenance.

During that period of time when streamflow is sustained
exclusively by discharge from groundwater reservoir, the
prevailing chloride concentration is usually referred to as
the background concentration. This background concentra
tion of chloride in southeastern Wisconsin streams is about
10 mg/I. Occasional or persistent concentrations higher
than the background chloride concentration indicate the
influence of human activities on water quality, and thus
chloride data provides a means of detecting possible pollu
tion of lakes and streams.

Chlorides in surface waters are not generally harmful to
humans unless high concentrations-in excess of 1,000
mg/l-are reached. Concentrations of 250 to 400 mg/l,
however, impart a salty taste to water, render it unsuitable
for many industrial uses, and inhibit growth of certain
aquatic plants. Certain industrial uses may be affected by
chloride concentrations as low as 30 mg/I.

Dissolved Oxygen
The dissolved oxygen (DO) concentration is often consid
ered to be the single most important indicator of surface
water quality. Low dissolved oxygen concentrations in
surface waters contribute to an unsuitable environment for
fish and other desirable forms of aquatic life, and the
absence of dissolved oxygen leads to a septic condition
with its associated foul odors and unpleasant appearance.

Major sources of dissolved oxygen in surface waters are
the atmosphere and aquatic plant life. Large reductions
in dissolved oxygen content are caused by bacteria utiliz
ing oxygen in the process of decomposing carbonaceous
and nitrogenous compounds, thereby converting them to
simpler, more stable inorganic compounds. In addition,
algae and other aquatic plants may cause large daily
increases and decreases in the dissolved oxygen concen
trations of surface waters, as these plants produce oxygen
through photosynthesis during the daylight hours and
consume oxygen by respiration at night. Such diurnal
dissolved oxygen variations often produce unfavorable
effects on desirable forms of aquatic animal life, especially
during the low phase of the daily cycle.

As already noted, oxygen solubility is temperature depen
dent, varying inversely with the water temperature. The
highest saturation level is 14.6 milligrams per liter
which occurs at 320 F (O°C). The saturation concentration
decreases to 8.4 mg/l at 770 F (250 C)-representative of
summer streamflow conditions-and to even lower levels
at still higher temperatures.
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The mImmum dissolved oxygen concentration that should
be maintained in a stream is dependent upon the desired
uses of the stream. In order to prevent the development
of anaerobic conditions in a stream, a dissolved oxygen
concentration of at least 1. 0 mg/l should be maintained.
For a stream to support a varied and healthy fishery, the
dissolved oxygen concentration under average conditions
should remain at or above 5. 0 mg/l. Fish life cannot
generally be maintained at sustained dissolved oxygen
concentrations of less than 3. 0 mg/l.

It is, of course, possible to have surface water dis
solved oxygen levels in excess of the saturation concentra
tion-a condition referred to as supersaturation-which
occurs when the rate of photosynthetic oxygen production
temporarily exceeds the rate at which oxygen is either
consumed by biochemical processes in the water or dif
fused into the atmosphere. Supersaturation is, however,
a transient condition that does not occur with regularity
and, therefore, the incremental oxygen represented by
possible occasional supersaturated conditions should not
be considered in evaluating the waste assimilative capacity
of a stream or lake.

Carbonaceous and Nitrogenous Biochemical Oxygen Demand
Biodegradation of Organic Substances 1,2 : Untreated sani
tary sewage, biologically treated sanitary sewage, and the
treated sewage-receiving water mixture normally contain
organic material, that is, compounds containing carbon
in combination with one or more elements. This organic
material, which is discharged primarily by human beings
into sanitary sewerage systems in the form of unused food
and discarded body cells, consists primarily of carbo
hydrates, fats, and proteins.

These organic materials-waste products from man's
perspective-constitute food for bacteria. Utilizing a proc
ess called biodegradation, or oxidation, these biological
agents degrade, or oxidize, the organic material so as to
both derive energy and to replace cell structure. Under
aerobic conditions, these bacteria utilize free oxygen with
the end products of the biodegradation consisting of carbon
dioxide and water produced as a result of the oxidation of
carbon to obtain energy, simpler and stabler inorganic end
products, and residual organic matter having a lower
energy level.

The bacterial conversion under controlled aerobic condi
tions of most of the potentially noxious and troublesome
organic materials to innocuous substances is one of the
primary functions of a conventional secondary municipal
sewage treatment plant employing biological processes. It
should be emphasized, however, that the control and treat
ment of sanitary sewage must, in many cases, include
measures in addition to secondary treatment because the

I p . H. McGauhey, Engineering Management of Water Quality, Chap

ter 2, "Some Fundamental Concepts," McGraw-Hill Book Company,

New York, 1968.

2 C . N. Sawyer, Chemistry for Sanitary Engineers, Chapter 5,

"Basic Concepts from Organic Chemistry" and Chapter 23, <lBio_
chemical Oxygen Demand," McGraw-Hill, New York, 1960.
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biodegradation occurring in that treatment does not elimi
nate all organic material, thereby resulting in the possi
bility of continuing adverse biodegradation occurring in the
receiying waters. Furthermore, the stable compounds that
are produced as a result of secondary treatment contain
nutrients that may, in the absence of advanced treatment
intended to remove such nutrients, produce troublesome
growths of algae and aquatic plants.

Certain critical differences occur in the biodegradation of
organic substances depending on the nature of the medium.
More particularly, and as discussed below, biodegradation
of untreated sanitary sewage such as is normally received
at a municipal sewage treatment plant may be distinctly
different from the point of view of sewage treatment
plant operation and surface water quality management than
the biodegradation process occurring in both the treated
sewage discharged from that plant and in the mixture of
that treated sewage and the receiving w3:ters.

CBOD and NBOD in Untreated Sewage: In untreated sani
tary sewage, composed primarily of domestic wastewater,
the process whereby bacteria utilize oxygen and convert
some of the organic matter to stable compounds is norm
ally divided into two distinct stages: a first stage lasting
5 to 15 days during which bacteria biodegrade or oxidize
carbonaceous substances, and a second stage-nitrifica
tion-lasting up to six months and during which nitrifying
bacteria oxidize ammonia to nitrites and then nitrates.

For the purpose of this report, carbonaceous biochemical
oxygen demand (CBOD) is intended to refer only to the
first stage and the extrapolation of that stage, and does not
include the additional oxygen required during nitrification
to oxidize ammonia. The later oxygen demand is treated
separately and quantified using the concept of nitrogenous
biochemical oxygen demand (NBOD). The 5- to 15-day lag
in the initiation of the NBOD process relative to the CBOD
process is attributable to the relatively small population of
bacteria in untreated sewage that is capable of oxidizing
nitrogenous compounds.

Figure C-1 illustrates CBOD and NBOD exertion as a func
tion of time as these processes typically occur in untreated
sanitary sewage. In particular, Figure C-1 depicts initia
tion of the NBOD process well after the initial appearance
of the CBOD process-about 10 days-and also demonstrates
how the rates of exertion of both CBOD and NBOD eventu
ally decrease and asymptotically approach ultimate values.

The ultimate carbonaceous biochemical oxygen demand
(CBODult) of untreated sanitary sewage is, for the pur
pose of this report, defined as the quantity of oxygen
required by bacteria under aerobic conditions to degrade
the carbonaceous organic material to carbon dioxide and
water. Similarly, the ultimate nitrogenous oxygen demand
(NBODult) is, for the purposes of this report, defined as
the quantity of oxygen required by bacteria under aerobic
conditions to oxidize ammonia to nitrates and water. The
magnitude of both the CBODult and NBODult is important
to sewerage system planning, since the removal of varying
proportions of each of these demands in the influent sewage
may be necessary and should be considered to meet estab
lished water use objectives.
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Figure C-I

CARBONACEOUS ANO NITROGENOUS
BIOCHEMICAL OXYGEN DEMAND

o WHIPPLE, W., ET. AL I INSTREAM AERATION OF POLLUTED RIVERS, CHAPTER
3," DISSOLVED OXYGEN DYNAMICS AND ANALYTIC PROCEOURES'\ WATER
RESOURCES RESEARCH INSTITUTE, RUTGERS UNIV., AUG. 1969.
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Based on theoretical analyses of the CBOD process and
laboratory studies of the process, an equation has been
derived for the purpose of computing CBODult as a function
of. CBOD

5
and a constant-the CBOD deoxygenation rate

constant. For example, a CBOD5 value of 200 mg/l and
a laboratory condition CBOD process deoxygenation rate
constant of 0.30 per day (base e computations) would yield.
using the aforementioned equation, a CBODult of 258 mg/l.
Using the same value of the deoxygenation rate constant,
each pound of CBOD5 entering the sewage treatment plant
would require 1. 29 pounds of oxygen for complete degrada
tion of the carbonaceous organic material.

