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SOUTHEASTERN WISCONSIN REGIONAL PLANNIN 
9 1 6  N O  E A S T  A V E N U E  WAUKESHA,  WISCONSIN 53186 

Serving the Coun 

July, 1966 

STATEMENT OF THE CHAIRMAN 

The final Root River watershed planning report is herewith presented to the constituent local units 
of government for consideration. It contains a comprehensive plan for the physical development of 
the watershed designed not only to solve the pressing problems of flooding, pollution, and changing 
land use which exist within the watershed but to most advantageously develop the land and water 
resources of the watershed and provide an environment for human life which is attractive, a s  well 
a s  safe and healthful. 

On December 7, 1965, the Commission published a preliminary watershed planning report which 
presented alternative watershed development plans. Subsequent to the publication of this preliminary 
report, five open meetings were held with public officials, citizen leaders, and technical advisors 
throughout the watershed for the express purpose of reviewing and assessing the alternative plans 
and selecting from among the alternatives the elements of the final plan recommended herein. 

In its advisory role, the Commission has been much heartened by the favorable response to, and 
acceptance of, the recommended plan elements to date by the local units of government concerned. 
In partial discharge of i ts  statutory responsibility, the Commission will soon give consideration to 
the formal adoption of the watershed plan recommended herein a s  an integral part of a comprehen- 
sive plan for  the physical development of the Southeastern Wisconsin Region. 

Immediately upon formal adoption of the final watershed plan by the Commission, an official copy 
thereof will be transmitted to all affected local, state, and federal units and agencies of govern- 
ment concerned. Plan implementation must necessarily be through the cooperative action of all 
such governmental units and agencies, with heavy emphasis, however, upon the role of the county 
level of government. 

The Commission stands ready to provide such assistance a s  may be requested of it to assist  in 
plan implementation. 

Respectfully submitted, 

,Aw7& George T*< C. Berteau 

Chairman 
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HARZA ENGINEERING COMPANY 
C O N S U L T I N G  E N G l  N E E R S  

R I V E R  P R O J E C T S  

400 WEST M A D I S O N  STREET 

CABLE ADDRESS UARZENG CHICAGO' CHICAGO, ILLINOIS 60606 TELEPHONE R A N D O L P H  6-3451 

June 30, 1966 

Kurt W. Bauer, Executive Director 
Southeastern Wisconsin Regional 

Planning Commission 
916 North East Avenue 
Waukesha, Wisconsin 53187 

Dear Sir: 

This report presents the results of planning investigations and studies of the Root River watershed, 
carried out jointly by the staff of the Southeastern Wisconsin Regional Planning Commission and 
Harza Engineering Company. Descriptions of procedures, results of investigations and studies, 
and interim conclusions were presented to the Root River Watershed Committee and to the Com- 
mission a t  frequent meetings during the study period. Our studies were authorized by contract 
with the Commission dated May 18, 1964. 

A preliminary version of this report was published in December 1965 and distributed to concerned 
public officials and technical agencies. Procedures, results, and conclusions were discussed in 
a ser ies  of public hearings and technical conferences. This final report incorporates information 
and conclusions gained through these discussions, particularly in the selection of elements which 
make up the recommended plan. 

We wish to acknowledge the participation of the Commission staff in the investigations, studies, and 
preparation of the report. Economic and demographic forecasts and preparation of land-use plans 
for the watershed outside the flood plains were largely based on studies carried out by the Com- 
mission. The format and large portions of the text material were also contributed by the Com- 
mission staff. The Harza Engineering Company and the Commission staff mutually participated 
in all phases of the watershed studies with emphasis by Harza on hydrologic, hydraulic, and eco- 
nomic aspects. 

We have enjoyed this opportunity to contribute to the southeastern Wisconsin planning program, and 
we wish to congratulate the Commission on i ts  successful development of public participation in 
i t s  regional and watershed planning activities. Plans, such a s  this, which reflect the desires of 
the public, particularly in weighing of intangible considerations, a r e  far  more realistic and mean- 
ingful than plans prepared without active public participation. 

For  an overview of the report, we call the reader's attention to the final plan and summary chap- 
t e r s  and to the various chapter summaries. 

Respectfully submitted, 
Harza Engineering Compally e 4  
E. ~ o n f l r d  Fucik 
president 
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Chapter I 

INTRODUCTION 

The Root River watershed planning study repre- 
sents the f irst  comprehensive watershed planning 
program to be carried out by the Southeastern 
Wisconsin Regional Planning Commission. Since 
this watershed study is an integral part of the 
Commission work program, an understanding of 
the need for, and objectives of, regional planning 
and the manner in which these needs andobjectives 
a r e  being met in southeastern Wisconsin is neces- 
sary  to a proper appreciation of the Root River 
watershed planning program and i ts  findings and 
recommendations. 

NEED FOR REGIONAL PLANNING 
Regional planning may be defined a s  comprehen- 
sive planning for a geographic a rea  larger than a 
county but smaller than a state united by economic 
interests, geography, o r  common areawide devel- 
opment problems. The need for such planning has 
been brought about by certain important social and 
economic changes which, while national phenom- 
ena, have far-reaching impacts on the problems 
facing local government. These changes include: 
unprecedented population growth and urbanization; 
increasing agricultural and industrial produc- 
tivity, income levels, and leisure time; genera- 
tion of mass recreational needs and pursuits; 
increasingly intensive use and consumption of nat- 
ural resources; development of private water 
supply and sewage disposal systems; development 
of far-flung electric power and communications 
networks; and development of limited access high- 
way systems and mass automotive transportation. 

Under the impact of these changes, entire re-  
gions, such a s  southeastern Wisconsin, a r e  be- 
coming mixed rural-urban areas. This, in turn, 
i s  creating new and intensified areawide develop- 
ment problems of an unprecedented scale and 
complexity. Rural a s  well a s  urban people must 
increasingly concern themselves with these prob- 
lems o r  face irreparable damage to their land and 
water resources. 

The areawide problems which necessitate a re-  
gional planning effort in southeastern Wisconsin 
all have their source in the unprecedented popu- 
lation growth and urbanization occurring within 

the Region. These areawide problems include 
among others: inadequate drainage and mounting 
flood damages, impairment of water supply and 
increasing pollution, underdeveloped sewerage and 
inadequate sewage disposal facilities, rapidly in- 
creasing demand for outdoor recreation and for 
park and open-space reservation, rapidly chang- 
ing and unplanned land use, and inadequate trans- 
portation facilities. These problems a r e  truly 
regional in scope since they transcend the bound- 
ar ies  of any one municipality and can only be 
resolved within the context of a comprehensive 
regional planning effort and through the coopera- 
tion of all levels of government concerned. 

THE REGIONAL PLANNING COMMISSION 
The Southeastern Wisconsin Regional Planning 
Commission (SEWRPC) represents an attempt 
to provide such areawide planning services for 
one of the large urbanizing regions of the nation. 
The Commission was created in August 1960, 
under the provisions of Section 66.945 of the Wis- 
consin Statutes, to serve and assist  the local, 
state, and federal units of government in plan- 
ning for the orderly and economic development of 
southeastern Wisconsin. The role of the Com- 
mission is entirely advisory; and participation by 
local units of government in the work of the Com- 
mission is on a voluntary, cooperative basis. The 
Commission itself i s  composed of 21 citizen mem- 
bers,  who serve without pay, three from each 
county within the Region. 

The powers, duties, and functions of the Commis- 
sion and the qualifications of the Commissioners 
a r e  carefully set forth in the state enabling legis- 
lation. The Commission is authorized to employ 
experts and a staff a s  necessary for the execu- 
tion of its responsibilities. Basic funds necessary 
to support Commission operations a r e  provided 
by the member counties, the budget being pro- 
portioned among the several counties on the basis 
of relative equalized valuation. The Commission 
is authorized to request and accept aid in any 
form from all levels and agencies of govern- 
ment for the purpose of accomplishing i ts  objec- 
tives and is authorized to deal directly with the 
state and federal governments for this purpose. 



The Commission, i t s  committee structure, and 
its staff organization, together with i ts  relation- 
ship to the coilstituent counties, a r e  shown in 
Figure 1. 

THE REGIONAL PLANNING CONCEPT IN 
SOUTHEASTERN WISCONSIN 
Regional planning a s  conceived by the Commission 
i s  not a substitute for, but a supplement to, local 
planning. Its objective i s  to aid the local units of 
government in the solution of areawide develop- 
ment problems which cannot be properly resolved 
within the framework of a single municipality o r  
a single county. As such, regional planning has 
three principal functions: 

2. Preparation of a framework of long-range 
plans for the physical development of the 
Region, these plans being limited to those 
functional elements having areawide sig- 
nificance. To this end the Commission i s  
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 a s  outlined in the enabling legislation 
extend to all phases of regional develop- 
ment, implicitly emphasizing, however, 
the preparation of alternative spatial de- 
signs for the use of land and for the sup- 
porting transportation and utility facilities. 

1. Areawide research; that i s ,  the collection, 3. Provision of a center for the coordination 
of the many planning and plan implemen- analysis, and dissemination of basic plan- 

ning and engineering data on a uniform tation activities carried on by the various 

areawide basis so that, in light of such levels and agencies of government operat- 

data, the various levels and agencies of ing within the Region. 

government and private investors within 
the Region can better make decisions con- The work of the Commission is ,  therefore, visua- 
cerning community development. lized a s  a continuing planning process providing 
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outputs of great value to the making of develop- 
ment decisions by public and private agencies and 
to the preparation of plans and plan implementa- 
tion programs at  the local, state, and federal 
levels of government. The work of the Commis- 
sion emphasizes close cooperation between the 
governmental agencies and private enterprise re- 
sponsible for the development and maintenance of 
land uses within the Region and for the design, 
construction, operation, and maintenance of their 
supporting public works facilities. All of the Com- 
mission work programs a r e  intended to be carried 
out within the context of a continuing planning pro- 
gram which provides for the periodic reevaluation 
of the plans produced, a s  well a s  for the extension 
of planning information and advice necessary to 
convert the plans into action programs a t  the local, 
regional*, state, and federal level. 

THE REGION 
The Southeastern Wisconsin Planning. Region, a s  
shown on Map 1, is comprised of Kenosha, Mil- 
waukee, Ozaukee, Racine, Walworth, Washington, 
and Waukesha counties in southeastern Wisconsin. 
Exclusive of Lake Michigan, these seven counties 
have a total area of 2,689 square miles and to- 
gether comprise about 5 percent of the total area 
of the State of Wisconsin. About 40  percent of the 
state's population, however, resides within these 
seven counties, which contain three of the five and 
one-half standard metropolitan statistical areas  
in the state. The Region contains approximately 
one-half of all the tangible wealth in the State of 
Wisconsin a s  measured by equalized valuation and 
represents the greatest wealth producing area of 
the state, about 42 percent of the state labor force 
being employed within the Region. It contributes 
about twice a s  much in state taxes a s  it receives 
in  state aids. The seven-county Region contains 
153 local units of government exclusive of school 
and other special purpose districts and encom- 
passes all o r  parts of ,11 major watersheds. The 
Region has been subject to rapid population growth 
and urbanization and from 1950 to 1960 accounted 
fo r  64 percent of the population increase of the 
entire state. 

Geographically the Region i s  located in a relatively 
good position with regard to continued growth and 
development. It i s  bounded on the east by Lake 
Michigan, which provides an ample supply of fresh 
water for both domestic and industrial use, a s  
well a s  being an integral part of a major inter- 
national transportation network. It i s  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 a r e  within 250 miles of the Region; and 
over 31 million people reside within this radius. 

Initial Work Program 
The initial work program of the Commission was 
directed entirely toward basic data collection. It 
included six basic regional planning 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, 3 natural 
resources inventory, and a public utilities study. 

All of these initial studies were directed toward 
providing a basic foundation of planning and en- 
gineering data for regional planning and were 
documented in six published planning reports. 
None of these studies involved the preparation of 
plans. Their findings, however, provided a valu- 
able point of departure for all subsequent Com- 
mission work, including the Root River watershed 
planning program. 

Also a s  a part of i ts  initial work program, the 
Commission adopted a policy of community plan- 
ning assistance wherein functional guidance and 
advice on planning problems a r e  extended to local 
units of government and through which regional 
planning studies a r e  interpreted locally and re- 
gional plans may be integrated with local plans. 
Four local planning guides have been prepared to 
date under this community assistance program 
to provide municipalities throughout the Region 
with information helpful in the preparation of sound 
local planning and plan implementation codes and 
ordinances. These guides will aid in implement- 
ing regional a s  well a s  local plans and will further 
assist  local public officials in carrying out their 
day-to-day planning functions. The subjects of 
these guides are: subdivision control, official 
mapping, zoning, and organization of local plan- 
ning agencies. All include model ordinances, and 
all provide a framework for plan implementation 
through local land use control measures. 

Land Use-Transportation Study 
The first  major work program of the Commission, 
which was actually directed toward the preparation 
of long-range development plans, was a regional 
land use-transportation study. This program was 



initiated in January of 1963 and has a s  its objec- 
tive the preparation of two of the key elements of 
a comprehensive plan for the physical development 
of the Region: a land use plan and a transporta- 
tion plan. The results of the inventory phase of 
this study, which has provided many important 
inputs to the comprehensive watershed planning 
programs of the Commission, have been pub- 
lished under the title SEWRPC Planning Report 
No. 7, Volume 1, Land Use-Transportation Study 
Inventory Findings 1963. Planning operation phases 
of the land use-transportation study a r e  presently 
underway and will culminate in the publication of 
a final land use and supporting transportation plan 
for the Region in mid-1966. 

THE ROOT RIVER WATERSHED 
PLANNING PROGRAM 
The second major work program actually directed 
toward the preparation of long-range development 
plans to be undertaken by the Commission is the 
Root River watershed planning program. This 
program was initiated upon the specific request 
of the local units of government concerned, and 
several distinct phases a r e  discernible in the 
origin and development of this important planning 
program. The first such phase became apparent 
from a review of historic newspaper articles and 
from personal interviews with long-time resi-  
dents of the watershed. It consisted of a growing 
concern on the part of local public officials and 
citizen leaders over increasing problems encoun- 
tered in the use of local areas  of the Root River 
itself and of its floodways and flood plains. Con- 
cern  over what seemed a t  f irst  to be "local" prob- 
lems was followed by a growing awareness among 
public officials that the causes and effects of such 
problems a s  flooding and deteriorating water 
quality transcend local municipal boundaries and 
a r e  related to the entire stream networkand tribu- 
tary drainage areas. Finally, local public officials 
and citizens were aroused to the areawide nature 
of the problems and the urgency of the need for 
unified action a s  the result of the unusually severe 
flood which occurred within the watershed in the 
spring of 1960. This flood caused especially heavy 
damage to residences built on the Root River flood 
plain in and near the City of Racine. 

The severe flooding of 1960 predated the creation 
and functioning of the Regional Planning Commis- 
sion by about one year. Late in 1961 Commission 
officials and technical staff were invited by local 
public officials to meet in Racine for the purpose 

of exploring ways to solve the water-related prob- 
lems of the Root River watershed. Subsequently, 
on March 20, 1962, the City of Racine formally 
requested the assistance of the Commission in 
seeking practical and permanent solutions to these 
problems. Other communities and organizations 
followed suit. 

In accordance with statutory authority and adopted 
procedure, the Commission appointed a watershed 
committee of 19 public officials and technicians 
to assist  in the design, execution, and implemen- 
tation of a planning program for the Root River 
watershed. This committee, in 12 separate meet- 
ings held over the seven-month period, extending 
from August 1962 through February 1963, pre- 
pared a prospectus fo r  a comprehensive watershed 
planning study. This prospectus was endorsed by 
the Commission on May 6, 1963, published, and, 
in accordance with the advisory role of the Com- 
mission, transmitted to the governmental agen- 
cies concerned for their consideration and action. 
All four county boards concerned-Kenosha, Mil- 
waukee, Racine, and Waukesha-formally en- 
dorsed the prospectus and agreed to provide the 
local funds necessary for execution of the indi- 
cated planning program. The U. S. Housing and 
Home Finance Agency also endorsed the prospec- 
tus and agreed to provide the necessary federal 
planning funds. 

In order to accomplish the study a s  outlined in the 
prospectus, i t  was necessary for the Commission 
to effect separate contractual agreements with one 
federal agency, four county governments, and two 
private engineering firms. Under the contract be- 
tween the U. S. Housing and Home Finance Agency 
and the Commission, the latter agreed to complete 
the necessary planning work in accordance with 
the prospectus, while the federal agency agreed 
to provide a Section 701 planning grant in partial 
support of the study. Under the contract between 
the four counties concerned and the Commission, 
the latter agreed to complete the necessary plan- 
ning work, while the counties agreed to provide the 
local funds necessary to support the study. The 
local study costs, amounting to one-third of the 
total study costs, were allocated to the respective 
counties on the basis of each county's proportion- 
ate share of the 1962 state equalized assessed val- 
uation in the watershed. The percentage share of 
the total study costs agreed upon in the contracts 
were: HHFA, 66.67 percent; Kenosha County, 
0.03 percent; Milwaukee County, 16.45 percent; 



M a p  I t, 

L O C A T I O N  O F  T H E  R O O T  R I V E R  W A T E R S H E D  I N  T H E  R E G I O N  

The Root River watershed comprises 1 9 7  square mi les  o f  land and water area located i n  the urbanizing port ion of 
southeastern Wisconsin adjacent t o  Lake Michigan. 



Racine County, 15.62 percent; and Waukesha 
County, 1.23 percent. The contractual agree- 
ments executed between the Commission and pri- 
vate consultants provided for special services to 
the study. 

The prospectus, a s  prepared by the watershed 
committee and published by the Commission, was 
not a finished study design. It was a preliminary 
design prepared to obtain support and financing 
for  the necessary study, an objective it fully at- 
tained. The prospectus, however, outlined the 
necessary major work elements, specified a staff 
organization, established a time schedule, and 
provided cost estimates. Work on the study began 
on July 1,  1964. 

Study Objectives 
The primary objective of the Root River watershed 
planning program a s  set forth in the prospectus 
is to assist  in abating the water-related problems 
of the Root River basin by developing a workable 
plan to guide the staged development of multi- 
purpose water-related facilities and related re-  
source conservation and management programs 
for the Root River basin. This plan, to be effec- 
tive, must be amenable to cooperative adoption 
and joint implementation by all levels and agencies 
of government concerned and must be capable of 
functioning a s  a practical guide for the making 
of development decisions concerning both land 
use and water control facility development within 
the watershed, so that through such implementa- 
tion the major water-related problems within the 
watershed may be abated and the full potential of 
the water resources of the watershed realized. 

Additional more specific objectives of the study, 
consistent with the primary, general objective, 
a r e  to: 

1. Prepare a plan for improved drainage and 
effective flood damage abatement in and 
along the major waterways and adjacent 
flood plains of the Root River basin. 

2. Prepare a plan for water quality control 
and pollution abatement. 

3. Prepare a plan for public open-space res-  
ervation and recreational development. 

4. Refine and adjust the regional land use 
plans to the conveyance and storage capa- 
bilities of the perennial waterways and 

floodplains of the watershed and to the fea- 
sible water control facilities, thereby pro- 
moting the adjustment of changing land use 
in the basin to the surface water resources. 

Staff, Consultant, and Committee Structure 
The basic organizational structure for the study 
was outlined in the study prospectus and, a s  shown 
in Figure 1,  consists of Commission staff and con- 
sultants reporting to the Executive Director, who, 
in turn, reports to the Southeastern Wisconsin 
Regional Planning Commission. 

A comprehensive watershed planning program 
necessarily covers a broad spectrum of related 
governmental and private development programs; 
and no agency, whatever its function o r  authority, 
can "go it alone" in the conduct of such a study. 
The basic Commission organization provides for 
the attainment of the necessary interagency coor- 
dination through the establishment of advisory 
committees, and two types of such committees 
a r e  provided a s  integral parts of the organization 
for the watershed planning work. 

The first type of advisory committee, which func- 
tions a s  a part of the organization created by the 
Commission for watershed planning, i s  the Tech- 
nical Advisory Committee on Natural Resources 
and Environmental Design. This committee was 
established in January 1962 and includes repre- 
sentatives from governmental agencies with active 
resource planning, development, o r  management 
programs in southeastern Wisconsin. The full 
committee membership is listed in Appendix A. 
The basic purpose of this committee, with respect 
to watershed planning, is to place the experience, 
knowledge, and resources of the represented fed- 
eral, state, and local agencies at  the disposal of 
the study and to ensure that the planning objec- 
tives and design criteria of these agencies a r e  
recognized and incorporated to the fullest extent 
possible into the work. 

The second type of advisory committee which 
functions a s  a part of the organization created by 
the Commission for watershed planning is the Root 
River Watershed Committee. This important com- 
mittee was established in August 1962, and the 
full membership is listed in Appendix B. The 
basic purpose of this committee i s  to actively in- 
volve the various governmental bodies, technical 
agencies, and private interest groups within the 
watershed in the planning process. The com- 
mittee assists  the Commission in determining 



and coordinating basic policies involved in the 
conduct of the study and in the resultant plans and 
plan implementation programs. Active involve- 
ment of local public officials in the watershed 
planning program through this committee i s  par- 
ticularly important to any ultimate implementa- 
tion of the watershed plans in light of the advisory 
role of the Commission in shaping regional and 
subregional development. The watershed com- 
mittee performs an important function in famil- 
iarizing local leadership within the watershed with 
the study and its findings and in generating an 
understanding of basic watershed development 
objectives and implementation procedures. The 
watershed committee has proven to be a very 
active and valuable advisory body to the Com- 
mission and its staff throughout the conduct of the 
Root River watershed planning program. Through 
this committee certain federal and state a s  well 
a s  local planning and engineering data require- 
ments, needs, and objectives have been effectively 
recognized and incorporated into the study. 

The Executive Director of the Commission serves 
on the Root River Watershed Committee, admin- 
i s ters  the study, and a s  a professional engineer 
sponsors the study. The staff of the SEWRPC 
Natural Resources Planning Division assists  the 
Executive Director in the coordination of the study 
and performs those work elements of the study 
which might logically be categorized a s  of a nat- 
ural resources planning nature, including the nec- 
essary ground water, water quality, flood damage, 
water use, land use, economic analyses, and water 
law studies. The small resident Commission plan- 
ning staff i s  heavily supplemented by contractual 
services to provide the complete spectrum of pro- 
fessional skills needed to successfully complete 
the study, particularly the hydrologic, hydraulic, 
and photogrammetric engineering skills required. 

The consultants employed specifically for the 
study consist of the Harza Engineering Company 
of Chicago, Illinois, hydrologic and hydraulic en- 
gineers, and Alster and Associates, Inc., Madison, 
Wisconsin, photogrammetric engineers. By con- 
tract the Harza Engineering Company i s  respon- 
sible to the Commission for the accomplishment 
of all of the technical work program set forth in 
the prospectus not accomplished by the Natural 
Resources Planning Division, with the exception 
of the detailed flood hazard and land reservation 
mapping. Alster and Associates a r e  responsible 
for the preparation of the large-scale topographic 

maps and control surveys necessary for the de- 
tailed flood hazard and land reservation mapping. 

This report i s  a joint effort of the Commission 
staff and the Harza Engineering Company. Be- 
cause of the close integration of the work, a pre- 
cise delineation of responsibilities for various 
work elements i s  difficult, if not impossible, 
to achieve. 

SCHEME OF PRESENTATION 
The major findings and recommendations of the 
Root River watershed study a r e  documented and 
presented in this report, which was f irst  issued in 
preliminary form on December 10 ,  1965. The 
preliminary report set forth the basic concepts 
underlying the study; the factual findings of the 
study; forecasts o'f future economic activity, pop- 
ulation growth, and of corresponding land use 
and natural resource demands. The preliminary 
report scaled the various demands against the 
existing supply of land and water resources and 
presented generalized alternative plans for future 
development of the watershed, based upon regional 
and watershed development objectives adopted by 
the watershed committee and Commission. The 
preliminary report was intended to allow careful, 
critical review by public officials, agency staff 
personnel, and citizen leaders within the water- 
shed and to provide a basis for  selection of a final 
plan from among the alternatives. This, the final 
report consists of a revision of the preliminary 
report, incorporating the changes dictated by 
official public review. In addition, it contains 
a detailed description of the final plan elements, 
together with a financial analysis and precise rec- 
ommendations for implementation. 

The plan report can only summarize in brief fash- 
ion the large volume of information assembled in 
the extensive data collection, analysis, and fore- 
casting phases of the Root River watershed study. 
Although 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 i s  
available to member units and agencies of govern- 
ment and to the public in general upon specific 
request. Some of the hydrologic and hydraulic 
data developed during the study has already been 
utilized by certain planning and public works 
agencies within the Region for the planning and 
design of specific public works improvement pro- 
jects. This report, therefore, serves the ad- 
ditional purpose of indicating the type of data on 



the Root River watershed which i s  available from ernment and private investors in better making 
the Commission and which may be of value in decisions about community development within 
assisting federal, state, and local units of gov- the watershed. 



Chapter I1 

BASIC PRINCIPLES AND CONCEPTS 

Watershed planning is not new. Plans have been 
developed in the past for many river basin water- 
sheds, both large and small, throughout the United 
States. Most of these plans, however, have been 
developed either to meet the needs of one o r  more 
specific revenue-producing functions, such a s  
irrigation, power, o r  municipal water supply, 
o r  to fulfill a single-purpose requirement for 
which specific benefits a r e  assignable to exist- 
ing properties, such a s  flood control o r  soil and 
water conservation. 

The application of comprehensive planning prin- 
ciples and practices to watersheds, a s  defined 
herein, however, is a relatively new concept. 
Consequently, little practical experience has been 
accumulated in such comprehensive watershed 
planning to date; and widely accepted principles 
governing such planning have not been established. 
Moreover, the need to carry  out the comprehen- 
sive watershed planning a s  an integral part of 
a broader regional planning effort required the 
adaptation and modification of even the very 
limited body of comprehensive watershed plan- 
ning experience to the specific needs of the Root 
River watershed planning program. 

These factors occasioned the development of a 
unique approach to watershed planning, an ap- 
proach which can only be explained in terms of the 
conceptual relationships existing between water- 
shed planning and regional planning and of the 
basic principles applicable to watershed plan- 
ning set  within the framework of regional planning. 
Only after this foundation of conceptual relation- 
ships and applicable principles has been estab- 
lished can the specific problems of the Root River 
watershed and the recommended solutions to these 
problems be properly analyzed and understood. 

THE WATERSHED AS A PLANNING UNIT 
Resources planning could conceivably be carried 
out on the basis of various geographic units, in- 
cluding areas  defined by governmental jurisdic- 
tions, economic linkages, o r  watershed bound- 
aries. None of these a r e  perfect a s  a resources 
planning unit. There a r e  many advantages to 
selection of the watershed a s  a resources planning 

unit, however, since many resource problems and 
solutions a r e  water-oriented. 

Stor? water drainage and flood control facilities 
should form a single integrated system over an 
entire watershed. This system must be capable 
of carrying both present and future runoff loads 
generated by changing land use and water control 
facility patterns within the watershed. Therefore, 
storm water drainage and flood control problems 
and facilities can best be considered on a water- 
shed basis. Moreover, drainage and flood control 
problems a r e  closely related to other land and 
water use problems. Consequently, flood plain 
reservation, park and open-space reservation, 
and recreational facilities that a r e  related to sur-  
face water resources also can best be studied on 
a watershed basis. 

Water supply and sewerage frequently involve 
problems that cross watershed boundaries, but 
strong watershed implications a r e  involved if the 
source of supply comes from the surface water 
resources of the watershed o r  if the sewerage 
systems discharge pollutants into the surface 
water system. Changes in land use and trans- 
portation requirements a r e  ordinarily not con- 
trolled primarily by watershed factors but can 
have a great effect on watershed problems. 

The land use and transportation pattern affects 
the amount and spatial distribution of the hydrau- 
lic and pollution loadings to be accommodated by 
water control facilities. In turn, the water con- 
trol  facilities and their effect upon the historic 
floodways and flood plains determine to a consid- 
erable extent the use to which such land areas  may 
be put. Finally, the related physical problems of 
a watershed tend to create a strong community of 
interest among the residents of the watershed; and 
citizen action groups can readily be formed to 
assist  in solving water-related problems. 

It may be concluded, therefore, that the watershed 
is a logical areal unit to be selected for  resources 
planning purposes, provided that the relationships 
existing between the watershed and the surrounding 
region a r e  recognized. Accordingly, the SEWRPC 



regional planning program embodies a recognition 
of the need to consider watersheds a s  rational 
planning units in rapidly urbanizing areas  if work- 
able solutions a r e  to be found to intensifying inter- 
related land and water use problems. 

The foregoing discussion implies that the term 
watershed may have two meanings. Defined in 
a strictly physical sense, a watershed i s  simply 
a geographic area  of overland drainage contri- 
buting surface runoff to the flow of a particular 
stream o r  watercourse at  a given point. Under 
this definition the terms watershed and drainage 
basin a r e  synonymous. The meaning of the term 
watershed may be expanded, however, to include 
planning concepts by adding to the above defini- 
tion the phrase: whose natural and man-made 
features a r e  so interrelated and mutually inter- 
dependent a s  to create a significant community 
of interest among i t s  residents. This expanded 
definition of the term watershed contains within 
i t  the characteristics which a drainage basin, such 
a s  that of the Root River, must exhibit if  it i s  to 
form a rational unit for comprehensive water re-  
sources planning. 

Thus, it is recognized that a watershed is far  
more than a system of interconnected waterways 
and flood plains, which, in  fact, comprise only 
a small proportion of the total watershed area. 
Land treatment measures, soil and water man- 
agement practices, and land use over the entire 
watershed, a s  well a s  all related water resource 
problems, a r e  of major importance in the proper 
development of watershed resources. 

RELATIONSHIP OF WATERSHED TO REGION 
Although recognizing the importance of the water- 
shed a s  a rational planning unit within the Region, 
the SEWRPC planning program also recognizes 
the necessity to conduct individual watershed plan- 
ning programs within the broader framework of 
areawide, comprehensive regional 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 af- 
fected watershed. Second, the meandering pattern 
of natural watershed boundaries rarely, if  ever, 
coincides with the artificial, generally rectangular 
boundaries of minor civil divisions and special 
purpose districts. Important elements of the nec- 
essary areawide planning program a r e  being pro- 
vided by the regional land use-transportation study 

presently underway and by other ongoing areawide 
planning programs of the Commission. 

Conversely, within the context of the regional 
planning program, the comprehensive watershed 
planning programs provide, within the limits of 
each watershed, one of the key elements of a com- 
prehensive regional development plan; namely, 
a long-range plan for  water-related community 
facilities. While the proposed watershed plans 
may be centered about drainage and flood control 
facilities, it must be recognized that these facility 
plans must be prepared in consideration of the re-  
lated problems of land and water use, park and 
public open-space reservation, and water quality 
and stream pollution. Recognition of the need to 
prepare such facility plans on a watershed basis, 
a s  well a s  of the need to relate these facility plans 
to areawide regional development plans, is the 
primary factor which determines the unique nature 
of the SEWRPC watershed planning efforts. Ulti- 
mate completion of planning studies covering all 
of the watersheds within the Region will provide 
the Commission with a framework of community 
facility plans encompassing drainage, flood con- 
trol, and pollution abatement facilities properly 
related to areawide development plans, and will 
make significant contributions to the preparation 
of a framework of regional community facility 
plans for parks and related open spaces and for 
water supply and sewerage facilities. 

THE WATERSHED PLANNING PROBLEM 
Although the water-related resource planning ef- 
forts of the Commission a r e  focused on the water- 
shed a s  a rational planning unit, the watershed 
planning problem i s  closely linked to the broader 
problem of resource conservation. Society has 
always had need to be concerned with resource 
conservation; but the need for such concern is 
greater today than ever before and grows, a s  
does the need for regional planning, out of the 
unprecedented population growth and urbaniza- 
tion of the nation, the state, and the Region. In- 
creasing urbanization has, moreover, changed 
the nature of the resource conservation problem. 

In the past conservation was largely concerned 
with the protection of wilderness areas  and pos- 
sible future shortages of some resources through 
chronic mismanagement. The new problem which 
conservation now faces has to do mainly with the 
kind of environment being created by the ever 
increasing areawide diffusion of urban develop- 



ment over large regions and the relentless pursuit 
of an ever higher material standard of living. 
Regional settlement patterns so far  have not been 
determined by design but by economic expedience 
and have failed to recognize the existence of a 
limited resource base to which urban development 
must be carefully adjusted if severe environmental 
problems a r e  to be avoided. If increasing area- 
wide urbanization i s  to work for the benefit of 
man and not to his detriment, adjustment of such 
urban development to the ability of the resource 
base to sustain and support it, thereby maintain- 
ing the quality of the environment, must become 
a major physical development objective for ur- 
banizing regions. 

Enlightened public officials and citizen leaders 
a r e  becoming increasingly aware of this new and 
pressing need for conservation. This growing 
awareness i s  often accelerated a s  the result of 
a major disaster o r  of the imminent threat of such 
a major disaster. Even in such cases, however, 
the magnitude and degree of the interrelation- 
ship of resource problems may not always be 
fully realized. In many cases, such a s  in the 
Root River watershed, the initial concern with 
the growing resource problems i s  centered in 
such highly visible problems a s  flooding and 
water pollution. 

Growing urbanization i s  causing increasing con- 
cern onthe part of public officials, citizen leaders, 
and technicians with these and other water-related 
problems; and the manner in which these prob- 
lems a r e  ultimately resolved will involve many 
important public policy determinations. These 
determinations must be made in view of an urban- 
izing Region which is constantly changing and, 
therefore, should be based upon a comprehen- 
sive planning process able to objectively scale 
the changing resource demands against the ability 
of the limited natural resource base to meet these 
demands. Only within such a planning process 
can the effect of different land and water use and 
water control facility construction proposals be 
evaluated, the best course of action intelligently 
selected, and the available funds most effec- 
tively invested. 

The ultimate purposes of such a planning process 
a r e  twofold: 1) to permit public evaluation and 
choice of alternative resource development poli- 
cies and plans; and 2) to provide-through the 
medium of a long-range plan for water-related 

community facilities-for the coordination of local, 
state, and federal resource development programs 
within the Region and within the various water- 
sheds of the Region. Important among goals to 
be achieved by this process a r e  the protection of 
floodways and flood plains; the protection of water 
quality and supply; the preservation of land for 
park and open space; and in general, promotion of 
the wise and judicious use of the limited land and 
water resources of the Region and its watersheds. 

BASIC PRINCIPLES 
The foregoing discussion leads to the develop- 
ment of eight basic principles which form the 
basis for the specific watershed planning pro- 
cess applied in the SEWRPC Root River watershed 
planning program: 

1. Watersheds must be considered a s  ra-  
tional planning units if workable solu- 
tions a r e  to be found to water-related re-  
source problems. 

2. A comprehensive, multi-purpose approach 
to water resource development and to the 
abatement of the water-related problems 
is  preferable to a single purpose approach. 

3. Watershed planning must be conducted 
within the framework of a broader area- 
wide regional planning effort; and water- 
shed development objectives must be com- 
patible with, and dependent upon, regional 
development plans and objectives. 

4. Water control facility planning must be 
conducted concurrently with, and cannot 
be separated from, land use planning. 

5. Both land use and water control facility 
planning must recognize the existence of 
a limited natural resource base to which 
urban and rural development must be prop- 
erly adjusted to ensure a pleasant and 
habitable environment. 

6. The capacity of each water control facility 
in the integrated watershed system must 
be carefully fitted to the present and prob- 
able future hydraulic loads, and the hydrau- 
lic performance and hydrologic feasibility 
of the proposed facilities must be deter- 
mined and evaluated. 



7.  Primary emphasis should be placed on 
in-watershed solutions to water resource 
problems, and the export of water resource 
problems to downstream areas  i s  unwise 
on a long-range and regional basis. 

8. Plans for the solution of watershed prob- 
lems and development of resources should 
offer a s  flexible an approach a s  possible 
in order to avoid "dead-end" solutions and 
provide latitude for continued adaptation to 
changing conditions. 

THE WATERSHED PLANNING PROCESS 
Based upon the foregoing principles, the Commis- 
sion employs a seven-step planning process by 
which the principal functional relationships exist- 
ing within a watershed can be accurately described 
both graphically and numerically, the hydrologic 
and hydraulic characteristics of the basin simu- 
lated, and the effect of different courses of action 
with respect to land use and water control facility 
development evaluated. The seven steps involved 
in this planning process are:  1) study design, 
2) formulation of objectives and standards, 3) in- 
ventory, 4) analysis and forecast, 5) plan design, 
6) plan 'test and evaluation, and 7) plan selection 
and adoption. Plan implementation, although nec- 
essarily beyond the foregoing planning process, 
must be considered throughout the process if the 
plans a r e  to be realized. 

The principal end results of the above process a r e  
land use and water control facility plans scaled to 
future land use and resource demands and consis- 
tent with regional development objectives. In ad- 
dition, the process represents the beginning of 
a continuing planning effort that permits modi- 
fication and adaptation of the plans and the means 
of implementation to changing conditions. Each 
step in this planning process includes many indi- 
vidual operations which must be carefully de- 
signed, scheduled, and controlled to fit into the 
overall process; and an understanding of this plan- 
ning process i s  essential to an appreciation and 
understanding of the results. Each step in the 
process, together with its major component opera- 
tions, i s  diagrammed in Figure 2 a s  described 
briefly below. 

This study design must: specify the content of the 
fact-gathering operations, define the geographic 
area for which data will be gathered and plans 
prepared, outline the manner in which the data 
collected a r e  to be processed and analyzed, spec- 
ify requirements for forecast and for forecast 
accuracy, and define the nature of the plans to be 
prepared and the criteria to be used in their eval- 
uation and adoption. 

In the Root River watershed program, the study 
design was prepared jointly by the SEWRPC staff 
and Harza Engineering Company and presented to 
the Root River Watershed Committee for review 
and adoption. 

Formulation of Objectives and Standards 
In i t s  most basic sense, planning is a rational 
process for establishing and meeting objectives. 
The formulation of objectives is ,  therefore, an  
essential task to be undertaken before plans can 
be prepared. In order to be useful in the regional 
and watershed planning process, the objectives to 
be defined must not only be stated clearly and be 
sound logically but must also be related in a de- 
monstrable way to alternative physical develop- 
ment proposals. This i s  necessary because i t  is 
the duty and function of the Commission to prepare 
a comprehensive plan for the physical development 
of the Region and i ts  component parts and, more 
particularly, because i t  is the objective of the 
Root River watershed planning study to prepare 
one of the key elements of such a physical devel- 
opment plan-a long-range plan for water-related 
community facilities. Only if the objectives a r e  
clearly relatable to physical development and sub- 
ject to objective test can a choice be made from 
among alternative plans in order to select that 
plan which best meets the needs of agreed-upon 
objectives. Finally, logically conceived and well- 
expressed objectives must be translated into de- 
tailed design standards to provide the basis for 
plan preparation, test, and evaluation. 

Because the formulation of objectives and stand- 
ards  involves many nontechnical a s  well a s  tech- 
nical policy determinations, all objectives and 
standards were carefully reviewed and adopted by 
the Root River Watershed Committee and the Com- 
mission. The objectives and standards ranged 

Study Design from general development goals for the watershed 
Every planning program must embrace a formal a s  a whole to detailed planning and engineering 
structure o r  study design so that the program can criteria covering rainfall intensity-duration-fre- 
be carried out in a logical and consistent manner. quency relationships, rainfall runoff relationships, 
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channel capacity formulae, backwater computa- 
tions, urban storm water drainage design method- 
ology, and water quality parameters. 

Inventory 
Reliable basic planning and engineering data col- 
lected on a uniform, areawide basis is absolutely 
essential to the formulation of workable develop- 
ment plans. Consequently, inventory becomes 
the f i rs t  operational step in any planning process 
growing out of the study design. The crucial na- 
ture of factual information in the planning process 
should be evident since no intelligent forecasts can 
be made o r  alternative courses of action selected 
without knowledge of the current state of the sys- 
tem being planned. 

The sound formulation of comprehensive water- 
shed development plans requires that factual data 
must be developed on the quantity of surface and 
ground water, precipitation, hydraulic charac- 
teristics of the stream channels, historic flood- 
ing, flood damages, water quality, water use, 
soil capabilities, land use, economic activity, 
population, recreation facilities, fish and wildlife, 
public utilities, and water law. 

The degree of detail required in the various data 
collection operations must be varied with the in- 
tended use of the information. For  example, in 
the Root River watershed study, i t  was determined 
that needed photogrammetric information would 
have to be very detailed in certain channel reaches 
because of i ts  use in effectuating floodway and 
flood plain land use controls but that ground water 
information could be quite general because of the 
physical availability of a bountiful supply of good 
surface water to the majority of watershed resi- 
dents and industries. 

In the Root River study, the most expedient meth- 
ods of obtaining adequate information of the neces- 
sary quality were followed; and the means of data 
collection included review of prior publications, 
perusal of agency files, personal interviews with 
private citizens and public officials, committee 
meetings of staff and technical advisors, and 
postal questionnaire surveys, a s  well a s  original 
field investigations. 

Analysis and Forecast 
Inventories provide factual information about his- 
toric and present situations; but analyses and 

forecasts a r e  necessary to provide estimates of 
future needs for land, water, and water control 
facilities. These future needs must be determined 
from a sequence of interlocking forecasts. Eco- 
nomic activity and population forecasts enable 
determination of future growth within the water- 
shed, which, in turn, can be translated into future 
demands for land use, resources, and water con- 
trol facilities. These future demands can then be 
scaled against the existing supply and plans for- 
mulated to meet deficiencies. 

To illustrate the complexity of this task in  com- 
prehensive watershed planning, consider that to 
prepare a forecast of future drainage and flood 
control needs i t  was necessary to analyze and to 
interrelate the following factors: precipitation 
characteristics, relationship between precipitation 
and runoff, relationship between basin morphology 
and runoff, effect of urbanization and soils on 
runoff, effect of the hydraulic characteristics of 
the stream network on streamflow, relationships 
of peak volumes of streamflow to stage heights 
and frequency of occurrence, relationship of dif- 
ferences between winter and summer runoff and 
streamflow characteristics, extent and depth of 
inundation on flood plains, and the horizontal and 
vertical location of possible future development in 
flood plains. 

Two important considerations involved in the 
preparation of the necessary forecasts a r e  the 
forecast target date and the forecast accuracy 
requirements. Both the land use pattern and the 
water control facilities must be planned for antici- 
pated demand a t  some future point in time. In the 
planning of water control facilities, this "design 
year1! is usually established by the expected life 
of the f irst  facilities to be constructed in imple- 
mentation of the plan. Although i t  may be argued 
that the design year for land use development 
should be extended further into the future than that 
for facilities because of the basic irreversibility 
of many land development decisions, practical 
considerations dictate that the land use planning 
design year be scaled to the facility design year 
requirement. In the Root River watershed study, 
the necessary forecast period was set a s  25 years, 
bothas a very conservative approximation of facil- 
ity life and a s  a means for locking the watershed 
forecast periods into the previously determined 
regional land use and transportation study fore- 
cast periods. 



Forecast accuracy requirements depend on the 
use to be made of the forecasts; and a s  applied to 
land use and water control facility planning, the 
critical question relates to the effect of any fore- 
cast inaccuracies on the basic structure of the 
plans to be produced. It is important to keep the 
forecast tolerances within that range wherein only 
the timing and not the basic structure of the plans 
will be affected. 

Plan Design 
Plan synthesis o r  design forms the heart of the 
planning process. The most well-conceived objec- 
tive; the most sophisticated data collection, pro- 
cessing, and analysis operations; and the most 
accurate forecasts a r e  of little value if they do not 
ultimately result in sound plans. The outputs of 
each of the three previously described planning 
operations-formulation of objectives and stand- 
ards,  inventory, and forecast-become inputs to 
the design problem of plan synthesis. 

The land use plan design problem consists es- 
sentially of determining the allocation of a scarce 
resource-land-between competing and often con- 
flicting demands. This allocation must be accom- 
plished so  a s  to satisfy the aggregate needs for 
each land use and comply with all of the design 
standards derived from the plan objectives, all 
at  a feasible cost. 

The water control facility plan design problem 
requires a similar reconciliation between hydro- 
logic and hydraulic loading derived from the land 
use plan adopted, facility design standards, exist- 
ing facilities, and new facility costs. 

Plan Test and Evaluation 
If the plans developed in the design stage of the 
planning process a r e  to be realized in terms of 
actual land use and water control facility de- 
velopment, some m ~ s u r e s  must be applied to 
quantitatively test alternative plans in advance 
of their adoption and implementation. The alter- 
native plans must be subjected vigorously to all 

the necessary levels of review and inspection in- 
cluding: 1) engineering performance, 2) technical 
feasibility, 3) economic feasibility, 4) legality, 
and 5) political reaction. Devices used to test and 
evaluate the plans range from the assignment of 
hydraulic loadings to the existing and proposed 
system of water control facilities through inter- 
agency meetings and public hearings. Plan test 
and evaluation should demonstrate clearly which 
alternative plan o r  portions of plans a r e  techni- 
cally sound, financially feasible, legally possible, 
and politically realistic. 

Plan Selection and Adoption 
In the Root River watershed study, it is proposed 
to develop not one but a number of alternative land 
use plans, each with i ts  supporting water control 
facility system plan. The general approach con- 
templated for the selection of one planfrom among 
these alternatives i s  to proceed through the use of 
the Root River Watershed Committee structure, 
interagency meetings, and hearings to a final deci- 
sion and plan adoption by the Commission in ac- 
cordance with the provisions of the state enabling 
legislation. The role of the Commission is to rec- 
ommend to federal, state, and local units of gov- 
ernment and private investors the final plan for 
their consideration and action. The final decisive 
step to be taken in the process i s  the acceptance 
o r  rejection of the plan by the local governmental 
units concerned and subsequent plan implementa- 
tion by public and private action. Therefore, plan 
selection and adoption must be fourtded in the 
active involvement of the various governmental 
bodies, technical agencies, and private interest 
groups concerned with development in the water- 
shed. The use of advisory committees and both 
formal and informal hearings appears to be the 
most practical and effective procedure for achiev- 
ing such involvement in the planning process and 
of openly arriving at  agreement among the affected 
governmental bodies and agencies on objectives 
and on a final watershed plan which can be cooper- 
atively adopted and jointly implemented. 
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Chapter 111 

DESCRIPTION OF THE WATERSHED 

INTRODUCTION 
A comprehensive description of the existing nat- 
u r l l  and man-made features of the Root River 
watershed is essential to the preparation of sound 
land use and water control facility plans for this 
basin. Such a description must identify the basic 
physical structure of the watershed and relate this 
structure to a changing pattern of development. 
For  convenience, the necessary description is 
herein presented in five sections. The first  places 
the watershed into proper perspective a s  a plan- 
ning unit' by describing i t s  regional setting and 
delineating i ts  boundaries. The second describes 
the natural resource base of the watershed a s  an 
interrelated complex of climate, geologic forma- 
tions, topography, soils, vegetation, and wild- 
life. The third describes the demographic and 
economic base of the watershed, while the fourth 
describes the existing pattern of land use and the 
fifth section describes the public facilities pro- 
vided to support human activity in the watershed. 
Finally, in the chapter summary, the subjects 
previously presented a s  separate parts a r e  dis- 
cussed a s  an interrelated whole. It i s  upon this 
basis that any meaningful watershed planning must 
proceed, even though isolation of watershed re-  
sources into separate compartments mayfacilitate 
description and analysis. 

LOCATION AND IDENTIFICATION OF 
THE WATERSHED 

Regional Setting 
The Root River watershed i s  a surface water 
drainage unit, 197.43 square miles in areal  ex- 
tent, located in the east-central portion of the 
Southeastern Wisconsin Region. The boundaries 
of the basin, together with the locations of the 
main channels of the Root River and its principal 
tributaries, a r e  shown on Map 1. The watershed 
lies south of the City of Milwaukee and directly 
in the path of the major Milwaukee-to-Chicago 
transportation routes. The northern headwater 
portion of the watershed lies in the rapidly ex- 
panding Milwaukee urbanized area,  while the 
Racine urbanized area occupies the southeastern 
portion of the watershed, which discharges to 
Lake Michigan through the City of Racine. The 

southwestern portion of the watershed i s  occupied 
by a singular expanse of rich agricultural land, 
one of the few remaining large concentrations of 
such land within the Region. The westerly water- 
shed boundary marks the subcontinental divide 
which separates surface waters flowing westerly 
and southerly through the Mississippi River to the 
Gulf of Mexico from surface waters flowing north- 
erly and easterly through Lake Michigan and the 
St. Lawrence River to the Atlantic Ocean. 

Political Boundaries 
Superimposed upon the natural, meandering water- 
shed boundaries i s  a rectangular pattern of local 
political boundaries, a s  shown on Map 1. The 
watershed lies in four counties-Kenosha, Mil- 
waukee, Racine, and Waukesha-and in 18 cities, 
villages, and towns. The area and proportion of 
the watershed lying within the jurisdiction of each 
of these general purpose local units of govern- 
ment a s  of January 1 ,  1966, a r e  shown in Table 1. 

Since, in Wisconsin, the boundaries of the Soil 
and Water Conservation Districts a r e  coterminous 
with county boundaries, the watershed also lies 
within four such districts, which have important 
responsibilities for the promotion of good soil and 
water conservation practices and for resource 
management. In addition, all that part of the 
watershed lying in Milwaukee County is within the 
district boundaries of the Metropolitan Sewerage 
Commission of the County of Milwaukee, a gov- 
ernmental agency which has important areawide 
responsibilities for flood control and pollution 
abatement. This portion of the watershed i s  also 
within the jurisdictional limits of the Milwaukee 
County Park Commission, a truly metropolitan 
park agency which operates a county-wide park 
system that includes regional, county, and local 
park facilities. 

Superimposed upon these local units of government 
a r e  the state and federal governments, certain 
agencies of which also have important responsi- 
bilities in resource conservation and management. 
These include the State Committee on Water Pol- 
lution, the State Board of Health, the Wisconsin 
Conservation Commission, the Wisconsin Public 
Service Commission, the U. S. Geological Sur- 
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C o u n t y  S u b t o t a l  . . . . . . 
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Source: SEWRPC. 
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vey, the U. S. Soil Conservation Service, the U. S. 
Public Health Service, and the U. S. Army Corps 
of Engineers. 

THE NATURAL RESOURCE BASE 
The natural resource base is the primary deter- 
minant of the development potential of a water- 
shed area. The principal elements of the natural 
environment a r e  climate, geology, topography, 
soils, vegetation, and wildlife. Without a proper 
understanding and recognition of these elements 
and their interrelationships, human use and alter- 
ation of the natural environment proceed at  the 
risk of excessive costs, in terms of both dollars 
and destruction of nonrenewable o r  slowly renew- 
able resources. In this age of high resource de- 
mand and accelerating technology, i t  is especially 
vital that the resource base be the primary con- 

P e r c e n t  o f  
C i v i l  D i v i s i o n  A r e a  

W i t h i n  
W a t e r s h e d  

P e r c e n t  o f  
W a t e r s h e d  A r e a  

W i t h i n  
C i v i l  D i v i s i o n  

sideration in any areawide planning effort, since 
these aspects of contemporary civilization make 
the underlying and sustaining resource base ever 
more vulnerable to misuse and destruction. 

Climate 
The watershed has a continental climate charac- 
terized by four distinct seasons. Winters begin 
in November, last through March, and tend to be 
cloudy, cold, and snowy. Freeze-up of streams 
and lakes usually occurs in early December and 
does not end until early April; however, there 
is often a short-lived mid-winter thaw due to 
unseasonably warm temperatures. Spring i s  slow 
in arriving, partially due to the cooling effects 
of the waters of Lake Michigan, and i s  a mix- 
ture of both summer and winter. Summers a r e  
fully developed and generally warm but marked 



by occasional hot and humid periods andunseason- 
ably cool periods. Frequent breezes from Lake 
Michigan offer relief from high summer tempera- 
tures to those areas of the watershed lying within 
a few miles of Lake Michigan. Fall may extend 
from September to November and i s  character- 
ized by mild, sunny days and cool nights. By fall 
Lake Michigan waters have become warm to the 
extent that the lake tends to prolong fall in the 
watershed a week o r  so longer than in areas  far-  
ther inland. The climate of the watershed can be 
understood more fully by examining phenomena of 
temperature, precipitation, wind movement, sun- 
shine, and evaporation recorded at  the Milwaukee 
Firs t  Order Weather Station, which i s  located 
within three miles of the watershed and i s  con- 
sidered generally representative of watershed 
climatic conditions.' 

Temperature: The mean daily temperature during 
the hottest month, July, is 71.35'~ with an offi- 
cial record high temperature of 10l°F. The mean 
daily temperature during the coldest month, Jan- 
uary, is 21.94OF with an official record low of 
-24OF. Temperature conditions within the water- 
shed allow a growing season2 of from 155 to 
175 days. Average dates of the last  killing frost 
in spring and the f irst  killing frost in fall a r e  
May 1 and October 13, respectively, with upland 
areas  tending to have the most frost-free days. 

Precipitation: Annual precipitation on the water- 
shed, including snowfall, averages about 30 inches 
(30.27 inches a t  Milwaukee), but annual amounts 
have ranged from a low of 18.69 to a high of 
50.36 inches. Most precipitation occurs a s  rain 
falling during the growing season (see Table 2). 
Most summer rainfall occurs inlocalized thunder- 
storms which usually move over the watershed in 
a few hours. However, 24-hour rainfall amounts 
of up to 7 1/2 inches (July 17-18, 1964) have 
fallen on the watershed a s  a result of a thunder- 
storm which became stationary over the watershed 
and was kept active by convergent winds. 

Rainfall i s  often unevenly distributed during the 
growing season. Considering agricultural needs 

D e t a i l e d  summaries  o f  c l i m a t o l o g i c a l  d a t a  
c o l l e c t e d  a t  wea ther  s t a t i o n s  i n  t h e  v i c i n i t y  o f  
the watershed have been publ ished i n  SEWRPC Planning 
Report  No. 5 .  The Natural  Resources  o f  Southeas tern 
Wisconsin, June 1963. 

2 " ~ r o w i n g  season" i s  d e f i n e d  a s  t h e  number o f  
d a y s  b e t w e e n  t h e  l a s t  320F f r e e z e  i n  s p r i n g  and 
the  f i r s t  320F f ree ze  i n  f a l l .  

of about one inch of rainfall during each week of 
the growing season, the time distribution of rain- 
fall within the watershed i s  relatively poor. The 
probability of one inch of rainfall occurring during 
each summer week ranges from a high of 4 in 
10 years in early June and early August to 2 in 
10 years in late July and late August. 

Rainfall depth-area-duration-frequency data, im- 
portant in engineering design consideration, a r e  
presented in Chapter VI and Appendix I. 

T a b l e  2 

MEAN MONTHLY P R E C I P I T A T I O N  AT 
M I L W A U K E E ,  W I S C O N S I N  

( 1 8 5 4  - 1 9 6 4 )  

Source: U . S .  Geological  Survey ,  Surface  Water Branch; 
Harza Engineering Co .  

Snow i s  the primary form of precipitation from 
late November through March. Although sea- 
sonal snowfall on the watershed averages about 
40 inches, individual seasons have ranged from 
11 inches to 110 inches. The probability of having 
snow on the ground reaches a high in mid-Feb- 
n a r y  and then decreases sharply. The aver- 
age percentage of the time snow has covered the 
ground in selected depths is given in Table 3. The 
actual water content of snowfall on the watershed 
varies with the individual storm but averages 
about 10 percent; that i s ,  10 inches of snowfall 
is equivalent to one inch of precipitation. 

Wind Movement: Prevailing winds a r e  westerly 
in winter and southerly in the summer over most 

P e r c e n t  o f  
T o t a l  

6.  18 
5 .45  
7 . 9 6  
8 . 9 8  

10.74 
11 .53  
9 . 9 1  
9 . 0 5  

10.24 
7 . 5 7  
6 .71  
5 . 6 8  

100 .00  

Month 

January .  . . . 
F e b r u a r y  . . . 
March. . . . . 
A p r i l .  . . . . 
May. . . . . . 
June . . . . . 
J u l y .  . . . . 
August  . . . . 
September.  . . 
O c t o b e r .  . . . 
November . . . 
December . . . 

T o t a l  

of the watershed; but within three miles of Lake 
Michigan, northeasterly winds prevail during the 
period April through June. Wind speeds, neglect- 
ing gusts, can be expected to reach 55 miles per 
hour at  the 30-foot level and 45 miles per hour at  
the 10-foot level in a t  least one out of two years. 

Mean 
P r e c i p i t a t i o n  

i n  Inches  

1 .87 
1 .65 
2 .4  1 
2 . 7 2  
3 .25  
3 . 4 9  
3 . 0 0  
2 .74  
3 . 1 0  
2 . 2 9  
2 .03  
1 .72  

3 0 . 2 7  



T a b l e  3 

A V E R A G E  P E R C E N T A G E  O F  T I M E  T H E  R O O T  R I V E R  W A T E R S H E D  
I S  C O V E R E D  B Y  S E L E C T E D  D E P T H S  O F  S N O W  

Source: Personal communication, 1964, Marvin Burley, 
son, Wisconsin. 

Depth o f  

Snow on Ground 

I inch or more . . .  
5 inches o r  more . . 

10 inches or more . . 

Speeds can be expected to reach 100 miles per 
hour at  the 30-foot level and 85 miles per hour at  
the 10-foot level once in 50 years. 

Sunshine: Sunshine inthe watershed occurs 55 per- 
cent of the maximum possible time during the 
year: 40 percent from November through Feb- 
ruary, 55 percent March through NLay and dur- 
ing October, 60 percent June through September, 
and about 70 percent of the maximum possible 
during July. 

Snowfal l Season 

Evaporation: Annual evaporation from water sur- 
faces, such a s  lakes and streams, is about equal 
to the mean annual precipitation of 30 inches; but 
80 percent of this demand on water supply occurs 
during the period May through October. Evapo- 
transpiration from soils and plants i s  normally 
less than free water surface evaporation, averag- 
ing about 21 inches, most of which is  demanded 
during the growing season. Depending upon such 
factors a s  land use, temperature, available water, 
and soil conditions, evapotranspiration will vary 
from 15 to 28 inches, a s  shown in Table 4. From 

personal communication, 1964, Marvin Burley, 
Wisconsin State Climatologist, U.S. Weather Bureau, 
Madison, Wisconsin. 

November 

10% 
I % - 

Wisconsin State Climatologist. U.S. Weather Bureau, Madi- 

March 

uo% 
20% 
5% 

these values it can be seen that, although precipi- 
tation i s  adequate to supply evapotranspiration 
needs on an annual basis, it may fall short of the 
need in a given growing season o r  portion of such 
a season. 

A p r i l  

I % - 
- 

December 

50% 
10% 
5 % 

Geology 
The landscape of the watershed and the underlying 
subsurface materials can be best described in 
terms of structure, composition, and spatial dis- 
tribution. As shown on Map 2, the subsurface 
structure consists of a sequence of layered bed- 
rock units, which a r e  tilted uniformly toward Lake 
Michigan at  slopes of up to 30 feet per mile. 

J a n u a r y  

70% 
35% 
10% 

1 
On the basis of their water-carrying ability, the 
rock units can be divided into the non-water bear- 
ing and the water-bearing (aquifer) units. Except 
for their function in prohibiting o r  retarding the 
movement of water, the non-water-bearing rock 
units a r e  of no significance in this report. 

February 

75% 
40% 
15% 

There a r e  two major ground water-bearing units 
in the watershed. The first  i s  a deep aquifer, , 

composed primarily of Cambrian sandstones and 4 
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P O T E N T I A L  E V A P O T R A N S P I R A T I O N  B Y  L A N D  U S E  A N D  G R O W I N G  P E R I O D  

Source: Tanner, C.B., Wisconsin's Water Budget, Department of Soils. University of Wisconsin. 1963. 
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Type o f  L a n d  Use 

Water Surface . . . . . . .  
Forest. . . . . . . . . . .  
Alfalfa-brome . . . . . . .  
C o r n .  . . . . . . . . . . .  
G r a i n  . . . . . . . . . . .  
Bare S o i l  (average) . . . .  
Bare S o i l  (wet) . . . . . .  

A n n u a l  
Evapotranspiration 

I n  Inches 

29-32 
27-28 
2 2 - 2 6  
18-22 
18-22 
15-20 
20-24  

Seasonal Evaporation 
I n  Inches 

23-26  (May-October) 
2 2  (May-October) 

19-23 ( A p r  i I-September) 
11-15 (Mid-May through September) 
9-13 (April-June) 

11-15 (~ay-September) 
16-20 (~ay-September) 
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BEDROCK G E O L O G I C  MAP AND CROSS S E C T I O N  

OF T H E  ROOT R I V E R  WATERSHED 
SECTION AA 

h n e r a l i z ~ d  o e o 1 ~ 1 c  sestlon ~ h r o v g h  R w i  River Watershed 

The s u r f i c i a l  deposits of the watershed a re  under la in  by 
extend beneath Lake Michigan. 

contiguous 0rdovician4 dolomites and sandstones. 
The second i s  a shallow aquifer, composed of 
a consolidated rock unit of silurianS age dolomitic 
rocks which are generally covered by a mantle of 
unconsolidated glacial drift and stream deposits. 
The top of the deep aquifer is found at depths of 
from 400 to 800 feet beneath the ground surface 
6f the watershed. The Silurian dolomites are  ex- 
posed in quarries in the Root River stream bed 
at Horlick Dam and in shallow excavations within 
the Hales Corners area. Generally, however, the 
dolomitic bedrock is buried by about 50 to 300 feet 
of glacial drift deposited during prehistoric times 
by glacial ice and meltwaters and partially re- 
worked in subsequent time in streams and lakes. - 

"'Cambrian" and "Ordovician'' refer to suc- 
cessive geological time periods o f  some hundreds 
of millions of years ago, during which much o f  
the area  now included in southeastern Wisconsin 
area covered by a shallow see end in which approx- 
imately horizontal beds of sandstone and limestone 
were deposited. 

5"~ilurian,* refers to e geological time period 
inmediately following the Ordovician, during which 
much of the ares now included in southeastern Wis- 
consin was covered by a shallow see and in which 
vast accumulations of limestone were deposited. 

sedimentary rock formations which slope gent ly  toward and 

Topography 
The bedrock structure and composition exert 
a profound influence on ground water conditions, 
but it i s  the surficial deposits left by the glaciers 
which have determined the topography of the Root 
Wver watershed. The watershed i s  a rolling plain 
marked by broad asymmetrical ridges and small 
shallow waterways. Lakes a re  conspicuously ab- 
sent. As shown on Map 3, and section AA, these 
broad asymmetrical ridges are glacial moraines6 
which control the slopes and patterns of the drain- 
age network. Streams generally occupy northerly 
trending valleys between morainal ridges having 
relatively steep westward-facing slopes and gentle 
east-facing slopes. This pattern is particularly 
well developed in Racine County where runoff, in 
order to reach the main stem of the Root River, 
must follow a long and circuitous route of easterly 
flow down the gentle side of moraines and north- 
erly up the inter-morainal valleys to the main 
stem of the Root River. - 

64 moraine is defined a s  en eccumulstion of 
generally poorly sorted rock meteriels built within 
a glaciated region chiefly by deposition from 
glacial ice. 



Overall, the watershed has a flat to rolling topo- 
graphy with land slopes generally ranging from 
0 to 5 percent. Main stream channel slopes are 
much flatter, however, the average slope of all 
perennial waterways being about six feet per mile 
(1.14 percent). The highest elevation inthe water- 
shed i s  about 960 feet above mean sea level on 
a glacial ridge top in Section 35, Town 6 North, 
Range 20 East, in the City of New Berlin; the 
lowest elevation in the watershed i s  about 580 feet 
above mean sea level on the Lake Michigan shore- 
line within the City of Racine. Thus, the maxi- 
mum difference of elevation in the Root River 
watershed is about 380 feet, with a distance of 
about 24 miles separating the high and low points. 
Stream profiles and additional data on topo- 
graphy are presented in Chapter V, "Hydraulics 
of the Watershed." 

Soils - 
The soils of the Root River watershed are a prod- 
uct of parent material, climate, living organ- 
isms, relief, and time. An especially complex 
pattern of soil types has been developed in the 
Root River watershed in which glacial action has 
left many different kinds of parent material de- 
posits and a landscape with moderate local relief. 

In order to assess the significance of the diverse 
soil types to sound regional development, the 
SEWRPC in 1963 negotiated a cooperative agree- 
ment with the Soil Conservation Service, U. S. 
Department of Agriculture, for the completion 
of a modern standard soil survey of the entire 
Region. This soil survey not only maps the soils 
of the Region in great detail, and provides data on 
the physical, chemical, and biological properties 
of the soils, but i s  accompanied by interpretation 
of those properties for planning and engineering 
applications.' Results of these surveys have be- 
come available during the conduct of the Root 
River watershed study program and are  being 
made available to local governmental units for use 
in solution of land use problems in the Root River 
and in other watersheds of the Region. 

Analyses of the results of these surveys show that 
more than 80 soil types a re  represented within 
the Root River watershed. Although many types - 

'see  he Application of Soil Studies to Regional 
Planning," SEWRPC Technical Record. Vol. I -No. 4. 

' A  soil "typeWis defined as e group of soils hav- 
ing genetic horizons (layers) similar as to important 
characteristics, including texture end arrangunent in 
the soil profile and developed from a particular kind 
of parent material. 

L O G I C  M A P  A N D  C R O S S  S E C T I O N  
R I V E R  W A T E R S H E D  

by ridges of unconsolidated rocks deposited by $lac 
which occupied the present Lake Michigan Basin some 6,000 years ago. 

2 2 



are  present, the general characteristics of the 
soils of the watershed a re  exemplified by only 
a few soil types. The common types of soils oc- 
curring on the hilly glacial ridges of the watershed 
a r e  Morley, Markham, and Varna loams and silt 
loams. Common types occurring in the flat areas  
of the watershed stream valleys a r e  generally 
Houghton mucky peat, Will silt loam, Bono silty 
clay loam, and Ashkum silty clay loam. The topo- 
graphy intermediate between the hill land and the 
valley floor is occupied by many soil types, the 
most common of which a r e  Beecher silt loam. 
Elliott silt loam, Blount silt loam, and the Casco- 
Fox loam complex. Detailed descriptions of the 
physical characteristics of these soil types, to- 
gether with detailed soils maps, a r e  available 
from the SEWRPC. 

Results of the detailed soil survey reveal that 
large areas  of the watershed a r e  covered by soils 
poorly suited for urban development. Based upon 
soils characteristics, about 40 percent of the 
watershed area  exhibits severe limitations for one 
o r  more of three types of residential development: 
residential development with public sewer ser-  
vice; residential development without public sewer 
service on lots more than one acre  in size; resi- 
dential development without public sewer service 
on lots of one acre o r  less in size. The spatial 
distribution of these soils within the watershed a r e  
summarized, respectively, on Maps 4 through 6. 
It should be noted that the use suitability rating is 
entirely objective and is based upon physically 
observed conditions, such a s  high water table, 
slow permeability, high shrink-swell potential, 
and high volume change under loading. 

There a r e  also hazards attendant to agricultural 
use of the soils of the Root River watershed. 
,Roughly 50 percent of the agricultural lands a r e  
covered by Morley, Elliott, and Casco-Fox soil 
types, having a thin topsoil and a relatively "tight" 
subsoil, The potential for  severe erosion on such 
soil types, particularly on steep slopes, is high 
and is being increased greatly by agricultural land 
use changes now in process within the watershed. 
Pasturage and hay land is being converted into row 
cropland with little ground cover, with the result 
that severe erosion problems a r e  very apt to oc- 
cur  unless proper soil and water conservation 
practices a r e  adopted and followed. The spatial 
distribution of the best agricultural soils within 
the watershed is  shown on Map 7. Not only is the 
large areal  extent of this valuable resource im- 
pressive, but it is also significant to note that 

many of the best agricultural soils a r e  those types 
particularly susceptible to erosion. 

Vegetation 
Historical records indicate that the area now 
recognized a s  the Root River watershed was at  
the time of settlement characterized by three 
distinct native vegetational associations: prairie 
grasses, hardwood forests, and marsh plants. 
Prair ie grasses,  of the tall blue stem varieties, 
covered much of the Racine County portion of the 
watershed, especially occupying the broad, gently 
sloping morainal ridges. Hardwoods, primarily 
oak with some maple, apparently occupied much 
of the remainder of the watershed and were espe- 
cially well developed in the Milwaukee County 
portion of the watershed and along the main chan- 
nel of the Root River. Water-loving plants, such 
a s  cattails, were the primary occupants of wet- 
lands and shallow water bodies. Under virgin con- 
ditions the area covered by wetland plant types was 
considerably larger than at present, and included 
a large marsh area  in the Root River canal area. 
%he native vegetational pattern of the watershed 
has been almost totally obliterated by settlement 
with i ts  attendant introduction and cultivation of 
new plant species and earth moving and drainage 
activities. The virgin prairie plants have given 
way to field crops, such a s  corn, wheat, and bar- 
ley; and the original forests have been utilized 
for building materials and destroyed to make way 
for cropland and pasturage. The so-called "Root 
River Woods" in Section 1, Town 4 North, Range 
21  East, Town of Raymond, is apparently the last 
vestige of "original" forest. Drainage improve- 
ments have substantially reduced much of the 
quantity and quality of native wetland vegetation. 

Whereas once there were nearly continuous belt- 
like patterns of wetland plant species along the 
tributary stream courses, these have been reduced 
to isolated areas ,  such a s  the large marsh near the 
Rainbow Airport within the City of Franklin. The 
remahing woodlands in the watershed a r e  scant 
in quantity, occupying a total area of 8.66 square 
miles, o r  only 4.4 percent of the total water- 
shed area ,  and a r e  of low-to-medium value, being 
composed primarily of cut-over oak and smaller 
shrubs. As shown on Map 8, the remaining wood- 
lands a r e  distributed primarily in scattered areas  
along the major stream system. 

Whitbeck, Ray H., "The Geography and Economic 
Development of Southeastern Wisconsin," Bulletin 
No. 58, Wisconsin Geological and Natural History 
Survey, 1921; and Gleason, H.A., "The Vegetational 
History of the Middle West," Ann. Assoc.Am. Geog.,l2: 
39-85, 1922. 
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S O I L  S U I T A B I L I T Y  I N T E R P R E T A T I O N  YAP FOR T H E  ROOT R I V E R  WATERSHED 
R E S I D E N T I A L  DEVELOPMENT W I T H  P U B L I C  S A N I T A R Y  SEWER S E R V I C E  
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P U B L I C  8 A I I T L R 1  SEWER 

w 
Approximately 92.7 square mi les,  o r  26 percent,  o f  t he  watershed are  covered by s o i l s  which are  poo r l y  s u i t e d  fo r  
r e s i d e n t i a l  development o f  any kind. These s o i l s  are  e s p e c i a l l y  p reva len t  in the  r i v e r i n e  and wet land areas o f  
t he  watershed. 



S O I L  S U I T A B I L I T Y  I N T E R P R E T A T I O N  M A P  FOR THE ROOT R I V E R  WATERSHED 
S M A L L  LOT R E S I D E N T I A L  DEVELOPMENT W I T H O U T  P U B L I C  S A N I T A R Y  SEWER S E R V I C E  

Approximately 181.5 square mi les ,  o r  87  percent, o f  t he  watershed are covered by so i  I s  which are poor ly  s u i t e d  f o r  
r e s i d e n t i a l  development on l o t s  hav ing an area smal ler  than one acre and n o t  served by p u b l i c  s a n i t a r y  sewerage 
f a c i l i t i e s .  Such areas a r e  p a r t i c u l a r l y  concentrated i n  the  r i v e r i n e  areas of  t he  watershed. 



S O I L  S U i T A B l L l T Y  INTERPRETATION MAP FOR THE ROOT R IVER WATERSHED 
LARGE LOT R E S I D E N T I A L  DEVELOPMENT WITHOUT P U B L i C  SANITARY SEWER SERVICE 

Approximately 191 - 5  square miles, o r  97 Dercent, of the watershed are covered by s o i l s  which are poorly sui ted 
f o r  r es i den t i a l  development on l o t s  having an area of one acre o r  more and n o t  served by pub l i c  san i ta ry  sewer- 
age f a c i l i t i e s .  These s o i l s  are located p r i nc i pa l l y  i n  the r i ve r i ne  areas o f  the watershed. 