The five-day period required for the standard CBOD5 test
is short enough to facilitate practical application of the
test results in water quality management in general, and
sewage treatment plant operation in particular. Laboratory
experience indicates that the five-day test is reliable in
that there is relative ly low scatter of test data at five days.
The five-day period is advantageous in that it is prior to
the onset of the NBOD process in untreated sanitary sewage
and therefore may be expected to reflect only the CBOD
processes, even if steps are not taken to inhibit the NBOD
process. A temperature standard is necessary if test
results are to be comparable because the rate of oxygen
utilization during the first five days of CBOD exertion is
markedly dependent on temperature.

used by aerobic bacteria to biodegrade or oxidize carbon
aceous organic material during a five-day period at
a temperature of 200 C expressed in milligrams per liter
(mg/l) of dissolved oxygen or in pounds of dissolved oxygen
for a given quantity of sanitary sewage. A typical value
of CBOD5 for domestic wastewater is 200 mg/I. If, for
example, the average daily sewage flow were one million
gallons, the CBOD5 of 200 mg/l would be equivalent to,
and could be expressed as, 1,668 pounds of CBOD5 per day.o
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Although laboratory tests are available for determining the
CBOD ult and the NBODult of a sanitary sewage sample,
these tests are not commonly used in connection with
sewage treatment plant management because of the long
time re9,uired to conduct the tests. In the operation of
such a facility, for example, influent and effluent CJ30Dult
determination made for the purpose of adjusting the plant
operation so as to optimize the treatment efficiency must
be completed within a time period approximating that over
which major changes in hydraulic loads or sewage quality
may occur. That time period would typically be on the
order of several days rather than several months.

CBOD and NBOD in Treated Sewage and in the Treated
Sewage-Receiving Water Mixture: In sewage subjected to
conventional secondary treatment and in mixtures of such
treated sewage and receiving waters, the CBOD process
and the NBOD process may be expected to occur simul
taneously or the initiation of NBOD may lag slightly by
a few days as illustrated in Figure C-1. That is, the 5- to
15-day lag of the NBOD process behind the CBOD process,
as exhibited in the case of untreated sanitary sewage, is
not expected in either biologically treated sanitary sewage
or in the receiving waters downstream of the point at which
the treatment plant discharge enters the stream.

I
I
I

Consequently, a five-day carbonaceous biochemical oxygen
demand test conducted at 200 C (68oF) has been developed,
standardized, and adopted by engineers to provide a prac
tical indicator of the oxygen demand of sanitary sewage
or at least that component-carbonaceous-of the ultimate
biochemical oxygen demand normally satisfied in a secon
dary sewage treatment plant. The five-day, 200 C CBOD
test (CBOD5) is defined as the amount of dissolved oxygen

This conclusion is supported by field data in the sense that
in those river reaches receiving effluent from biological
treatment plants where instream nitrification has been
demonstrated or deduced, the NBOD and CBOD processes
were observed to occur simultaneously or the NBOD
process began within a few days of the initiation of CBOD.
Furthermore, these studies have concluded that the NBOD

I
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process as well as the CBOD process may be important
and should be taken into account in streams receiving dis
charges from biological treatment plants.J ,4,S,6,7

Several explanations are given for the distinctly different
CBOD and NBOD processes in untreated sanitary sewage
relative to the CBOD and NBOD process in biologically
treated sewage or in the mixture of treated sewage and the
receiving waters. After secondary treatment, not only are
there more nitrifying bacteria present, but the biological
treatment process will partially decompose some of the
complex organic nitrogen forms into the simpler form of
ammonia nitrogen, thereby providing a large supply of
ammonia in the effluent to be oxidized in the flowing
stream. Secondary sewage treatment plant effluent con
tains 10 to 20 mg/l ammonia nitrogen where "ammonia
nitrogen" is defined as ammonia, NH3 , expressed as nitro
gen, N. If one assumes that all of this will be oxidized to
nitrate, a considerable oxygen demand will be imposed
on the receiving stream, since 4.6 pounds of oxygen are
required to oxidize one pound of ammonia nitrogen. In the
summer, a well-deve loped population of nitrogen-oxidizing
bacteria often exists in the stream immediately down
stream of an effluent discharge point and ammonia in the
effluent may, under these conditions, result in the exertion
of a heavy, immediate oxygen demand on the receiving
stream waters, reducing dissolved oxygen levels below
those required to sustain aquatic life and meet water
use objectives.

It should be noted that high ammonia levels in secondary
sewage treatment plant effluents are an important consid
eration in water quality management, not only because of
the potential for generating instream nitrification and com
mensurate oxygen depletion, but also because of the poten
tial toxic effect on fish life. Ammonia is considered toxic
to fish life at concentrations ranging from about 1. 50 to
3.0 mg/l ammonia nitrogen under natural stream condi
tions. The allowable ammonia concentration increases
with increasing alkalinity but decreases with increasing

JR. L. O'Connell and N. A. Thomas, "Effect of Benthic Algae on
Stream Dissolved Oxygen," Journal of the Sat'll tary Engineer ing
Division, ASCE, June 1965.

4C . T. Wezernak and ]. ]. Gannon, "Evaluation of Nitrification in

Streams," Journal of the Sanitary Engineering Division. ASCE,

October 1968.

Sw. Whipple, et aI, Instream Aeration of Pol1u~ed Rivers, Chapter
III, "Di ssolved Oxygen Dynamics and Analyt ie frocedures," Water

Resources Research Institute, Rutgers University, August 1969.

6D. J. O'Connor and D. M. DiToro, "Photosynthesis and Oxygen
Balance in Streams. n Journal of the Sat'll tary Engineering Division,
ASCE, April 1970.

7R . C. Mt. Pleasant and W. Schlickenrieder, "Implications of
Nitrogenous BOD in Treatment Plant Design," Journal of the
Sanitary Engineering Division, ASCE, October 1971.
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pH.8• 9 ,10.11 For purposes of this report, and in light of
the alkalinity and pH levels common to the Region's sur
face waters, ammonia was assumed to be potentially toxic
at concentrations in excess of 2.5 mg/l expressed as
ammonia nitrogen.

The five-day, 200 C carbonaceous biochemical oxygen
demand (CBOD5), the ultimate carbonaceous oxygen demand
(CBODult)' and the ultimate nitrog~nous biochemical oxygen
demand (NBODult) of treated samtary sewage or of sur
face waters receiving treated sanitary sewage are all
defined exactly as above for untreated sewage. And, as
was the case for untreated sewage, only the CBOD

5
test is

routinely made on effluent samples or stream samples,
which results are mathematically extrapolated to estimate
CBODult' Procedures are, however, available for deter
min~tion of NBODult ' one of which consists of parallel
contmuous analyses of the CBOD process and the NBOD
process on a divided sample. Such analyses, which last
for a period in excess of 10 to 20 days depending on the
observed behavior of the particular samples, discrimi
nate between the CBOD process and the NBOD process
suppressing the occurrence of the latter in one of the
two analyses.12

The CBODult and NBODult of a sewage treatment plant
effluent are a primary determinant of the potential decrease
in dissolved oxygen concentrations that will result if
that wastewater is discharged into a stream. The actual
decrease in dissolved oxygen downstream of the waste
water discharge is dependent upon manyfactors, including
the ratio of streamflow to effluent discharge, the CBODult
and NBODult of the effluent, the CBODult and NBODult of
the stream, the rate at which the CBOD and NBOD proc
esses occur, and the dissolved oxygen content and reaera
tion characteristics of the wastewater-stream mixture.
A knowledge of these factors is important in water quality
studies in order to determine whether a waste discharge
will deplete surface water oxygen levels to such an extent
that the suitability of the water for certain uses will
be impaired.

8Water Quality Cr iteria, Report of the National Technical Advisory
Committee to the Secretary of the Interior, Federal Water Pollu
tion Control Administration, Washington, D. C., April 1968.
Reprinted by the U. S. Environmental Protection Agency, 1972.

9p . H. McGauhey, Engineering Management of Water Quality, McGraw
Hill, New York, 1968, p, 148.