AGRICULTURAL AREAS OF THE ROOT R I V E R  WATERSHED 
( 1 9 6 9 )  

Prime a g r i c u l t u r a l  areas, cons is t ing  o f  the best  a g r i c u l t u r a l  s o i l s  occur r ing  i n  la rge  and e f f i c i e n t l y  worked 
t r a c t s  and not  ye t  encroached upon by scattered urban development, comprise about 30 percent of the t o t a l  water- 
shed area. They comprise one o f  the few remaining resources o f  such lands i n  southeastern Wisconsin. 



FOREST AREAS I N  THE ROOT R i V E R  
WATERSHED ( 1 9 6 3 )  

" 
Remaining woodlands i n  t h e  watershed occupy o n l y  
9.U percent o f  the t o t a l  watershed area and comprise 
an extremely valuable resource, no ton l y  f o r  aesthet ic  
enjoyment and enhancement of r es i den t i a l  development, 
bu t  a l so  f o r  the p ro tec t i on  o f  the water resources. 

Wildlife 
In comparison to the exceptional wildlife resources 
available in many parts of Wisconsin, the wildlife 
resources of theRoot River watershed seem small 
and relatively limited in variety. Because of the 
proximity of the watershed to several large popu- 
lation centers, however, these "limited" wild- 
life resources assume a considerable importance. 
The demand for park land adjacent to urban areas 
is rising, and the presence of wildlife enhances 
a park environment greatly. Opportunities for 
sighting wild mammals and birds-together with 
the demand for open space-are also significant 
factors contributing to the location of residential 
developments in rural areas. 

A joint SEWRPC-Wisconsin Conservation Com- 
mission regional wildlife inventory indicates that 
a numbsr of kinds of game animals, presenting 
a recreational or  economic opportunity, are pres- 
ent within the watershed. These include teal, 
scaup, and mallard ducks, pheasant, Hungarian 

partridge, cottontail rabbit, squirrel, red fox, 
muskrat, raccoon, and white-tail deer. In addi- 
tion, the watershed has considerable value as  
a habitat for many species of birds; and at least 
two well-established heron (great blue) rookeries 
are located within the watershed. Bird-watchers, 
such as  those representing the Hoy Bird Club of 
Racine, attach considerable importance to theRoot 
River flood plain areas a s  a habitat area. The 
spatial distribution of the prime wildlife habitat 
areas remaining within the watershedare indicated 
on Map 9. 

Hunting within the watershed i s  permitted only 
after receiving permission of owner and/or pay- 
ment of fee, for there are no public hunting 
grounds. Several licensed shooting preserves, 
largely for pheasant harvesting, are  located in the 
Root River Canal area of Racine County. 

The fishery resources of the watershed are quite 
limited because of unfavorable habitat conditions 
imposed by stream pollution and exceptionally 
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PRIME W I L D L I F E  H A B I T A T  AREAS I N  THE 
ROOT R i V E R  WATERSHED ( 1 9 6 3 )  

Only a l i m i t e d  number o f  high va l ue  w i l d l i f e  hab i t a t  
areas remain i n  c l o s e  p r o x i m i t y  t o  p resen t  urban 
development w i t h i n  the watershed, because such devel- 
opment has n o t  proceeded w i t h  an awareness o f  t h e  
values and needs of hab i ta t  areas. 



poor low-flow conditions. 'lRoughl1 fish, such a s  
carp, drum, and suckers, are caught-at times- 
in nearly all parts of the perennial stream net- 
work. Panfish, such a s  bullheads, pumpkinseed, 
and bluegill, are caught during occasional peri- 
ods of more favorable water quality conditions in 
a reach of the river extending from Horlick mill 
pond downstream to the mouth of the river. Ac- 
cording to many reports of local residents, and 
corroborated by the Wisconsin Conservation Com- 
mission, there once was a game fishery in the Root 
River; but it declined within recent years and dis- 
appeared entirely with the rise in stream pollution. 

Environmental Corridors and Park and 
Recreation Lands 
It i s  significant that many of the remaining natural 
resources of the Root River watershed, such a s  
surface water, forests, and wildlife, are  located 
in a highly interdependent relationship on the flood 
plains and associated wetlands and waterways, 
a combined area comprising only 11 percent of the 

M a p  1 0  I 
E X I S T I N G  E N V I R O N M E N T A L  CORRIDORS 

I N  THE ROOT R I V E R  WATERSHED ( 1 9 6 4 )  

rshed 
form l inear  pa t te rns  o f  concentrated high value nat -  
u r a l  resources. Together, these envi ronmental c o r r  i -  
dors comprise only l l  percent o f  the t o t a l  watershed 
a rea  but  conta in  most o f  the  remaining woodlands and 
w i l d l i f e  hab i ta t .  

watershed. These natural environments along the 
flood plains and wetlands have been termed "envi- 
ronmental corridors" by the SEWRPC. The dis- 
tribution of the areas of these corridors within 
the watershed are  shown on Map 10. It i s  impor- 
tant to note, and Maps 9 and 10 show, that prime 
wildlife areas are  almost totally contained within 
these environmental corridors. The results of 
a detailed study of potential park sites by the 
SEWRPC, Wisconsin Conservation Commission, 
and the State Department of Resource Development 
also have revealed that most of the existing and 
the remaining good potential park sites within the 
watershed are located in the environmental cor- 
ridors (see Map 11). 

The Root River flood plain and adjacent lands are  
one of 14 broad areas within the Region which 
have been identified by the Wisconsin Conservation 
Commission and the SEWRPC as  possessing rec- 
reational resource values of regional significance 
that warrant careful consideration for conserva- 
tion and enhancement. Similar to such well-known 
resources as  the Kettle Moraine and the Fox River, 
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E X I S T I N G  AND P O T E N T I A L  PARK S I T E S  
I N  THE ROOT R I V E R  WATERSHED ( 1 9 6 4 )  

mary recrea t iona l  resource o f  great .and,  as ye t ,  no t  
f u l l y  developed po ten t ia l  f o r  enhancement o f  the en- 
t i  r e  watersned envi ronment. 



it possesses multi-use potential for park, park- 
way, and related open space; wildlife habitat pre- 
serve; water impoundment; forest preserve; and 
nature study. 

POPULATION AND ECONOMIC ACTIVITY 
Since physical planning is intended to improve the 
environment in which people live and since the 
ultimate purpose of all facilities and services in 
any community is to meet the needs of the resident 
population, an understanding of the size, com- 
position, and spatial distribution of the population 
is basic to any planning for future development. 
Population must also be studied because of the 
direct relationship existing between population 
levels and demand for soil, water, open space, 
and other elements of the resource base. The size 
and characteristics of the population of an area 
a r e  greatly influenced by growth and change in 
economic activity; and, thus, population and eco- 
nomic activity must be considered together. It is 
important to note, however, that, because the Root 
River watershed i s  an integral part of a larger 
urbanizing Region, the economic forces which in- 
fluence population growth within the watershed a re  
largely centered outside of the watershed proper; 
and, thus, any economic analysis for the water- 
shed must be regional in scope. 

Population 
Population Size: The 1963 population of the water- 
shed is estimated at 134,000 persons, o r  about 
8 percent of the total regional population of 
1,674,000.'~ The population of the watershed has 
increased steadily since 1900; and since 1940 the 
rate of population increase has exceeded the re-  
gional growth rate which, in turn, has exceeded 
both the state and national growth rates. These 
trends a r e  set forth in Table 5. Watershed popu- 
lation growth rates since 1940 exceed those which 
can be reasonably attributed to natural increase, 
that i s ,  to an excess of births over deaths, and 
indicate that in-migration from other parts of the 
nation, state, and Region has been a significant 
factor in the recent, rapid population increase. 

Population Distribution: Presently, about 90 per- 
cent of the residents of the watershed live in 

''present and historic population estimates 
for the watershed have been prepared on the basis 
of the proportional areal extent of each minor civil 
d i v i s i o n  within the watershed. This method was 
necessary because historic population data have 
been reported only on a census tract or civil divi-- 
sion basis but is believed to be within necessary 
limits of accuracy because of supplementary infor- 
mation compiled by the SEWRPC and presented in SEWRPC 
Planning Reports, Nos. 3, 4, and 7. 

incorporated cities and villages, the combined 
areas  of which comprise about 40 percent of the 
watershed (see Tables 1 and 6). These figures 
emphasize the peculiar fact that the Root River 
watershed i s  highly urbanized in the headwater and 
outlet areas but predominantly rural elsewhere. 

The present spatial distribution of the population 
of the watershed i s  indicated by the population 
density pattern shown on Map 12. Four distinct 
population concentrations within the watershed a r e  
apparent: 1) an intense concentration in the north- 
e rn  headwater reaches of the watershed; 2) an 
intense concentration in the outlet reaches of the 
watershed; 3) less intense but significant con- 
centrations along the major highway transportation 
routes; and 4) a large low-intensity, rural land 
area relatively unaffected to date by urban con- 
centrations of population. 

Population Characteristics: The geographic dis- 
tribution of the resident population by age charac- 
teristics within the watershed is shown on Map 13. 
This map indicates a concentration of children and 
younger people in the rural and suburban areas  
of the watershed and of older people in the cities 
of Racine, Greenfield, and West Allis and in the 
Village of Hales Corners. The median age of the 
watershed population has decreased from 32 years 
in 1950 to 28 years in 1963. 

Because of a large increase in the proportion of 
married persons, the number of households in the 
Southeastern Wisconsin Region and in the Root 
River watershed has been increasing a t  a higher 
rate than has the size of the respective popula- 
tions. Regional trends show a 38 percent increase 
in number of households versus a 26 percent in- 
crease in population during the period from 1950 to 
1963, and it is believed that watershed trends 
parallel these. Under these conditions, resource 
demands a re  even greater than population size 
alone would indicate. The geographic distribution 
of median household sizes in the watershed is 
shown on Map 14. 

Consistent with regional trends, the educational 
attainment level of the watershed population over 
25 years of age has shown a substantial increase 
since 1950. Approximately one-half of the per- 
sons 25 years old o r  older in 1960 had completed 
11 years or  more of formal education compared to 
about 9 years in 1950. As shown on Map 15, educa- 
tional attainment i s  especially high in the northern 



D I S T R I B U T I O N  OF URBAN, SUBURBAN, AND RURAL POPULATION 
I N  THE ROOT R IVER WATERSHED ( 1 9 6 3 )  
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Although Y7 percent of the  watershed's residents are located i n  populat ion densi ty  zones which can be c l ass i f i ed  
as urban, a t ten t ion  focuses upon the  large area of "rurban" watershed which, through recent populat ion growth, i s  
transcending from rura l  t o  urban and accelerat ing the water-related problems of the watershed. 



T a b l e  5  

P O P U L A T I O N  S l Z E  TRENDS I N  THE U N I T E D  S T A T E S ,  W I S C O N S I N ,  
THE REGION,  AND THE WATERSHED ( 1 9 9 0  - 1 9 6 3 )  

Source: U.S. Bureau of the Census; SEWRPC. 
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headwater portions of the watershed. Comparison within the Region and within the watershed. The 
of Map 16, showing the spatial distribution of median household income within the watershed , . .  
median household income, with Map 15 reveals was about $7,200 in 1963, an increase of 18 per- 
a high degree of correlation between education cent over 1950." - 
and income. Personal income is also increasing " ~ o m ~ e r i s o n  ntsde on baais of constant dol- ~ , .  .'. M a p  1 3  lars-1963 bare with adjustment for price changes..:' ;. 
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The median age o f  t h e  wa te rshed  p o p u l a t i o n  has 
decreased  f rom 32 y e a r s  i n  1950 t o  28 y e a r s  i n  
1963, as young f a m i l i e s  have moved o u t  f rom t h e  
o l d e r  c e n t r a l  c i t i e s  i n t o  t h e  newer communities o f  
the  watershed. 

M E D I A N  HOUSEHOLD S l Z E  I N  THE 

Reg ion  

The watershed e x h i b i t s ,  i n  common w i t h  t h e  Region, 
t r e n d s  toward more b u t  s m a l l e r  households. Conse- 
quently, fu tu re  resource demands w i l l  be even h igher  
than populat ion trends alone might Indicate. 
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E S T I M A T E D  1 9 6 3  P O P U L A T I O N  AND P O P U L A T I O N  D E N S I T Y  I N  THE 
ROOT R I V E R  WATERSHED BY C O M P O S I T E  M I N O R  C I V I L  D I V I S I O N S  

Source: Population data presented in SEWRPC Planning Reports Nos. 3, 4 ,  and 7 and adjusted to watershed basis by 
proportional area method. 

C i v i l  D i v i s i o n  

C i t.i e s 
F r a n k l i n .  . . . . . . . . . .  
G r e e n f i e l d .  . . . . . . . . .  
M i l w a u k e e  . . . . . . . . . .  
Muskego  . . . . . . . . . . .  
New B e r l i n .  . . . . . . . . .  
Oak C r e e k  . . . . . . . . . .  
R a c i n e .  . . . . . . . . . . .  
Wes t  A l l i s .  . . . . . . . . .  

S u b t o t a l ,  C i t i e s  

V i l l a g e s  
G r e e n d a l e  . . . . . . . . . .  
H a l e s  C o r n e r s  . . . . . . . .  
U n i o n  G r o v e  . . . . . . . . .  

S u b t o t a l ,  V i l l a g e s  

Townsh i p s  
C a l e d o n i a  . . . . . . . . . .  
D o v e r  . . . . . . . . . . . .  
M o u n t  P l e a s a n t .  . . . . . . .  . . . . . . . . . . .  Norway .  
P a r i s  . . . . . . . . . . . .  
Raymond . . . . . . . . . . .  
Y o r k v i l l e  . . . . . . . . . .  

S u b t o t a l ,  T o w n s h i p s  

T o t a l ,  W a t e r s h e d  

The Economy 
The relative importance of elements of economic 
activity to employment within the Region is shown 
in Figure 3. Economic activity within the Region 
and within commuting distance of the Root River- 
watershed is heavily concentrated in the man- 
ufacturing of durable goods-primarily in ma- 
chinery, electrical equipment, and transportation 
equipment-and in printing and publishing and food 
and beverage products manufacturing. 

AC Spark Plug Division (General Motors Corp. ) 
of Oak Creek, Allen Bradley Co. of Milwaukee, 
and Bucyrus-Erie Co. of South Milwaukee provide 
many employment opportunities within only a few 
miles of the watershed. The Racine area with 
such internationally known firms a s  J. I. Case 
Co., Twin Disc Clutch Co., and S. C. Johnson & 
Sons, Inc., also provides an important employ- 
ment concentration. 

P o p u l a t i o n  
W i t h i n  

W a t e r s h e d  

10,454 
13 ,626  

2 ,819  
3 ,524  
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4,229 
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98,083 

9 ,450  
6 ,285  
1 ,000 

16,735 

7 , 0 4 8  
117 

7 ,400 
10 
2 3 

2 ,819  
1 ,997 

19,414 

134 ,232  

Within the Root River watershed proper, expansion 
As shown on Map 17, most of the jobs that pro- in economic activity has been largely of the type 
vide primary support to the population of the which would support the needs of a "bedroom" 
northern headwater portions of the watershed a r e  community; that i s ,  a community whose population 
located outside the watershed. Such firms a s  resides within the watershed but works elsewhere. 
Allis-Chalmers Manufacturing Co. of West Allis, In recent years there has been an expansion in 
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0.28 

8.90 
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0.10 
2.61 

33.65 
30.18 

120.11 

197.43 



M E D I A N  Y E A R S  O F  E D U C A T I O N  C O M P L E T E D  
I N  T H E  ROOT R I V E R  WATERSHED ( 1 9 6 3 )  

M E D I A N  HOUSEHOLD INCOME I N  T H E  
ROOT R I V E R  WATERSHED (1963) 

~ d u c a t i o n a l  attainment w i t h i n  the G t e r s h e d  per  per- 
son 25 years o f  age o r  over i s  now about I I  years and 
i s  r i s i n g .  S ince 1950 p a r t i c u l a r l y  r a p i d  increases 
have occurred i n  t h e  suburban headwater por t ions  o f  
the  watershed. 

jobs associated with such service activities as  
supermarkets, chain stores, local construction, 
and light manufacturing. Within the large central 
rural area, several food-processing centers pro- 
vide a generally stable local employment base 
and serve a s  focal points for the development of 
clusters of population in otherwise rural areas. 
For example, kraut processing and canning is 
important to the community of Franksville; and 
meat processing and packaging provides small but 
locally important employment within the towns 
of Raymond and Yorkville. In all measures of 
economic activity, the importance of agriculture 
within the watershed is decreasing consistent with 
state and national trends; but the needs of the 
farmer are still very impo-t to the local trade 
centers. Listed in order of importance by type of 
farm, the primary agricultural activities in the 
watershed are dairy, field crop, other livestock 
@eef), and vegetable (truck) farming. 

In summary, the economy of the watershed i s  
founded principally upon outside employment in 

about $7,200 i n  1963 but  was increasing rap id ly  w i t h  
urbanization. 

the durable goods manufacturing industries. Out- 
of-watershed employment in non-durable goods is 
significant and increasing. In-watershed activities 
of services and sales, farming, food-processing, 
and light manufacturing are important; and all but 
farming are  growing. 

LAND USE 
The type, intensity, and spatial distribution of 
land use determine, to a large extent, the soil 
and water uses and needs of a watershed. Water 
resource demand can be correlated directly with 
the quantity and type of land use. Similarly, water 
resource deterioration parallels directly the qual- 
ity of land use. The existing land use distrlbutlon 
pattern can only be understood within the context 
of its historical development. Thus, attention i s  
herein focused upon historical a s  well as  existing 
land use development. 

Historical Development 
The stimulus for the original settlement of the 
Root River watershed by the white man was pro- 
vided in 1833 with the signing of a treaty extin- 
guishing Indian rights to a large land area in 
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southern Wisconsin, which included the Root River 
watershed. Following the treaty, the U. S. Public 
Land Surveys were completed in southeastern 
Wisconsin by 1836; and this further opened the 
way for settlement of the watershed by lmmlgra- 
tion through the Erie Canal-Great Lakes route to 
the port of Milwaukee--open since 1795-and to the 
port of Racine, opened at the mouth of the Root 
River in 1834. 

From its founding the port city of Racine served 
as a trade and service center for inland agricul- 
tural settlement. Large tracts of open prairie 
lands in the Root River watershed provided an 
ideal wheat-growing environment aqd attracted 
immigrants to the watershed. During the period 
from 1834 to about 1870,wheat-growing was a sub- 
stantial industry in the Root River watershed, 
although later supplemented by sheep-raising. In 
about 1835 a gristmill was constructed at the pres- 
ent site of Horlick Dam on the Root River where 
a bedrock ridge in the stream bed once created an 
ideal water power development site. Small agri- 
cultural service or  trade centers developed at 
such places a s  Yorkville, Union Grove, and Hales 
Corners; but largely the hinterland away from 
the port of Racine remained a rural area of scat- 
tered homesteads. 

JOB D I S T R I B U T I O N  I N  THE 
ROOT R I V E R  WATERSHED ( 1 9 6 3 )  

Most of the jobs supporting urban development w i th in  
t h e  watershed a r e  l o c a t e d  o u t s i d e  t h e  watershed 
boundaries i n  the Milwaukee and Racine manufactur- 
ing complexes. 

In 1844 Jerome I. Case built his first threshing 
machine in the City of Racine; and during the 
period 1844 to 1870, additional small manufactur- 
ing firms were founded to serve the immediate 
local agricultural market. During the period from 
1870 to 1910, a base was created for the modern 
export-oriented manufacturing industry of the 
Racine area. Farm machinery, foodstuffs, bricks, 
and leather goods were exported increasingly 
through the improved port facilities at Racine 
and Milwaukee. Toward the turn of the century, 
Racine and Milwaukee had grown to full-fledged 
urban units of dense population concentration in 
an otherwise almost entirely rural land use com- 
plex. These cities exerted a considerable demand 
for foodstuffs for local consumption and for pro- 
cessing and exportation Consequently, this de- 
mand led to an expansion of agricultural land use 
onto the wetlands and flood plains of the water- 
shed. It was during this period that the first ex- 
tensive "reclamation" or  drainage projects were 
carried out in the Root River watershed. Shallow 
meandering streams connecting several wetland 



areas were deepened and straightened to fonn the 
Root River Canal system. 

During the period from 1910 to the end of World 
War II in 1945, the trend toward more diversified 
and more intensified land use continued, marked 
particularly by the increasing mechanization of 
farming and the introduction of high-speed, all- 
weather highway transportation. During the twenty 
years since the end of World War II, land use 
within the watershed has changed more than in the 
entire previous 115 years. A burgeoning, affluent 
population is consuming land for residential, com- 
mercial, institutional, and transportation uses 
at an unprecedented rate. In the thirteen years 
from 1950-1963, a 61 percent increase in popu- 
lation within the watershed was accompanied by 
a 260 percent increase in land devoted to urban 
use. As shown on Map 18, this urbanization is 
occurring in a diffused pattern outward from the 
Racine and Milwaukee urbanized areas into the 
woodlands, fertile farmlands, and wetlands of 
the Root River watershed. Concomitant with the 
trend of movement outward from the central cities 
into the suburbs and rural areas, a multitude of 
problems connected with providing services to 
a diffused population have become apparent within 
the watershed. 

Present Land Use 
The spatial distribution of present land use (1963) 
within the Root River watershed is shown graphi- 

T a b  
SUMMARY OF E X l S l l N Q  LAND USE I N  

Map 18  

H I S T O R I C  URBAN GROWTH MAP OF THE 
ROOT R IVER WATERSHED ( 1 9 6 3 )  

 he greatest increase i n  urban deveiopment w i th in  the  
watershed occurred i n  the 13-year period frcm 1850 t o  
1963, when the populat ion of the  watershed increased 
by 61 percent, but  land devoted t o  urban use increased 
by 260 percent. 

l e  7 
THE ROOT R IVER WATERSHED - 1 9 6 3 a  

a To summarize existing lend use as tabulated in the SEWRPC land use inventory, the watershed boundary wes 
approximated by U . S .  Public Land Survey quarter-section boundaries, giving a total area for the watershed of 
126.641 acre s .  The difference of 286 acres between this approximetion and the actual area of the watershed 
was distributed by reducing the tabulated area in each lend use cetegory on the basis of the proportionate 
share which each such land use category formed of the total watershed. 

Source: SEWWC. 

Use Category  

R e s i d e n t i a l  D e n s i t y  
Low . . . . . . . . . . . . . . .  
Med I um . . . . . . . . . . . . . . .  
H igh  . . . . . . . .  . . .  . . . . .  S u b t o t a l .  . . .  

Commercia l .  . . . . . . . .  . . .  
I n d u s t r i a l .  . . . . . . . . . . . .  
Min ing .  . . . . . . . . . . . . . . . .  
T r a n s p o r t a t i o n  & U t i l i t i e s .  . . . . . .  
Governmental  & I n s t i t u t i o n a l .  . . . . .  
R e c r e a t i o n a l .  . . . . . . . . . . . . .  . . . . . . . . . . . .  A g r i c u l t u r a l . .  

. . . . . .  Water, Woodland, & Wet land.  

T o t a l . .  . . . . . . . . . . . . . .  
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0.59 
7.50 
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2.58 

66.27 
11.22 

100.00 



cally on Map 19, and i s  summarized in tabular 
form in Table 7. Detailed tabulations a r e  pre- 
sented in Appendix C for  the entire watershed 
and fo r  three hydrographic sub-watershed areas  
tributary to the USGS-SEWRPC water stage re-  
corder stations. 

The boundaries of the sub-watersheds, which a r e  
both hydrographic and land use study units, a r e  
shown on Map 31, in Chapter VI. Several signifi- 
cant facts about the existing land use in the water- 
shed become apparent from inspection of Map 19 
and the statistical summary tables in Appendix C. 

1. Urban land uses within the watershed oc- 
cupy about one-fourth of the total watershed 
a rea  and a r e  concentrated primarily within 
Milwaukee County on the upper tributaries 
of the Root River and within the City of 
Racine at the mouth of the Root River. 

2. The largest single urban land use category 
is residential, occupying 10.22 percent of 
the total watershed area. Over 80 percent 
of the residential land i s  devoted to single- 
family dwellings. 

3. Industrial land use occupies only 0.24 per- 
cent of the total watershed area. 

4. Non-urban land uses occupy 77.49 percent 
of the total watershed area and a r e  con- 
centrated primarily within Racine County, 
outside the City of Racine. 

5. The largest single land use within the 
watershed i s  still agriculture, with nearly 
two-thirds of the total watershed area de- 
voted to this use. The agricultural land 
uses a r e  almost totally concentrated on 
the best agricultural soils within the water- 
shed in the towns of Caledonia, Raymond, 
and Yorkville. 

6. Developed recreational lands, in aggregate, 
comprise approximately 3 percent of the 
total watershed area; and two-thirds of 
these a r e  located in Milwaukee County pri- 
marily along the Root River flood plain. 

7. Only 11 percent of the total watershed area  
is occupied by water, woodlands, and wet- 
lands. Woodlands occupy only 4.4 percent 
of the total watershed area. In compari- .__ 

l 2  ~ a s e d  upon acquisitions to September 1965. 

son to other watersheds within the Region, 
these respective values represent low per- 
centages of the total watershed area. It 
must be recognized that these resources 
a r e  vitally important to the watershed in 
the sense that they aid in the reduction 
of the storm water runoff; aid in the re-  
duction of soil erosion and stream sedi- 
mentation; assist in maintaining natural 
relationships between plant andanimal life; 
and provide unique opportunities for educa- 
tional and recreational pursuits, a s  well 
a s  a desirable aesthetic setting for resi-  
dential development. 

Examination of the land use statistics on the hy- 
drographic sub-watersheds in Appendix C reaf- 
f irms the above observations. The sub-watersheds 
served by stream gaging stations a r e  summarized 
separately, however, for  the express purpose 
of facilitating at  a later  date an interpretation 
of the effect of land use change upon stream- 
flow behavior. 

PUBLIC UTILITY BASE 
The construction of public water supply and sewer- 
age facilities within the watershed has not kept 
pace with urban expansion, with the result that 
in the suburban areas  urban development i s  cur- 
rently dependent upon individual, community, and 
industrial wells and individual septic tank sewage 
disposal systems. Presently only 15 percent of 
the total urban area within the watershed, and only 
6 percent of the total watershed area,  is served by 
public sanitary sewer facilities. Public water is 
provided to even a smaller percentage of those 
areas ,  12 percent of the urban area and 5 percent 
of the total watershed area. It would seem, how- 
ever, that at  least in Milwaukee County this trend 
i s  changing; and all of the Milwaukee County por- 
tions of the watershed will be serviced by public 
sanitary sewerage facilities by the year 1975. 

Existing public sanitary sewerage service areas  
a r e  shown on Map 20. Detailed information on 
treatment, loadings, and efficiencies of sewage 
disposal plants i s  presented in Chapter IV. 

In the near future, the four public and institutional 
sewage disposal plants presently located within 
the watershed in Milwaukee County will cease 
contributing effluent to the Root River; and the 
municipal sewage will be routed to a large new 
sewage treatment plant located on Lake Michigan 
in the City of Oak Creek. Within the urbanizing 



QENERALIZED E X l S T l M G  LAND USE ( 1 9 6 3 )  

This general ized ex i s t i ng  land use map depicts the extent of concentrated urban development w i th in  the watershed 
i n  1963. Most of the medium-density and high-density res ident ia l  areas were developed p r i o r  t o  1950, whi le much of 
the low-density res iden t ia l  areas were developed during the period from 1950 t o  1963. 



P U B L I C  SANITARY SEWERAQE SERVICE AREAS 
I N  THE ROOT R IVER WATERSHED ( 1 9 6 9 )  

The service areas of present public water supply 
are shown on Map 21. Because of lowering ground 
water tables and the treatment requirements of 
"hard" ground water, there is a tendency toward 
metropolitan water service, both in the Milwaukee 
and Racine areas, to follow urbanization into the 
Root River watershed, providing Lake Michigan 
water at competitive costs. In the upper portion 
of the watershed, the Village of Greendale re- 
cently placed the existing village-owned deep 
wells on a standby basis and began receiving Lake 
Michigan water from the City of Milwaukee water 
system. In the southern portion of the water- 
shed, the Sturtevant area similarly recently con- 
tracted with the City of Racine for supply of Lake 
Michigan water. 

As in the case of sewerage service, the central 
and western rural area of the watershed is placed 
disadvantageously for importation of Lake Michigan 
water-either alone or  through the auspices of one 
of the metropolitan water systems. Thus, in these 

Map 2 1  

P U B L I C  WATER SUPPLY SERVICE AREAS 
I N  THE ROOT R IVER WATERSHED ( 1 9 6 9 )  

Wlthln recent years, pub l i c  sanitary sewerage serv ice 
has been extended r a p l d l y  w i t h i n  the  watershed bu t  
s t i l l  has no t  been able t o  keep pace w i th  the rap ld  
r a t e  o f  urban development. Consequently, much r e s i -  
d e n t i a l  development s t i l l  r e l i e s  upon s e p t i c  tank 
sewage disposal systems. 

portion of Racine County, a similar trend toward 
centralized collection of sewage for efficient treat- 
ment is occurring as  the community of Franksville 
has been provided service by the City of Racine. 
The location of the gravity drainage areas, how- 
ever, indicates that a large portion of the still 
rural land in the towns of Yorkville and Raymond 
is likely to remain unserviced by public sanitary 
sewerage for many years to come. 

The Region is well endowed with natural water 
sources which are physically capable of meeting 
virtually all needs with minimal treatment re- 
quirements. Ultimately, Lake Michigan water 
could be made readily available to all parts of the 
watershed. Shallow and deep aquifers underlie 
the watershed and provide two additional sources 
of water supply. Detailed information on ground 
water supply and use is presented in Chapter IV. 

Although h igh q u a l i t y  Lake Michigan water may u l t i -  
mately be ava i lab le  t o  a l l  urban development i n  the  
watershed, only the headwater por t ions and the Racine 
area are  p resen t l y  so serviced. Ground water re- 
mains an important  source o f  supply i n  o the r  areas 
o f  the watershed. 



A R T E R I A L  H I G H W A Y  A N D  T R U N K  L I N E  R A I L R O A D  F A C I L I T I E S  
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The watershed l i e s  d i r e c t l y  in  the path of  the major Chicago-to-Milwaukee t ransportat ion routes. 



areas the groundwater reservoirs assume consid- 
erable importance. 

Electric power service to the entire watershed is 
provided by the Wisconsin Electric Power Com- 
pany. Residential power service i s  available any- 
where within the watershed, low voltage lines being 
in place on virtually every rural highway. Electric 
power to meet any commercial or industrial need 
could and would, as  a matter of utility corporation 
policy, be extended to any customer requesting 
service anywhere within the watershed with the 
sole limitation that the anticipated earnings from 
a particular customer must over a four-year pe- 
riod be equal to, or greater than, the cost of the 
necessary service extension. 

Gas service to the watershed is provided by three 
utilities: Wisconsin Southern Gas Company, Wis- 
consin Natural Gas Company, and Milwaukee Gas 
Light Company. No gas utility franchise exists in 
the Town of Raymond. As a matter of utility cor- 
poration policy, any major customer can obtain 
gas service anywhere within the franchised por- 
tions of the watershed; but extensions to serve 
small potential customers in areas remote from 
existing mains must be deferred until the number 
of such consumers economically justifies the nec- 
essary extension. 

The Major Transportation System 
The major transportation network within the water- 
shed, consisting of arterial highway and trunk line 
railroad facilities, i s  shown on Map 22. The 
major transportation routes and dominant move- 
ments within the watershed are all in a north- 
south direction. The heaviest movements of motor 
vehicle traffic within the watershed occur along 
M 94-USH 41 and connecting STH 100 and on 
STH 32. These major north-south highway routes 
are  paralleled by three trunk line railroad routes; 
the Chicago, Milwaukee, St. Paul, and Pacific 
Railroad, Milwaukee-to-Chicago main line; the 
Chicago and Northwestern Railroad, Milwaukee- 
to-Chicagofreight line; and the Chicago and North- 
western Railroad, Milwaukee-Racine-Kenosha- 
Chicago passenger line. 

SUMMARY 
This chapter has described the natural and man- 
made resources which-as an interrelated whole- 
comprise the complex and changing environment 
which is the Root River watershed. Certain find- 
ings having particular significance to any compre- 
hensive planning effort for the Root River water- 
shed are  evident. They are summarized in the 
following paragraphs. 

The Root River watershed is one of 11 natural 
surface water drainage units located within the 
rapidly urbanizing Southeastern Wisconsin Region. 
A complex pattern of general and special pur- 
pose units of government is superimposed upon 
this natural drainage unit complicating compre- 
hensive watershed planning and plan implementa- 
tion activities. 

The watershed is experiencing a rapid population 
growth and urbanization, and the economic forces 
promoting these changes are largely centered out- 
side of the watershed in the Milwaukee and Racine 
urbanized areas. Land within the watershed is 
undergoing a rapid change from rural to urban 
use. The new urban development i s  occurring pri- 
marily in the form of low-density residential use 
in the Milwaukee County,headwater upper reaches 
of the basin and in the lower reaches of the basin 
near the City of Racine. Considerable sprawl in 
the form of isolated residential enclaves is also 
occurring in the still rural areas of the watershed 
away from established communities. 

Large areas of the watershed are covered by soils 
having severe limitations for urban development 
and particularly for residential development with- 
out public sanitary sewer service. These prob- 
lem areas for urban development are,  however, 
largely the opportunity areas for development of 
additional woodland, wildlife habitat, and outdoor 
recreational areas. 

The approximately 11 percent of the total area 
of the watershed remaining in water, woodland, 
and wetland use, together with the areas of soils 
poorly suited to urban development, form natural 
environmental corridors along the stream valleys. 
In their present undeveloped state, they support 
most of the remaining wildlife within the water- 
shed. Only 3 percent of the total watershed area 
has been developed for outdoor recreational uses, 
and most of this area is in parkway lands within 
Milwaukee County. 

Public sewer and water facility extension has not 
kept pace with urban development. The location of 
the watershed near Lake Michigan makes available 
to it-legally and practically-a dependable supply 
of high quality surface water. 

The ability of the watershed to sustain a wildlife 
population has declined rapidly, and the remain- 
ing wildlife population i s  small and of a limited 
variety. A historic game fishery has declined in 
recent years and disappeared entirely due to ad- 
verse changes in water quality. 
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Chapter IV 

HYDROLOGY OF THE WATERSHED 

INTRODUCTION 
The hydrologic regimen of the Root River water- 
shed is conditioned by a combination of influ- 
ences-some natural and some caused by man's 
occupation and use of the land. As a result of i ts  
glacial origin, the land surface is made up of 
a large number of different soil types with vary- 
ing influence upon the relation of rainfall to run- 
off. The natural channels also reflect the glacial 
origin of the topography with variable slopes and 
poorly developed drainage patterns. Many of the 
natural drainage courses in the river system have 
been modified, in the agricultural areas  by tiles 
and ditches to drain former wetlands and in the 
urban areas  by conversion into storm sewer re- 
ceptors and wasteways. Urbanization has reduced 
the rate of ground water recharge with attendant 
lowering of shallow ground water aquifer levels 
and reduction in the ground water contribution to 
streamflow. The low-flow regimen of the r iver 
system and the chemical and biological quality of 
the streamflow has been greatly influenced by con- 
tributions of sewage disposal plant effluent. The 
Root River watershed thus is much changed from 
its  natural condition, generally unfavorably with 
respect to i ts  water resources. The watershed, 
however, still retains a potential for  beneficial 
land use and water resource development. 

Comprehensive planning for the wise use and de- 
velopment of the land and water resources of the 
watershed requires knowledge and understanding 
of the relationships existing between the many 
natural and artificial factors that together com- 
prise the hydrologic system of the watershed. 
Because of the interdependence of streamflow, 
ground water, and landuse, any planned modifica- 
tion o r  development of one facet of the hydrologic 
system must consider the resultant effects on all 
others, Only by considering the hydrologic system 
a s  a whole can a sound comprehensive watershed 
plan be prepared and the water-related problems 
of the basin ultimately abated. 

QUANTITY OF SURFACE WATER 
Surface water in the Root River watershed is made 
up almost entirely of streamflow. A few minor 
ponds, wetlands, and flooded gravel pits comprise 

the balance but a r e  negligible in terms of the total 
water quantity. The quantity of streamflow varies 
widely from season to season and from year to 
year responding to variations in precipitation, 
temperature, soil moisture conditions, agricul- 
tural operations, the growth cycle of vegetation, 
and ground water levels. Since the quantity of 
streamflow is the product of many interrelated 
hydrologic factors, the only practical way to deter- 
mine streamflow characteristics is to measure 
the streamflow itself. 

Ideally, a long record of flow measurement is re-  
quired before a representative picture of flow 
characteristics can be obtained. Unfortunately, 
systematic streamflow measurements in the water- 
shed were initiated a comparatively short time 
ago, making estimates of streamflow character- 
istics highly dependent upon engineering judg- 
ment. Three stream gaging stations were installed 
in October 1963, less than one year before the 
Root River study began: one on the North Branch 
a t  W. Ryan Road (STH loo), one on the Canal a t  
CTH G ,  and another on the main stem a t  STH 38 
near the City of Racine. Two full annual stream- 
flowcycles have now been recorded a t  these gaging 
stations, and the flow characteristics obtained a r e  
believed to be reasonably indicative of long-term 
conditions, particularly in the low-flow ranges. , 

Streamflow characteristics for the published pe- 
riod of record, together with long-term estimates 
based on experienced engineering judgment, a r e  
summarized in Table 8. Flow duration curves 
for the period of published record a r e  shown in 
Figure 4. 

It should be noted that effluent from several sew- 
age treatment plants contributes to the flow of the 
Root River. Approximate contributions of effluent 
to the flows a t  each station during the 1964 and 
1965 water years1 a r e  summarized in Table 9. 
Since some of these contributions enter the stream 
system well above the stream gaging stations, dif- 
ferences between Table 8 and 9 a r e  due to losses 
o r  gains incurred in channel seepage and routing. 

1 "Water Year" is the 12-month period October 1 
through September 30, designated by the calendar year 
in which it ends. Thus, the water year 1965 extends 
from October 1,1964, through September 30, 1965. 
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High streamflows occur principally in the late 
winter and early spring, usually associated with 
melting snow. Low flows persist for most of the 
remainder of the year with occasional r ises caused 
by rainfall. Under present ground water condi- 
tions, the lowest flows of the river appear to 
consist almost entirely of sewage disposal plant 
effluent, without which, flows would probably drop 
to zero for considerable periods of time. 

flows overland ~ontr ibut in~direct ly  streamflow, 
is variable both in season and in location within 
the watershed. The ratio of runoff from winter 
rains and melting snow, usually occurring when 
the soil is frozen o r  saturated, can be very high. 
However, runoff during the later spring, summer, 
and fall season is generally a very small fraction 
of thecausative rainfall. Figures 5, 6, and 7, show 
the hydrographs of river discharges recorded at 
the three gaging stations, during the 1964 water 
year, plotted together with precipitation a s  re- 
corded a t  the U. S. Weather Bureau Milwaukee 
Station at General Mitchell Field. Precipitation 
recorded at the Milwaukee Station, however, is 
not always representative of precipitation over 
the entire watershed a s  indicated by isohyetal 
maps of unusual rainfall events, such a s  that of 
July 17-18, 1964. In summary, river discharge 
generally responds much more to winter and spring 
rainfall than to summer and fall rainfall. 

Under present conditions of land use in the water- 
shed, the amount of precipitation which becomes 
runoff and appears a s  streamflow in theRoot River 
system i s ,  when considered for  the watershed a s  
a whole, still fairly representative of stream sys- 
tems in the Lake Michigan basin. Table 8 indi- 
cates that the long-term average annual flow of 
the Root River a t  Racine is equivalent to an annual 
runoff of abomt 6.3 inches depth of water over the 
entire watershed, o r  about 21  percent of the aver- 
age annual precipitation of 30 inches. Considering 

F i g u r e  5  
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T a b l e  8  

STREAMFLOW DATA SUMMARY FOR THE ROOT R I V E R  WATERSHED 

a Based on b o t h  1964 and 1965 water years 

Es t ima ted  b y  mu1 t i p l y i n g  1963-1965 r u n o f f ,  ad jus ted  f o r  sewage p l a n t  e f f l u e n t  b y  r a t i o  o f  long-  term (20-year) 
average f l o w  o f  Des P la ines  R i v e r  a t  Des P la ines  t o  1963-1965 Des P la ines  r u n o f f .  

P 

Corresponds t o  March 1960 f l o o d  peak obta ined from s y n t h e t i c  f l o o d  computations. 

S o u r c e :  U.S.  G e o l o g i c a l  S u r v e y .  S u r f a c e  W a t e r  B r a n c h ;  H a r z a  E n g i n e e r i n g  Co. 

M in .  
D a i l y  
F l o w  

(CFS) 

0.3 
1.2 

- - 

1.4 
2.1 

- - 

1.3 
3.5 

- - 

S t a t i o n  and 

T r l b u t a r y  D r a i n a g e  A r e a  

R o o t  R i v e r  Cana l  a t  CTH G, 
57.2 sq. m i .  

Oc t .  1963 t o  Sep t .  1964 
Oc t .  1964 t o  S e p t .  1965 

L o n g - t e r m  E s t i m a t e  
( p r e s e n t  c o n d i t i o n s )  

N o r t h  B r a n c h  a t  W. Ryan Rd. 
(STH l o o ) ,  49.3 sq. m i .  

Oc t .  1963 t o  Sep t .  1964 
O c t .  1964 t o  Sep t .  1965 

L o n g - t e r m  E s t i m a t e  
( p r e s e n t  c o n d i t i o n s )  

R o o t  R i v e r  Near  R a c i n e  (STH 3 8 ) ,  
187 sq. m i .  

O c t .  1963 t o  S e p t .  1964 
O c t .  1964 t o  Sep t .  1965 

L o n g - t e r m  E s t i m a t e  
( p r e s e n t  c o n d i t i o n s )  

the short period of runoff record,  upon which 
these long-term est imates a r e  necessarily based, 
this i s  not significantly different from the long- 
t e rm average annual runoffs of other r ivers  in the 
Region, such a s  the Des Plaines, Fox, and Mil- 
waukee, which range f rom 7.0 to 7.7 inches per  
year.  Although runoff for  the watershed a s  a whole 
i s  representative of s t reams in the Region, any 
such representative similarity disappears when 
sub-watersheds of the Root River basin a r e  con- 
sidered. F o r  example, Table 8 indicates that the 
runoff f rom the drainage a r ea  tributary to the Root 
River Canal, a relatively flat agricultural a r e a  
covered by retentive soils,  i s  only 6.0 inches pe r  
year. The runoff from the drainage a r ea  tributary 
to the North Branch i s  10.1 inches per  year ,  o r  
1.7 times the runoff from the Root River Canal 

F l o w  E q u a l  l e d  
o r  Exceeded 
9 0 P e r c e n t  

o f  T ime 

(CFS) 

0.7 
I . O a  

- - 

2.0  
2 .3a 

- - 

2.0 
3 .6a 

- - 

E q u i v a l e n t  
R u n o f f  
D e p t h  

( i n . )  

1.83 
9.37 

6 . 0 5 ~  

4.38 
14.12 

10. l o b  

2.51 
8.76 

6.26b 

Mean 
D a i l y  
F l o w  

(CFS) 

7.7 
39.6 

2 5 . 0 ~  

15.9 
51 - 3  

36. 8b 

34.4 
121.0 

86. 7b 

a r e a  and 1.6 t imes the runoff of the watershed a s  
a whole. Although the soi ls  of the a r ea  tributary 
to the North Branch a r e  somewhat less  retentive 
than those in the Root River Canal a r ea  and the 
topography somewhat steeper, the most striking 
difference between the two tributary drainage 
a r e a s  i s  in the degree of urbanization. About one- 
half of the drainage a r ea  tributary to the North 
Branch i s  presently occupied by urban land uses,  
while almost al l  of the drainage a r ea  tributary to 
the Root River Canal i s  in rura l  land use. The 
proportionate relations existing between these 
runoff values a r e  basically unchanged when the 
contribution from sewage plant effluent i s  sub- 
tracted from the total flows. These differences in 
runoff character is t ics  may become even more  
pronounced a s  urbanization proceeds within vari-  

I n s t a n t a n e o u s  
Peak 
F l o w  

(CFS) 

309 
500  

3, 2OoC 

792 
1,600 

5,000 

997 
1,610 

8 ,  20oc 
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ous sub-watersheds. Equivalent depth of surface 
runoff resulting from individual storms was ana- 
lyzed for two storms, with the results summarized 
in Table 10. 

It i s  not possible to draw precise quantitative con- 
clusions, a s  to the relationship between storm 
runoff from the urban and rural areas,  from the 
small amount of hydrologic data presently avail- 
able for the Root River watershed. The data in- 
dicate, however, that surface runoff ratios a re  
definitely higher for the urban portion of the water- 

shed. Therefore, a s  urban development continues 
within the watershed, the total quantity of annual 
runoff willprobably increase. This increase, how- 
ever, may be concentratedin periods of flood flow. 
Streamflow during dry periods may actually de- 
crease. Low flows may also be strongly influenced 
by increases in sewage disposal plant effluent o r  
by the export of sanitary sewage from the water- 
shed. The trend of runoff changes resulting from 
urban development can, to some degree, however, 
be controlled through proper water management 
practices based upon a comprehensive water- 
shed plan. 



T a b l e  9  

SEWAGE P L A N T  FLOW C O N T R I B U T I O N  SUMMARY FOR THE ROOT R I V E R  WATERSHED 

OCTOBER 1 9 6 3  - SEPTEMBER 1 9 6 5  

Source: Metropolitan Sewerage Commission of the County of Milwaukee; Village of Union Grove; Caddy Vista Sanitary 
District; Wisconsin Committee on Water Pollution. 

T a b l e  1 0  

R A I N F A L L - R U N O F F  R E L A T I O N S H I P  FOR TWO MAJOR STORMS 

ROOT R I V E R  WATERSHED 

S t a t i o n  

R o o t  R i v e r  Cana l  a t  CTH G 
N o r t h  B r a n c h  a t  W. Ryan Rd. (STH 100)  
R o o t  R i v e r  Near  R a c i n e  (STH 3 8 )  

Average  
E f f l u e n t  

F l o w  
C o n t r i b u t i o n  

(CFS) 

1 . O  
2.2 
3.7 

a Includes outflow from agricultural tile drains. 

Source: U.S. Weather Bureau; Harza Engineering Co. 

Minimum 
D a i l y  

E f f l u e n t  
F l o w  

C o n t r i b u t i o n  

(CFS) 

0.4 
1.4 
1.9 

E q u i v a l e n t  
R u n o f f  
D e p t h  
( i n . )  

0 .24 
0. 61 
0 . 2 6  

FLOOD CHARACTERISTICS 

Max i mum 
D a i l y  

E f f l u e n t  
F l o w  

C o n t r i b u t i o n  

(CFS) 

1.9 
5.7 
6.4 

M a j o r  S t o r m s  

J u l y  17-18, 1964 
R o o t  R i v e r  C a n a l  a t  CTH G . . . . . . . . 
N o r t h  B r a n c h  a t  W. Ryan Rd. (STH 100) .  . . 

J a n u a r y  1 ,  1965 
R o o t  R i v e r  C a n a l  a t  CTH G . . . . . . . . 
N o r t h  B r a n c h  a t  W. Ryan Rd. (STH 100) .  . . 

Historical Floods 
The Root River system, while having a history 

R u n o f f  

( i n . )  

0. 5 9 a  
0 . 9  1 

0. 13 
0. 19 

- 

of relatively frequent minor local flooding, has 

R u n o f f  
R a t i o  

0.  13 
0. 15 

0. 13 
0 .32 

R a i n f a l l  

( i n . )  

4.61 
6 .01 

1.00 
0.60 

experienced only one major flood in recent times. 
The flood which occurred in March-April of 1960 
was by fa r  the most damaging experienced on the 
Root River. Living memory and historical records 
show no evidence of overall damage and inundation 
from any other flood even approaching that ex- 
perienced in this flood. 

R e t e n t i o n  

( i n . )  

4.02 
5 .10  

0 .87  
0.41 

The combination of climatological events which 
caused the 1960 flood was unusual and undoubtedly 
rare.  Based on the U. S. Weather Bureau Mil- 
waukee Station record of 111 years, the 20 inches 
of snow on the ground on March 1, '1960, was the 
third highest recorded for that date. Fourteen 

inches of new snow fell between the 1st and the 
25th of March. The average temperature during 
the month was the lowest ever recorded for March, 
with the temperature rising above freezing for 
only a portion of one day between the 1st and the 
26th. After this sequence of steadily below freez- 
ing temperature, which minimized the loss of snow 
water content, the temperature rose to 46OF on 
the 27th, 41°F on the 28th, and 6 2 ' ~  on the 29th. 
Starting in the evening of the 29th, 2.57 inches of 
rain fell in a period of 24 hours, the highest ever 
recorded in 24 hours in March. This rainstorm 
appears to have been centered over the drainage 
area of the North Branch. An isohyetal map of 
this storm i s  shown on Map 23. 

This heavy rain falling immediately after a sudden 
thaw resulted in a peak flow of 5,000 cubic feet per 
second (CFS) at  W. Ryan Road (STH 100) a s  later 



Map 2 3  

I S O H Y E T A L  MAP 
STORM OF MARCH 2 9 - 3 0 , 1 9 6 0  

The severe flood event of 1960 war t r iggered by a  24- 
hour r a i n f a l l  of about 2 inches, as shown, occuring on 
frozen ground and causing the runoff o f  an additional 
3.5 inches o f  water f r m  snowmelt. 

determined by an indirect measurement made by 
the U. S. Geological Survey. Discharges were not 
measured elsewhere in the river system, but high 
water marks indicate that the flow was out-of- 
banks along most of the river length with several 

'~treamflow determinations are ordinarily based 
on the velocity-area method of measuring discharge in 
which the cross-sectional area of flow and the veloc- 
ity of flow past the section ere determined. The pro- 
duct attained by multiplying the area of the cross 
section by the velocity of flow constitutes the 
discharge measurement for that cross section of the 
stream system. The velocity may be measured either 
directly by current meter or determined indirectly by 
measurement of the head loss through s contracted 
opening, such as a bridge waterway, from which the 
velocity end discharge may be computed by standard 
engineering formulae. The head loss is usually deter- 
mined by an instrumental survey of high water marks 
made as soon after a flood as practicable. 

By the indirect, contracted opening method of meas- 
urement, the calculated peak flow of the Root River 
at Ryan Road on March 3 0 ,  1960. was determined to be 
5 ,130  CFS. This indirect measurement was rated as 
"fair" in accuracy (plus o r  minus 8 percent) when 
reviewed by the Washington Office of the USCS. For 
purposes of the planning studies, the value waa 
rounded to 5.000 CFS. 

areas of widespread inundation. The peak stage 
at  Spring Street in Racine was 15.2 feet, 3.7 feet 
higher than the next highest recorded peak in the 
25 years of record. Synthetic reconstruction of 
the 1960 flood indicates a peak discharge near 
Racine at STH 38 of 8,200 CFS. The method of 
flood synthesis i s  described in Chapter VI. Syn- 
thesized hydrographs of 1960 flood flow at  several 
points in the river system are shown in Figure 8. 
Specific location, extent of damages, and areas of 
inundation caused by the 1960 flood are described 
in Chapter VII. 

The synthesis of the 1960 flood indicates that flood 
flow probably consisted of about 3.5 inches depth 
of snowmelt runoff over the entire watershedcom- 
bined with about 2.4 inches depth of rainfall runoff 
from the drainage area of the North Branch and 
about 1.4 inches depth of rainfall runoff from the 
balance of the watershed. 

A frequent contributing factor to local high water 
levels during late winter and early spring floods 
i s  jamming of ice at bridges and other channel 
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constrictions. Although conflicting reports were 
obtained during the flood damage surveys, it i s  
probable thatice jams were nota significant factor 
in the 1960 flood. Ice effects are  most prevalent 
in the case of a river rise followed by freezing 
temperatures causing large ice sheets, in turn, 
followed by a flood. Such conditions did not occur 
in 1960. 

A recent minor flood, that of July 1964, while 
causing only relatively slight damage, was of great 
importance to the study of the flood hydrology of 
the Root River watershed. Widespread thunder- 
storm rain began in the evening of July 17 and 
continued until midnight. A second rainfall started 
around 4:00 a. m. on the 18th and continued inter- 
mittently until noon. A total of 4.04 inches of rain 
fell at  the U. S. Weather Bureau Milwaukee Station 
in a period of 19 hours. Rainfall on the drainage 

M a p  2 9  

I S O H Y E T A L  MAP 
STORM OF J U L Y  1 7 - 1 8 , 1 9 6 9  

I N  T H E  ROOT R I V E R  WATERSHED 

With the  cooperat ion o f  l o c a l  observers ,  t h e  SEWRPC 
was ab le  t o  construct  t h i s  map showing the d i s t r i b u -  
t i o n  of r a i n f a l l  produced by an intense storm occur- 
r i n g  during the  conduct o f  the  comprehensive planning 
s t u d y .  Because o f  f a v o r a b l e  a n t e c e d e n t  m o i s t u r e  
c o n d i t i o n s ,  unfrozen s o i l s ,  and v e g e t a t i v e  c o v e r ,  
runof f  from t h i s  r a i n f a l l  was r e l a t i v e l y  smal l  and 
r e s u l t a n t  f l o o d i n g  was minor .  

area of the Root River was, at many points, even 
higher. The highest recorded rainfall in the drain- 
age area was 7.51 inches (unofficial) in the north- 
east corner of the City of NewBerlin. An isohyetal 
map of the July 17-18, 1964, storm i s  shown on 
Map 24. Rainfall depth-duration-frequency curves 
prepared by the U. S. Weather Bureau for Milwau- 
kee Station indicate a recurrence interval in the 
order of 100 years for rainfalls of this magnitude. 

The total volume of flood flow resulting from this 
unusually heavy rainfall was, however, relatively 
small. The peak flow at  W. Ryan Road (STH 100) 
gaging station was 792 CFS; at  CTH G, 309 CFS; 
andnear Racine at STH 38, 997 CFS. Comparisons 
of rainfall volume and corresponding runoff vol- 
ume for  this storm a r e  shown in Table 10. Hydro- 
graphs of these flood flows a r e  shown in Figure 9. 

The river response to the storm of July 1964, a s  
compared to March 1960, illustrates the tremen- 
dous effect of seasonal variation in the water 
retention capability of the watershed soils. Water- 
shed soil conditions were dryer than normal at the 
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beginning of the July storm. Using U. S. Soil Con- 
servation Service (SCS) rainfall retention criteria, 
i t is  estimated that the flood peaks might havebeen 
up to three times as high with normal antecedent 
rainfall conditions, "normal" being defined as  
1.4 to 2.1 inches of rainfall in the previous five 
days. Although the soils in the drainage area of 
the North Branch are less retentive than those of 
the Root River Canal area, the total depth of water 
retained in the North Branch area, as  indicated by 
the flood of July 1964, i s  greater than the depth of 
retention in the Canal area. This is contrary to 
the expected effects of urbanization on rainfall re- 
tention and flood runoff and i s  probably due to the. 
greater volume of rain on the North Branch falling 
on very dry soils. As indicated by the higher run- 
off ratio for the North Branch (0.15 versus 0.13), 
the Canal area would probably have retained more 
water had it received rainfall in an amount equal to 
the North Branch. Another possible compensating 
factor is that urban lawn areas have a higher re- 
tentive effect upon summer rainfall than agricul- 
tural cropland. The flood peak discharge from the 
North Branch was, however, higher than that of the 
Canal, a s  would be expected from an urban drain- 
age area where more efficient drainage concen- 
trates the runoff volume into a shorter time period. 

Seasonal Nature of Floods 
A record of river stage (water level) obtained 
since 1940 at Spring Street Bridge by the City En- 
gineer of the City of Racine shows that most flood 
flows in the last 25 years occurred during late 
winter or  early spring. All stage peaks of 5.0 feet 
and over are  shown plotted on their date of oc- 
currence in Figure 10. Only the highest peak for 
each storm o r  snowmelt event was selected for 
plotting. Of the 64 peaks of 5.0 feet and over, 
35 peaks, including the four highest of record, 
occurred during the months of February, March, 
and April. Of the 22 peaks of 7.0 feet and over,. 
17 peaks occurred during the months of February, 
March, and April. 

The probability of heavy rainfall within the Re- 
gion i s  much greater in the summer months than 
at any other time of the year. In spite of this 
greater rainfall potential, however, summer floods 
have been much less frequent and not as  se- 
vere as  spring floods. This is undoubtedly due to 
the greater capacity of the soil to retain rain- 
water during summer conditions and the absence 
of snowmelt contribution. Table 10 indicates a 
total retention as  high as  5.1 inches depth over 
the drainage area of the North Branch in a period 

of about 24 hours. This amount of retention i s  
twice the total rainfall associated with the flood 
of March-April 1960. 
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A most important characteristic of floods and 
of flood damages is the probability, or  risk, of 
their occurrence. Probability, or  risk, i s  de- 
fined a s  the chance of occurrence in any year of 
a flood equaling o r  exceeding a specified magni- 
tude. Probability may be expressed as  a decimal 
fraction or a percentage. "Recurrence interval" 
is defined as  the ave rap  time interval between 
floods of a given magnitude and is equal to the re- 
ciprocal of the probability. For example, a flood 
of such magnitude that it occurred on the average 
of once in 100 years would have a recurrence in- 
terval of 100 years and a probability, or  risk, of 
happening in any year of 1 percent. It may also 
be said that such a flood has one chance in one 
hundred of happening in any year. 

A long and continuous record of river discharge is 
the best basisfor determination of flood frequency. 
Unfortunately, the discharge records for the Root 
River are  much too short for meaningful flood 
frequency analysis. It was necessary, therefore, 
to make statistical inferences a s  to flood fre- 
quency from other sources. These were made 
from the periodic measurements of river water 
levels recorded at the Spring Street Bridge in . - 
Raoine since 1940, climatological records col- 
lected at Milwaukee over a period of 111 years, 
and long-term discharge records of other Wis- 
consin rivers with hydrologic regimens similar 
to that of the Root River. 



Data from these sources were analyzed with par- 
ticular emphasis on determining the probable fre- 
quency of the 1960 flood. The Spring Street gage 
record, being an actual measure of river perfor- 
mance over a period of 25 years, was given the 
heaviest weight in the analysis. The actual series 
of peak stages was analyzed using a statistical 
method (Iiazen formula) of probability assignment 
to individual recorded stages. A similar analysis 
was also carried out for both spring and summer 
peak stages. The series of annual, spring, and 
summer peak stages as  recorded at Spring Street 
i s  shown in Table 11. The frequency curves re- 
sulting from the statistical analysis are shown 
in Figure 11. 

Statistical analysis of the Spring Street gage re- 
cord indicates that the probability of occurrence 
in any year of a peak stage equal to, or  greater 
than, the 15.2 feet recorded in 1960 is 0.014. This 
corresponds to an average recurrence interval 
of once in about 70 years. There i s  reason to 
believe, however, that the probability of occur- 
rence of a flood comparable to the 1960 flood is 
smaller than 0.014. Analysis of Root River flood 
frequency in terms of the flood frequencies of 
similar rivers in a comparable geographical and 
climatological environment, using criteria pre- 
pared by the U. S. Geological Survey: indicates 
a probability of occurrence in the range of 0.005 to 
0.001, corresponding to recurrence intervals of 
200 to 1,000 years. The combined probabilities 
of the climatological events which produced the 
1960 floodalso indicate a probability of occurrence 
for the flood less than that resulting from statisti- 
cal analysis of the Spring Street record alone. 

In consideration of the above factors, with most 
weight being given to the Spring Street gage record, 
it was concluded that the probability of occurrence 
of a flood comparable to that of 1960 is 0.01, or 
an average of once in 100 years. Frequencies of 
lesser floods were established by using the USGS 
regional frequency relationship together with the 
100-year frequency assigned to the 1960 flood. 
Derived frequency curves for the three river gag- 
ing stations are shown in Figure 12. It i s  impor- 
tant to note that these frequency curves apply to 
present conditions of urban development in the 
watershed. Frequency-stage data for future land 
use conditions are contained in Chapter VI. - 

See: Ericson. D.W., Floods in Wisconsin. Hagni- 
tude and Freouencv, U : S .  Geological Survey open-file 
report. 1961. 

R O O T  R I V E R  S T A B E  F R E Q U E N C Y  A T  
S P R I H B  S T R E E T  B A B E ,  C I T Y  O F  R A C I N E  

( 1 9 9 0  - 1 8 6 5 )  

Effects of Urbanization 
As urban development in the watershed increases 
in the future, changes in flood characteristics are  
certain to occur. Urbanization generally modifies 
the hydrologic system of the watershed by de- 
creasing the storm-water retention capability on 
much of the area of the watershed and by increas- 
ing the rate at which storm water i s  transported 
over the surface of the land. The potential changes 
in the peaks, duration, and frequencyof floods are, 
however, extremely difficult toforecast on a quan- 
titative basis. Moreover, the changes resulting 
from urbanization vary widely from watershed to 
watershed, depending upon such factors as  soils, 
topography, and land use. 
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SELECTED PEAK STAGES AT S P R I N G  S T R E E T ,  C I T Y  OF R A C I N E ,  
R A C I N E  COUNTY,  W I S C O N S I N  

Annual peak under l ined .  

Year  

1940 
194 1 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 

1951 
1952 
1 9 5 3 ~  
1 95bb 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 

a 0 .0  o n s p r i n g s t r e e t  gage = 578.5 f e e t  aboveMeanSeaLeveldatum. 1929Adjustment; = - 2 . 2 1  f e e t  C i t y  o f  Racine datum. 
May be the same year .  

Source: C i t y  Engineer. C i t y  o f  Racine.  

It has been demonstrated that, under present con- 
ditions of urban development, major floods a r e  
generally associated with snowmelt. The effect 
of urbanization on snowmelt floods appears, how- 
ever, to be minimal. As the soil i s  either frozen 
o r  saturated under snowmelt conditions, the re- 
tention potential for concurrent rainfall i s  prac- 
tically nil. Effectively then, the entire area of 
the watershed i s  impervious regardless of urban 
development. In fact, i t  i s  likely that the volume 
of snowmelt runoff in a flood situation will be 
somewhat smaller under urban conditions than i t  
would be for agricultural conditions. Snow depos- 
i ts  disappear more rapidly in an urban situation, 
allowing comparatively less  accumulation prior 
to a sudden thaw, such a s  occurred in 1960. Snow 
is removed o r  melted from streets, melts from 
roofs of buildings, and i s  more effectively melted 

W i n t e r - S p r i n g  
s t a g e a  
( f e e t )  

4.9 
7.0 - 
4.2 

10.2 
6.6 - 
5.4 
9.3 - 
7.5 - 
9 . 0  - 
5.4 
7.0 - 

10.4 - 
9.5 - 
5.3 - 
5.3 
5.5 
5.5 
5.0 
5.0 - 
7.5 

15.2 
7.3 

11.4 
3.6 
3 .7  

10.1 
10.2 

off by solar radiation because of darkeningfrom 
soot and dust. 

Peak 

D a t e  

Mar. 3 0  
Jan. 3 
Mar. 24 
Feb. 23 
Mar. 15 
Mar. 6 
Jan.  7 
Mar.  I 4  
Mar. I 
Mar. 7 
Mar. 6 

& Apr .  25 
Feb. 27 
Mar. 20 
Mar. 16 
Mar. 16 
Apr.  25 
Apr .  3 0  
Apr .  8 
Apr .  7 
Mar.  20 
Mar. 31 
Mar. 22 
Mar. 2 0  
Mar. 25 
Mar. 16 
Mar. 4 
Feb. I I 

Summer 
S t a g e  

( f e e t )  

10.0 
5.5 
4 .8  
4.3 
4.2 
5.6 
3.5 
7.5 
6.3 
3.3 
6.6 

7.8 
6.0 
4.9 
4.9 
6.5 
5.8 
5.5 
3 .8  
6.8 
6.5 
5.7 
4.0 
3.4 
6.0 
5.8 

The rate of runoff of snowmelt water from urban 
areas  i s  increased, however, because of paved 
drains and sewers and hydraulically improved 
stream channels. As a result, flood peaks may 
be higher even though the total volume of runoff 
may be less. This only appears to be true of Local 
areas,  however. 

Peak 

D a t e  

Aug. 2 6  
Nov. 3 
May 25 
May 21 
June  19 
May 28 
J u l y  I 
June  2 
May 10 
June  20 
J u l y  2 0  

Nov. 13 
Aug. 4 
May 6 
May 4 
June 15 
May 14 
June  17 
June  2 
O c t .  21 
May 9 
Oc t .  2 
May 14 
May 13 
J u l y  20 
Oc t .  25 

A,s the area of consideration becomes larger, the 
effect of improved local drainage becomes less 
significant. Flood peaks may even be reduced 
because tributary flood peaks, being of shorter 
duration, may become out of phase withmain chan- 
nel peaks and have less additive effect. In the 
flood synthesis studies carried out for the Root 



River watershed, the runoff volume of snowmelt 
floods was, therefore, assumed to be unaffected 
by urbanization, while the rate of runoff was in- 
creased by decreasing the time of concentration 
of sub-basin unit hydrographs. The resultant in- 
crease in peak flood discharges proved to be about 
30 percent at W. Ryan Road (STH 100) and 22per- 
cent a t  STH 38. 

Urban development in the watershed may have 
a greater influence, however, upon floods caused 
by summer rainfall because of reduction by urban 
development of the high summer retention capacity 
of the land surface. As urbanization proceeds, 
a considerable portion of the land surface will 
become practically impervious due to cover by 
pavement and roofs. Even for summer conditions, 
however, counterbalancing factors exist. Since 
the bulk of the new urban land uses in the Root 
River watershed will probably consist of low- and 
medium-density residential development, the pro- 
portionate increase in impervious area will not 
be a s  great a s  would be associated with industrial, 
commercial, and high-density residential use. The 
average ratio of impervious to total area in urban 
portions of the watershed is estimated to be about 
27 percent. The unpaved areas  in an urban situ- 
ation generally have grass cover and often a r e  
leveled o r  terraced. Roof drains of residential 
buildings a re ,  under present practices, discharged 
onto lawns rather than directly into storm sewers. 
Rainfall retention criteria of the Soil Conservation 
Service assign a higher retention to grass cover 
than to agricultural cropland use for the same 
soil. As a result, the ratio of runoff to rainfall 
in an urban area will be reduced over that for the 
same area in agricultural use fo r  the open-space 
portions and increased for the paved and roofed- 
over portions. 

An estimate of summer flood potential under fu- 
ture conditions of urbanization was made using 
the hydrologic simulation methods described in 
Chapter VI. Synthetic floods resulting from 100- 
year recurrence interval rainfall were prepared 
using hydrologic factors corresponding to pre- 
sent conditions and to projected future conditions 
(1990). The resultant increase in peak flood dis- 
charges proved to be about 70 percent at W. Ryan 
Road (STH loo), with a decrease of 30 percent a t  
STH 38. The counterbalancing effect indicated is 
due to the complex effect of urbanization on times 
of concentration of flood waters, a s  well a s  on 
coefficients of runoff. The methods and assump- 
tions used in deriving summer rainfall floods, 

together with calculated flows for various channel 
locations, a re  presented in Chapter VI under the 
heading "Hydrologic Effects of Urbanization." 

QUALITY OF SURFACE WATER 
"Quality" refers to the physical, chemical, and 
biological characteristics of the water resources. 
Quality characteristics a re  influenced, a s  i s  the 
quantity of water, both by the natural environment 
of the river system and by man's activities. Qual- 
ity considerations rank comparably in importance 
with quantity in assessing the suitability of a water 
supplyfor a specific use. A comprehensive water- 
shed planning effort must, therefore, include an 
evaluation of surface and ground water quality, 
and, insofar a s  possible, relate this quality to 
existing and planned land, and water uses. 

The quality of water a s  conditioned by the natu- 
ra l  environment of the watershed would present 
no problem for any reasonably possible uses of 
Root River system waters. Most of the potential 
water uses a re ,  however, incompatible with pres- 
ent water-quality factors resulting from human 
activity-principally disposal of wastes and, to a 
lesser  degree, agricultural and urban drainage. 
Therefore, primary emphasis in this report i s  
focused on the condition of the stream resulting 
from waste disposal and on the identification and 
evaluation of probable sources of pollution. 

Present Water Quality 
A water quality sampling and testing program car-  
ried out a s  part of the SEWRPC Regional Land Use- 
Transportation Study provided the primary source 
of basic data on the present quality of streamflow 
in the watershed. The locations of the SEWRPC 
sampling stations a r e  shown on Map 25. During 
the period January 1964-February 1965, 77 sam- 
ples were collected in the watershed, with labora- 
tory determination of up to 29 quality constituents 
for some samples. Results of the field and labo- 
ratory examination a r e  tabulated in Appendix D. 
The results of the stream water quality inventory 
and analyses for the Region a s  a whole a r e  pre- 
sented in SEWRPC Technical Report No. 4, Water 
Quality and Flow of Streams in Southeastern Wis- 
consin, 1966. 

Water quality investigations of varying scope and 
duration have also been, carried out within the 
watershed by other governmental agencies, in- 
cluding the Metropolitan Sewerage Commission of 
the County of Milwaukee, the Wisconsin State Board 
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Becauae o f  t h e  pauci ty  o f  water  q u a l i t y  d a t a  f o r  the 
Root R i v e r ,  t h e  SEWRPC e s t a b l i s h e d  s i x  s t a t i o n s  a t  
which stream water samples were obtained p e r i o d i c a l l y  
and analyzed for  a f u l l  range o f  bio-chemical, physi- 
c a l ,  and b a c t e r i o l o a i c a l  wa te r  q u a l i t y  i n d i c a t o r s .  

of Health, and the U. S. Geological Survey. The 
scope, duration, and results of these investigations 
a re  also summarized in Appendix DandinSEWRPC 
Technical Report No. 4. The findings of all these 
investigations indicate that serious pollution prob- 
lems exist in the Root River stream system and 
are intensifying. 

Although a large number of water quality constitu- 
ents were analyzed in the SEWRPC investigation, 
it was determined necessary to consider in detail 
only three parameters in evaluation of stream 
water quality for the overall watershed planning 
purposes. These parameters-coliform bacteria, 
dissolved oxygen, and temperature-most pro- 
foundly influence the possible planned uses of the 
stream water. 

Number of coliform bacteria i s  the most widely 
used index of possible fecal contamination (human 

excrement). Coliform bacteria may originate from 
other sources, however, so that a high coliform 
count is not always due to fecal contamination. 
The correlation of high coliform count in drinking 
water and epidemics of diseases, such a s  typhoid, 
is well established. The relationship of high colt- 
form counts in water used for body-contact reore- 
ation to communicable diseases is, however, not 
as wellestablished. As a result, adoptedstandards 
for maximum permissible upper limit of coliform 
bacteria in recreational use of waters involving 
whole body contact vary from 50 to 3000 MFCC/ 
100 rnl (membranefilterooliform count). Coliform 
bacteria are  present in the effluent of sewage dis- 
posal plants, the number varying with the degree 
of treatment, and can be eliminated only by chlo- 
rination of the effluent. 

The maximum possible concentration of dissolved 
oxygen in water varies inversely with tempera- 
ture ranging from a maximum of 14 mg/l (ppm) at  
32OF to 8.5 mg/l a t  7 7 ' ~  for saturation conditions. 
A minimum permissible limit of 4 mg/l of dis- 
solved oxygen is necessary to sustain facultative4 
fish life. Dissolvedoxygen is consumed inthe pro- 
cess of natural oxidation of sewage wastes in re- 
ceiving waters. Septic conditions usually do not 
develop in streams if dissolved oxygen concentra- 
tions do not fall below 1.0 mg/l. Sources of dis- 
solved oxygen include the atmosphere and aquatic 
plant life. 

As determined from the one-year SEWRPC water 
quality study, the variation of stream water qual- 
ity with respect to location and season, throughout 
the Root River system, is illustrated graphically 
in terms of coliform baoteria count in Figure 13; 
in terms of dissolved oxygen in Figure 14; and in 
terms of temperature in Figure 15. In addition, 
a graph depicting the monthly variation of these 
parameters over the period 1961 to 1964 at the City 
of Racine is shown in Figure 16. River discharge 
at  the time of sampling has a strong influence upon 
the concentration of pollution factors. Since most 
pollutants are  introduced into the river system 
at  a relatively fixed flow rate, high streamflows 
result in greater dilution than do low flows. Coli- 
form counts are, therefore, highest during the 
autumn and winter seasons when streamflow con- 
sists mostly of sewage plant effluent. Figure 13 
shows the increase in coliform counts downstream 
from sewage treatment plants. The farthest down- - ' "Facultative" species of fish include: wall- 
eye, northern pike, bass, bluegill, muskia. perch, 
a d  shiner. 
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S E A S O N A L  V A R I A T I O N  OF C O L I F O R M  B A C T E R I A  
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RT - I 

HALES CORNERS S . T . P .  