10 G. E. Hutchinson, A Treatise on Limnology, Volume I, Wiley,
New York, 1957, p. 850.

11 Mt. Pleasant and Schlickenrieder, op. cit.

12 W. Whipple, et al, op cit.
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Factors Influencing the Nitrification Process in Streams!3 :
Numerous factors determine both the occurrence of nitri
fication in flowing streams receiving discharges from
municipal sewage treatment plants and the rate and manner
in which that nitrification proceeds. Of particular impor
tance to this report is the conclusion that most of the
nitrification-suppressing factors would simply not be appli
cable during the critical summer low-flow period and under
the stream water quality conditions and wastewater treat
ment conditions-a relatively high quality stream receiving
effluent from a biological treatmel}t plant-assumed in the
stream water quality modeling under the regional sanitary
sewerage system study. Considering the few remaining
potential nitrification-suppressing factors that could occa
sionally occur under the assumed sewerage study condi
tions, it is likely that instream nitrification will occur with
sufficient severity in stream reaches downstream of secon
dary sewage treatment plants to merit consideration of it
in water quality management.

Dissolved oxygen levels below approximately 1. 5 mg/l
suppress instream nitrification. This concentration is
well below the minimum required for the maintenance of
a fishery and, in keeping with that requirement, the analy
ses described in this report aSSume receiving stream
oxygen levels well above the nitrification inhibiting range.

Water temperatures below about 500 F (lOoC) may be
expected to inhibit instream nitrification. This factor
would not prevent instream nitrification under the condi
tions assumed in the regional sanitary sewerage system
planning program. Sewerage study analyses are concerned
primarily with the critical summer low-flow period during
which stream temperatures are well above the aforemen
tioned lower limit of 500 F and are, therefore, favorable
for the occurrence of nitrification.

Instream nitrification is affected by pH, with the optimum
range appearing to be between about 7.0 and 9.0, a pH
range that is very likely to exist throughout most of the
seven-county planning region during the critical summer
low-flow period as noted earlier in this Appendix. Thus,
the instream pH range implicit in the sewerage study
analyses, which range is in turn intended to reflect regional
conditions, is conducive to the occurrence of nitrification.

Free bicarbonate ions or carbon dioxide are required by
nitrifying bacteria as the source of carbon for new cell
growth. In southeastern Wisconsin, these substances may
be expected to be generally available in concentrations
exceeding that required by the nitrifying bacteria, and
these favorable conditions are implicit in the sanitary sew
erage study water quality analyses.

13 See the Following for a literature review of factors reviewing
instream nitrification: Addendum to Simplified Mathematical
Modeling of Water Quality, prepared by Hydroscience, Inc., for
the U. S. Environmental Protection Agency, Washington, D. C.,
May 1972.

Under conditions of high organic carbon content, carbon
oxidizing bacteria may predominate over nitrogen oxidizing
bacteria, thus inhibiting the activity of the latter and
thereby suppressing nitrification. While this condition
would be expected in untreated sewage or streams sub
jected to a high degree of organic pollution, it would not be
expected in surface waters receiving discharges from
municipal sewage treatment plants providing at least sec
ondary treatment as assumed under the sanitary sewerage
study. If sufficient quantities of phytoplankton are present,
they may utilize ammonia directly as a nutrient source,
thereby possibly inhibiting nitrification, that is, the oxida
tion of ammonia nitrogen to nitrates.

Coliform Bacteria
The number of coliform bacteria in water is the most
widely used indicator of the possible presence of disease
producing organisms. Coliform bacteria are easily detected
and apparently harmless microorganisms which occur in
extremely large concentrations in the intestinal tracts of
man and warm-blooded animals, along with pathogenic
(disease-producing) bacteria. Therefore, the presence of
large numbers of coliform bacteria in a water is used as an
indicator of the possible presence of enteric pathogens in
that water, while the absence of coliform bacteria is used
as an indicator of the probable absence of pathogenic
bacteria. Coliform bacteria are also present in the soil,
however, and therefore may originate from sources other
than the human intestinal tract, so that a high coliform
count is not necessarily indicative of fecal pollution. Tests
have been developed to determine the number of actual
fecal coliform organisms present in water, and such tests
are considered a better indicator of the probable presence
of disease-producing organisms than total coliform tests.
A high degree of correlation has been established between
high coliform counts in drinking water and epidemics of
water-borne diseases such as typhoid, but in waters used
for recreational purposes, the correlation between high
coliform counts and disease is not as well established.

The Drinking Water Standards of 1962 of the U. S. Public
Health Service limit the average monthly coliform concen
tration in treated drinking water to one colony per 100 ml
or a membrane filter coliform count (MFCC) of one per
100 ml. In water used for recreational purposes, State of
Wisconsin standards specify a monthly geometric mean
membrane filter fecal coliform count (MFFCC) based on
a minimum of five samples per month of not more than
200 colonies per 100 ml, and a maximum count not exceed
ing 400 colonies per 100 ml for more than 10 percent of the
samples during any month.

Nutrients
Nutrients may be defined as those chemical elements
necessary for the growth of plant life. While a limited
amount of fertilization is desirable to produce a balanced
aquatic flora and fauna, excessive fertilization produces
large growths of algae, aquatic plants, and organisms
which inhibit desirable forms of aquatic life including
fish, limit recreational activities, and create an aesthetic
nuisance. Aesthetic nuisances include unsightly algae
accumulations and masses of floating aquatic plants and the
noxious conditions-primarily odor-associated with mas
sive, rapid die-offs of algae and aquatic plants.
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Many different nutrients are essential to plant growth.
Some, termed micronutrients, must be present in only
very small or trace quantities. These include iron, maga
nese, copper, zinc, molybdenum, vanadium, chlorine,
boron, cobalt, and silicon. Others, termed macronutrients,
must be present in large amounts and include phosphorus,
nitrogen, carbon, hydrogen, oxygen, potassium, magne
sium, calcium, and sulphur.

The nutrients most often cited as causing problems of
overfertilization are nitrogen and phosphorus compounds.
Lake studies,14,15 including some studies conducted in
southern Wisconsin, have indicated that the approximate
threshold concentrations for algae blooms in these lakes
are 0.3 mg/l inorganic nitrogen and 0.010-0.015 mg/l
dissolved phosphorus. Growth of algae is inhibited when
available dissolved phosphorus concentrations are less
than 0.010-0.015 mg/l. At a concentration higher than
0.05 mg/l, nuisance algal blooms canbe anticipated. These
values are not necessarily applicable to all lakes, however,
since the occurrence of nuisance growths of algae and
other aquatic plants depends on the physical characteristics
and general environment of a lake, as well as on the con
centrations of nutrients present in the lake. In lakes that
stratify, a measurable increase in the nutrient phosphorus
content may occur in the hypolimnion in late summer, and
that phosphorus may be brought to the surface during
fall turnover of the lake and result in an autumnal algae
bloom. Under bloom conditions, high total phosphorus
levels are frequently associated with very low dissolved
phosphate levels.

A recent report on water quality criteria16 contained guide
line values of a maximum of 0.10 mg/l total phosphorus in

14 Sawyer, uFertilization of Lakes by Agricultural and Urban

Drainage." Journal New England Water Works Association, Vol. 61.

1947.

15 Eutrophication--A Review, State of California Publication
No. 34. State Water Quality Control Board. 1967. p. 30.

16 Water Quality Criteria, op. cit.
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flowing streams and 0.05 mg/l in streams entering lakes
or reservoirs to prevent nuisance growths of aquatic plants
in streams and lakes. Similar criteria for nitrogen levels
in streams are not available.

With respect to controlling algae and aquatic plant growths
in surface waters by limiting the influx of a critical nutri
ent, contemporary water management practice is to place
emphasis on phosphorus control rather than on the control
of nitrogen or other necessary nutrients and elements.
The most important sources of phosphorus are municipal
sewage treatment plant effluent and runoff from rural and
urban land surfaces, each of which is subject to a substan
tial degree of control. That is, the quantity, timing, and
entry point of most of the phosphorus entering the surface
water system is subject to managem.ent. In contrast,
a large quantity of nitrogen is present in the atmosphere
and can be removed from that reservoir by nitrogen-fixing
algae-a process that is not readily subject to control.

Aquatic Fauna
A biological assay of a stream, lake, or impoundment
provides a good indication of the prevailing level of water
quality. Unpolluted waters usually support a large number
of species of animal organisms but relatively few indivi
duals of any particular species because of predation and
competition for food and living space. In contrast, sur
face waters subjected to excessive loads of oxygen
demanding substances and processes are characterized
by relatively large numbers of organisms of a few pollution
tolerant species.