GREENDALE S . T . P .  

FRANKLIN S . T . P .  AND TRIBUTARY 

LEGEND 
Membrane F i l t e r  C o l i f o r i n  Count  

HORE THAN 1 0 0 . 0 0 0  

5 , 1 0 0  TO 1 0 0 , 0 0 0  

2 . 5 0 0  TO 5 , 0 0 0  

RT-1 SEWRPC WATER QUALITY SAMPLING 
STATION 

S.T.P. S I T E  OF SEWAGE TREATMENT PLANT 
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S E A S O N A L  V A R I A T I O N  O F  D I S S O L V E D  O X Y D E N  
I N  T H E  R O O T  R I V E R  S Y S T E M  ( 1 9 6 9  - 1 9 6 5 )  

LEGEND 
D i s s o l v e d  Oxyoen 

o TO a . o  P A R T S  PER M I L L I O N  

1 3 . 1  TO 5 . 0  PARTS PER M I L L I O N  

MORE THAN 5 . 0  PARTS PER 
M ! L L l O N  

R T - I  SEWRPC WATER Q U A L I T Y  SAMPLINQ 
S T A T I O N  

S.T.P. S I T E  OF SEWAGE TREATMENT P u n 1  



SEASONAL V A R I A T I O N  OF WATER TEMPERATURE 
I N  THE ROOT R I V E R  SYSTEM ( 1 9 6 9  - 1 9 6 5 )  

HALES CORNERS S.T.P. 

GREENOALE S.T.P. 

FRANKLIN S.T.P. AN0 TRIBUThRY 

1 MOUSE OF CORRECTION S.T.P 

- COOPER - OlXON DUCK FARM 

LEGEND 
T e m p e r a t u r e  

71' T O  K O ~ F  

11 7 0 "  TO 75°F 

65' TO 70.6 

60" TO 65'F 

[7 32' T O  YO'F 

RT- I  S T W R P C  WLTER QUALITV SAMPLIUG 
STATION 

S T P S I T E  OF SEWAGE TREATHEIT PLAIT  

/ '1. 

L UNION GROVE S.T.P. 

SOUTHERN COLONY S.T.P. 
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The temperature of a water affects the potential Sources of Pollution 
use of that water directly and indirectly. Higher The locations of major sources of wastes which 
temperatures indirectly affect fish life by dimin- discharge directly into the Root River system are 
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atream disposal plant on the main stem is located peratures directly affect fish life in that, even 
at Caddy Vista in the Town of Caledonia. An im- with adequate dissolved oxygen present, there is 
provement in coliform count generally occurs from a maximum temperature that each v i e s  of fish 
Caddy Vista downstream a s  the natural process can tolerate. Generally, facultative species of fish 
of stream purification takes place. At present life are afiectedat temperature8 aboveSO°F, while 
it  is evident, however, that the natural stream intolerantd species are affected at temperaturea 
purification potential is overwhelmed by the pol- above 6S°F. High temperatures indirectly affeot 
lution load. the aesthetic value of waste-carrying streams 

through diminished oxygen availability. High tem- 
The seasonal pattern of dissolvedoxygendeficiency peratures also directly lower the aesthetic value 
is similar to that of coliform count. Differences of waste-carrying streams by stimulating putre-- 
in geographic location may, however, be noted in factive processes. Temperature, of course, also 
Figure 14. Most noticeable is the low oxygen con- affects potential water use for industrial cooling. 
tent of the water contributed by the Root River In the Fbot River stream sJrstem, as shown in 
Canal. Lowest oxygen levels are found in the up- Figure 15, high water temperatures are not our- 
stream reaches wiUl a general improvement in rently a problem. As a result of urban activity, 
the downstream direction. This is probably due to however, trends in stream watertemperature pon- 
longer exposure to atmospheric oxygen and larger ditions are generally upward; and it i s  possible 
natural flows in proportion to sewage treatment that under increased urbaniaation seasonal prob- 
plant effluent in the downstream reaches. lems of heat pollution could develop. 
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shown on Map 26. Information on origin, treat- 
ment, and probable pollution load of these waste 
sources is summarized in Table 12. Seven of the 
nine major waste sources are municipal sewage 
treatment plants providing secondary treatment. 
Two of the major waste sources are food proc- 
essing plants, which generally provide lagooning 
of wastes for treatment. 

The total equivalent population served by these 
plants is about 47,000. The daily biochemical 
oxygen demand remaining after treatment and 
the percent removal of BOD, a s  presented in 
Table 12, best indicate the relative effect of each 
waste source on the river system. The estimated 
present average daily five-day BOD stream load- 
ing from known major waste sources is 910pounds 
in the entire watershed, 540 pounds of which are 
attributable to sources contributing to the North 
Branch of the Root River in Milwaukee County. 
In considering probable future conditions, how- 
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F i e l d  i n v e s t i g a t i o n s  and informat ion made p u b l i c  by 
P o l l u t i o n  cbntrol  agencies revealed n i n e  known major 
sources of surface water p o l l u t i o n  i n  the  Root R iver  
watershed: seven municipal sewage treatment p lants  and 
two food processing industries.  

ever, it is important to note that the pollution 
load on the North Branch from municipal disposal 
plants will be eliminated upon completion by the 
Metropolitan Sewerage Commission of the County 
of Milwaukee of trunk sewers, presently under 
construction, which will convey all sanitary sew- 
age from communities in the North Branch area 
to the new Puetz Road sewage treatment plant in 
the City of Oak Creek. A corollary effect of ex- 
portation of sanitary wastes out of the watershed 
will be the virtual elimination of low flows in the 
North Branch. 

Exportation of sanitary wastes out of the water- 
shed will not, however, entirely eliminate stream 
pollution in and below urban areas. Recent inves- 
tigations by the U. S. Public Health service6 of 
the quality of storm water runoff from a medium- 
density residential area in Cincinnati indicate 
BOD levels as  high a s  found in secondary sew- 
a@ treatment plant effluent, together with coli- 
form counts varying from 3,000 to 460,000 MFCC/ 
100 ml. Concentrations of suspended solids and 
of nutrients were also found to be high. Other 
studies made in Detroit, England, Russia, Sweden, 
and South Africa support these findings. Although 
specific relationships between urban land use and 
the quality of urban-area storm runoff have not 
a s  yet been developed, i t  is certain that stream 
Water quality problems will persist in and below 
urban areas of the watershed even after elimina- 
tion of all sewage disposal plant effluent from the 
stream system. 

Although knowledge about the effects of storm 
water upon water quality i s  meager, it would ap- 
pear that pollution from storm water drainage i s  
usually concentrated into short periods of time 
and its deleterious effects are balanced by the 
dilution effects of high volumes of streamflow 
during floods. Therefore, for present water qual- 
ity planning purposes, the effect of urban storm 
water was not considered to be significant. 

Pollution originating from decaying channel vege- 
tation, farmland m o f f ,  highway drainage, and 
overloaded septic tanks is small in comparison 
to that attributable to the major waste sources. 
It may become necessary to investigate these 
sources in the future if it becomes apparent that 
their effect is significant after elimination of the 

Weibel ,  Anderson, Woodward, "Urban Land Eunoff 
a s  a Fac tor  i n  Stream Pol lu t ion ."  Journal  of t h e  
Water Po l lu t ion  Control Federat ion,  V o l .  36 - No. 7 ,  
J u l y  1964. 
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On October 25,  1965,  during the  preparation o f  t h i s  repor t  t h e  V i l l a g e  o f  Union Grove repor ted ly  separated i n d u s t r i a l  waste water from sani-  
t a r y  sewage and r e d i r e c t e d  t h e  i n d u s t r i a l  water i n t o  t h e  Des Pla ines  R lver  watershed. T h i s  change would apparently remove about 200,000 gal-  
l o n s  per day from the  low f low o f  t h e  Root R iver  Canal. I t  i s  no t  known a t  t h i s  t ime  whether such t r a n s f e r  i s  permanent o r ,  for t h a t  mat ter .  
what l ega l  and technica l  cons idera t ions  might be  invo lved .  
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major waste sources. If future development of the r iver  i s  an aesthetic component of existing outdoor 
watershed is wisely planned, however, these minor recreation areas. The most general use for the 
waste sources should not magnify to cause, in ag- r iver at present, however, i s  for the disposal of 
gregate, a major pollution problem. treated sewage. These uses a r e  not completely 
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older residents of the watershed, the river had 
been used for fishing, swimming, and stock water- 
ing. At present, however, only rough fish are 
known to exist in the river; and its waters are  
no longer used for swimming. Some stock water- 
ing may occur, but reports have been received of 
dairy cattle becoming ill from drinking river water 
and of bacterial counts in milk rising after allow- 
ing cattle access to Root River water. 

The use of the river system for transportation 
of wastes has, therefore, effectively made the 
river unsuitable for all other uses except for 
a low standard of visual appreciation. 

GROUND WATER 
The underground waters underlying the Root River 
watershed are an important resource; and their 
use, and the effects of their use on the occurrence 
of surface waters, must be considered in any com- 
prehensive watershed planning effort. Plan syn- 
thesis must be based in part upon investigations of 
tbelocation, availability, and quality of the ground 
water body and of its interrelationship with the 
flows of surface streams. 

The ground water resources in the Root River 
watershed have been developed primarily in areas 
of the watershed not served by Lake Michigan' 
water. As a result of intensive use in many areas, 
the water table has been lowered significantly. 

Characteristics of the ground water resource in the 
Southeastern Wisconsin Region have, historically, 
been subjected to investigation in greater detail 
than have the streamflow characteristics. A com- 
prehensive study of ground water in Racine County 
has recently been carried out by the U. S. Geolog- 
ical Survey. Because of the apparent availability 
of data from these investigations, no additional 
field work was done in the course of the water- 
shed study. 

Geohydrology 
As noted in Cha~ter  III. the Root River watershed 
i s  underlain by alternating layers of dolomite, 
shale, and sandstone, which slope downward at 
10 to 30 feet per mile toward Lake Michigan. 
These consolidated rocks are generally covered 
by a variable thickness of drift and valley 
alluvium. The ground water reservoir materials 
can be categorized a s  comprising two aquifers: 
a shallow aquifer, made up of alluvium, glacial 
drift, and Niagara dolomite; and a deep aquifer, 
which includes Cambrian and Ordovician sand- 

stones and dolomites. The deep aquifer i s  sepa- 
rated from the shallow by relatively impermeable 
strata, such as  the Maquoketa shales. This condi- 
tion causes significant differences in water quality 
and pressure between the two aquifers. 

The approximate elevations of the ground water 
table in the shallow aquifer and the piezometric 
surface of the deep aquifer are shown on Maps 27 
and 28, respectively. Approximate depths to the 
ground water table, or  to the piezometric surface, 
from the ground surface may be estimated by sub- 
tracting the water elevation from the ground sur- 
face elevation. The water table of the shallow 
aquifer lies from within a few feet to many tens 
of feet below the ground surface. The water table, 
or  piezometric surface, ,of the deep aquifer lies 
approximately 200 feet below that of the shallow 
aquifer. (Technically, the term "water table" can- 
not be properly applied to the confined waters of 
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GROUND WATER T A B L E  OF T H E  SHALLOW 
A Q U I F E R  I n  T H E  ROOT R I V E R  

WATERSHED ( 1 9 6 2 )  

Water l e v e l s  i n  the  shallow aqui fer  underlying much of 
t h e  watershed stand r e l a t i v e l y  c l o s e  t o  t h e  ground 
surface and provide the pr imary source o f  supply f o r  
both r u r a l  and urban res idences  n o t  connected t o  a  
cen t ra l i zed  publ ic  water supply system. 



the deep aquifer. The piezometric surface in the 
deep aquifer i s  represented by the level to which 
the water will rise in a non-pumping well.) 

The water table elevations shown on Map 28, indi- 
cate the cumulative effect of long-term withdrawals 
in populous areas, such as  Milwaukee, Racine, 
and Waukesha. Water levels in the deep aquifer 
have been declining since the introduction of high 
capacity wells about the year 1900. In localized 
sites of exceptionally high withdrawal, such as  
downtown Milwaukee, deep aquifer water levels 
have dropped 300 to 400 feet since 1900. Within 
the Root River watershed, the maximum decline 
of the deep aquifer water levels has reached about 
200 feet in both the West Allis-Greendale area and 
the Racine area. Water levels in the shallow aqui- 
fer in the west-central portion of the watershed 
have declined as  a result of irrigation pumping in 
the Wind Lake sod farming area two to six miles 
west of the watershed boundary. Water levels in 
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J o u ~ ~ o :  Y.E.  G.oirllral lurr.y. G r o l l n i  Ve#sr  sianrh. 

The primary source of water supply for  indus t r ies  and 
f o r  municipal systems no t  connected t o  the Racine and 
Mi lwaukee  m e t r o p o l i t a n  w a t e r  s u p ~ l y  systems i s  a 
s e r i e s  o f  deep sandstone a q u i f e r s  u n d e r l y i n g  t h e  
wate rshed .  

the shallow aquifer have, otherwise, generally re- 
mained high. 

According to theU. S. Geological Survey, all signi- 
ficant quantities of recharge to aquifers underlying 
the Root River watershed stem from precipitation 
onland surfaces within30 to 40miles of the water- 
shed. The deep aquifer is redharged primarily by 
precipitation and percolation in the Kettle Moraine 
area of eastern Jefferson, western Waukesha, and 
western Walworth counties. This recharge area 
lies west of the subsurface occurrence of the re- 
latively impermeable Maquaketa shale. Vertical 
percolation through overlying rock units from the 
shallow aquifer, sometimes through wells, also 
forms a component of the deep aquifer recharge. 

Ground water in the shallow aquifer i s  recharged 
primarily by precipitation and percolation within 
the watershed. Some recharge contribution proba- 
bly comes aslateral inflow from areas outside, but 
adjacent to, the westernboundaryof the watershed. 

Availability of ground water supply i s  controlled 
by the hydraulic characteristics of the aquifer, as  
well a s  by recharge. Local lowering of the ground 
water table, particularly near high capacity wells, 
is often a result of low transmissibility of the aq- 
uifer so that ground water cannot move toward the 
well fast enough to meet the demand. Aquifer per- 
formance tests of the deep aquifer in Milwaukee 
County7 have shown that the average coefficient 
of transmissibility' in the sandstones of the deep 
aquifer i s  about 24,000 gpd per foot. The pumping 
yield of the deep aquifer to wells as  measured in 
gallons per minute per foot of drawdown (specific 
capacity) varies from 0.5 to 20 gpm/ft. Specific 
capacities in the shallow aquifer range from about 
0.5 to 5 gpm/ft drawdown. 

Ground Water Quality 
The ground water in the Root River watershed 
area is chemically classified as  hard, because 
of relatively high concentrations of calcium, mag- 
nesium, and sulfate. Physically, the ground water 
is clear, cool, tasteless, and .odorless. In gen- 
eral, temperature increases slightly with depth; 
and the temwrature of water in the shallow aauifer 
' Drescher.William J., and others, 19 3 W te  

W c e s  of the M- 
logical Survey Circular 247. , Wisconsin* 

Coeff ic ient  o f  t ransmiss ib i l i ty  i s  defined 
as the rate  o f  flow through a ver t i ca l  s t r i p  o f  
aquifer one foot wide and extending the fu l l  sstur- 
eted thickness of the aquifer under a gradient of one 
foot mr foot. 



averages about 50°F', while that in the deep aquifer 
averages about 55OF. 

Waters of the deep aquifer have excellent quality 
in terms of bacterial and waste pollution. The 
shallow aquifer is generally of good quality in 
this respect but is much more vulnerable to local 
contamination. Therefore, ground water pollution 
in the shallow aquifer cannot be evaluated on an 
overall basis but must be tested fo r  each individ- 
ual well. 

The constancy of quality and quantity makes ground 
water an especially useful commodity to industry. 
In the Milwaukee metropolitan area,  ground water 
from the deep aquifer is used by industry for both 
processing and cooling water. In many smaller 
municipalities and on farms and rural residences, 
the shallow aquifer is the source of domestic water 
supply. Ground water is also used for supplemen- 
tal irrigation on many truck farms. 

Ground Water Quantity 
Quantity of ground water is usually discussed 
in terms of the quantity o r  rate of present use. 
Public and private withdrawals of ground water in 
the Root River watershed area  a r e  estimated to 
average 7 million gallons daily (about 11 CFS), with 
about 4 million gallons per day being pumped from 
the deep aquifer and 3 million from the shallow 
aquifer. The general locations and estimated aver- 
age daily pumpages of high capacity wells in the 
deep and shallow aquifers a r e  shown on Map 29. It 
i s  not possible to show the location of the many 
small domestic and farm wells, which a r e  scat- 
tered widely throughout the rural  areas  of Racine 
and Milwaukee counties. It is estimated, however, 
that these wells produce about 15 percent (1 mil- 
lion gpd) of the total pumpage. 

The pattern of pumpage shown on Map 29 and the 
information previously published in SEWRPC Plan- 
ning Report No. 6, The Public Utilities of South- 
eastern Wisconsin, July 1963, indicate the current 
degree of importance of ground water to the com- 
munities within the Root River watershed. It is 
significant that in 1965 more than half of the 
watershed area was served by ground water in 
a reas  lying outside the Lake Michigan water dis- 
tribution service area. About 25 percent of the 
watershed residents live in a reas  where ground 
water is the only present supply. In general, de- 
pendence upon ground water a s  the sole source of 
supply increases in direct proportion to distances 
from either the City of Milwaukee o r  the City 

of Racine water utilities, which distribute Lake 
Michigan water. Although these service areas  a r e  
expanding (recent examples a r e  City of Milwaukee 
service to Greendale and City of Racine service 
to Sturtevant), a number of communities in the 
watershed still depend solely on ground water. 
These include the cities of New Berlin, Oak Creek, 
and Franklin; the villages of Hales Corners and 
Union Grove; and such unincorporated communi- 
ties a s  Northcape, Raymond Center, Franksville, 
and Caddy Vista. In the Union Grove area,  the 
volume of ground, water withdrawals has increased 
threefold in the past 20 years. This illustrates 
the general trend toward increasing production 
of ground water in areas  presently dependent on 
this source of supply. Perhaps the greatest de- 
pendence upon ground water, however, occurs in 
rural  areas  o r  in urbanizing areas  where isolated 
homes, subdivisions, and industries rely upon 
ground water supplies a s  the only economic means 
of providing water supply to areas  of such low 
population density. 

Relationship of Ground Water and Surface Water 
In a natural hydrologic situation, the low flows of - 

surface streams a re  usually related to the under- 
lying ground water conditions. In the glaciated and 
drift-covered areas  of southeastern Wisconsin, 
ground water levels a r e  usually high enough to 
intersect land surfaces and stream channels, form- 
ing lakes and wetlands and contributing to stream- 
flow. That this was the case in much of the Root 
River watershed prior to significant ground water 
extraction is indicated by the large number of 
former marsh and wetlands shown on historic 
maps. Most of these wetlands in the Root River 
Canal and Hoods Creek drainage areas  have now 
been drained by subsurface tiles and channel im- 
provements. Many other former wetlands have 
probably been dried up a s  ground water extrac- 
tions have lowered the water table. 

The quantitative contribution of ground water to 
streamflow can ordinarily be determined from 
the characteristic shape of the strearnflow hydro- 
graph during rainless periods. In the case of the 
Root River, however, the natural low flows of the 
r iver a r e  obscured by substantial contributions of 
sewage disposal plant effluent. Comparisons of 
streamflow and the sewage component at the three 
gaging stations a r e  indicated in Table 9. It i s  ap- 
parent that, under ground water conditions preva- 
lent during 1963-1964, the low flows of the r iver 
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system a r e  made up almost entirely of sewage 
treatment plant effluent with only small to negli- 
gible ground water contributions. 

Current meter discharge measurements made at 
several locations in the system during the fall of 
1964 showed, in some cases, a net loss of stream- 
flow in thedownstream direction. Such losses may 
be attributed, in part, to influent seepage from 
the r iver to the ground water body and, in part, 
to high consumptive use of stream water by chan- 
nel vegetation. 

It can be concluded, then, that ground water con- 
tribution to the low flows of the Root River system 
i s  negligible under present conditions. It i s  very 
likely that removal of sewage treatment plant ef- 
fluent from the river system would result in some 
reaches being dry during rainless periods. This 
condition may be expected in the North Branch of 
the Root River when the Metropolitan Sewerage 
Commission of the County of Milwaukee trunk 
sewers to the new Puetz Road plant begin to col- 
lect sanitary sewage from the communities in the 
drainage area. The possibility exists, however, 
that, as water supplies from Lake Michigan extend 
farther over this area and use of ground water 
diminishes, ground water levels will recover and 
once again contribute to streamflow. 

WATER USES 
Use of the water resources of the watershed has 
been discussed earl ier  in this'chapter in the sec- 
tions dealing with water quality and ground water. 
The major water uses were seen to be ground 
water for domestic, industrial, and agricultural 
use and stream waters for the transportation and 
assimilation of treated and untreated wastes. 

A third major water use in the Milwaukee County 
portion of the watershed i s  the use of the river a s  
a component of a recreation and public open-space 
parkway system. The parkway i s  a multi-purpose 
land use in that the parkway i s  intended to occupy 
the entire flood plain, thereby effectively excluding 
flood-vulnerable developments. Recreation activi- 
ties in the parkway include scenic drives, picnick- 
ing, golf practice, and archery. No facilities for 
water sports other than rowboating a r e  developed 
at  present. 

A substantial amount of recreational development 
i s  located along the river through the City of Ra- 
cine. Recreation activities include scenic drives, 
picnicking, baseball, and tennis. The recreational 

areas  in Racine do not, however, occupy the entire 
flood plain, with the result that the balance of the 
flood plain i s  occupied by residential develop- 
ment. Johnson Park, with an 18-hole golf course, 
i s  owned by the City of Racine and is  located on 
the Root River about four miles upstream from the 
city limits. Racine Country Club, a private golf 
course, i s  located on the Root River just upstream 
from the Racine city limits; and Armstrong Park, 
a private facility for  employees of the Johnson Wax 
Company, adjoins the r iver above Horlick Dam. 
Water sport facilities a r e  not included in any of 
the Racine area park developments. 

One minor irrigation use of river water was noted 
on a sod farm in Racine County. 

SUMMARY 
This chapter has described those elements of the 
hydrologic environment of the Root River which 
must be considered in planning for future land and 
water use within the watershed, Findings having 
particular significance to watershed planning a re  
summarized in the following paragraphs. 

The natural hydrologic regimen of the Root River 
watershed has been greatly changed by the activi- 
ties of man. Pumpage of ground water has re-  
duced streamflow during low-flow periods, while 
urban drainage has probably caused an increase 
in flood peaks. The quality of streamflow has 
seriously deteriorated a s  a result of drainage of 
treated and untreated sewage to the river, mak- 
ing the river water unsuitable for fish life and for 
water-oriented recreational use. 

Streamflow varies widely from season to season 
and from year to year. Low flows generally per- 
sist  through summer, fall, and winter with usually 
only minor r i ses  after  heavy rainfall. High flows 
and floods a r e  generally associated with melting 
snow, and most critical flood flows result from 
rainfall during a snowmelt period. The low flows 
of the upper reaches of the river system consist 
almost entirely of sewage disposal plant effluent. 

Only one major flood, that of March1960, i s  known 
to have occurred in modern times. This flood re-  
sulted from rapid melting of an unusually great 
snow accumulation accompanied by unusually heavy 
spring rains. A flood peak flow of 5,000 CFS was 
measured on the North Branch at  Ryan Road, and 
peaks from the Root River Canal at CTH G and 
near Racine at STH 38 were projected to be 3,200 
CFS and 8,200 CFS, respectively. This flood is 



judged to have an average recurrence interval of 
100 years. Future urbanization is expected to 
increase both the volume and peaks of summer 
rainfall floods but is expected to have only minor 
effects on floods associated with snowrnelt. 

Dissolved oxygen, coliform bacteria count, and 
temperature were selected a s  the three most sig- 
nificant factors for evaluation of Root River water 
quality. Coliform counts a r e  highest and dissolved 
oxygen is lowest in the autumn and winter !ow-flow 
season. Quality is poorest in the mid-reaches of 
the r iver system, where most disposal plants a re  
located, and gradually improves downstream from 
the lowest plant. The estimated present average 
five-day BOD stream loading from known major 
waste sources is 910 pounds, 540 pounds of which 
a r e  attributable to municipal sewage treatment 
plants located on the North Branch of the Root 
River in Milwaukee County. The pollution load 
from these sources will, however, be eliminated 
by the year 1970 upon completion of trunk sewers 
which will carry all waste in the Milwaukee County 

portion of the watershed to the new Puetz Road 
plant in Oak Creek. 

In terms of geographic distribution, ground water 
is the major source of water supply in more than 
half of the watershed area,  but 75 percent of the 
watershed residents a r e  now served by Lake Mich- 
igan water, and this percentage is increasing 
steadily. Most large-scale ground water develop- 
ment is dependent on the deep aquifer, while most 
individual residential and agricultural develop- 
ments a re  dependent on the shallow aquifer. Total 
ground water withdrawal in the watershed is about 
seven mgd and increasing. Heavy pumping has 
caused the deep aquifer piezometric level to fall 
a s  much a s  200 feet. Water levels in the shallow 
aquifer have remained generally high but appear 
to have declined enough to affect groundwater con- 
tribution to low flows in the r iver system. 

Only two principal uses a r e  presently made of 
the r iver system. The first is a wasteway and 
the second a s  an inactive component in a multi- 
ple-purpose recreation and flood plain resenm- 
tion development. 



Chapter V 

HYDRAULICS OF THE WATERSHED 

INTRODUCTION 
The major components of the hydrology of the 
Root River watershed are ,  a s  inflow: precipita- 
tion, ground water inflow, and importation of Lake 
Michigan water which appears a s  sewage treat- 
ment plant effluent; and a s  outflow: consumptive 
use, ground water outflow, and surface runoff.' 
The previous chapters describe the phenomena 
associated with all of these components of the 
hydrology of the watershed except the phenomena 
associated with the conveyance of surface water; 
that i s ,  the overland and channel hydraulic char- 
acteristics. Because of their particular impor- 
tance to the flood control and recreation elements 
of the watershed plans, these hydraulic character- 
istics a r e  described separately. 

Of special significance in watershed planning is 
the possibility of adjusting overland and channel 
hydraulic characteristics to meet plan objectives. 
Velocity of overland flow and resulting soil ero- 
sion may be reduced by land treatment. Flood 
levels may be lowered by increasing channel slope 
o r  cross-sectional area o r  by reducing hydraulic 
friction. Flood control and recreational lakes may 
be created by damming o r  excavation. Knowledge 
of the present hydraulic characteristics of the 
watershed drainage system is essential for the 
design and evaluation of such water control facili- 
ties a s  a part of a comprehensive watershed de- 
velopment plan. 

WATERSHED DRAINAGE SYSTEM 
Surface water draining from the watershed ordi- 
narily moves over the surface of the land until i t  
enters the channel system. The land surface is ,  
then, the f irst  element of the hydraulic system of 
the watershed. As a result of i ts  glacial origin, 
the surface of the watershed consists primarily 
of gently rolling hills interspersed with relatively - 

'The equation of hydrologic equilibrium usually 
used to present a detailed accounting of elements of 
the hydrologic cycle for a river basin may be ex- 
pressed as: Surface inflow -/- subsurface inflow + im- 
ported water + decrease in surface storage+ decrease 
in ground water storage =surface outflow + subsurface 
outflow .) consumptive use + exported water + increase 
in surface storage+increase in ground water storage. 
As a practical matter, this equation was simplified 
as described above. 

flat plains and marshy areas,  many of which a r e  
outside the flood plain of the main channel system. 
Land slopes a re  generally less than 5 percent. 
The flat slopes, generally under full vegetative 
cover, and the long overland distances between 
channels result, under natural conditions, in low- 
peak, long-duration runoff contribution to the river 
channel system. Overland flow velocities, how- 
ever, a r e  significantly increased by urbanization. 
Paved areas a r e  hydraulically fairly smooth, and 
the distance required for'overland flow is reduced 
by extensive systems of gutters and storm sewers. 
Urban development thus causes an increase in 
runoff peaks and shortens runoff duration. 

The trellis drainage pattern of channels and 
watercourses also reflects the glacial origin of 
the watershed topography. The physical arrange- 
ment of channels i s  circuitous, with several trib- 
utaries flowing in directions almost opposite from 
that of the main channel. The bed slope pro- 
files of the main channel system a re  shown in 
Figure 17; and mean bed slopes of individual 
river reaches a re  summarized in Table 13. The 
channel system profile i s  irregular with relatively 
steeper slopes near the channel heads, relatively 
flatter slopes in the mid-reaches, and relatively 
steeper slopes near the mouth. The overall slopes 
of the Root River channels may, however, be clas- 
sified as generally flat and result in low stream- 
flow velocities and long flood peak travel times. 

No major lakes exist in the Root River water- 
shed, and even small lakes and ponds a r e  rela- 
tively rare  in comparison to the rest  of the Region 
and the state. Only 0.1 percent of the total sur- 
face area of the watershed, or  about 0.2 square 
miles, is composed of lakes and ponds which 
provide storage space for floodwaters; and none 
of the existing lakes and ponds have significant 
storage reduction effects on main channel flood 
peak flows. Wetlands, however, provide signifi- 
cant amounts of storage space for floodwaters: 
and the flood peaks of several tributary streams 
a r e  reduced thereby. Wetlands occupy a total of 
about 3.1 square miles in the drainage area of 
the North Branch, 1.6 square miles in the Canal 
drainage area,  and about 7.1 square miles in the 
total watershed. 
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WEIGHTED MEAN CHANNEL SLOPES ROOT R I V E R  A N D  MAJOR T R I B U T A R I E S  - 1 9 6 5  

Source: Harza Engineering Co. 

Large portions of the drainage areas  of the Root 
River Canal and of Hoods Creek were so poorly 
drained under natural conditions that farm opera- 
tors  found it necessary to deepen and straighten 
the main stream channels and to install tile under- 
drains to provide for more efficient agricultural 
operations. Because of the individual manner and 
the long period of time over which such drains 
were installed, i t  was not possible in the study to 
precisely determine the total tile-drained area. 
The area within legally established farm drainage 
district boundaries, however, totals 32.7 square 
miles fo r  the entire watershed and 23.5 square 
miles fo r  the area tributary to the Root River 
Canal. Of the total area within such districts, 
1.8 square miles lie in Milwaukee County tributary 
to the North Branch; and 7.4 square miles lie in 
Racine County tributary to the main stem of the 
Root River and to Hoods Creek (see Map 30). The 
main channels in the Canal area were originally 
deepened and straightened by a floating dredge 
about the year 1905, with occasional trimming 
and clearing thereafter. However, portions of the 
Canal area a r e  still  poorly drained, especially 
during the spring, when small surface drainage 
courses a r e  blocked by snow and ice and exhibit 
a significant retarding effect on flow. As a result, 
outflow hydrographs from these artificially drained 
areas have very long time bases, both in summer 
when farm tiles a re  operating and in spring when 
surface drainage is impeded. 

S l o p e  
F e e t  p e r  F o o t  

0 . 0 0 0 9  13 
0 . 0 0 1 0 8  
0 . 0 0 1 4 3  
0 . 0 0 1 0 8  
0 . 0 0 0 4 2 0  
0 . 0 0 0 6 2 9  
0 . 0 0 1 9 7  
0 . 0 0 2 0 9  
0 . 0 0 1 0 8  

CHANNEL AND FLOOD PLAIN HYDRAULIC 
CHARACTERISTICS 
The main channels of the Root River system a r e  
generally small with relatively low banks. Anearly 
flat flood plain exists along most of the river 
length with widths varying from a few tens of feet 
to as much as  one mile. Theflood plain i s  defined, 

Sl  ope 
F e e t  p e r  M i l e  

4 . 8 2  
5 . 6 8  
7 . 5 4  
5 . 7  1 
2 . 2 2  
3 . 3 2  

1 0 . 3 9  
11 .03  
5 . 7 1  

N o r t h  Branch ,  Root  R i v e r  . . . . . . . . . .  
West Branch ,  C a n a l .  . . . . . . . . . . . . .  
E a s t  Branch,  C a n a l .  . . . . . . . . . . . . .  
Root R i v e r  C a n a l ,  A l l  Channe ls .  . . . . . . .  
Root R i v e r ,  C o n f l u e n c e  t o  Hoods Creek . . . .  
Root R i v e r ,  Hoods Creek t o  H o r l i c k  Dam. . . .  
Root  R i v e r ,  H o r l i c k  Dam t o  Lake M i c h i g a n .  . .  
Hoods Creek  . . . . . . . . . . . . . . . . .  
Root R i v e r ,  A l l  Channe ls .  . . . . . . . . . .  

in this report, as the area which would be inun- 
dated by a 100-year recurrence interval flood. 

Length  
R i v e r  M i l e s  

16 .6  
10.4  
11 .6  
2 7 . 8  
14.0  
5 . 6  
6 . 0  
9 . 2  

7 9 . 2  

During flood periods both the channel and the flood 
plain function to carry  water. As already noted, 
channel slopes a re  irregular and relatively flat, 
resulting in low-flow velocities. Channel and flood 
plain hydraulic friction is  strongly influenced by 
the seasonal variation in vegetation, whichreaches 
a maximum growth in summer. Winter and spring 
flows, however, a re  often obstructed by ice and 
snow. The river channels and flood plains a r e  
crossed by 111 bridges and culverts, many of 
which because of inadequate waterway openings 
significantly affect flood levels. 

Hydraulic AnaIysis 
Determination of Velocity and Discharge: The Man- 
ning formula was selected to express the hydrau- 
lic relationship of flow velocity and discharge to 
channel size, shape, slope, and friction. The Man- 
ning formula may be stated as: 

R ~ / ~  s1j2 o r ,  since Q = AV a s  v=-  
n 

1 4 9  2/3 s1/2 Q =:AR 
n 

where: V = mean velocity in feet per second 

Q = discharge in cubic feet per second 

n = friction factor 

R = hydraulic radius 

S = slope of the energy grade line in 
feet per foot (assumed equal to bed 
slope fo r  the low velocities found in 
the Root River system) 

A = cross-sectional area of channel flow 
in square feet. 
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L E G A L L Y  O R G A N I Z E D  FARM D R A I N A G E  D I S T R I C T S  
I N  THE ROOT R I V E R  WATERSHED ( 1 9 6 5 )  

About 33 square m i l es ,  o r  about 17 percent ,  o f  t he  t o t a l  a rea o f  t h e  watershed a re  d ra ined  by an e labo ra te  system 
o f  subsurface f i e l d  t i l e s  which represents  a  l a rge  c a p i t a l  investment i n  a g r i c u l t u r e .  These farm dra inage systems, 
u n l i k e  urban storm sewerage systems, appear t o  e x e r t  a  s i g n i f i c a n t  r e t a r d i n g  e f f e c t  upon runo f f .  



The Manning formula is by fa r  the most widely 
used formula fo r  determining open channel flow in 
present engineering practice. Values of hydraulic 
radius were obtained from field measurements 
of channel cross sections at 193 points along the 
channel system. Channel bed slopes were es-  
tablished by referencing bed elevations to local 
points of known elevation, such a s  bridge bench 
marks, survey bench marks, and ground survey 
control elevations used by the U. S. Geological 
Survey in preparation of topographic maps from 
aerial photographs. All elevations were adjusted 
to mean sea  level datum (North American Datum- 
1929 Adjustment) as established by the U. S. Coast 
and Geodetic Survey by the following equations: 

Elevation above mean sea level = 

Milwaukee City Datum + 580.560 feet 

Racine City Datum + 580.710 feet 

Channel and flood plain hydraulic friction, repre- 
sented by the "nu value in the Manning formula 
was estimated on the basis of visual observation 
of channel conditions in each reach. Photographs 
were taken of channel and flood plain conditions 
upstream and downstream from each cross sec- 
tion and of every waterway opening and apparent 
obstruction, including all bridges and culverts. 
Values of n were estimated systematically as the 
sum of the friction components attributable to 
various contributing factors as summarized in 
Table 14. Separate estimates of n were made for 
the main channel and for overbank flow on the 
flood plain. Even with a systematic procedure, se- 
lection of the n value for a given reach is a mat- 
ter  highly dependent upon experienced engineering 
judgment. Selected n values for friction compo- 
nents were, therefore, reviewed by several ex- 
perienced engineers; and special care was taken 
that values throughout the system were selected 
on a consistent basis. 

The values of n change radically with the growth 
cycle of vegetation and with obstructions in the 
flow area. Values of n used in this study were 
based on summer o r  foliage season conditions. 
Although severe floods within the watershed a r e  
more likely to occur during the dormant season, 
it is likely that these floods will be accompanied 
by unpredictable obstructions in the flow area 

These equations were determined by second order 
vertical control surveys carried out in1965by Alster 
and Associates. Inc.. photogrammetric engineers, under 
contract to the SEWRE. 

consisting of snow, ice, and debris. The use of 
higher summer n values compensates, to some 
degree, for these unpredictable obstructions and, 
in general, gives higher, more conservative flood- 
water heights for equivalent discharges. 

In addition to the hydraulic characteristics of the 
channel and flood plain, flow depths and velocities 
a re  affected by roadway and railway crossing 
embankments, bridges, and culverts. All of the 
111 bridges and culverts on the perennial stream 
system of the watershed were located, and field 
measurements of waterway openings and hydraulic 
characteristics were made for each. Several of 
the culverts and smaller bridges consist of farm 
lane crossings and a re  not accessible by public 
roads. These private crossings were located by 
inspection of 1" = 400' aerial photographs and, 
in some cases, by walking the channel between 
public roads. 

Bridges and culverts affect river flow by rais- 
ing upstream water levels above the downstream 
water levels by an amount equal to the head loss 
(loss of hydraulic energy) through the structure. 
Head losses through bridges were calculated fol- 
lowing a procedure developed by the U. S. Bureau 
of Public ~ o a d s . ~  Briefly, this procedure ex- 
presses the head loss components resulting from 
flow contraction, abutments, piers, and skewness 
of the bridge in terms of the velocity head of the 
water flowing through the bridge. Head losses 
through culverts were calculated by standard pro- 
cedures of hydraulic analysis. Flow over embank- 
ments was analyzed by standard broad-crested 
weir procedures. 

Determination of Water Surface Elevations: Since 
the establishment of a design high water level 
(stage) along the perennial channels is an impor- 
tant and necessary work element of a comprehen- 
sive watershed planning study, i t  was necessary 
to calculate the relationship between flood dis- 
charge and corresponding water surface elevation. 
Water levels are  a function of discharge, channel 
and flood plain shape, slope, friction, and struc- 
tures, all of which vary along the length of the 
channel. Therefore, i t  was necessary to calculate 
stage-discharge relationships for local conditions 
at many points along the channel. 

38'Hydraulics of Bridge Waterways." Hydraulic De- 
sign Series No. 1, by J.N. Bradley. U.S. Department 
of Commerce, Bureau of Public Roads, 1960. 
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a Summarized from Supplement B, U.S. Soil Conservation Service Engineering Handbook. Section 5 .  "Hydraulics." 

Equivalent straight line length measured along thread of channel. 

This factor is used to multiply total n value derived by adding partial values. 

Source: Summarized from Supplement B,U.S. Soil Conservation Service Engineering Handbook, Section 5, "Hydraulics." 

Component 

C h a r a c t e r  o f  Channe l  
C h a n n e l s  i n  e a r t h  
C h a n n e l s  c u t  i n  r o c k  
C h a n n e l s  i n  f i n e  g r a v e l  
C h a n n e l s  i n  c o a r s e  g r a v e l  

Degree  o f  S u r f a c e  I r r e g u l a r i t y  
Smooth 
M i n o r  
M o d e r a t e  
S e v e r e  

V a r i a t i o n  o f  C r o s s  S e c t i o n  S i z e  and Shape 
G r a d u a l  
O c c a s i o n a l  
F r e q u e n t  

O b s t r u c t i o n s  ( b o u l d e r s ,  l o g s ,  r o o t s ,  d e b r i s )  
N e g l i g i b l e  
M i n o r  
A p p r e c i a b l e  
S e v e r e  

V e g e t a t i o n  
G r a s s  and weeds - h e i g h t  112-113 f l o w  d e p t h  
S u p p l e  s e e d l i n g  t r e e s  - 113-114 f l o w  d e p t h  

G r a s s  - h e i g h t  1-112 f l o w  d e p t h  
Stemmy weeds, s e e d l i n g s  - 112-113 f l o w  d e p t h  
B r u s h  g r o w t h  a l o n g  b a n k s  - d o r m a n t  s e a s o n  

G r a s s  - h e i g h t  e q u a l  t o  f l o w  d e p t h  
T r e e s ,  weeds, b r u s h  - d o r m a n t  season  
S m a l l  w i l l o w s ,  weeds a l o n g  b a n k s  - f o l i a g e  s e a s o n  

G r a s s  - h e i g h t  t w i c e  f l o w  d e p t h  
W i  l l o w s ,  weeds, c a t t a i  I s  - f o l  i a g e  season  
T r e e s  w i t h  weeds and b r u s h  - f o l i a g e  s e a s o n  

A d j u s t m e n t  i n  F r i c t i o n  F a c t o r  f o r  Channe l  M e a n d e r i n g :  

P a r t i a l  n  V a l u e  

0.020 
0.025 
0.029 
0.028 

0 .000  
0.005 
0 .010  
0.020 

0.000 
0.005 
0.010-0.015 

0 .000  
0.010-0.015 
0 .020-0 .030  
0.090-0.060 

0 .005-0 .010  

0.010-0.025 

0.025-0.050 

0.050-0.100 

R a t i o  o f  Meander  ~ e n g t h ~  F a c t o r C  To Be A p p l i e d  t o  
Degree  o f  M e a n d e r i n g  t o  S t r a i g h t  L e n g t h  T o t a l  n  

M i n o r  1 .0 -1 .2  1 .00 
A p p r e c i a b l e  1.2-1.5 1 .  15 
S e v e r e  Over  1.5 1.30 



Stage-discharge relationship curves were pre- 
pared for the upstream and downstream sides of 
104 bridge and culvert crossings of the peren- 
nial channels which were judged to have a signi- 
ficant effect on water levels during high flow.4 At 
each location, downstream water levels corres-  
ponding to a range of discharges were calculated 
on the basis of the hydraulic characteristics of 
the downstream channel reach using the Manning 
formula a s  described above. Curves showing the 
relationship of water level (stage) to discharge 
and the relationship of channel and flood plain 
flow cross-sectional area to stage were plotted. 

Head losses through the bridge or  culvert were 
calculated for the same range of discharges. 
These head losses were added to the downstream 
stages calculated for the corresponding discharges 
to obtain an adjusted stage-discharge curve for 
the upstream side. For very high discharges 
during which the roadway embanlunent would be 
overtopped, head losses were calculated for the 
combined flow situation. The calculated stage- 
discharge curves comprise a specific evaluation 
of channel hydraulic capacities and a r e  used to 
establish water surface elevations generated by 
floods of given frequencies, as  shown in the pro- 
files of water surface elevations presented in Ap- 
pendix E. Sample channel cross section compu- 
tation of n value and stage-area-discharge curves 
a r e  shown in Figures 18 and 19. Similar cross 
sections and curves were prepared for 104 cross- 
ings of the perennial channels and a re  on file in 
the SEWRPC offices. An explanation of the pro- 
cedure for preparation of stage-area-discharge 
curves is presented in Appendix F. 

Channel Backwater Computation: Water surface 
profiles in an open channel a r e  raised above 
normal levels for some distance upstream from 
a flow obstruction; and because of lower veloci- 
ties resulting from greater flow depths, the slope 
of the water surface and the energy grade line 
become flatter. The water surface profile result- 
ing from an obstruction in a channel is called 
a backwater curve. Since the backwater curve 
has a flatter profile than would the water surface 

Seven of the 111 total bridge and culvert cross- 
ings were found to have such structure and placement 
as to obviously not significantly affect flood pro- 
files. These inc1ude:l)two footbridges over the main 
stem in the Racine Country Club grounds; 2)park foot- 
bridge over the main stem in Lincoln Park, City of 
Racine; 3) one farm bridge over Hoods Creek 0.48 mile 
upstream from STH 38; 4) private footbridge over Hoods 
Creek 0.05 mile upstream from Airline Road;5)private 
footbridge over Hoods Creek 0.36 mile upstream from 
STH 20; and 6) private footbridge over Hoods Creek 
1.46 miles upstream from STH 20. 

of the unobstructed channel, the two profiles in- 
tersect at  an upstream point. This intersection 
locates the upstream extent of backwater caused 
by the obstruction. 

Computations of backwater were performed using 
~ e a c h ~ s ~ m e t h o d ,  which is based upon the Manning 
formula for flow in open channels. Essentially, 
this method involves calculation of water surface 
slopes upstream from a point at which the water 
surface elevation is  known, taking into account 
the fixed hydraulic characteristics of the channel 
cross section and friction. 

Backwater caused by bridges and culverts was 
generally so small that i t  was possible to estimate 
the backwater profile well within the range of ac- 
curacy of the overall hydraulic studies. Detailed 
backwater computations using Leach's method 
were made, however, for the channel reaches 
upstream from Horlick Dam and upstream from 
the r iver mouth at Lake Michigan. 

THE HYDRAULICS OF SUB-WATERSHEDS 

North Branch of the Root River 
The perennial channel of the North Branch origi- 
nates at W. Lincoln Avenue near the western 
boundary of Milwaukee County in the City of West 
Allis. It flows southeasterly through the City 
of Greenfield and the Village of Greendale to 
W. Loomis Road. From W. Loomis Road the 
r iver flows almost due south through the City 
of Franklin to i ts  confluence with the Root River 
Canal about one mile north of the Milwaukee- 
Racine County line. The total length of the peren- 
nial channel of the North Branch is 16.6 miles. The 
total fall i s  80 feet, resulting in an average slope 
of 4.82 feet per mile o r  0.000913 feet per foot. 

Hydraulic friction in the channel of the North 
Branch is moderately affected by vegetation while 
the flood plain, in comparison to the flood plain 
in the balance of the r iver system, i s  relatively 
f ree  of vegetative obstruction. The hydraulic fric- 
tion factors of the North Branch a r e  relatively 
independent of seasonal changes in vegetative 
growth. The channel i s  relatively free of obstruc- 
tions, i s  fairly straight through most of i t s  length, 
and i s  reasonably uniform in section. The aver- 
ages of the n values used in calculating discharge 
capacities a r e  0.048 for the channel and 0.057 for 
the flood plain. 

Handbook of Hydraulics, King and Brater , McGraw- 
Hill, 1954. 
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At present, 5.6 miles of main channel flood 
plain have been developed into parkway. Park- 
way reaches extend from W. Lincoln Avenue to 
W. Oklahoma Avenue and from W. Layton Ave- 
nue to W. Loomis Road. Landscaping of the 
flood plain has been carried out along the entire 
parkway length except for about 0.7 miles left 
in a wild state between S. 76th Street (CTH U) 
and W. Loomis Road. Landscaping, as practiced 
in the Root River Parkway, reduces hydraulic 
friction in the flood plain by removal of under- 
brush and maintenance of open areas under lawn 
cover. Modification of channel shape and vege- 
tation, however, was carried out for only about 
two miles of the parkway. 

The perennial channel of the North Branch is  
crossed by 22 public and 2 private bridges, which 
have a range of influence on the height of flood 
stages. The amount of backwater, o r  head loss, 
which may be expected to be caused by these 
bridges during a future 100-year flood varies 
from a negligible amount at 11 bridges to 3.8 feet 
at W. Loomis Road. (See Appendix G.) Of the 
80 feet of potential energy head available to cause 
flow in the North Branch, as much as 27 feet may 
be lost at bridges in a 100-year flood occurring 
under 1990 land use conditions. 

Bank-full channel capacities and the depths of 
overbank flow, bridge head losses, and depths of 
flow over roads expected for floods of 100-year, 
50-year, and 10-year recurrence intervals under 
1990 development projected in the alternative land 
use plans are  shown in Appendix G. Bank-full 
channel capacities do not increase progressively 
in the downstream direction. In fact, on the North 
Branch, channel capacities appear to be gener- 
ally higher in the upstream reaches than in the 
downstream reaches. This condition results from 
steeper slopes, deeper channels, and less hydrau- 
lic friction in the upstream reaches, partly due to 
the urban character of development in that area. 
Because of variations in channel section and in 
bank elevations throughout any reach, the overbank 
depths calculated for one point must be considered 
only as representative indications of conditions at 
that point. 

As noted earlier, the area of lakes and ponds 
in the watershed is very small. Two small ponds 
were constructed on the main channel in the park- 
way near W. Forest Home Avenue. These ponds, 
with a combined surface area of about five acres, 
a re  so small as to have negligible effect upon 

streamflow. Four lagoons, with a combined sur- 
face area of about 20 acres,  were formed by con- 
struction of low dams on a Root River tributary 
in Whitnall Park. Upper Kelly Lake, with about 
a 15-acre surface area, is also located on this 
tributary. The hydraulic effects of these ponds 
were included in the synthesis of the unit hydro- 
graph for this sub-basin, as described in Chap- 
ter  VI. Other ponds in the drainage area of the 
North Branch a re  located off the main channels 
of the tributary streams. 

The City of West Allis and the Metropolitan 
Sewerage Commission of Milwaukee County have 
scheduled deepening and enlargement of the North 
Branch channel from S. 124th Street (Milwaukee- 
Waukesha County line) to some distance down- 
stream from the City of West Allis. This deepen- 
ing, of up to 6 feet, is required to accommodate 
urban storm sewer systems, presently under con- 
struction by the City of West Allis, which will 
drain that portion of the watershed lying up- 
stream from W. Cleveland Avenue and east of 
the North Branch. 

The scheduled channel deepening and enlarge- 
ment were incorporated into the watershed study 
as a committed water control facility and repre- 
sent a decision already made. The scheduled 
bottom elevations were followed in the City of 
West Allis, assuming a bottom width of four feet 
and one-on-four side slopes. The channel was 
assumed to be grass lined and to have an n value 
of 0.030. The channel deepening cannot be stopped 
abruptly; and, consequently, it was for the pur- 
poses of the study tailed-out to W. Layton Avenue 
in the City of Greenfield. Further deepening and 
enlargement of the channel through the City of 
Greenfield and into the Village of Greendale was 
studied as a possible structural plan element and 
is discussed in Chapter XII. 

Root River Canal 
The perennial channel of the West Branch of the 
Root River Canal originates near Union Grove in 
central Racine County. It flows easterly for about 
two miles and then northerly to its junction with 
the East Branch of the Root River Canal near 
Four Mile Road in Racine County. The perennial 
channel of the East Branch of the Root River Canal 
originates near CTH C in northern Kenosha County 
and flows almost due north to its junction with the 
West Branch. The Root River Canal then flows 
north into Milwaukee County to its confluence with 
the North Branch of the Root River. The length of 



the West Branch perennial channel is 10.4 miles; 
of the East Branch, 11.6 miles; and of the Canal, 
5.8 miles for a total of 27.8 miles. The aver- 
age bed slope of the channels comprising the 
Root River Canal system is  5.71 feet per mile 
o r  0.00108 feet per foot. 

All but about four miles of the perennial chan- 
nels of the Root River Canal system have been 
deepened, straightened, and trimmed by dredging. 
The dredged portions of the channels have gen- 
erally uniform cross sections with bed widths 
varying from about 10 feet to 20 feet and side 
slopes varying from one-on-one to one-on-two. 
Channel depths vary from 4 feet to 12 feet, being 
primarily a function of the amount of channel 
deepening which was required to achieve suitable 
bed slopes in the dredged sections. Spoil banks 
on the flood plain near the river banks still  re-  
main visible in some of the dredged reaches. 
These spoil banks often interfere with overland 
drainage into the river channel and may cause 
local ponding when the channel i s  flowing less 
than bank full. 

Beds and banks of most of the dredged sections 
a re  in poor condition. In many places bank ma- 
terial has sloughed into the bed as a result of 
unstable slopes, seepage outflow, o r ,  sometimes, 
cattle grazing. Near public road crossings, the 
channels a r e  often used for refuse dumping, ob- 
structing bridge and culvert waterway openings 
in some cases. Among materials noted in such 
refuse, in addition to household garbage, were 
timbers, boxes, broken concrete, bedsprings, and 
tires. 

The most significant obstruction to flow in the 
Root River Canal channels is, however, the pro- 
fuse growth of vegetation in, and adjacent to, most 
of the channel length. Some of the vegetation is  
supple enough so that i t  will bend down under 
high flows and, therefore, have less effect upon 
channel friction; but along most of the length, the 
channels a re  choked with cattails, reeds, bushes, 
willows, and other trees,  some over three inches 
in diameter, which a r e  not supple and which, there- 
fore, seriously impede flow. The tangled growth of 
bushes and trees may in some locations obstruct 
flows almost as  seriously in winter as in summer. 
During the growing season, it i s  often impossible 
to distinguish the channel shape or location be- 
cause of the vegetation. According to local resi- 
dents, the last known general channel maintenance 
was carried out over 15 years ago. The channel 

i s  well maintained in a few isolated locations by 
local individuals who own or  farm adjacent lands. 
The averages of the n values used in calcula- 
ting discharge capacities of channels in the Root 
River Canal system are  0.061 for the channel and 
0.078 for the flood plain. 

The perennial channels in the Root River Canal 
system a re  crossed by 26 public and 11 private 
bridges and culverts. Backwater from all of the 
bridges and culverts in the Canal area during 
a future 100-year flood will be generally less than 
that experienced in the North Branch because of 
lower discharges and lower velocities. (See Ap- 
pendix G.) In addition, channel friction is so  high 
and slopes a r e  so flat, in some reaches of the 
West Branch particularly, that bridge and culvert 
crossings become completely submerged by the 
high water levels in the channel and contribute 
negligible additional head loss. 

Bank-full channel capacities and the depth of 
overbank flow, bridge head losses, and depths of 
flow over roads expected for floods of 100-year, 
50-year, and 10-year recurrence intervals under 
1990 projected land use a r e  shown in Appendix G. 
As in the North Branch, channel capacities ap- 
pear to be higher near the upstream reaches than 
in the downstream reaches. In the Canal area, this 
situation is  probably due to the steeper slopes, 
often deeper channels, and generally cleaner chan- 
nel conditions prevailing in the upstream reaches. 

Root River Main Stem 
Downstream from the confluence of the North 
Branch and the Root River Canal near S. 60th Street 
and W. OakwoodRoad inMilwaukee County, the Root 
River main stem meanders easterly along the 
Milwaukee-Racine County line. The river crosses 
the county line five times, finally leaving Milwau- 
kee County near S. Nicholson Road. The main 
stem then flows southward to Johnson Park, where 
i t  is  joined by Hoods Creek flowing from the south- 
west. The river turns east and then northeast 
before again turning south to enter the City of 
Racine, through which it meanders easterly to 
enter Lake Michigan in the harbor area. 

The length of the Root River main stem from 
the confluence of the North Branch and the Canal 
to the mouth i s  25.6 miles. The total fall from 
the confluence to mean lake level (msl elevation 
577.8) i s  9 1  feet, resulting in an average slope 
of 3.57 feet per mile. Bed depth at  the mouth i s  
about 20 feet so that the average bed slope of the 
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r iver i s  4.37 feet per mile. As indicated by the 
profile in Figure 17, however, there i s  a signifi- 
cant variation in bed slope along the main stem. 
The upstream portion, along the county line from 
the confluence to S. Nicholson Road, has a bed slope 
of only 1.62 feet per mile. Between S. Nicholson 
Road and the mouth of Hoods Creek, the slope 
steepens to 2.96 feet per mile. From Hoods Creek 
to HorlickDam and from Horlick Dam to the mouth, 
bed slopes a r e  3.32 feet per mile and 10.39 feet 
per mile, respectively. In the reach of the Root 
River extending from the confluence of the North 
Branch and the Canal to about one mile beyond 
S. Nicholson Road, the channel slope is extremely 
flat. Thus, streamflow velocities a r e  very low 
and channel capacities a r e  quite limited, caus- 
ing widespread inundation of adjacent lowlands 
during flooding. 

For most of its length, the channel of the Root 
River main stem still remains in a relatively 
natural condition. Bed widths vary from 20 feet 
to over 100 feet, and channel depths vary from 
about 3 feet to 10 feet. The channel itself i s  rela- 
tively free of vegetation throughout the year, but 
the river banks and the portion of the flood plain 
adjacent to the river banks have profuse vegeta- 
tion ranging from grass to bushes and trees. At 
the time of the field surveys in 1964, vegetation 
along the river banks in those portions of the 
channel in the county line area  were being cleared 
and cleaned by the Metropolitan Sewerage Com- 
mission of Milwaukee County. The averages of 
the n values used in calculating discharge capac- 
ities along the main stem are  0.048 for the chan- 
nel and 0.069 for the flood plain. 

The low-lying land near the confluence of the 
North Branch and the Root River Canal forms 
a natural reservoir during periods of flood flow. 
Water levels in this area a r e  not related to local 
channel conditions on the two main branches but 
appear to be controlled by the stage-discharge 
relationship of the constricted channel section of 
the main stem at its f irst  crossing of County Line 
Road in Milwaukee County. 

At the peak of the March 1960 flood, the water 
temporarily impounded in the confluence area 
spread over an area of about 1,000 acres o r  nearly 
1 1/2 square miles. The corresponding volume 
of storage in this natural reservoir was about 
6,400 acre-feet or  the equivalent of one square 
mile covered with water 'to a depth of 10 feet. 
This volume would be filled by a stream of water 

flowing at the rate of 3,200 CFS for one day. This 
volume was, however, being filled during the en- 
t i re  period that the inflow was increasing so  that 
the total volume was not available for reduction of 
the flood peak. 

The flood peak reduction effect of the natural res-  
ervoir formed by the wetlands in the confluence 
area is most significant on floods of short dura- 
tion with lesser effect on long duration floods, 
such as  those resulting from snowmelt. In the 
flood synthesis studies, described in Chapter VI, 
the 1990, 100-year flood inflow based on combined 
snowmelt and rainfall was reduced by natural res-  
ervoir storage from 9,600 CFS to an outflow of 
8,600CFS. However, the flood peak inflow of 
4,600 CFS based on a summer rainfall of 100-year 
recurrence interval was reduced to an outflow of 
3,500 CFS. Possible adaptation of the confluence 
area as a structural measure for flood control is  
described in Chapter XII. 

The channel of the Root River main stem is 
crossed by 23 public and 5 private bridges, which 
have a range of influence upon flood stages. (See 
Appendix G.) In general, the waterway openings 
of bridges along the main stem a r e  large; and the 
flow velocities in most of the length of the channel 
a r e  low so that head losses through bridges tend 
to be small. It appears that very flat slopes, par- 
ticularly along the county line, a re  the principal 
cause of flood inundation rather than backwater 
caused by bridges. 

Bank-full channel capacities and the depths of 
overbank flow, bridge head losses, and depths of 
flow over roads expected for floods of 100-year, 
50-year, and 10-year recurrence intervals under 
1990 projected land use a r e  shown in Appendix G. 
Bank-full capacities vary along the channel depths. 
Again, it should be noted that because of variations 
in channel depths and in bank elevations through- 
out any reach, the calculated overbank depths must 
be considered as  representative indications only. 

Hoods Creek 
The perennial channel of Hoods Creek originates 
at s irenson Road one-half mile east of 1 ~ ~ 9 4 .  It 
flows northerly to the community of Franksville, 
then easterly to Airline Road. From Airline Road 
the creek flows northerly to its confluence with 
the Root River at the western end of Johnsonpark. 
The total length of Hoods Creek is  9.2 miles. The 
total fall is  101.2 feet, resulting in an average 
slope of 11.0 feet per mile or .002 feet per foot. 



The upstream portion of Hoods Creek from Soren- 
son Road to CTH H has been deepened, straight- 
ened, and trimmed by dredging. The rest  of the 
stream has been left in its natural condition. 

Hydraulic friction in the channel and the flood 
plain is moderately affected by vegetation. The 
averages of the n values used in calculating dis- 
charge capacities a re  0.058 for the channel and 
0.073 for the flood plain. 

The perennial channel of Hoods Creek is crossed 
by nine public bridges and six private bridges. 
Backwater from these bridges during a future 
100-year flood will have an insignificant effect 
on stage. (See Appendix G.) 

HORLICK DAM 
Horlick Dam, located about 200 feet upstream 
from STH 38 near Racine, is the only major exist- 
ing structural water control facility on the Root 
River. The dam is reported to have been first 
built around 1850 and then rebuilt o r  remodeled 
to substantially its present form in 1873. The 
dam was originally used to create a head of water 
of about 12 feet for the operation of a gristmill 
on the right bank of the river. Milling operations 
apparently ceased around 1920; and since then the 
only function of the dam has been to maintain 
a pond, which is used for aesthetic and recrea- 
tional purposes. Several residences, some for- 
merly used as summer homes, adjoin the pond; 
and Armstrong Park, a private recreational de- 
velopment, is located on the right bank. 

The dam originally consisted of a masonry main 
overflow section, 124 feet long, slightly angled 
in plan with the apex upstream. A low-flow spill- 
way (fishway) with a crest  length of 18.5 feet 
discharged into a concrete flume about 100 feet 
long located on the left bank. A forebay at the 
right abutment carried water through a trash rack 
and a gate to the wheel pit of the gristmill. Ac- 
cording to a rough sketch prepared by F. A. Potts, 
dated June 11, 1915, the main dam consists of 
two separate masonry structures with a gravel 
fill in between. The downstream masonry wall, 
originally about 12 feet maximum height, is the 
presently visible portion of the dam. The founda- 
tion and abutments of the dam are  located on an 
outcrop of dolomitic rock, which appears to be 
sound and in good condition. A sketch of the plan 
and section of the dam and its features, based on 
the sketch prepared by Mr. Potts and on field 
investigations made for this study, is shown in 
Figure 20. 

Local residents state that the crest  of the main 
masonry wall was originally capped with timber 
planking for protection of the masonry. It appears 
that the sloping surface of the gravel fill was also 
covered with planking. The upstream portions of 
the structure, in the pond, are  covered with silt 
and mud, making visual inspection difficult. A 
rectangular 5 foot long, 3 foot high opening in the 
masonry, closed with planking, is located about 
mid-channel near bed level. This may have been 
used as a sluiceway for diversion of water dur- 
ing construction of the dam. No gate-operating 
facilities for this sluiceway were noted in the 
field inspection. 

At present, the structure is in an advanced and 
apparently accelerating state of deterioration. 
The planking on the crest has disappeared, and 
portions of the masonry on the crest  have broken 
off, irregularly lowering the dam crest  by as  
much as three feet. The deterioration is most 
pronounced in the left-hand half of the main over- 
flow section. Only remnants of the former left- 
bank spillway can be distinguished. The forebay 
intake is closed probably with the original gate 
o r  by planking or  masonry. No leakage from the 
forebay and wheel pit area was noted, however. 
A l l  of the masonry appears to be in poor condition. 

Upstream riparian owners petitioned the Wiscon- 
sin Public Service Commission, both in 1940 and 
1946, to require floodgates or  sluiceways to be 
put into the dam to alleviate damages allegedly 
caused by backwater from the dam during floods. 
In both of the resulting hearings, engineers' ex- 
pert testimony and investigation reports estab- 
lished the upstream limit of backwater to be 
located near the present STH 31 bridge, about 
3 1/2 river miles upstream from the dam. Inade- 
quate channel capacity rather than backwater from 
the dam was considered to be the cause of most of 
the claimed damages. It was also stated in expert 
testimony that the installation of floodgates o r  
sluiceways o r  the passage of water through the 
wheel pit would have little effect on upstream 
flood levels. 

Backwater computations were carried out in the 
watershed planning studies for the alternative 
conditions of the dam restored to its original 
crest  level and for the dam removed. The indi- 
cated influence of backwater from the dam ex- 
tends to a point about 500 feet downstream from 
the STH 31 bridge o r  three river miles upstream 
from the dam. 
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The reservoir formed by Horlick Dam has only 
a negligible reduction effect upon flood peaks of 
the Root River. In the synthesis of the 1990 con- 
dition 100-year flood, the peak was reduced by 
only 36 CFS in the reach immediately below the 
Horlick Dam pond. 

SUMMARY 
The natural hydraulic characteristics of the water- 
shed a re  strongly influenced by the glacial origin 
of the watershed topography. The watershed is  
relatively slow draining because of a circuitous 
channel pattern and flat channel slopes, which 
cause local flooding but serve to moderate flood 
peak flows. Rapid overland runoff i s  retarded in 
many areas of poor natural drainage, vegetation, 
and soil conditions. 

Hydraulic capacity of the stream channels varies 
throughout the system, often diminishing in the 
downstream direction. Hydraulic capacity i s  also 
strongly influenced by the seasonal growth of veg- 
etation in the channels and flood plains. Channel 
cross sections and slopes and the selection of 
friction factors for channel capacity determina- 
tions were based on field observations. Head 
losses for various discharges were calculated 
for the 104 bridge and culvert crossings which 
were deemed to have an effect on flood stages, 
and stage-discharge and stage-area curves were 
prepared for these crossings. 

For descriptive purposes, the hydraulic system 
of the watershed has been separated into three 
parts: the North Branch, the Canal, and the main 
stem. The perennial channel of the North Branch 
of the Root River originates near W. Lincoln Ave- 
nue, inwestern Milwaukee County, and flows south- 
erly 16.6 miles at an average slope of 4.82 feet 
per mile (0.000913 feet per foot) to its confluence 
with the Root River Canal near S. 60th Street and 
W. Oakwood Road in the City of Franklin. Hydrau- 
lic friction in the channel and flood plain is  mod- 
erate, but substantial head losses a r e  caused by 
bridges with inadequate waterway openings. At 
present, 5.6 river miles of the flood plain a re  
developed into a recreational parkway. Deepen- 

DEVELOPED DOWNSTREAM ELEVATION 
SCALE: I INCH = 75 FEET 

ing of the channel within the City of West Allis 
and for some distance downstream is required to 
accommodate urban storm sewer systems pres- 
ently under construction. 

The perennial channels of the Root River Canal 
system drain central Racine County and join the 
North Branch to form the Root River main stem. 
The perennial channels comprising the Canal sys- 
tem have a total length of 27.8 miles and an aver- 
age slope of 5.71 feet per mile (0.00108 feet per 
foot). The channels, in most of their length, have 
been deepened and straightened by dredging but 
have generally deteriorated from lack of mainte- 
nance. Much of the land in the Canal area  is tile 
drained, which has the effect of prolonging the 
period of runoff contribution from summer rains. 

The Root River main stem flows 25.6 miles to 
its mouth at Lake Michigan in the City of Ra- 
cine. The slope averages 3.57 feet per mile 
(0.000676 feet per foot). However, in the reach 
where the river flows eastward along the Milwau- 
kee-Racine County line, the slope is  only 1.62 feet 
per mile (0.000307 feet per foot), resulting in 
very low velocities and low channel capacity. 

The low-lying land around the confluence of the 
North Branch and the Canal functions as  a nat- 
ural  flood-retarding reservoir inundating nearly 
1 1/2 square miles and storing about 6,400 acre- 
feet of water during a 100-year recurrence inter- 
val flood. The flood-peak reduction effect of this 
natural reservoir is most pronounced in short 
duration floods caused by summer rainfall. 

Horlick Dam, built prior to 1850, is the only exist- 
ing major structural water control facility on the 
Root River. The dam is no longer used for mill 
operation and is  rapidly deteriorating. Although 
damage from backwater was claimed by upstream 
riparians, it was concluded in hearings before the 
Wisconsin Public Service Commission, and con- 
firmed in this study, that backwater effects were 
small. The dam has a negligible reduction effect 
on major flood peaks. 



Chapter VI 

HYDROLOGIC SIMULATION 

INTRODUCTION 
The watershed planning process requires know1 - 
edge of both the present and the projected future 
behavior of the river system, particularly with 
respect to floods, through a range of hydrologic 
conditions. In the Root River watershed, stream- 
gaging station records of stage and discharge have 
not been obtained over a long enough period to rep- 
resent more than a very small sample of the pos- 
sible range of hydrologic conditions o r  to indicate 
any behavior trends resulting from changes in land 
use. Also, stream gaging records, regardless of 
their duration, do not provide direct information 
on river discharge and water levels in the reaches 
between o r  beyond the measuring points; but sound 
watershed planning requires knowledge of the r iver 
system behavior along the entire length of the prin- 
cipal channels. Such knowledge is  best provided 
through hydrologic simulation studies. 

f7Hydrologic ~imulat ion,~ '  a s  used in this report, 
means the representation of the surface water 
hydrologic system of the watershed by mathemati- 
cal means. In such simulation, a mathematical 
model i s  constructed from available information 
on the climate, topography, soils, land use, and 
hydraulics of the watershed combined by means of 
established hydrological relationships. The model 
i s  then calibrated to the specific watershed by use 
of those data on river performance, such a s  high- 
water marks, gage-height records, and discharge 
records, that may be available. Each item of per- 
tinent information i s  thus combined to contribute 
toward a basic understanding of the specific hy- 
drologic relationships of the watershed. It then 
becomes possible to vary hydrologic input factors 
and forecast resulting r iver system performance. 

The hydrologic model constructed for the Root 
River watershed was used principally for evalua- 
tion of the future probable flood characteristics of 
the river system under alternative watershed de- 
velopment plans. The model was used to simulate 
floods corresponding to selected recurrence in- 
tervals of 10, 50, and 100 years for conditions of 
present and planned future land use in the water- 
shed. It was used to evaluate the probable ef- 
fects of urbanization on floods caused primarily 
by snowmelt and on floods caused by rainfall. The 

model also was used to evaluate the effect of var- 
ious proposed water control facilities on flood 
levels and discharges in the river system. 

REPRESENTATION OF THE WATERSHED 
For  the development of the hydrologic model of 
the Root River system, the watershed was divided 
into 52 hydrologic sub-basins; and stage-area- 
discharge curves were synthesized for 111 con- 
trol points along the river channels. Channel- 
storage volume curves were prepared for 30 river 
reaches. The hydrological characteristics of each 
of the sub-basins were represented by soil type, 
land use, and by unit hydrographs based on drain- 
age area,  slope, and hydraulic friction. The stage- 
area-discharge curves were based on channel 
slope, cross-sectional area,  hydraulic friction, 
and flow constrictions. The channel-storage vol- 
ume curves were based on sub-reach end areas  
and reach lengths. 

Delineation of Hydrologic Sub-Basins 
In order to represent the progressive contribu- 
tion of runoff water along the length of the main 
channels, the entire watershed was divided into 
52 sub-basins ranging from 1.14 to 10.95 square 
miles in area. Relatively small sub-basins were 
delineated in the headwater areas,  and sub-basin 
sizes were made progressively larger toward the 
river mouth so that roughly similar proportions 
between sub-basin runoff contribution and main 
channel streamflow would be maintained through- 
out the system. The locations of larger tributary 
watercourses were also considered in delineating 
sub-basins to ensure that tributary inflows would 
be represented at the proper points on the main 
channel. The selected sub-basins a re  shown on 
Map 31, together with the hydrologic soil group 
predominant in each sub-basin and the type of land 
use a s  proposed in the controlled existing trend 
land use plan element described in Chapter XII. 

The ratio of runoff to rainfall was determined from 
the infiltration characteristics of the sub-basin 
soils and the existing and proposed future land 
use in each sub-basin. Detailed soils maps pre- 
pared by the U, S. Soil Conservation Service (SCS) 
in cooperation with the SEWRPC were used to de- 
termine the predominant hydrologic soils group, 
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A through D, in each sub-basin. Group A repre- 
sents soils having the highest infiltration rate; and 
Group D, the lowest. All soil types occurring in 
the Root River watershed have been classified 
into one of these four hydrologic soils groups, a s  
indicated in Appendix H. 