Typical animal organisms found in polluted water are flat
worms (Turbellaria), threadworms (Nematodes), midges
and wheel animalcules (Rotifera), and sometimes tubifex
worms, if dead organic matter is available for food. The
clean-water, or less tolerant, aquatic fauna are the
Crustacea and moss animalcules (Bryozoa) and are usually
found in the cleaner or recovery zones of a stream or lake.
Thus, a biological survey and analyses of aquatic fauna will
indicate those reaches of a stream which are relatively
unpolluted, those which are polluted, and those which serve
as intermediate recovery zones.
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APPENDIX D

SANITARY SEWERAGE FACILITY DEVELOPMENT
RECOMMENDATIONS FOR THAT PORTION OF THE

MILWAUKEE RIVER WATERSHED LYING IN
FOND DU LAC AND SHEBOYGAN COUNTIES
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INTRODUCTION

As discussed in Chapter XI of this report, the Regional
Planning Commission adopted in March 1972 a comprehen
sive plan for the Milwaukee River watershed. This plan
contained a series of specific recommendations pertaining
to sewerage facility development not only for that portion
of the Milwaukee River watershed lying within the seven
county Southeastern Wisconsin Region, but also for that
portion of the Milwaukee River watershed lying outside the
Region in Fond du Lac ans Sheboygan Counties. The spe
cific sewerage facility development recommendations for
the in-Region portion of the watershed were reevaluated
under the regional sanitary sewerage system planning pro
gram and the results of that reevaluation are presented on
pages 461 through 477 of this report. Wisconsin Department
of Natural Resources officials who served on the Technical
Coordinating and Advisory Committee on Regional Sanitary
Sewerage System Planning also requested that those sew
erage facility recommendations pertaining to urban areas
in that portion of the watershed lying in Fond du Lac and
Sheboygan Counties be reevaluated and updated as neces
sary as a part of the regional sanitary sewerage system
planning program. Accordingly, such a reevaluation was
undertaken and the results are presented in this appendix.

SUMMARY OF MILWAUKEE RIVER
WATERSHED PLAN RECOMMENDATIONS

With respect to that portion of the Milwaukee River water
shed lying in Fond du Lac and Sheboygan Counties, the
sewerage facility recommendations contained in the Mil
waukee River watershed plan may be summarized as
follows:

1. The provlslOn of secondary waste treatment,
advanced waste treatment for phosphorus removal,
and auxiliary waste treatment for effluent disinfec
tion at the sewage treatment facility serving the
Village of Campbellsport, Fond du Lac County.

2. The provision of secondary waste treatment, ter
tiary waste treatment, and auxiliary waste treat
ment for effluent disinfection at the municipal
sewage treatment facility serving the Village of
Random Lake, Sheboygan County, together with
extension of the Random Lake sanitary sewerage
system to serve existing urban development along
the shoreline of Random Lake in the Town of
Sherman.

3. The provision of secondary waste treatment and
auxiliary waste treatment for effluent disinfection
and low-flow augmentation at a proposed sewage
treatment facility to serve the Village of Cascade,

Sheboygan County, and contiguous urban develop
ment along the shoreline of Lake Ellen in the Town
of Lyndon.

4. The provision of secondary waste treatment and
auxiliary waste treatment for effluent disinfection
at the existing sewage treatment facility serving
the Village of Adell, Sheboygan County, and at pro
posed sewage treatment facilities to serve urban
development along the shorelines of Forest Lake
in the Town of Auburn, Fond du Lac County, and
Kettle Moraine Lake in the Town of Osceola, Fond
du Lac County.

As discussed in Chapter XI of this report, a development
relating to the state of the art of water quality manage
ment has taken place since the preparation and adoption of
the Milwaukee River watershed plan. This development
pertains to the observed toxic effect of ammonia in sewage
treatment plant effluent on fish and other aquatic life in
receiving streams. As discussed in Chapter IX of this
report, such ammonia toxicity has just recently received
increased attention and was deemed to be of enough signifi
cance to warrant its specific consideration in the reevalua
tion of the sewerage facility development reco mmendations
for the Milwaukee River watershed as contained in the
adopted Milwaukee River watershed plan. As discussed
below, with respect to individual sewage treatment facili
ties, this reevaluation resulted in a decision to modify
slightly certain of the sewage treatment plant recommen
dations contained in the adopted watershed plan.

SEWER SERVICE AREAS

A total of six sewer service analysis areas may be identi
fied within that portion of the Milwaukee River watershed
lying in Fond du Lac and Sheboygan Counties (see Table
D-1). These six sewer service analysis areas are shown
on Map D-1 and may be described as follows:

1. Area A-This area consists of the Village of Camp
bellsport and environs. In 1967, the base year for
the Milwaukee River watershed plan, sewer service
was provided in this area to about 0.4 square mile,
having a total resident population of about 1,600
persons. By 1990 the total area anticipated to be
served approximates 0.8 square mile, with a pro
jected population of about 2,000 persons.

2. Area B-This area consists of the Village of
Random Lake, including recently annexed (1973)
urban development lying along the shoreline of
Random Lake formerly in the Town of Sherman. In
1970 sewer service was provided in this area to
about 0.4 square mile, having a total resident
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Tab 1e D- I

SELECTED CHARACTERISTICS OF SEWER SERVICE ANALYSIS AREAS
IN THAT PORTION OF THE MILWAUKEE RIVER WATERSHED

LYING IN FOND DU LAC AND SHEBOYGAN COUNTIES
1967 AND 1990

ExISting 1967 Planned 1990
Unserved

Average Population Average
Sewer Service AnalysIs Areal Area Hydraulic Residing in Area Hydraulic

Served Population loadmg Proposed 1990 Served Population loading
letter Name (SQuare Miles) Served (MODI Service Area (SQuare Miles) Served (MODI

A Campl>ellsport ..... ........ 0.41 1,600 0.15 -- 0.78 1,000 0.40
B Random lake ............ ...... 0.43 1,000 0.07 400 0.71 1,900 0.30
C Cascade·lake £Uen . -- -- -- 600 0.87 1,800 0.16
0 Adell ......... ....................... 0.16 400 0.06 -- 0.44 500 0.D7
E Forest lake. .................. -- -- -- 80 0.08 600 0.08
F Kettle Moraine lake . -- -- -- 60 0.19 800 , 0.10

Total ...... ............... 1.01 3,000 0.38 1,140 3.07 7,600 1.11

'See MdP 0-1.
Source: SEWRPC.
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3. Area C-This area consists of the Village of Cas
cade and contiguous urban development along the
shoreline of Lake Ellen in the Town of Lyndon. No
sewer service was provided in this area in 1967.
By 1990 the total area anticipated to be served
approximates 0.9 square mile, with a projected
population of about 1,800 persons.

4. Area D-This area consists uf the Village of Adell
and environs. In 1967 sewer service was provided
in this area to about 0.2 square mile, having a total
resident population of about 400 persons. By 1990
the total area anticipated to be served approximates
0.4 square mile, with a projected population of
about 500 persons.

I
I
I
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population of about 1,000 persons.
total area anticipated to be served
0.7 square mile, with a projected
about 1,900 persons.

By 1990 the
approximates
population of

RECOMMENDED SEWERAGE FACILITY
DEVELOPMENT PLAN

As noted earlier, the factor of ammonia toxicity required
a reevaluation of the sewerage facili'ty development rec
ommendations contained in the adopted Milwaukee River
watershed plan. Basic data utilized in formulating recom
mended levels of sewage treatment are presented in
Table D-2. The recommended sewage treatment levels and
performance standards for each sewage treatment facility
are summarized in Table D-3, while detailed cost esti
mates for sewerage facility development, updated to the
base year 1970, are presented in Table D-4.

The sewerage facility development recommendations for
this portion of the Milwaukee River watershed, as revised
pursuant to the reevaluation process followed under the
regional sanitary sewerage system planning program, may
be summarized as follows:

I

I
I

5. Area E-This area consists of urban development
along the shoreline of Forest Lake in the Town of
Auburn. No sewer service was provided in this
area in 1970. By 1990 the total area anticipated to
be served approximates 0.1 square mile, with
a projected population of about 600 persons.

6. Area F-This area consists of urban development
along the shoreline of Kettle Moraine Lake in the
Town of Osceola. No sewer service was provided
in this area in 1967. By 1990 the total area antici
pated to be served approximates 0.2 square mile,
with a projected population of about 800 persons.

1. The provision of secondary waste treatment,
advanced waste treatment for both phosphorus
removal and nitrification, and auxiliary waste
treatment for effluent disinfection at the municipal
sewage treatment facility serving the Village of
Campbellsport. The reevaluation determined that
the ammonia toxicity factor required the addition of
advanced waste treatment for nitrification at this
plant in order to meet the established water use
objectives and supporting water quality standards
for the Milwaukee River.