In view of the availability of the detailed soils data, 
the SCS Runoff -Curve-Number system ' was se- 
lected a s  the most suitable method for calculating 
runoff resulting from a given depth and duration 
of rainfall. This method assigns runoff numbers 
to a range of hydrologic soil-cover complexes 
made up of combinations of soil groups and agri- 
cultural land uses. The runoff number classifi- 
cations used are  shown in Table 15. The term 
I1hydrologic condition," used a s  a column heading 
in Table 15, refers to the infiltration and retention 
characteristics accompanying the method of land 
use. In the case of row crops, small grain, and 
legumes o r  rotation meadow, hydrologic condi- 
tion is  based on the sequency of crop rotations 
ranging from good when rotation includes legumes 
o r  grasses to poor when a row crop i s  planted 
year after year. In the case of pasture o r  range, 
heavily grazed pasture would be classified a s  poor 
and lightly grazed a s  excellent. In the case of 
woodland, those that a r e  heavily grazed and in 
which underbrush is  burned would be classified a s  
poor and those that a r e  ungrazed a s  excellent. 

Curves relating runoff to rainfall for various run- 
off numbers a re  shown inFigure 21. These curves 
were prepared by the SCS on the basis of field 
experience and infiltration tests. The curves a re  
assumed to indicate the runoff resulting from rain- 
fall in a 24-hour period. 

Weighted average runoff curve numbers were 
prepared for sub-basins having mixed land use. 
A representative cropping pattern based on pres- 
ent agricultural land use, shown in Table 16, was 
used throughout the agricultural portion of the 
watershed. Urban areas  were represented a s  con- 
sisting of lawns o r  open space and paved o r  roofed 
areas. Urban lawns and open space were consid- 
ered comparable to good, contoured pasture o r  
range. All paved and roofed (impervious) areas  
were assigned a coefficient of runoff of 92 percent 
of rainfall, comparable to the average rational 
formula C values recommended for such areas  in 
Chapter XI and Appendix I. The proportions of 

Engineering Handbook, Section 4, "Hydrology," U.S. 
Department of Agriculture, Soil Conservation Service, 
1957. 

impervious area used for different urban land use 
categories a r e  summarized in Table 17. Runoff 
from urban sub-basins was calculated by adding 
the runoff frompervious areas  and the runoff from 
impervious areas ,  each weighted by i ts  proportion 
of the total sub-basin area. 

Unit Hydrographs 
The pattern of tributary inflow from the individual 
sub-basins was represented by unit hydrographs. 
The term unit hydrograph a s  used herein i s  de- 
fined as:  the graph of direct runoff over time re-  
sulting from one inch of rainfall excess (that por- 
tion of rainfall which becomes direct surface run- 
off) generated uniformly over the drainage area 
a t  a constant rate during a specified duration. 

Unit hydrographcharacteristics vary with the size, 
shape, slope, and drainage efficiency of the tribu- 
tary drainage basin. The most significant charac- 
teristics a r e  the basin lag, which i s  the time from 
the center of mass of rainfall excess to the hy- 
drograph peak, and the peak discharge of the unit 
hydrograph. Steep slope, compact basin shape, 
and efficient drainage tend to make lag times short 
and peaks high, while flat slope, elongated shape, 
and poor drainage tend to make lag time long and 
peaks low. 

Unit hydrographs a r e  ideally derived from stream- 
flow and rainfall records. Practically, however, 
such records a re ,  because of the costs involved, 
seldom if ever available for the individual sub- 
basins of a large watershed; and, therefore, syn- 
thetic unit hydrographs must be used. The most 
suitable means of synthesis i s  one which takes into 
account those basin characteristics that most in- 
fluence the shape of the unit hydrograph and which 
can be measured, observed, or  reliably estimated. 
A method developed by the Soil Conservation Ser- 
vice makes use of basin area,  shape, slope, and 
overall hydraulic efficiency to determine the time 
of concentration from which lag time and unit 
hydrograph peak discharge can be derived. Time 
of concentration i s  defined a s  the time from begin- 
ning of runoff to arrival at the mouth of contribu- 
tion from the hydraulically most distant portion 
of the basin. 

An actual unit hydrograph would present a complex 
curvilinear relationship of discharge over time. 
When sub-basin flows, however, a r e  to be added 
and routed to obtain total streamflow, little accu- 
racy i s  lost by representing the unit hydrograph 
a s  a triangle. The triangle has an area equivalent 
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Land  Use o r  C o v e r  

F a l  l o w  
Row C r o p s  

S m a l l  G r a i n  

C l o s e - S e a t e d  
Legumes o r  
R o t a t  i o n  ~ e a d o w s ~  

P a s t u r e  o r  Range 

Meadow ( p e r m a n e n t )  
Woods ( f a r m  w o o d l o t s )  

F a r m s t e a d s  
Roadse  ( d i r t )  

( h a r d  s u r f a c e )  

Moisture Condition 17 is defined as 1.4 to 2.1 inches of rainfall in the preceding five days. 

Hydrologic condition is defined as the rainfall retention characteristics of the land use 'or cover and the 

treatment or practice. 

T r e a t m e n t  o r  
P r a c t i c e  

S t r a i g h t  Row 
S t r a i g h t  Row 
S t r a i g h t  Row 
C o n t o u r e d  
C o n t o u r e d  
C o n t o u r e d  & T e r r a c e d  
C o n t o u r e d  & T e r r a c e d  
S t r a i g h t  Row 
S t r a i g h t  Row 
C o n t o u r e d  
C o n t o u r e d  
C o n t o u r e d  & T e r r a c e d  
C o n t o u r e d  & T e r r a c e d  
S t r a i g h t  Row 
S t r a i g h t  Row 
C o n t o u r e d  
C o n t o u r e d  
C o n t o u r e d  & T e r r a c e d  
C o n t o u r e d  & T e r r a c e d  

C o n t o u r e d  
C o n t o u r e d  
C o n t o u r e d  

d Close-dril led or broadcast . 
Including right-of-way. 

Source: U.S. Department of Agriculture, Soil Conservation Service. 

H y d r o l o g i c  
C o n d i t i o n C  

- - 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
Good 
P o o r  
F a i r  
Good 
P o o r  
F a i r  
Good 
Good 
P o o r  
F a i r  
Good 
- - 
- - 
- - 

to the volume represented by one inch of runoff 
over the tributary basin and the same lag time a s  
the actual curvilinear hydrograph. 

Triangular unit hydrographs for each sub-basin 
were derived using the relationships shown in 
Figure 22. Time of concentration was derived 
from the Kirpich equation: 

R u n o f f  C u r v e  Numbers  by 

where: Tc = time of concentration in hours 
L = principal channel length in miles 
H = r im to mouth elevation difference in 

feet 

A 

77 
72 
6 7 
70 
6 5  
6  6 
6 2 
6 5  
6 3 
6 3 
6 1 
6 1 
5 9 
6 6 
5  8 
64  
5  5  
63  
5  1 
6  8 
4 9 
3 9 
4 7 
2 5 
6 

3 0  
4 5 
3 6 
2 5 
5  9 
7 2 
74 

This equation represents an empirical relationship 
based on small agricultural watersheds. Urban 
watersheds exhibit shorter concentration times 
because of higher flow velocities over paved areas  
and in storm sewers. Adjustment for increased 
velocities in urban areas  was made by reducing 

G r o u p  

D 

9 4 
9 1 
89 
88 
8 6 
82 
8 1 
88 
8 7 
8 5 
8 4 
8 2 
8 1 
8 9 
85 
8 5 
83 
83 
8 0  
89 
84 
8 0  
8 8 
83 
79 
78 
83 
79 
77 
8 6 
89 
92 

H y d r o l o g i c  

B 

8 6 
8 1 
7 8 
7 9 
7 5 
74 
7 1 
7 6 
7 5 
7 4 
73 
72 
70 
77 
72 
7 5 
6 9 
7 3 
67 
7 9 
69 
6 1 
6  7 
5 9 
3 5 
5 8 
6 6 
60 
5 5 
74 
82 
84 

S o i l  

c .  
9 1 
8 8 
85 
84 
82 
80 
78 
8 4 
83 
82 
8 1 
79 
7 8 
8 5 
8 1 
83 
78 
8 0  
7 6 
8 6 
7 9 
74 
8 1 
75 
70 
7 1 
77 
73 
7 0  
82 
87 
9 0  



ROW c r o o s ,  c o n t o u r e d  
S m a l l  g r a i n ,  s t r a i g h t  row 
Legumes, s t r a i g h t  row 
P a s t u r e  
Woods 
F a r m s t e a d s  
Roads,  h a r d  s u r f a c e  
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Good 
Qood 
Good 
Qood 
F a i r  

- - -- 

Source: Harsa Eng~neermg Company. 

the calculated concentration time in direct pro- 
portion to the ratio of assumed hydraulic fric- 
tions of the drainage systems in urban and agri- 
culturalareas. Hydraulic friction was represented 
by Manning "n" values, using 0.075 for agricul- 
tural areas, 0.050 for partially storm-sewered 
urban areas,  and 0.025 for fully storm-sewered 
urban areas. 

P e r c e n t  o f  A r e a  
i n  A g r i c u l t u r a l  Use Land Use 

In the calculation of concentration time for  urban 
areas (T'c), it was recognized that runoff from 
the most remote portions of the basin will occur 
first  a s  overland flow. .A portion of the time of 
concentration in urban areas is ,  therefore, simi- 
lar  to that of agricultural areas. Fifteen minutes 
(0.25 hr.) was selected a s  a reasonable allowance 
for overland flow; and this portion of the calcu- 

H y d r o l o g i c  
C o n d i t i o n  

F i g u r e  2 1  
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a Net r e s i d e n t i a l  area i s  d e f i n e d  a s  the  area o f  land  a c t u a l l y  devo ted  t o  r e s i d e n t i a l  use  wi th in  s i t e  boundaries and inc ludes  t h e  bu i ld ing  
ground area coverage ,  toge ther  w i t h  the  necessary  o n - s i t e  yards and open spaces .  

C r o s s  r e s i d e n t i a l  area i s  d e f i n e d  a s  the  n e t  area  devo ted  t o  a given use  p lus  the  area  devo ted  t o  support ing land u s e s ,  such a s  s t r e e t s ,  
parks,  schools ,  churches,  and neighborhood shopping c e n t e r s .  

Source: SEWIIPC. 

lated agricultural area time of concentration was 
kept unchanged in the calculation of T'c,  a s  shown 
in Figure 22. 

P e r s o n s  
p e r  G r o s s  

S q u a r e  M i l e  

3 5 0 -  3 , 9 9 9  
3 , 5 0 0 -  9 , 9 9 9  

1 0 , 0 0 0 - 2 5 , 0 0 0  

P e r s o n s  
p e r  N e t a  

R e s i d e n t i a l  
A c r e  

0 . 6 -  5 . 5  
5 . 5 - 1 5 . 6  

1 5 . 6 - 3 9 . 1  

L a n d  U s e  

L o w - D e n s i t y  R e s i d e n t i a l .  . . . . . 
M e d i u m - D e n s i t y  R e s i d e n t i a l  . . . . 
H i g h - D e n s i t y  R e s i d e n t i a l  . . . . . 
C o m m e r c i a l - I n d u s t r i a l .  . .. . . . . 

The adjustment of agricultural area  concentration 
times to account for the effects of urbanization 
by the method described above is without pre- 
cedent. An intensive search of the current lit- 
erature on the effects of urbanization on runoff 
was made, and many papers were found which 
present conclusive evidence that urbanization of 
a formerly agricultural drainage basin will cause 
a decrease in hydrograph lag time and an increase 
in hydrograph peak discharges for similar rain- 
fall. None of the papers reviewed, however, pre- 
sented procedures for quantitatively representing 
the effects of urbanization in flood synthesis. The 

R a t i o  o f  
I m p e r v i o u s  

A r e a  t o  
T o t a l  A r e a  

1 5 %  
3 0 %  
6 0 %  
9 2 %  

of several triangular unit hydrographs, each offset 
D hours and reduced in volume such that the re-  
sultant composite unit hydrograph will have a vol- 
ume of one inch of runoff, a s  shown in Figure 22. 

N e t  
L o t  A r e a  

p e r  
D w e l l i n g  U n i t  

2 0 , 0 0 0  s q . f t .  & o v e r  
6 , 0 0 0 - 1 9 , 9 9 9  s q . f t .  

U n d e r  6 , 0 0 0  s q - f t .  

Flood Routing 
Flood routing i s  the mathematical process of sim- 
ulating the movement of floods through a channel 
system. As flood flows move through a channel, 
the peak flow i s  usually reduced and the duration 
of flow i s  prolonged because some of the water is 
put into temporary storage a s  flow depth increases 
in the channel and later released a s  flow depth de- 
creases. The rate of flood travel, reduction of 
peak, and increase in duration a r e  dependent upon 
the size, shape, slope, and hydraulic friction of 
the channel. 

O w e l l i n g U n i t s  
p e r  N e t a  

R e s i d e n t i a l  
A c r e  

0 . 2 -  1 . 6  
1 . 6 -  9 . 6  
9 . 6 - 1 1 . 9  

effects of urbanization on runoff from small drain- 
Runoff from snowmelt i s  delayed at  the begin- 

age basins a r e  also being studied in the Chicago ning of the snowmelt period because melt water 
area ,  and definite trends toward higher flood peaks is stored in the remaining snow pack and be- 
with the growth of urbanization have been es- cause many of the minor channels and culverts 
tablished. The results to date, however, a r e  not are blocked by snow and ice. It was assumed in 
adequate for  the establishment of quantitative ad- the synthesis of snowmelt-rainfall floods that the 
justment procedures. tributary outflow from each sub-basin would fol- 

low the rainfall unit-hydrograph pattern except 
unit time, D, represents the duration of runoff- that the beginning of runoff would be delayed. It 
producing rainfall used in the cohstruction of the was further assumed that most of the snow that 
unit hydrograph. The graphical in rnelkd in the first melting periods did not start  
Figure 22 indicate that the selected value of D run off until some time later, while snow that 
should be Fmaller than Tc, since the triangular melted in later periods started to run off almost 
unit hydrograph relations a r e  derived for situa- immediately. 
tions wherein the peak runoff occurs after the end 
of the runoff-producing rainfall. 

Small o r  topographically steep basins have short 
concentration times and require the selection of 
small values for unit time. In the flood routing 
process, however, it was impractical to use unit 
hydrographs with unit times shorter than one hour. 
Composite unit hydrographs for longer rainfall 
durations were prepared by adding the ordinates 

Many methods of flood routing have been devel- 
oped to suit a variety of purposes and types of 
data. The "storage-indication method" was se- 
lected a s  the most suitable for use in the Root 
River watershed planning study. This method i s  
based upon the physical characteristics of the 
channel system, whereas most other methods a r e  
based upon streamflow records. Basically, in this 
method the variation in channel storage is calcu- 
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lated for each river reach over a range of dis- 
charges using field observations of channel size, 
slope, and friction. Inflow at the head of the reach 
i s  adjusted for inflow to, or outflow from, channel 
storage and for time of travel to obtain outflow 
from the reach. The process is very similar to 
the movement of water through a series of res- 
ervoirs and for this reason is particularly ap- 
propriate in representation of the large number 
of culverts and bridges on the Root River. The 
head loss through culverts and bridges results in 
varying amounts of backwater creating temporary 
storage upstream from the structure. Another 
feature which makes application of the s torage  
indication method particularly appropriate is that 
stage-discharge curves are required at frequent 
sections along the channel for the additional pur- 
pose of establishing inundation levels correspond- 
ing to calculated flood discharges. 

ysis" in Chapter V and shown in Figures 18 and 
19, Chapter V. 

After preparation of the stage-area-discharge 
curves, channel storage was calculated over a 
range of discharge for each reach. The peren- 
nial stream channels were divided into 30 reaches 
as  shown on Map 31. Cross-sectional areas of 
flow were read from stage-area-discharge curves 
for a range of discharges in each channel reach. 
These areas were multiplied by appropriate chan- 
nel distances to give a storage volume in the reach 
corresponding to a given discharge. Curves relat- 
ing channel storage volume to discharge were 
prepared for each reach. A typical storage indica- 
tion curve i s  shown in Figure 23. Similar curves 
for all of the channel reaches are on file with 
the Commission. 

The flood routing procedure then consists of ad- 
justing an inflow hydrograph for changes in chan- 
nel stirage to find outflow at the end of the reach. 

The flood routing process consists of two steps: Computations are made for time intervals selected 
1) the representation of the hydraplic Character- to be shorter than the travel time through the 
istics of the channel by graphical and numerical reach. The general routing equation may be stated 
means, and 2) the movement of hydrographs of as: average outflow during the time interval i s  
flood flow through the mathematical model of the equal to average inflow during the time interval 
channel. Channel characteristics are  represented plus or minus change in channel storage. Know- 
by a series of stage-area-discharge curves. These ing inflow at the beginning and end of the time in- 
curves were prepared for the channel at the up- terval and outflow at the beginning of the time in- 
stream and downstream sides of all of the bridges terval, the equation can be solved to find outflow 
and culverts, as  described under "Hydraulic Anal- a t  the end of the time interval. The outflow hydro- 
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graph from a reach plus any local tributary inflow 
becomes the inflow hydrograph for the next down- 
stream reach. Select hydrologic procedures a r e  
set  forth in Appendix F. 

Operation of the Hydrologic Model 
The hydrologic model of the watershed was oper- - 

ated in a sequence of steps similar to that which 
occurs in nature. Rainfall excess was calculated 
for selected rainfall depths and durations and ap- 
plied to sub-basin unit hydrographs to obtain tribu- 
taryinflows to the main channel system. Snowmelt 
contributions were determined in a similar man- 
ner. Tributary inflows were added to main channel 
flows a t  appropriate locations, and the aggregate 
flow was routed through the channel system. 

Most of the routine and repetitive computations 
were performed by an IBM-1620 electronic com- 
puter. However, the computer was programmed 
to carry  out the computaticms in exactly the same 
manner a s  they would be done manually so that 
consistent additional computations can be made 
manually at  any time without the necessity of using 
a computer. 

SIMULATION OF HISTORIC FLOODS 
Since general theoretical and empirical relation- 
ships were used to construct the hydrologic model, 
it was necessary to calibrate the model to the spe- 
cific characteristics of the Root River watershed. 
Two suitable calibration standards were fortu- 
nately available. They were the discharge records 
of the July 1964 summer rain flood obtained at the 
three SEWRPC-USGS streamflow gaging stations 
established within the basin in September 1963 and 
a USGS indirect measurement of the 1960 flood 
peak discharge of the North Branch at W. Ryan 
Road (STH 100) in Milwaukee County, together with 
several high water marks at  various locations. 

Hydrograph Shape 
The shape of a streamflow hydrograph at  any point 
in a r iver system is dependent primarily upon up- 
stream rainfall distribution and timing, sub-basin 
outflow characteristics, and the hydraulic char- 
acteristics of the channel system. The July 196k 
rain-flood streamflow records at  W. Ryan Road 
(STH 100) and CTH G were used a s  a calibration 
standard for hydrograph shape. Rainfall records 
obtained at  several locations within and near the 
drainage areas  were used to establish rainfall dis- 
tribution and timing. Total rainfall-runoff volume 
was determined from the gaging station records. 

A t r ial  operation of the model was made using the 
areal, volume, and time distribution of runoff de- 
rived from the rainfall and streamflow records. 
The synthesized streamflow hydrographs were 
compared to the recorded hydrographs. The syn- 
thesized hydrographs were found generally to be 
too high in peak and too short in duration. The 
possibility of upward adjustment of channel storage 
volume was investigated, but it was concluded that 
physical limits on the range of possible adjustment 
of channel storage were not broad enough to ac- 
count for the change in hydrograph shape required. 

It was concluded, therefore, that the sub-basin 
unit hydrographs required adjustment. As a f irst  
step, an adjustment was made for the probable 
retarding effect of ponds and poorly drained lands 
in proportion to their surface area  in each sub- 
basin. In addition, the time bases of all sub-basin 
unit hydrographs were extended and peaks corres-  
pondingly lowered through a trial-and-error ad- 
justment process. Time bases of unit hydrographs 
for sub-basins in the Canal drainage area were 
substantially extended to portray the effects of 
agricultural tile drains. Although drain tile ef- 
fluent i s  not strictly surface runoff, it follows 
surface runoff so closely and appears to be so 
substantial in quantity that i t  can be reasonably 
considered a s  a component of runoff from a rain- 
fall event. 

Comparisons of the final adjusted synthesized hy- 
drographs to the recorded streamflow hydrographs 
a t  the USGS gaging stations a r e  shown in Figure 24. 
The synthesized peaks a r e  still substantially higher 
than the recordedpeaks even after unit hydrograph 
adjustment. It was not, however, considered de- 
sirable to try to match the 1964 flood exactly be- 
cause the 1964 flows were relatively low while the 
unit hydrographs a r e  intended to be used primarily 
for calculation of high flood flows. Many engi- 
neers believe that the peaks of unit hydrographs 
derived from relatively low peak flows should be 
increased when used for synthesis of high flows 
to account for increased flow velocities in the 
drainage system. The U. S. Army Corps of Engi- 
neers customarily increasesunit hydrograph peaks 
from 25 to 50 percent in calculation of design-flood 
flows. Furthermore, the excellent correlation with 
the high, measured 1960 flood peak at  W. Ryan 
Road (STH loo), described in a following section, 
would not have been possible with the runoff avail- 
able a t  that time if unit hydrograph peaks were 
any lower. 
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Rainfall-Runoff Relationship 
The SCS runoff curves for various hydrologic soil- 
cover complexes, described in a preceding sec- 
tion, are  based on normal soil moisture conditions. 
However, runoff response from a given rainfall 
will vary widely with variations in soil moisture. 
Toaccount for this variation, the SCS suggests 
adjustments to the curve numbers for conditions 
wetter or dryer than normal. "~ormal ,"  or  Con- 
dition 11, for the growing season i s  defined a s  hav- 
ing antecedent rainfall of 1.4 to 2.1 inches in the 
previous five days. 

Rainfallat Milwaukee Station in the five days prior 
to July 17, 1964, totalled 0.46 inches, correspond- 
ing to less-than-normal soil moisture or  Condi- 
tion I. SCS adjustment relationships indicate an 
appropriate reduction of the runoff curve number 
for the pervious portion of the drainage area of 
27 percent, from No. 70 to No. 51. However, 
comparison of measured runoff volume to meas- 
ured rainfall volume for the July 1964 flood in- 
dicates a runoff number of 40, or  a reduction of 
43 percent from "normal." 

In consideration of the derived runoffnumber being 
substantially less than would be obtained by the SCS 
generalized procedure, and the indication from in- 
spection of rainfall records that the SCS "normal" 
antecedent rainfall has a somewhat greater than 
even chance probability of occurring on a summer 
day in the Root River watershed area, it was con- 
cluded that most probable conditions of soil mois- 
ture in the watershed would fall between the SCS 
normal and dry conditions. Accordingly, runoff 
numbers for most probable soil moisture condi- 
tions were assumed to be halfway between the SCS 
values for Condition I and Condition XI. Synthesis 
of summer floods for selected rainfall frequencies 
was based on hydrologic soil-cover complex curve 
numbers reduced in the manner described above. 

Flood Stage Elevations 
The final step in calibration pf the hydrologic 
model was reproduction of the March-April 1960 
flood and adjustment of channel stage-discharge 
curves to reproduce recorded high water marks. 
The peak flow of the NorthBranch at W. Ryan Road 
(STH 100) was determined by the USGS by indirect 
measurement to be 5,000 CFS. This peak flow was 
reproduced by operation of the model on a trial- 
and-error basis using the previously calibrated 
sub-basin unit hydrographs and various combina- 
tions of snowmelt and rainfall runoff, based on re- 
corded snow depths, temperatures, and rainfalls. 

Climatological conditions leading up to the 1960 
flood were depcribed in Chapter W. The flood was 
caused by unusually high snowrnelt with concur- 
rent heavy rainfall. Because of either frozen or  
saturated soil conditions during the time of rain- 
fall, it was assumed that all rainfall in excess of 
0.01 inch per hour would run off. Adjustments 
were made in the timing and volume of snowmelt 
runoff and in the snowmelt unit hydrographs to 
bring the synthesized, combined snowmelt-rainfall 
peak flow at W. Ryan Road (STH 100) to 5,000 CFS. 
Recorded temperature, precipitation, and snow 
depth and the finally selected snowmelt and rain 
runoff depths are summarized in Table 18. 

In synthesisof the 1960floodover the entire water- 
shed, it was assumed that the snowmelt runoff 
component of the flood would be the same in all 
sub-basins. This assumption i s  based on the bal- 
ancing effect of the long period of snow accumula- 
tion and the general areal uniformity of melting 
temperatures. The reconstructed isohyetal map 
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a Depth o f  snow a t  6:00 a .m.  

b Water equivalent  dep th .  

R a i n f a l  l C  

R u n o f f  
l  nches 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 8 8  
1 .47  
0 . 0 0  

c Based on average r a i n f a l l  over the North Branch drainage 

A l l  r e c o r d e d  d a t a  f o r  USWB Mi lwaukee  S t a t i o n .  

D a t e  

March 26 .  . . . . . . .  
March 27.  . . . . . . .  
March 2 8 .  ; . . . . . .  
March 29 .  . . . . . . .  
March 30 .  . . . . . . .  

. . . . . . .  March 31 .  

Source: SEWRPC. 

of rainfall over the watershed, shown on Map 23, 
Chapter IV, indicates an average rainfall depth 
of 2.5 inches over the drainage area of the North 
Branch and a fairly uniformly distributed average 
rainfall depth of 1.5 inches over the balance of the 
watershed. This distribution of rainfall was used 
in reproduction of the flood. 

Snowa 
on Ground 

Inches  

7  
6  
I  
I  
T  
T  

Ahighwater profile for the synthesized 1960 flood, 
calculated by applying computed channel discharges 
to stage-discharge curves, was superimposed on a 
1960 flood profile reconstructed from recorded high 
water marks. Calculated stage-discharge curves 
and the recorded high water marks were reviewed 
a t  locations indicating significant departures. 

~ n o w m e l  tb 
Runof f  
l  nches 

0 . 0  
0 . 0  
0 . 5  
3 . 0  
0 . 0  
0 . 0  

Appropriate adjustments were made in the stage- 
discharge curves by adjusting hydraulic friction, 
average slope, and channel cross  section within 
limits judged to be reasonable for the particular 
location. In general, calibration was considered 
to be satisfactory if synthesized high water eleva- 
tions were within one foot of recorded elevations. 
Most residual departures from the synthesized 
high water profile a re  on the high side. 

P r e c i p i t a t i o n  
l  nches 

0 . 0 0  
T  
T  

0 . 9 4  
1 .63  
0 . 0 0  

Tempera ture  
o  F 

Lesser Floods 
The March-April 1960 flood was established, in 

Max. 

29 
4 6  
41 
62 
5 2  
33 

Chapter IV, to be equivalent to a 100-year recur- 
rence interval flood. Using the peak discharge of 
this flood at  W. Ryan Road, together with the USGS 
regional flood-frequency criteria, a flood peak- 
frequency relationship was prepared for the North 
Branch representing present land use development 
in the drainage area. Synthesis of lesser floods 
of selected recurrence intervals was carried out 
by the same procedure a s  used in synthesizing the 

Min.  

I 
2 7  
3  4  
3  5 
3 0  
2 9  

area der i ved  from an i s o h y e t a l  map,Map 23,Chapter I V .  

1960 flood. The relationship and timing of snow- 
melt runoff and rainfall runoff was kept the same 
a s  for the 1960 flood synthesis, the runoff only 
being reduced in depth to correspond to the se-  
lected peak flow. 

EFFECT OF HUMAN ACTIVITIES ON RUNOFF 
The hydrologic model was constructed and cali- 
brated on the basis of present-day hydrologic con- 
ditions in the watershed. Its principal function, 
however, is to permit portrayal of the changes in 
r iver system performance under conditions of fu- 
ture land use and water control facility develop- 
ment. For  this purpose, components of the model 
were modified to reflect the land use development 
expected o r  proposed and the flood control alter- 
natives considered. 

Hydrologic Effects of Urbanization 
A substantial increase in urban development in 
the watershed i s  expected by 1990, the plan target 
date. Existing trend and controlled trend alterna- 
tive land use plan elements for that date a r e  des- 
cribed in Chapter XII. After careful study, it was 
concluded that the difference between the hydro- 
logic effects of the two alternative land use plans 
on river system performance would be negligible. 
Therefore, all analysis of the effect of urbanization 
on watershed hydrology was based on the "con- 
trolled existing trend" land use plan element. 

Urban development of a formerly agricultural 
drainage area has two major effects on hydrologic 
relationships. The rainfall-runoff relationship i s  
modified a s  a result of increased impervious area 
and changed land use in the remaining pervious 
area. The time of concentration of the drainage 



area is modifiedas a result of decreased hydraulic 
friction and improved drainap facilities. i 

I 
The change in rainfall-runoff relationships accom- 
panying urbanization was represented by changes 
in the hydrologic soil-cover complex numbers to 
reflect both the anticipated increase in impervious 
area and the greater retention capability of soils 
under lawn cover as  compared to agricultural 
cropping. These two adjustments are, to some 
degree, compensating; but in each case the net 
effect was to increase the volume of runoff from 
a given rainfall. 

The change in drainage hydraulics accompanying 
urbanization was represented by a reduction in the 
time of concentration of the affected sub-basins 
a s  described earlier. The time of concentration 
of a sub-basin expected to be fully storm sewered 
was reduced to one-third of the time under agri- 
cultural use. These reductions in concentration 
time have the effect of shortening the time of tri- 
butary outflow but increasing the peaks. Further 
increases in peak discharges are caused by en- 
largement of bridge waterway openings or  re- 
placement of bridges at  locations where existing 
bridges cause backwater storage of floodwaters in 
the channel and on the flood plain. Channel im- 
provements to lower floodwater elevations locally 
also cause increases in peak discharges due to 
reductions in channel and flood plain storage. 

relationships are shown in Figure 25. Calculated 

, discharges for each bridge crossing point in the 
, channel system for future floods of various fre- 

quencies are also shown in Appendix G. It was 
found that rainfall-snowmelt combination flood 
peaks would not be substantially increased by ur- 
ban development. 

The effect of urbanization on future summer rain 
floods was also investigated. A rainfall of 100- 
year recurrence interval (5.6 inches in 24 hours), 
uniformly distributed over the watershed, was ap- 
plied to the model, both for present land use and 
for 1990 planned land use, assuming probable soil 
moisture conditions. It was found that summer 
flood peaks would be substantially increased by 
urban development. However, the 1990, 100-year 
summer rain flood peak has an indicated recur- 
rence interval of only 10 to 12 years on the revised 
frequency curves. It may be interpreted that, of 
the ten 10-year floods expected to occur in a 100- 
year period, only one will be caused by summer 
rain. Since the frequency curves are so strongly 
influenced by snowmelt-rainfall floods, it was not 
considered necessary to further modify them even 
though urbanization causes proportionately greater 
increases in summer rain flood peaks. 

Special study was made of the effects of urbani- 
zation on floods in the upper reaches of the North 
Branch channel. The headwater drainage area 

Future (1990) floods of various frequencies were will eventually be completely drained by 
synthesized using snowmelt- and rainfall-runoff sewers all contributing to the main channel in 
depths calculated for corresponding frequency 
floods under present conditions. Based on the 
analyses set forth in Chapter IV, it was concluded F i g u r e  2 5  

that, even with increased uhan development, most E F F E C T S  O F  U R B A N I Z A T I O N  O N  
maior floods would continue to be caused bv the R O O T  R I V E R  D I S C H A R O E  F R E Q U E N C Y  

snowmelt-rainfall combination. Rainfall distribu- 
tion was assumed to be proportional to the pattern 
recorded during the 1960 flood; that is, 2.5 inches 
average depth over the drainage area of the North 
Branch and 1.5 inches average depth over the bal- 
ance of the watershed. Local floods for the Root 
River Canal drainage area, however, were g&er- 
ated under the assumption that the heavier rain- 
fall was located in the Canal drainage area. Since 
the entire watershed is expected to be practically 
impervious during such a combination of events, 
only the hydraulic effects of increased urbanization 
need be considered. Results of model operation 
for different flood frequencies are  summarized 

Percent P. .b .b , l i t ,  6 7  Bein .  E.".l.d 6 ,  6rr..d.d , n  A " "  I... 

in Table 19; and revised (1990) flood-frequency 
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OF V A R I O U S  RECURRENCE I N T E R V A L S  
ROOT R I V E R  WATERSHED 

a Based on "Cont ro l l ed  Ex i s t ing  Trend" land use p lan.  

R e c u r r e n c e  
I n t e r v a l  

Based on s ix-hour  un i t  hydrographs.  

Note that  t h i s  recurrence i n t e r v a l  i s  e s t a b l i s h e d  i n  terms o f  r a i n f a l l  e ven t s  o n l y .  

N o r t h  Branch a t  
W .  Ryan Rd. (STH 1 0 0 )  

Under 1965 land use  c o n d i t i o n s ,  the 100-year r a i n f a l l  peak d ischarge  would be 1 ,880 cubic  f e e t  per second. 

S n o w m e l t - R a i n f a l l  F lood-1965 Land Use ( i n  CFS) 

Source: Harza Engineering Company. 

Canal  a t  CTH G 

100-Year  
50 -Year  
25-Y e a r  
10-Year  
5 - Y e a r  

a relatively short channel length. Since there i s  lege Avenue, and with deepening through the City 
little channel storage available for moderation of Greenfield, to W. Loomis Road. Discharges 
of peak flows in the upper channel, and will be for the 100-year snowmelt-rainfall flood, the 100- 
even less after scheduled channel improvements year one -hour rainfall, and discharges calculated 
in the City of West Allis, the high peak flows re-  by the rational formula a r e  shown in Table 20. 
sulting from short-term intensive rainfall will be 

undiminished for some down peak flows calculated by the rational formula were 
the main channel. 

based on 10-year recurrence rainfall intensity for 

Root R i v e r  a t  
S. 6 0 t h  S t r e e t  

5 , 0 0 0  
4 , 2 0 0  
3 , 4 0 0  
2 , 6 0 0  
2 , 0 0 0  

Future flood flows were synthesized for a 100-year 
recurrence interval 24-hour rainfall, which was 
assumed to include the 100-year six-hour and 
100-year one-hour maximum intensities. Because 
of the small size and rapid concentration time of 
the local area,  one-hour unit hydrographs were 
used instead of the six-hour unit hydrographs used 
for basin-wide studies. Studies were made assum- 
ing the channel to be in i ts  present condition, deep- 
ened through the City of West Allis to W. Layton 
Avenue, and with deepening extended through the 
City of Greenfield to below W. College Avenue. 
The resulting flood flows exceed those calculated 
for the 100-year snowmelt-rainfall flood in the 
channel reach from W. Lincoln Avenue to W. Col- 

Root  R i v e r  Near  
R a c i n e  a t  STH 38 

Snowmel t-rain fa l Flood-1990 Land u s e a  ( i n  CFS)  

individual sub-basin drainage areas  and 100-year 
recurrence rainfall intensity for combined sub- 
basins, since storm sewers a r e  often designed for 
10 -year recurrence intervals. The peak flows 
calculated by means of the rational formula a r e  in 
substantial agreement with those calculated using 
one-hour unit hydrographs in the upper reaches 
but become higher and higher in the downstream 
direction. This i s  to be expected because the ra-  
tional formula makes no provision for the effects 
of channel storage. The significance of the varia- 
tion of channel storage can be noted by comparison 
of the one-hour rainfall flows of the present chan- 
nel, which has substantial flood plain storage, with 
the improved channels, which will have little chan- 
nel storage. 

3 , 8 0 0  
3 , 2 0 0  
2 , 6 0 0  
2 , 0 0 0  
1 , 5 0 0  

100 -Year  
5 0 - Y e a r  
25 -Year  
10-Year  

5-Y e a r  

7 , 9 0 0  
6 , 6 0 0  
5 , 3 0 0  
4 , 1 0 0  
3 , 1 0 0  

5 , 6 0 0  
4 , 7 0 0  
3 , 8 0 0  
2 , 9 0 0  
2 , 3 0 0  

8 , 2 0 0  
6 , 8 0 0  
5 , 5 0 0  
4 , 2 0 0  
3 , 2 0 0  

Summer R a i n f a l l  ~ l o o d ~ - 1 9 9 0  Land Use ( i n  CFS) 

3 , 8 0 0  
3 , 2 0 0  
2 , 6 0 0  
2 , 0 0 0  
1 , 5 0 0  

100 -Yearc  I  3 ,  200d  I 1 , 6 0 0  

7 , 8 0 0  
6 , 4 0 0  
5 ,200  
4 , 0 0 0  
3 , 0 0 0  

5 -Year  
3 , 0 0 0  I 3 , 1 0 0  

8 , 4 0 0  
6 , 9 0 0  
5 , 6 0 0  
4 , 3 0 0  
3 , 3 0 0  

- - - - - - 480 



Flood Control Modifications 
Structural flood control elements considered in the 
watershed planning studies included channel im- 
provements in the North Branch, controlled stor- 
age at  the confluence of the North Branch and the 
Canal, bypass channels to Lake Michigan, channel 
improvements in the City of Racine, and channel 
maintenance in the Root River Canal drainage area. 