I
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Tab 1 e D- 2

REOU I RED TREATMEMT LEVELS AT .MUM I CI PAL SEWAGE TREATMENT PLANT SITES
IN THAT PORTIOM OF THE MILWAUKEE RIVER WATERSHED

LYING IN FOND DU LAC AMD SHEBOYGAN COUNTIES

Stream Low Flow and Dilution Ratio Data

Dilution

Upstream Ratio

Sewage Total Total {Ratio Level of Treatment Required

7·Day, Treatment Design Design of Design Advanced AuxiliaryLow FlowlO·Year Plant Low Sewa§e to Design Phos· Low·Flow
Sewage Treatment Receiving Low Flow Flow·1990 Flow·1990 Flow·1 90 Sewage Sec· phorus Nih Effluent Disin· Augmen·

Plant Site Stream CFS MGD CFS MGD CFS MGD CFS MGD Flow-1990j ondary Removal fication Aeration fection tation

Campbellsport ....... .... Milwaukee 1.80 1.16 0.15 0.10 1.95 1.26 0.62 0.40 3.15 Yes Yes Yes No Yes No
River

Random Lake .... Tributary 0.35 0.23 -- -- 0.35 0.23 0.46 0.30 0.76 Yes No Yes Yes Yes No
to Silver
Creek

Cascade·Lake Ellen Nichols 0.90 0.58 0.501 0.321 1.40 0.90 0.40 0.26 3.50 Yes No No No Yes Yes
Creek

Adell ....... ............... N/A N/A N/A N/A N/A N/A N/A 0.11 0.07 N/A Yes No No No Yes No
Forest Lake ..... Tributary 0.00 0.00 -- -- -- -- 0.12 0.08 -- Yes No Yes Yes Yes No

to East
Branch
Milwaukee
River

Kettle Moraine Lake .... Tributary 0.00 0.00 -- -- -- -- 0.15 0.10 -- Yes No Yes Yes Yes No
to Mil·
waukee
River

NOTE: N/A indicates not applicable.

'Assumes Low flow augmentation by a 0.5 cis wel/.

Source: SEWRPC.
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2. The provisIOn of secondary waste treatment,
advanced waste treatment for nitrification, and
auxiliary waste treatment for effluent aeration and
disinfection at the municipal sewage treatment
facility serving the Village of Random Lake. The
reevaluation determined that the ammonia toxicity
factor required the addition of advanced waste
treatment for nitrification and auxiliary waste
treatment for effluent aeration at this plant in order
to meet the established water use objectives and
supporting water quality standards for Silver Creek.
The addition of these levels of waste treatment
further eliminates the need to provide a tertiary
level of waste treatment, as initially recommended
in the Milwaukee River watershed plan.

3. The provision of secondary waste treatment and
auxiliary waste treatment for effluent disinfection
and low-flow augmentation at the municipal sewage

treatment facility proposed to serve the Village of
Cascade and environs. This represen ts no change
from the watershed plan recommendation.

4. The provisIOn of secondary waste treatment and
auxiliary waste treatment for effluent disinfection
at the municipal sewage treatment facility serving
the Village of Adell and environs. This represents
no change from the watershed plan recommendation.

5. The provision of secondary waste treatment,
advanced waste treatment for nitrification, and
auxiliary waste treatment for effluent aeration and
disinfection at the proposed municipal sewage treat
ment facility to serve urban development along the
shoreline of Forest Lake. The reevaluation deter
mined that the ammonia toxicity factor required
the addition of advanced waste treatment for nitri-

I
I
I
I
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Tabl e D-3

SEWAGE TREATMENT LEVELS AND PERFORMANCE STANDARDS
RECDMMENDED SEWERAGE SYSTEM PLAN FDR THAT
PORTION OF THE MILWAUKEE RIVER WATERSHED

LYING IN FOND DU LAC AND SHEBOYGAN COUNTIES

Sewage Type of
Treatment Plant Sewage Treatment Recommended
and Estimated Recommended Assumed Performance Standards
1990 Average Sewer Service Estimated Sewage for Cost Analysis in Terms of Effluent Quality

Hydraulic Analysis 1990 Treatment Purposes in (All Numbers Represent
Design Capacity Areas Served! Population level(s) Plan Preparation Annual Averages)

Campbellsport Campbellsport 2,000 Secondary Activated Sludge CBODs Discharge: 15 mg/I
(DAD MGD) Advanced Nitrification NH, -N Discharge: 1.5 mg/I

Phosphorus Removal Phosphorus Discharge: 1 mg/I
Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

Random lake Random lake 1,900 Secondary Activated Sludge CBODs Discharge: 15 mg/I
(0.30 MGD) Advanced Nitrification NH, -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

Cascade Cascade-lake Ellen l,800 Secondary Activated Sludge CBOD5 Discharge: 15 mg/I
(0.26 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml
low-Flow Augmentation Not Applicable

(0.5 cis well)

Adell Adell 500 Secondary Activated Sludge CBOD 5 Discharge: 15 mg/I
(0.07 MGD) Auxiliary Disinfection Fecal Coliform Concentration:

200/100 ml

Forest lake Forest lake 600 Secondary Aerated lagoon CBOD 5 Discharge: 15 mg/I
(0.08 MGD) Advanced Nitrification NH, -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I
Disinfection Fecal Coliform Concentration:

200/100 ml

Kettle Moraine lake Kettle Moraine lake 800 Secondary Aerated lagoon CBODs Discharge: 15 mg/I
(0.10 MGD) Advanced Nitrification NH, -N Discharge: 1.5 mg/I

Auxiliary Effluent Aeration DO in Effluent: 6 mg/I

Disinfection Fecal Coliform Concentration:
200/100 ml

'See Map 0-1.
Source: SEWRPC.

802

I
I
I
I
I
I
I
I
I
I
I
I



Table D-~
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fication at this plant in order to meet the estab
lished water use objectives and supporting water
quality standards for the East Branch of the Mil
waukee River.

6. The prOVlSlOn of secondary waste treatment,
advanced waste treatment for nitrification, and
auxiliary waste treatment for effluent aeration and
disinfection at the proposed municipal sewage treat
ment facility to serve urban development along the
shoreline of Kettle Moraine Lake. The reevalua
tion determined that the ammonia toxicity factor
required the addition of advanced waste treatment
for nitrification at this plant in order to meet the
established water use objectives and supporting
water quality standards for the Milwaukee River.

CONCLUDING REMARKS

A comparison between the recommended treatment levels
at existing and proposed sewage treatment plants in that
portion of the Milwaukee River watershed lying in Fond du
Lac and Sheboygan Counties as initially set forth in the
adopted Milwaukee River watershed plan and as modified
under the regional sanitary sewerage system planning pro
gram is set forth in Table D-5. In two instances-Cascade
and Adell-no changes in the watershed plan recommenda
tions have been made. In the remaining four instances
Campbellsport, Random Lake, Forest Lake, and Kettle
Moraine Lake-the watershed plan recommendations have
been modified slightly to provide for the additional advanced
waste treatment process of nitrification because ammonia
toxicity was found to be a significant factor in the water
quality management of the particular stream involved.
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DETAILED COST ESTIMATES
RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN

FOR THAT PORTION OF THE MILWAUKEE RIVER WATERSHED
LYING IN FOND DU LAC AND SHEBOYGAN COUNTIES

1990

Estimated Cost

Present Worth (1970-2020) Equivalent Annual (1970-2020)

Operation Operation
Capital and and

Plan Subelement Construction Construction Maintenance Total Construction Maintenance Total

Sewage Treatment Plant
Campbellsport

Facilities (0.40 MGD) .................................... $ 543,000 $ 626,500 $ 854,700 $1,481,200 $ 39,600 $ 54,300 $ 93,900
Land (2.2 Acres) . ....................................... 4,400 3,200 3,200 200 200

Subtotal .............................. ............... 547,400 629,700 854,700 $1,484,400 39,800 54,300 94,100

Random Lake
Facilities (0.30 MGD) ....................................... 635,000 565,900 301,100 867,000 35,900 19,100 55,000
Land (2.3 Acres) ............................................ 4,600 3,200 3,200 200 200

Subtotal ..................... .. , .......................... 639,600 569,100 301,100 870,200 36,100 19,100 55,000

Cascade
Facilities (0.26 MGD) ............................ ....................... 313,500 386,600 430,100 816,700 24,500 27,300 51,800
Flow augmentation Well (0.5 cts) ............... ...................... 13,900 23,100 16,800 39,900 1,500 1,100 2,600
Land (2.4 Acres) .................................. ...................... 4,800 3,200 3,200 200 200

Subtotal ......................................... ...................... 332,200 412,900 446,900 859,800 26,200 28,400 54,600

Adell'
Facilities (0.07 MGD) ....................................................

Forest Lake

[~~~itl~S4(~gr~srGo.) .. ::: :: :: ::: :: :: ::: ::: :: ::: :::: :::: ::: ::: ::: ::::: :::::
58,100 52,000 66,200 118,200 3,300 4,200 7,500
12,800 9,500 9,500 600 600

Subtotal ..................... .......................................... 70,900 61,500 66,200 127,700 3,900 4,200 8,100

Kettle Moraine Lake

[~~~itl~S8(~lr~srGD.) .. ::: :::: ::: :: ::: :: ::: :: :: :::: ::::: ::: :::: :: :::: :: :: ::
70,200 63,000 75,700 138,700 4,000 4,800 8,800
13,600 9,500 9,500 600 600

Subtotal ............................. ,.", ....... ,." ......... ' .. " ..... 83,800 72,500 75,700 148,200 4,600 4,800 9,400

Total ... ,., ... ", ... , ... , ........... , ... , .................. ' ..... $1,673,900 $1,745,700 $1,744,600 $3,490,300 $110,600 $110,800 $221,200

'No costs have been estimated for this sewage treatment facility since the
eX/stmg plant has adequate average hydraulic design capacity to meet the
anticipated 1990 demand.

Source: SEWRPC.
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Table 0-5

COMPARISON BETWEEN RECOMMENDED TREATMENT LEVELS AT MUNICIPAL SEWAGE TREATMENT PLANTS
IN THAT PORTION OF THE MILWAUKEE RIVER WATERSHED LYING IN FOND DU LAC AND SHEBOYGAN COUNTIES:

MILWAUKEE RIVER WATERSHED PLAN AND REGIONAL SANITARY SEWERAGE SYSTEM PLAN

Milwaukee River Watershed Plan Regional Sanitary Sewerage System Plan

Advanced Auxiliary Advanced Auxiliary Rationale for
Sewage Phos- Effluent Low-Flow Phos- Effluent Low-Flow Change in

Treatment Secon- Ter- phorus Nitri- Effluent Disin- Augmen- Secon- Ter- phorus Nitri- Effluent Disin- Augmen- Treatment Level
Plant dary tiary Removal fication Aeration fection tation dary tiary Removal fication Aeration fection tation Recommendations

Campbellsport ... Yes No Yes No No Yes No Yes No Yes Yes No Yes No Ammonia toxicity
factor requires pro-
vision of nitrification

Random Lake , ... Yes Yes No No No Yes No Yes No No Yes Yes Yes No Ammonia toxicity
factor requires pro-
vision of nitrifica-
tion; nitrification
and effluent aeration
together eliminate
the need for tertiary
treatment

Cascade .......... Yes No No No No Yes Yes Yes No No No No Yes Yes No change

Adell .............. Yes No No No No No Yes Yes No No No No Yes No No change

ForestLake ....... Yes No No No No Yes No Yes No No Yes Yes Yes No Ammonia toxicity
factor requires pro-
vision of nitrification

Kettle Moraine ... Yes No No No No Yes No Yes No No Yes Yes Yes No Ammonia toxicity
Lake factor requires pro-

vision of nitrification

Source: SEWRPC.
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APPENDIX E

COMPARISON OF SEWRPC AND DNR-USGS LOW FLOWS AND
ANALYSIS OF EFFECT ON RECOMMENDED TREATMENT LEVELS

I
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INTRODUCTION

As described in Chapter IX of this report, consideration of
the levels of sewage treatment to be provided under alter
native sewerage system plans required that estimates be
developed of the 7 day-10 year low flow at each potential
site for a new or an expanded sewage treatment plant.
Stream low flows were used to compute dilution ratios
stream low flow divided by sewage treatment plant design
flow-which were in turn, as described in Chapter IX,
a key factor in the establishment of the required treat
ment levels.

Two ac tions re lated to stream low flows, and, therefore,
to dilution ratios and required treatment levels, were taken
during the course of the Commission's regional sanitary
sewerage system planning program but after alternative
plans had been formulated. First, the Wisconsin Depart
ment of Natural Resources revised its definition of the
term "low flow." The new definition uses a recurrence
interval concept and defines the 7 day-10 year low flow as
the minimum 7-day mean flow that may be expected to
occur on the average of once every 10 years. There is,
under this definition, a 10 percent probability that the
actual 7-day low flow in any given year will be equal to or
less than the 7 day-10 year low flow. Second, the Wisconsin
Department of Natural Resources (DNR) with the technical
assistance of the U. S. Geological Survey (USGS) initiated
a statewide low-flow study. The objective of this study was
to develop stream low-flow estimates at sewage treatment
plant outfalls and other points of interest.

Inasmuch as both of the above actions-the revision in the
definition of 7 day-10 year low flow and the DNR-USGS low
flow study-could result in low-flow estimates for the
Southeastern Wisconsin Planning Region somewhat different
from those obtained under the sanitary sewerage system
planning program, the Commission staff undertook a com
parative analysis of sewerage study low flows and prelimi
nary DNR-USGS low flows. The primary concern was not
the differences between the low flows per se but rather the
probable impact of those differences on recommended
treatment levels.

DATA PRESENTATION

Regional sanitary sewerage study low-flow estimates,
sewage treatment plant design flows, and computed dilution
ratios are presented in the left side of Table E -1 for the
45 recommended sewage treatment plant sites at which
treated effluent is or would be discharged to streams.
Tabulated dilution ratios range from 0.0 to 112.0, and
have a median value of 1. 38 and a mean value of 14.03.
Table E-1 also shows the treatment levels commensurate
with the aforementioned dilution ratios. Nitrification,
a form of advanced treatment utilized for low dilution ratio

situations, is required at about two-thirds of the recom
mended sewage treatment plants, thus illustrating the over
all sewerage study conclusion that high treatment levels
are required because of insufficient natural dilution water.

Provisional DNR-USGS natural 7 day-10 year low-flow esti
mates are also included in Table E-1. This provisional
data is for the DNR-USGS projeoJ; as of March 1973 and
was transmitted to SEWRPC from DNR in September 1973.
DNR-USGS low-flow estimates are available for 31 of the
45 recommended sewage treatment plant sites. In order to
permit comparison to sewerage study dilution ratios, these
natural low flows were adjusted for upstream 1970 and
1990 sewage treatment plant flows, and dilution ratios were
computed. As shown in Table E-1, the resulting dilution
ratios range from about 0.0 to 93.0, and have a median
value of 0.91 and a mean value of 10.67. Sanitary sewerage
study dilution ratios for the same 31 locations range from
0.0 to 112.0, and have a median value of 2.22 and a mean
value of 15. 15.

DATA ANALYSIS

Considering only the 31 recommended sewage treatment
plant locations for which both sewerage study and DNR
USGS low-flow data and dilution ratios are available, the
sewerage study dilution ratios are generally larger than the
DNR-USGS dilution ratios in that the median and average
of the former are 2.22 and 15.15, respectively, while the
median and average of the latter are 0.91 and 10.67,
respectively. Similarily, on a one-to-one comparison,
sanitary sewerage study dilution ratios are larger for 23 of
the 31 common locations.

The right hand column of Table E-1 summarizes the analy
sis by indicating the effect of the aforementioned differ
ences in sewerage study and DNR-USGS low flows on
recommended treatment levels. Of the 31 recommended
sewage treatment plants for which both sewerage study and
DNR-USGS low-flow estimates-and, therefore, dilution
ratios-are available, the recommended treatment level is
affected in only one instance-the Village of Kewaskum.
The dilution ratio obtained under the sewerage study is
larger than the DNR-USGS value and, as a result, the
nitrification is not recommended in the regional sanitary
sewerage system plan but would be required if the lower
DNR-USGS dilution ratio were used.

CONCLUSION

Dilution ratios developed under the sanitary sewerage
study are generally larger than DNR-USGS estimates for
31 common recommended sewage treatment plants in
southeastern Wisconsin. These dilution ratio differences
were found to have an insignificant effect on recommended
treatment levels.

805



806

Table E-I

COMPARISON OF SEWRPC AND USGS-DNR LOW FLOWS AND CORRESPOND I NG RE~UI RED TREATMENT LEVELS
AT SEWAGE TREATMENT PLANTS RECOMMENDED IN THE REGIONAL SANITARY SEWERAGE SYSTEM PLAN

Southeastern Wisconsin Regional Planning Commission
Stream Low Flow and Dilution Ratio Data
Upstream level of Treatment Required

Natural Sewage 101,1 Advanced Auxiliary7-O'Y, Treatment Tot,1 Design
Sewage Treatment IO-Year Plant

FI~~~i~90 FI~~~i~§o
Dilution Phos-

Plant Site Low flow Flow·1990' Ratio-19902 Sec- phorus Nitri- Effluent Disin-
(By Subregional Area) Receiving Stream lets) (efs) (efsl (ets) lefsl ondary Removal fication Aeration feetion

Upper Milwaukee River

Kewaskum Milwaukee River 5.30' 0.69' 5.99 1.42' 4.22 Ves Ves No No Ves
West Bend Milwaukee River 8.40' 2.16 10.56 9.45 1.12 Ves Ves Ves No Ves
Jackson .. .. Cedar Creek 1.90' 000' 1.90 0.77 2.47 Ves Ves Ves No Ves
Newburg .. ........ ". Mi\waukeeRiver 9.00' 11.60' 20.60 0.19 108.50 ~es No No No Ves
Fredonia. .. Milwaukee River 15.20' 12.65' 27.85 0.36 77.50 Ves No No No Ves
Grafton Milwaukee River 16.50' 13.23' 29.83 2.94 10.15 Ves Ves No No Ves
Cedarburg ................. Milwaukee River 16.60' 16.17' 32.77 3.84 8.53 Ves Ves No No Ves
Saukville. .. Milwaukee River 15.80' 13.01' 28.81 0.62 46.40 Yes Yes No No Ves

Sauk Creek

Belgium-Lake' Church ...... Onion River 0.00 0.00 0.00 1.21 0.00 Ves No Ves Ves Ves
Port Washington . .. Lake Michigan N/A N/A N/A 4.02 N/A Ves Yes No No Ves

Racine-Kenosha

Racine ..... Lake Michigan N/A N/A N/A 75.08 N/A Ves Ves No No Ves
Kenosha' . Lake Michigan N/A N/A N/A 56.04 N/A Ves Ves No No Ves

Root River Canal

Union Grove · West Branch 0.00 0.00 0.00 2.21 0.00 Ves Ves Ves Ves Ves
Root River Canal

Des Plaines River

Paddock lake. .. Marsh Tributary 0.00 0.00 000 1.24 0.00 Ves Ves Ves Ves Ves

Hooker lake.
to ,Brighton Creek

0.012 Ves No Ves Ves.. Brighton Creek- 0.012 0.00 0.42 0.03 Ves
Salem Branch

Bristol·George Lake. ,. Tributary to 0.00 0.00 000 050 0.00 Ves No Ves Ves Ves
Des Plaines River

Bristol·IH 94 ........... Des Plaines River 0.45 2.12 2.57 0.51 5.04 Ves No No Ves Ves
Pleasant Prairie-North. ... Des Plaines River 060 2.63 3.23 0.14 23.07 Ves No No No Ves
PleasantPrair"le-South : .. Des Plaines River 0.80 2.80 360 0.93 3.87 Ves Ves No Ves Ves

Upper fox River

Brookfield ... .. fox River 2.13 -- 2.13 29.57 0.13 Yes Ves Ves No Ves
Waukesha. fox River 4.70 29.57 34.27 27.09 1.23 Ves Ves Ves No Ves

lower fox River

Mukwonago. Mukwonago River 7.00 000 7.00 2.15 3.25 Ves Ves Ves Ves Ves
East Tro'j ..... .............. Honey Creek 2.40 0.00 2.40 1.08 222 Ves ~es ~es Ves Ves
Lake Geneva. · White River 0.10 0.00 0.10 4.18 0.02 Ves Yes Ves Ves Ves
lyons ......... ............. White RIver 4.71 4.18 8.89 0.23 38.65 Ves No No No Ves
Genoa City . .. Nippersink Creek 2.80 0.00 2.80 0.46 6.09 Ves No No No Ves
Wind lake .... Waubeesee lake Canal 000 0.00 0.00 2.24 000 Ves Ves Ves Ves Ves
Eagle lake. Eagle Creek 0.00 000 0.00 0.39 0.00 Ves No Ves Ves Ves
Rochester ...... fox River 19.00 58.51 77.51 155 50m Yes Yes No No Yes

~N~~~r~~e .: ..
fox River 37.40 67.80 105.20 3.87 27.18 Yes Ves No No Yes
fox River 50.60 72.60 123.20 1.10 112.00 Yes Ves No No Ves

Twin lakes. ................ Bassett Creek 0.00 0.00 0.00 1.16 000 Yes Ves Ves Ves Ves
Camp lake. · fox River 51.00 73.70 124.70 1.64 76.04 Ves Yes No No Ves

Upper Rock River

Allenton. Rock River 0.29 -- 029 0.56 0.52 Ves No Ves Ves Ves
East Branch

Hartford. · RUbicon River 028 -- 0.28 4.58 008 Ves Ves Yes Ves Ves
Slinger. · Marsh Tributary to 0.05 -- 0.05 1.04 0.05 Ves No Yes Ves Ves

the Rubicon River

Middle Rock River

Oconomowoc Oconomowoc River 0.84 -- 0.84 9.54 0.09 Ves Ves Ves Ves Ves
Delafield .................... Bark River 0.41 0.96 1.37 588 0.23 Ves Ves Ves Yes ~es
Merton. · Bark River 0.19 -- 0.19 0.59 0.32 Ves Ves Ves Ves Ves
Dousman .................... Bark River 0.54 6.47 7.01 0.71 9.87 Ves No No Ves Ves
Wales. · Scuppernong Creek 0.04 -- 0.04 0.36 0.11 Ves No Ves Ves Ves

Lower Rock River

Whitewater. · Whitewater Creek 4.90 0.62 5.52 5.67 0.97 Ves Ves Ves Ves Ves
Oelavan ................ lurtleCreek 8.90 -- 8.90 6.46 1.38 Ves Ves Ves Ves Ves
Darien ...... Seepage lagoon N/A N/A N/A 091 N/A Ves No No No Ves
Williams Bay ................ Seepage Lagoon N/A N/A N/A 2.17 N/A Ves No No No Ves
fontana S~epage Lagoon N/A N/A N/A 1.27 N/A Ves No No No Ves
Walworth .................... Ptscasaw Creek 4.73 -- 4.73 1.47 3.22 Ves Ves Ves Ves Ves
Sharon · Sharon Creek 0.57 -- 0.57 0.85 0.67 Ves Ves Ves Ves Ves

Out of Region
Upper Milwaukee River

Campbellsport . · Milwaukee River 1.80 0.07 1.87 0.62 3.02 Ves Yes Yes No Yes
Cascade. · Nichols Creek 0.90 0.0 0.90 0.40 2.25 Ves No Ves No Ves

Trjbutary to
Milwaukee River

Adell . · Seepage lagoon N/A 0.0 N/A 0.11 N/A Ves No No No Ves
North Branch
Milwaukee River

Random Lake .. · Silver Creek 0.35 0.0 0.35 0.47 0.74 Ves No Ves No Ves
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I
I Table E-I (continued)

U.s. Geological Survey-Wisconsin Department of Natural Resources
Stream Low Flow and Dilution Ratio Data

Uf:~::: Natural u~:~::: Total Total Level of Treatment Required TrL~t~fnt
Treatment 7-Day, Treatment Design Design f----.-~-_c_--.--'-_c_~-__1 Affected By

Plant' lO-Year Plant low Sewage Dilution Advanced Auxiliary Differences
Flow- low Flow- Flow- Flow- Ratio- Phos- Between
1970 Flow 1990 1990 19903 19902 Sec- phorus Nitri- Effluent Disin- Low Flow
(ets) (ets) (cfs) (cIs) (ets) (ds) ondary Removal fication Aeration fection Estimates

I
I
I
I

Sewage Treatment
Plant Site

(By Subregional Area) Receiving Stream

Upper Milwaukee River

Kewaskum Milwaukee River
West Bend Milwaukee River
Jackson .. ,. . Cedar Creek
Newburg . Milwaukee River
Fredonia Milwaukee River
Grafton Milwaukee River
Cedarburg Milwaukee River
Saukville Milwaukee River

Sa uk Creek

Belgium-Lake Church Onion River
Port Washington Lake Michigan

Racine-Kenosha

Racine Lake Michigan
Kenosha I Lake Michigan

Natural
7·0,y,
lO-Year

low
Flow!
(ds)

2.40
4.20
0.70
4.90
9.50

10.00
11.60
10.00

--,,

--,--,

0.39
1.15
0.0
4.67
4.85
5.40
6.20
5.01

2.01
3.05
0.70
0.23
4.65
4.60
5.40
4.99

0.69
2.16
0.0

11.60
12.65
13.63
16.57
13.01

2.70
5.21
0.70

11.83
17.30
18.23
21.97
18.00

1.42 1.90
9.45 0.55
0.77 0.91
0.19 62.26
0.36 48.06
2.94 6.20
3.84 5.72
0.62 29.03

1.21
4.02

75.08
56.04

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
No
No
Yes
Yes
Yes

No
Yes

Yes
Yes

Yes
Yes
Yes
No
No
No
Yes
No

Yes
No
Yes
No
No
No
No
No

Yes
No

No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
No
No
No
No
No
No
No

Root River Canal

Union Grove .... West Branch
Root River Canal

<0.01 0.0 0.0 0.0 0.0 2.21 <0.005 Yes Yes Yes Yes Yes No

No

No
No

Yes
Yes

Yes

Yes

Yes

Yes
Yes
Yes

Yes

No
No

Yes
No
Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

No

No

No
No
Yes

Yes

Yes

Yes
Yes
Yes

Yes1.24

0.42

0.50

0.51
0.14
0.93

1.24 9.13 10.37 29.57 0.35 Yes
0.64 29.56 30.20 2709 1.11 Yes

0.46
2.66

1.70
3.30

--,

,,
--,

Fox River
Fox River

.... ~aB~~~[~~ug~~k
Brighton Creek·
Salem Branch

Bristol·George lake .... Tributary to
Des Plaines River

Bristol-IH 94 Des Plaines River
Pleasant Prairie-North Des Plaines River
Pleasant Prairie-South Des Plaines River

Hooker Lake

Upper fox River

Brookfield
Waukesha

Des Plaines River

Paddock Lake

I

0.09 0.56 0.16 Yes

130 4.58 0.28 Yes
0.04 1.0>\ 0.04 Yes

I
I
I

lower fox River

Mukwonago. Mukwonago River
EastTroy Honey Creek
Lake Geneva WhiteRiver
Lyons WhiteRiver
Genoa City .. Nippersink Creek
Wind Lake ... Waubeesee Lake Canal
Eagle lake. Eagle Creek
Rochester. fox River
Burlington. Fox River
Silver lake fox River
Twin lakes Bassett Creek
Camp Lake. Fox River

Upper Rock River

Allenton. Rock River
East Branch

~Ii~;~~d 1~~~~hoTr~b~f:ry to
the Rubicon River

5.60
1.60
0.94
3.60
1.60--,--,--,

42.00
5000

0.01,

0.09

0.09
0.04

0.0
0.0
00
0.99
0.0

17.61
19.81
0.0

0.0

014
0.0

5.60
1.60
0.94
2.61
1.60

24.39
3019
<001

0.09

00
0.04

00
0.0
0.0
4.41
00

67.23
72.04
0.0

0.0

130
0.0

5.60
1.60
0.94
7.02
1.60

91.62
102.23
<0.01

215
1.08
4.18
0.23
0.46
2.24
0.39
1.55
3.87
1.10
1.16
1.64

2.60
1.48
0.22

30.52
3.48

1

2367
92.94
<0.009

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes

No

Yes
No

Yes
Yes
Yes
No
No

No
No
Yes

Yes

Yes
Yes

Yes
Yes
Yes
No
No
Yes
Yes
No
No
No
Yes
No

Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes

No
No
No
No
No

No
No
No

No

No
No

I
Middle Rock River

Oconomowoc Oconomowoc River
Delafield Bark River
Merton Bark River
Dousman Bark River
Wales Scuppernong Creek

009
3.80
--'
4.60
0.14

0.0
0.42

0.42
0.0

0.09
338

4.18
0.14

0.0 0.09 9.52 om Yes
0.96 4.34 5.88 0.74 Yes

0.59 Yes
7.00 11.18 0.71 15.75 Yes
0.0 0.14 0.36 0.39 Yes

Yes
Yes
Yes
No
No

Yes
Yes

No
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

No
No

No
No

I
lower Rock River

Whitewater .... Whitewater Creek
Delavan Turtle Creek
Darien Seepage Lagoon
Williams Bay Seepage Lagoon
fontana Seepage lagoon
Walworth Piscasaw Creek
Sharon Sharon Creek

5.80--,,,
1.30
0.00

1.09

0.0
00

4.71

1.30
0.0

5.67 Yes
210 6.81 6.46 1.05 Yes

0.91 Yes
2.17 Yes
1.27 Yes

0.0 1.30 1.47 0.88 Yes
0.0 0.0 0.85 0.00 Yes

Yes
Yes
No
No
No
Yes
Yes

Yes

Yes
Yes

Yes
Yes
No
No
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No

No
No

Source: SfWRPC.

IProvisional estimates as of March 1973 Not corrected for upstream sew
age treatment plant flow(s).

JThe ratio of the design low flow to the design sewage flow-19.90.
3See SEWRPC Planning Report No. 13. Volume 1, Page 349.
4See SEWRPC Planning Report No. 13, Volume If, Chapter V.

5See SfWRPC Planni~g Report No. 13, Volum.e II, Chapter V. The design
sewage flow was adjusted upward for. the Village of Kewaskum so as to
accommodate the observed additIOnal mdustrial sewage flows since 1967,
the base year of the Milwa~kee River watershed study.

6Low flow estimates not avatlable.
lSee SfWRPC Planning Report No. 16, Chapter V, and SfWRPC Planning
Report No. 13, Volume I, Chapter IX

I
I
I

Out of Region
Upper Milwaukee River

~:~~~~llsport .... ~ii~~~~kge:kver
Tributary to
Milwaukee River

Adell I~;;f~teral~~~on
Milwaukee River

Random lake .... Silver Creek

0.10--,

0.03

0.10

o.U

0.0

0.0

0.10

0.03

0.10

0.07

00

0.0

0.17

0.03

0.10

0.62 0.27 Yes
Yes

0.11 0.27 Yes

0.47 0.21 Yes

Yes
No

No

No

Yes

No

Yes

No
No

No

No

Yes
Yes

Yes

Yes

No

No

I
I
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APPENDIX F

MODEL RESOLUTION FOR ADOPTION OF THE REGIONAL SANITARY
SEWERAGE SYSTEM PLAN FOR SOUTHEASTERN WISCONSIN

WHEREAS, the Southeastern Wisconsin Regional Planning Commission, which was duly created by the Governor of the State of Wisconsin in accor
dance with Section 66.945(2) of the Wisconsin Statutes on the eighth day of August 1960 upon petition of the Counties of Kenosha, Milwaukee, Ozaukee,
Racine, Walworth, Washington, and Waukesha, has the function and duty of making and adopting a master plan for the physical development of the
Region; and

WHEREAS, the Southeastern Wisconsin Regional Planning Commission has completed and adopted a regional land use plan at its meeting held on the
1st day of December 1966; and

WHEREAS, the Southeastern Wisconsin Regional Planning Commission has:

1. Collected, compiled, processed, and analyzed various types of demographic, economic, land use, natural resource base, and sanitary
sewerage data and materials pertaining to the development of the Region.

2. Prepared objectives, principles, and standards for regional land and water use and sewerage system development.

3. Forecast regional growth and change as related to population, land use, and sanitary sewerage demand.

4. Developed, compared, and evaluated alternative sanitary sewerage system plans for the Region.

5. Selected and adopted on the day of , 1974, a regional sanitary sewerage system plan to the year 1990; and

WHEREAS, the aforementioned inventories, an9.lyses, objectives, principles, standards, forecasts, alternative plans, and adopted plan are set
forth in a report entitled, SEWRPC Planning Report No. 16, A Regional Sanitary Sewerage System Plan for Southeastern Wisconsin, published in
February 1974; and

WHEREAS, the Commission has transmitted certified copies of its resolution adopting such regional sanitary sewerage system plan, together with
the aforementioned SEWRPC Planning Report No. 16, to the local units of government; and

WHEREAS, the (Name of Local Governing Body) has supported, participated in the financing of, and generally concurred in the regional planning
programs undertaken by the Southeastern Wisconsin Regional Planning Commission and believes that the regional sanitary sewerage system plan
prepared by the Commission is a sound and valuable guide, not only to the development of the Region, but also of the community, and the adoption
of such plan by the (Name of Local Governing Body) will assure a common understanding by the several governmental levels and agencies concerned
and enable these levels and agencies of government to program the necessary areawide and local plan implementation work; and

WHEREAS, the (Name of Local Governing Body) did on the__day of 19_, approve a resolution adopting the regional land use plan.

NOW, THEREFORE, BE IT HEREBY RESOLVED that, pursuant to Section 66.945(12) of the Wisconsin Statutes, the (Name of Local Governing
Body) on the__day of 19_, hereby adopts the regional sanitary sewerage system plan previously adopted by the Southeastern Wisconsin
Regional Planning Commission as set forth in SEWRPC Planning Report No. 16 as a guide for regional and community development.

BE IT FURTHER HEREBY RESOLVED that the clerk transmit a certified copy of this resolution to the Southeastern Wisconsin Regional
Planning Commission.

(President, Mayor, or Chairman of the
Local Governing Body)

ATTESTATION

(Clerk of Local Governing Body)
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