Based on experience gained through the operation 
of the hydrologic simulation model, it was con- 
cluded that the channel improvements considered 
for  the North Branch would have negligible effect 
upon flows in the balance of the system. 

The effectiveness of bypass channels to Lake Mich- 
igan was tested by operating the model modified 
for the assumption that all flow generatedupstream 
from Nicholson Road, the farthest upstream loca- 
tion of the two alternative diversion points, would 
be diverted to Lake Michigan. Only runoff gener- 
ated downstream from Nicholson Road would then 
contribute to the flood flow at  Racine. The opera- 
tion was carried out using snowmelt and rainfall 
runoff derived for the 100-year flood, assuming, 
however, an average rainfall depth of 2.5 inches 
being located in this portion of the watershed 
rather than in the drainage area of the North 
Branch. The resulting peak flow near Racine at  

STH 38 was 4,000 CFS, which would cause about 
$15,000 damage. The 1960 flood flow a t  STH 38, by 
way of comparison, was estimated a t  8,200 CFS. 
with $165,100 in resulting damage. Bycomparison 
of the drainage areas  below the diversion points, 
i t  can be fonfidently stated that no damages would 
occur at  Racine with a bypass channelat the alter- 
native location closer to Racine. 

Since a degree of flood control is now performed 
naturally by temporary storage of floodwaters 
in the marshland at  the confluence of the North 
Branch and the Root River Canal, it was necessary 
to determine how much this function might be en- 
hanced artificially and the resultant decrease in 
downstream peak flood discharges and stages. It 
was assumed that a dam would be constructed in 
the northwest one-quarter of Section 35, Town 
5 North, Range 21 East, City of Franklin, with 
a fixed cres t ,  ungated spillway. This dam would 
create a reservoir herein identified a s  the "Oak- 
wood Reservoir." Maximum elevation of the res-  
ervoir pool during a 100-year recurrence interval 
snowmelt-rainfall flood was held to an elevation 
of 690.0 above msl, six feet higher than would 
occur naturally during a 100-year flood event. 
Pool elevations in excess of the selected reservoir 
pool elevation appeared to be impractical because 
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E F F E C T S  O F  U R B A N I Z A T I O N  A N D  C H A N N E L  I M P R O V E M E N T S  O N  
P E A K  F L O O D  F L O W S  I N  N O R T H  B R A N C H  O F  R O O T  R I V E R  

a Based on regional  land use a1 t e r n a t i v e  plan "A," the ' C o n t r o l l e d  Exis t ing  Trend" land use p lan ,  w i t h  those enlargements i n  br idge  waterway 
openings required  t o  meet the  des ign  frequency standards s e t  f o r t h  h e r e i n .  

L o c a t  I on 

W. L i n c o l n  Ave. . . . . . . 
W .  C l e v e l a n d  Ave. . . . . . 
W. N a t i o n a l  Ave.. . . . . . 
W .  Morgan Ave.. . . . . . . 
S. 1 0 8 t h  St.(STH 100)  . . . 
W. C o l d  S p r i n g  Rd.. . . . . 
W. L a y t o n  Ave.. . . . . . . 
W. F o r e s t  Home Ave. . . . . 
W. Grange Ave.. . . . . . . 
W .  C o l l e g e  Ave., u p s t r e a m  . 
W. C o l l e g e  Ave., downst ream 
S. 7 6 t h  S t .  . . . . . . . . 
W. L o o m i s  Rd. . . . . . . . 
W. Rawson Ave.. . . . . . . 
D r e x e l  Ave. . . . . . . . . 
W. Ryan Rd.(STH 100) .  . . . 

Channel deepened a s  scheduled through C i t y  o f  West A l l i s ;  deepening t a i l e d - o u t  t o  zero  depth o f  improvement a t  W. Layton Avenue i n  the  C i t y  
o f  G r e e n f i e l d .  

Channel deepening extended t o  W. Forest  Home Avenue i n  the C i t y  o f  G r e e n f i e l d  and t a i l e d - o u t  t o  W. Col lege  Avenue i n  the V i l l a g e  o f  Greendale.  

Data i n s u f f i c i e n t  t o  a l low r e l i a b l e  r e s u l t s  from computations.  

Source: SEWRPC. 

R e c o n s t r u c t e d  
M a r c h - A p r i l  
1960 F l o o d  

CFS 

290 
320 

1,170 
1,210 
1,260 
1,300 
1,840 
2,160 
2,260 
2,370 
3,930 
3,450 
3,620 
3,850 
3 ,970 
5 ,000 

1 990a 
100-Year  

Snow-Rain 
CFS 

340 
390 

1,280 
1,370 
1,470 
1,560 
2 ,300 
2,1100 
2 ,460 
2 ,520 
4,910 
4,700 
4,670 
5,130 
5,370 
6 ,500 

R a t i o n a l  
F o r m u l a  

CFS 

8 10 
9 40 

3, 420 
3,320 
3,220 
3,130 
4,180 
4,200 
4,030 
3,860 
7,200 
5,760 
6,070 
5,670 
5,470 
6,330 

R e c o n s t r u c t e d  
J u l y  1964 

F l o o d  
CFS 

--  d 
-- d 
-- d 
- -  d 
-- d 

690 --  d 

910 
870 
830 

1,230 
1 ,  130 
1,090 
1,040 
1,010 
1,100 

- 100-Year,  

P r e s e n t  
Channe l  

CFS 

800 
920 

3,0110 
2,670 
2,300 
1,920 
2,790 
2 ,690 
2,970 
2 ,250 
4,670 
3 ,440 
3,640 
3 ,370 
3,240 
3,600 

I - H o u r  R a i n  

West A l l  i s  
Improv .  

CFS 

800 
920 

2,975 
3,010 
3,040 
3,070 
3,540 
3,650 
3 ,300 
2,930 
5,160 
4,600 
4,510 
4,330 
4,230 
4,530 

1990 

G r e e n f i e l d  
I m p r o v .  

CFS 

800 
920 

3,040 
3,050 
3,060 
3,070 
3.540 
4,480 
4,230 
3,990 
6,500 -- 

-- 
-- 
-- 
-- 



of the topography, since any further increase in 
the maximum reservoir pool elevation would result 
in a large increase in the area flooded by the pro- 
posed reservoir. 

The hydrologic simulation model was then oper- 
ated to show the effect on downstream flood dis- 
charges and stages. The model was first operated 
assuming zero reservoir outflow to determine the 
flow at Racine attributable to the drainage area 
downstream from the proposed dam site. The 
results of this initial flood routing are shown in 

T a b l e  2 1  

FLOOD PEAK D I S C H A R G E S  AND S T A G E S a  
O R I G I N A T I N G  E N T I R E L Y  FROM RUNOFF 

OCCURRING DOWNSTREAM FROM "OAKWOOD 
R E S E R V O I R n  - 1 9 9 0  CONTROLLED 

E X I S T I N G  TREND LAND USE 

a Discharges and stages shown do not reflect the ef- 
fects of probable enlargements in bridge waterway 

I openings concomitant with urbanization. 

F l o o d  
R e c u r r e n c e  

I n t e r v a l  

100 -Year  
2 5 - Y e a r  
10 -Year  
5 - Y e a r  

Source: Harza Engineering Company. 

Table 21. Inflows from the North Branch and the 
Root River Canal were then routed through the 
reservoir and to Racine, utilizing the available 
storage, in order to determine the flood abatement 
effects. Comparative results of flood routing with 
and without the hypothetical reservoir a re  shown in 
Table 22. It i s  significant that flOakwood Reser- 
voir" would cause a decrease in the 100-year flood 
stage at STH 38 near the City of Racine of only 
0.4 of a foot. Pool elevations in excess of this ele- 
vation would because of the topography result in 
rapid increase of the area flooded by the reservoir. 
Flood control benefits of the proposed reservoir 
were found to be small, both because of the stor- 
age limitation and because of the distance from the 
principal present beneficiary, the City of Racine. 

Peak 
D i s c h a r g e  
a t  STH 3 8  

Near  R a c i n e  
C F  S  

4,300 
2,900 
2,200 
1,700 

The lowering of flood high water elevations in the 
Root River Canal main channel system that would 
result from channel maintenance was also evalu- 
ated. Stage-discharge curves were recalculated 
using hydraulic friction (n) values that would be 
achieved after channel clearing and trimming. The 
general lowering of the water surface would result 
in some reductian in channel storage and, there- 
fore, some increase in peak outflow. This secon- 
dary effect is judged to have small effect on flood 
flows in the balance of the system because of time 
differences between the occurrence of the higher 
North Branch peak and the Canal peak. Profiles 
showing the reduction of the 10-year floodwater 
levels in the Canal system as a result of channel 
maintenance are shown in Appendix E. 

Peak 
F l o o d  S t a g e  

a t  STH 3 8  
N e a r  R a c i n e  

MSL 

590 .7  
589.2 
588. 1 
586.9 

T a b l e  2 2  

C O M P A R I S O N  O F  T H E  H Y D R O L O G I C  E F F E C T S ~  O F  " O A K W O O D   RESERVOIR^ 
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a Discharges and stages shown do not reflect the effects of probable enlargements in bridge waterway openings con- 
comi tant with urbanization and of scheduled channel improvements. 

F l o o d  

R e c u r r e n c e  

I n t e r v a l  

1 0 0 - Y e a r .  . . . . 
2 5 - Y e a r .  . . . . 
10-Year  . . . . . 
5 - Y e a r .  . . . . 

Source: Harza Engineering Company. 

W i t h o u t  R e s e r v o i  r 

Peak 
D i s c h a r g e  

N e a r  
S.6Oth S t .  

CFS 

7,800 
5,200 
4, 0 0 0  
3,000 

W i t h  R e s e r v o i r  

Peak 
F l o o d  S t a g e  

a t  STH 38 
N e a r  

Rac i n e  
MS L  

592.5 
591.0 
589.8 
588.7 

Peak 
D i s c h a r g e  
a t  STH 38 

N e a r  
Rac i n e  

C  FS 

8, $ 0 0  
5,600 
4,300 
3,300 

Peak 
D i s c h a r g e  

N e a r  
S.6Oth S t .  

CFS 

4,700 
3 ,200  
2 ,300  
1,800 

Peak 
F l o o d  S t a g e  

a t  STH 38 
N e a r  

Rac i n e  
MSL 

592.9 
591.5 
590.3 
589.3 

Peak 
D i s c h a r g e  
a t  STH 38 

N e a r  
Rac i n e  

CFS 

6,800 
U ,  600  
3,400 
2,600 



SUMMARY 
The preparation of sound, long-range, comprehen- 
sive watershed development plans requires infor- 
mation on the range of r iver performance that may 
be expected over a period of time and under dif- 
fering land use conditions. As suitable historical 
records of sufficient duration were not available, 
i t  was necessary to use other measurable infor- 
mation to construct a hydrologic model capable 
of simulating the performance of the watershed 
drainage system. A hydrologic model of the Root 
River watershed based upon rainfall-runoff rela- 
tionships and unit hydrographs for 52 sub-basins, 
stage-area-discharge curves for 104 bridge and 
culvert crossings, and flood routing channel-stor- 
age volume curves fo r  30 channel reaches was 
developed. This model was calibrated to represent 
actual river performance by use of the recorded 
flow hydrographs at  the existing gaging stations 
and recorded historic high water marks. 

After satisfactory calibration was achieved, ele- 
ments of the model were adjusted to incorporate 
the hydrologic changes expected to occur a s  a re-  
sult of urbanization. The adjustments were based 
upon three assumptions, the validity of which were 
indicated by both analysis and experience: f irst ,  
that the total volume of runoff from future snow- 
melt based floods will not be changed significantly 
by urbanization since the generally frozen o r  satu- 
rated soil conditions attendant to such floods ap- 
proximates a highly impervious surface over the 
entire watershed; second, that the rate at  which 
runoff i s  transported to the main stream channels 
will be substantially increased by urbanization, 
since attendant pavement and storm sewer im- 
provements will result in higher peak, shorter 
time base flows; third, that the total volume of 
runoff from summer rainfall will increase with 

urbanization because of the attendant increase in 
impervious area within the watershed. This in- 
crease will be partially compensated for, how- 
ever,  by the greater retention capability of soils 
under urban lawn cover a s  compared to such soils 
under agricultural crop cover. 

Model operations indicated that urbanization will 
cause a 30 percent increase in the peak flows of 
snowmelt-rainfall floods and a greater than 70 per- 
cent increase in the peak flows of summer rainfall 
flood$. The summer rainfall flood peaks, however, 
even though greatly increased by urbanization, re-  
main substantially less than those of snowmelt- 
rainfall floods of comparable recurrence intervals. 

Intensive study was made of the effects of urbani- 
zation and stream-channel enlargement on sum- 
mer  rainfall flood flows in the upstream portion 
of the North Branch channel. It was found that 
channel deepening and enlargement can cause up 
to a 60 percent increase in flood peaks at  down- 
stream locations because of reduction of tempor- 
a ry  storage of water on the r iver flood plain. 

The hydrological model also was modified to rep- 
resent the effects of structural flood control mea- 
sures on the performance of the r iver system. 
Channel enlargements in the North Branch could 
reduce the flood hazard locally but would increase 
flood peak flows in reaches immediately down- 
stream. A flood-storage reservoir at  the con- 
fluence of the North Branch and the Root River 
Canal would decrease peak snowmelt-rainfall flood 
stages in the City of Racine by only 0.4 foot. By- 
pass channels to Lake Michigan would lower flood 
stages in Racine almost to o r  below the zero dam- 
age stage. Channel clearing in the Root River 
Canal system would substantially reduce but not 
completely eliminate summer flooding of cropland. 



Chapter VII 

FLOOD DAMAGES 

INTRODUCTION 
Flooding, a s  a problem, has developed in the Root 
River watershed a s  a consequence of the failure to 
recognize and understand the relationship between 
the use of land and the behavior of the river sys- 
tem. Flood damages stem from inappropriate use 
of land in the river flood plains, together with de- 
velopment-induced changes in the hydrologic regi- 
men of the watershed. Watershed planning is the 
f irst  step in achieving o r  restoring the most ben- 
eficial, balanced use of the land in the riverine 
areas  of the watershed through public acquisition, 
land use control, and river engineering. 

Flood-damage potential and flood risk have grown 
from a nuisance level during predominantly agri- 
cultural occupation of the watershed to substan- 
tial hazard proportions a s  urban land use has in- 
creased. Practically all of the present flood risk 
can be ascribed to unnecessary residential occupa- 
tion of the r iver flood plain-unnecessary since 
adequate alternative locations a r e  available for 
residential use. Nevertheless, such residential 
occupation of the flood plain i s  continuing to in- 
crease a s  urban development proceeds within the 
watershed. Most of the flood plain, however, i s  
a s  yet unoccupied by flood-vulnerable uses; and 
the opportunity still exists for limiting flood risk 
by means of public acquisition and sound land 
use control. 

FLOOD DAMAGE HISTORY 
Flood damages caused by the Root River have 
varied widely in character, intensity, frequency, 
and duration along the perennial channels of the 
r iver system. Urban and public-sector damages 
have been caused principally by snowmelt-rainfall 
floods in the spring, while practically all agri- 
cultural damages have been caused by summer 
rainfall floods. A necessary f irst  step in any 
sound analysis of present and future flood risks 
in a watershed i s  a flood damage survey. Such 
a survey was conducted jointly by SEWRPC and 
Harza Engineering Company in the Root River 
watershed in the autumn of 1964 using personal 
interview survey techniques. 

Flood Damage Survey 
Because of the extreme variation possible in flood 
damages within the watershed, it was decided to 
attempt generally to obtain complete coverage 
in the flood damage survey and to use sampling 
techniques only in concentrated areas  wherein 
large numbers of individual properties could be 
expected to experience similar damages. Prior 
to the conduct of the survey, methods and ques- 
tionnaire forms were discussed with Mr. Louis 
D'ALba, Chief, Flood Control Section, U. S. Army 
Corps of Engineers, Chicago District; and with 
Mr. Gale Ewald, Economist, U. S. Soil Conserva- 
tion Service, Madison. 

The questionnaire forms prepared for, and used in, 
the Root River flood damage survey a r e  shown in 
Appendix J. The primary purpose of the question- 
naires was to obtain sufficient information onflood 
damages to allow accurate reconstruction of mone- 
tary losses in terms of current dollar values. The 
forms were also designed to solicit hydrologic in- 
formation, such a s  maximum height of water, time 
of crest ,  and duration of flooding, for use in the 
hydrologic studies. Questionnaires were filled out 
by experienced engineers during personal inter- 
views with the owner o r  resident of the damaged 
property o r  with appropriate public officials. 

The field survey operations were divided into three 
sectors: public property and utilities, agricul- 
tural, and residential-commercial. Public-sector 
damage data was obtained through personal inter- 
views with public officials of each municipality 
and governmental agency affected by Root River 
floods. These officials also furnished information 
on the location, degree, and frequency of private- 
sector flood damages in their communities. Since 
very little damage was done to utilities, informa- 
tion from this sector and from relief agencies 
was obtained by letter and telephone interview. 
A 100 percent sample was thus obtained of the pub- 
lic property and utility damage. 

Personal interviews were conducted with 102 farm 
owners and lessors representing an approximately 
85 percent sample of the probable damagees and 
a 90 percent sample of the area of probably dam- 



aged farmland in the flood plain. Farmers  were 
questioned a s  to direct damages to crops, live- 
stock, equipment, buildings, and other property; 
damage resulting from erosion and sedimentation; 
and the decreased profitability of land use because 
of the flood hazard. Results of the interview dis- 
cussions were entered on the questionnaire forms, 
and inundation lines were delineated on prints of 
1" = 400' scale SEWRPC aerial photographs. 

Private, nonagricultural flood damages in the Root 
River watershed have been almost exclusively con- 
fined to residential property; and the survey of 
this sector was planned accordingly. Three basic 
categories of residential flood damage were used 
a s  a basis for establishing three sampling rate ob- 
jectives a s  follows: 

1. Direct overflow and inundation of buildings 
above the ground level-100 percent sam- 
ple rate. 

2. Inundation limited to lawns and grounds- 
20 percent sample rate. 

3. Sewer back-up o r  seepage through walls 
and floors resulting in basement flooding- 
20 percent sample rate. 

Inisolated drainage areas  o r  areas  containing rel- 
atively few damaged properties, a 100 percent 
sampling rate was set a s  an objective. 

Residential damage interviews were preceded by 
news media releases advising residents of the 
time and purpose of the interviews. If prospective 
interviewees were absent, attempts were made to 
contact them through return calls or  by telephone. 
Information was obtained from neighbors in cases 
where a damagee had moved away and could not be 
located o r  in cases of death. In all,  179 residential 
damage interviews were completed, distributed 
geographicalIy a s  shown in Tables 23 and 24. 

Evaluation of Flood Damage Survey Results 
The field data entered on the interview forms and 
aerial  photographs were reviewed immediately 
after completion of the interviews and converted 
into a consistent form suitable for economic analy- 
sis. Conversion was necessary since most of the 
interviews resulted in information on the extent 
and type of physical damage incurred by the dam- 
agees. Some of the interviews, however, resulted 
in information on the actual costs of the damages, 
while in a few instances the interviews resulted 
only in information on the flooding characteristics. 

T a b l e  2 3  

R E S I D E N T I A L  F L O O D  D A M A G E  I N T E R V I E W  
D I S T R I B U T I O N  BY M U N I C I P A L I T I E S  

1 M u n i c i p a l  i t y  1 I n t e r v i e w s  1 
C i t y  o f  W e s t  A l l i s .  . . . . .  
C i t y  o f  G r e e n f i e l d  . . . . . .  
V i l l a g e  o f  G r e e n d a l e  . . . . .  
V i l l a g e  o f  H a l e s  C o r n e r s  . . .  . . . . . . .  C i t y  o f  F r a n k l i n  . . . . . .  C i t y  o f  Oak C r e e k .  
Town o f  Raymond . . . . . . .  . . . . . .  Town o f  C a l e d o n i a .  
Town o f  M o u n t  P l e a s a n t  . . . .  . . . . . . . .  C i t y  o f  R a c i n e  

I T o t a l  1 1 7 9  1 
Source: F i e l d  surveys  by Harza Engineering Company 

and SEWRPC. 

Generally, public officials were able to provide ac- 
curate costs of damages to public facilities which 
could be accepted without adjustment. Private- 
sector cost quotations were reviewed and adjusted 
a s  necessary. Where data on the extent and type 
of physical damage were available, these were 
converted to monetary values with a cost schedule 
based on average regional prices. If neither cost 
quotations nor the exact nature of the physical 
damage were available, empirically derived cost 
tables obtained from the U. S. Soil Conservation 
Service were used to compute probable monetary 
loss from the depth of inundation. These tables 
a r e  reproduced in Appendix K and, in several in- 
stances in which both flood inundation data and 
individual cost quotations were provided, were 
found to compare satisfactorily with the quoted 
damage costs for the various depths of inundation. 

Many possible sources of e r r o r  and inaccuracy 
necessarily exist in any flood damage survey and 
must be guarded against during the conduct of the 
interviews and in the interpretation and application 
of resulting data. The principal factors which may 
have adversely affected the accuracy of the Root 
River flood damage survey are:  

1. A high rate of change in ownership be- 
tween the time of the flood and the time of 
the damage survey, especially in high dam- 
age reaches. Present owners of damaged 
units were oftenfound to be unaware of past 
flood damage. Former owners were dif- 
ficult to find and were sometimes uncoop- 
erative a s  they retained little interest in 
the affected property. 

2. Absentee ownership of about 10 percent of 
all private units damaged. Absentee own- 



e r s  were generally unresponsive to mailed 
inquiries. 

3. A relatively long period of elapsed time 
since the last major flood event and dam- 
ages. With the passage of time, private 
damagees who had not documented damages 
sustained may have forgotten entirely o r  
may inaccurately recall past events. 

6 .  Unrecognized damages. It was apparent 
that some owners failed to recognize all 
damages sustained, particularly certain in- 
direct damages. 

7. Damagee unprepared. Although urban and 
rural newspapers and other means of com- 
munication were used to announce the con- 
duct and purpose of the survey, many dam- 
agees were found to be unaware of, and - 

4. Under-reporting of damages because of fear unprepared for, the actual interviews. 

of depreciation. This was particularly ap- It i s  important to note that all of the above factors 
parent among owners who were subdividing will tend to cause under-reporting of actual dam- 

Or trying '' sel' urban ages, resulting, therefore, in conservatively low 
damage estimates. 

5. Unestablished repair costs. Some damaged 
properties were not restored to preflood Flood-Damage Characteristics inMunicipalities of 
condition, so that repair costs were not the Watershed 
representative of damage. West Allis, Milwaukee County: The Root River 
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Primarily lawn damage in West Allis. 

Basement and first floor damage in Greenfield. 

Primarily lawn damage in Greenfield. 

Damage to airport and stone quarry. 

- 

Damage A r e a  a n d  T y p e  o f  Damage 

N o r t h  B r a n c h  A r e a  
S u r f a c e  O v e r f l o w  

Seepage  a n d  B a c k - u p  
M i s c e l l a n e o u s  

S u b t o t a l  

M a i n  Stem A r e a  
S u r f a c e  O v e r f l o w  and  Sewer  B a c k - u p  

C i t y  o f  R a c i n e  A r e a  
S u r f a c e  O v e r f l o w  
S u r f a c e  O v e r f l o w  ( s p e c i a l )  
Seepage  a n d  B a c k - u p  

S u b t o t a l  

C a n a l  A r e a  
S u r f a c e  O v e r f l o w  

T o t a l  

Includes six homes that have since been razed. 

Heavy move-outs prohibited 100 percent interview sample. 

Exceptionally high damages due to combined industrial and residential use. 

Source: Field surveys by Harza Engineering Company and SEWRPC. 

A c t u a l  
S a m p l i n g  R a t e  

( p e r c e n t )  

3 8 
100  
5 0  
6  9 

100 

.. - 

8 2 

6  4  
100 

2 1 

- - 

100 

3 9 

Number 
o f  P r o b a b l e  

Damaged U n i t s  

5 0 a  
I 6 b  
1 4C  
19 
2 

10 1 

33e 

6 2 f  
l g  

2 6  8 

3 3 1  

I 

466 

Number 
o f  C o m p l e t e d  

I n t e r v i e w s  

19 
16 
7  
9  
2 

53 

2 7  

4  0  
I 

57 

98 

I 

179 



flows through a parkway for most of i ts  approxi- 
mately 1.75 mile length within the City of West 
Allis. Flood damages to residential property oc- 
cur  frequently, however, in locations where the 
parkway i s  not wide enough or  the channel not deep 
enough to contain flood flows. Historic flood dam- 
age has consisted primarily of basement flood- 
ing except for minor damage to several parkway 
bridges during the 1960 flood. Significant base- 
ment flooding occurred in July 1955, March-April 
1960, August 1960, and July 1964. The field dam- 
age survey indicates that 50 residential units have 
periodically experienced flood damage. 

The present city zoning ordinance requires that the 
lowest floor elevation of any building in the area  
designated "Root River Valley District" must be 
a t  least three feet above the controlling high water 
elevation, which i s  the ' maximum observed high - 
water elevation during the period 1938-1948; Many 

' Sec t ion  4.11 o f  the  C i t y  o f  West A l l i s  zoning 
ordinance ( c i t y  ordinance number 2643) en t i t l e d ,  "Root 
R iver  Va l ley , "  provides:  "Wi th in  the  area shown and 
designated on the  Zoning Map as 'Root  R iver  V a l l e y '  
no  b u i l d i n g  or  s t r u c t u r e  s h a l l  b e  e r e c t e d ,  and no  
e x i s t i n g  bu i ld ing  or s t ruc ture  shal l  be moved un less  
the  ground upon which sa id  bu i ld ing  or s t r u c t u r e  i s  
t o  be erec ted  and ten ( 1 0 )  f e e t  beyond the  l i m i t s  o f  
said  bu i ld ing  or s t ruc ture  s h a l l ,  pr ior  t o  or a t  the  
t ime o f  c o n s t r u c t i o n ,  be  r a i s e d  t o  such l e v e l  t h a t  
the  main f loor  o f  said bui lding or s t ruc ture  shal l  be 
n o t  l e s s  than t h r e e  (3) f e e t  above t h e  h i g h  water 
l e v e l  as shown on the Zoning Map. No basement f loor  
or other f loor  shal l  be constructed below or a t  lower 
e leva t ion  than the main f loor .  " 

of those residences suffering flood damages were 
built either before this provision of the zoning 
ordinance was adopted o r  a r e  located in an area 
recently annexed to the city. It was discovered by 
a comparison of flood stages that the official re-  
stricting elevation was in places slightly lower 
than the height attained by the March-April flood 
of 1960. However, the comparisons revealed that 
the restricting elevation adopted in the zoning or-  
dinance was generally adequate. (See Table 25 and 
Figure 26 ) 

City of Greenfield, Milwaukee County: The entire 
Root River channel length of approximately 2.75 
miles within the City of Greenfield is either devel- 
oped a s  parkway, with an average width consider- 
ably greater than in West Allis, o r  reserved for 
eventual parkway development. The parkway width 
is  relatively narrow between W. Layton Avenue 
and W. Forest Home Avenue, however; and severe 
residential flooding has been experienced in this 
reach. The damage survey indicates that 30 resi- 
dential units have probably experienced flood dam- 
ages during the maximum flood of record. 

The City of Greenfield zoning ordinance contains 
similar provisions to that of the City of West Allis 
in which the lowest floor elevation of any building 
must be at least three feet above controlling high 
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W A T E R  S U R F A C E  E L E V A T I O N S a  S E T  B Y  Z O N I N G  A N D  R E A C H E D  
U N D E R  F U T U R E  A N D  H I S T O R I C  F L O O D I N G  

a All elevations are for upstream side of bridge at stations shown and in feet above mean sea level. 

Location of Station 

City of West Allis 
W.Lincoln Ave.. . . . . . . . 
W.Arthur Ave. . . . . . . . . 
W.Cleveland Ave.. . . . . . . 
S.Wollmer Rd. . . . . . . . . 
W.Oklahoma Ave. . . . . . . . 
S.116th St. . . . . . . . . . 
W.Morgan Ave. . . . . . . . . 

City of Greenfield 
W.Beloit Rd.. . . . . . . . . 
S.IO8th St.(STH 100). . . . . 
Cold Spring Rd. . . . . . . . 
W.Layton Ave. . . . . . . . . 
W.Forest Home Ave.. . . . . . - 

Floor of dwelling or basement required to be constructed at least three feet above this elevation. 

Unlike other control elevations which are set on basis of 1938-48 observed high water levels, this elevation is reportedly based on 1960 
high water level at site. 

Source: Field surveys by Harza Engineering Company and SEWRPC. 

controlb 
Elevation 
of Local 
Zon i ng 

Ordinance 

750.6 
795.6 
790.9 
732.6 
730.6 
728.8 
726.9 

724.7 
723.9 
721.9 
719.2 
719.1' 

Flood 

10-Year Flood 
Wtth 

City of 
Greenfield 
Channel 

Improvements 

799.0 
799.9 
739.2 
729.0 
726.8 
726.9 
726. 1 

724.0 
723.8 
723.0 
719.9 
713.5 

Elevations Occurring 

10-Year Flood 
Without 
City of 

Greenfield 
Channel 

Improvements 

799.0 
799.9 
739.2 
729.0 
726.8 
726.4 
726.1 

724.0 
723.8 
723.0 
720.7 
718.0 

Under 1990 

100-Year Flood 
With 

City of 
Greenfield 
Channel 

Improvements 

750.6 
796.8 
735.7 
731.5 
729.5 
729.9 
729.3 

727.1 
726.3 
723.7 
720.7 
715.8 

Land Use 

100-Year Flood 
Without 
City of 

Greenfield 
Channel 

Improvements 

750.6 
796.8 
735.7 
731.5 
729.5 
729.4 
729.3 

727.1 
726.3 
725.1 
723.6 
720.7 

Maximum 
Elevation 

o f 
1960 Flood 

755.2 
752.0 
791 - 6  
735.1 
734.4 
732.2 
730.0 

728.2 
727.2 
7211.5 
721.7 
719.0 



water elevations. ' Damage has been especially 
severe to residences antedating the ordinance. 
Again, a s  in the City of West Allis, the restrict- 
ing elevations were found tobe generally adequate. 
(See Table 25.) 

The City of Greenfield has had no flood damage of 
significance in the public sector. 

Village of Greendale, Milwaukee County: Along its 
entire length of approximately four miles within 
the Village of Greendale, the riverine area  i s  de- 
veloped a s  a parkway. Flood damage to public 
property has been negligible. In March 1960 the 
r iver backed water through the outfall sewer into 
the municipal sewage treatment plant temporarily 
interrupting plant operation but causing no physical 
damage. During this same flood, the S. 76th Street 
and W. Loomis Road bridges were overtopped for 
a few hours; but no significant damage resulted. 

A small amount of residential damage, princi- 
pally basement flooding, has been experienced 
near S. 92nd Street and near W. Loomis Road. 
The damage survey indicated that four residential 
units have probably experienced damage. 

Village of Hales Corners, Milwaukee County: Al- 
though there a r e  no perennial channels of the Root 
River in the Village of Hales Corners upstream 
from Whitnall Park, the village does have minor 
local flooding problems. The W. Parnell Avenue 
and S. Kurtz Road bridges, crossing non-perennial 
tributaries of the Root River, were overtopped in 
March 1960. According to village officials, no 
residential damage attributable to the Root River 
itself has been experienced. 

City of Franklin, Milwaukee County: Although a 
developed parkway does not exist in the City of 
Franklin at  this time, most of the land adjoining 
the approximately six miles of main channel has 
been acquired by the Milwaukee County Park Com- 
mission for future parkway development. A small 
group of residential units near the northern edge 
of the city has experienced flood damage. These 
properties will, however, be acquired by the Park 
Commission. 

' s e c t i o n  5.304 o f  the  C i t y  o f  G r e e n f i e l d  zoning 
ordinance ( c i t y  ordinance number 271) e n t i t l e d ,  " F - 1  
D i s t r i c t , "  provides: " a )  With  the  except ion o f  s truc-  
tures  used for  boat ing,  no bu i ld ing  may be a l t e r e d  or 
e r e c t e d  whose lowes t  f loor  l e v e l  i s  l e s s  than t h r e e  
f e e t  above t h e  h i g h e s t  a n t i c i p a t e d  seasonal s u r f a c e  
water l e v e l ,  as shown on the zoning map. b )  The foun- 
d a t i o n s  o f  a l l  s t r u c t u r e s  i n  an F - 1  D i s t r i c t  s h a l l  
be  des igned  t o  w i t h s t a n d  p o s s i b l e  f l o o d  c o n d i t i o n s  
on the area. " 

Agricultural flood damage has occurred frequently 
a t  the junction of the North and South Branches 
near S. 60th Street and W. Oakwood Road. This 
area  is also being acquired by the Milwaukee 
County Park Commission. The Rainbow Airport 
located west of the r iver between W. Ryan Road 
and W. Oakwood Road has experienced flooding of 
the runways almost annually and damage to facili- 
ties and airplanes during 1960 and 1962. 

Public-sector flood damage has been limited to 
overtopping of bridges and roads a t  the following 
locations: W. Oakwood Road (almost annually), 
W. Drexel Avenue between S. 35th and S. 51st 
Streets (tributary), W. County Line Road near 
S. 46th Street extended, and S. 60th Street. 

City of Oak Creek, Milwaukee County: Extensive 
inundation occurred in 1960 on low-lying land be- 
tween Nicholson Road (S. Pennsylvania Avenue) 
and 15th Avenue. This inundation extended north- 
ward to join inundation caused by a simultaneous 
flood on Oak Creek. Since most of the inundated 
area  i s  marshland, little physical damage resulted. 

Some damage has occurred to roads and bridges, 
with S. 27th Street, S. 13th Street, and Nicholson 
Road being overtopped in March of 1960. Physical 
damage, however, was slight. 

Substantial residential damage occurred during the 
March 1960 flood in the vicinity of S. 27th Street, 
S. Howell Avenue, Elm Road, and Nicholson Road. 
The damage survey indicated that ten residential 
units experienced flood damage. 

Towns of Yorkville and Raymond, Racine County: 
Flood damage in this area has occurred mostly to 
agricultural crops and farming operations. Many 
low-lying areas  a r e  inundated each year in late 
winter o r  early spring at  the time of snowmelt. 
This inundation usually occurs before plowing and 
planting and consequently causes little damage. 
Summer floods have occurred in seven of the last 
29 years, and these floods have caused varying 
amounts of crop damage to farmland adjacent to 
the river. About 260 acres  of cropland have been 
affected by floods in this area. 

Very little damage has been done to buildings and 
equipment since farmhouses and buildings a r e  al- 
most always located on high ground away from the 
river. Some farm bridges across the river have 
been damaged, however. No instance of flood dam- 
age to farm drainage facilities was reported. 



Towns of Caledonia and Mount Pleasant. Racine 
County: At the present time, most of the land ad- 
jacent to the river i s  under agricultural use; but 
both towns a r e  beginning to receive an influx of 
residential development. Much of the land imme- 
diately adjacent to the river i s  forested. 

Agricultural damages in this reach a r e  presently 
small, with damages reported only for summer 
1964 and spring 1960. Testimony presented in 
a hearing on the alleged effects of Horlick Dam on 
floodwater levels, held in 1946, indicates that 
floods occurred in 1921, 1924, 1938, 1940, and 
1942. These floods inundated farmland between 
Horlick Dam and Johnson Park. It i s  interesting 
to note that farm residents in this area  when in- 
terviewed during the 1964 flood damage survey 
indicated that they had no particular flood prob- 
lems. Land in this particular area  i s  being rap- 
idly converted to residential use. 

Substantial residential damage occurred in the 
reach between Horlick Dam and Johnson Park in 
spring of 1960. A number of additional residential 
units have been built in the 1960 flood-inundation 
zone since the 1960 flood. 

Damage to public property in this reach of r iver 
has been minimal, although references were made 
to bridges and roads which had occasionally been 
overtopped. It was apparent, however, that some 
bridges have been replaced in recent years; and 
usually the new bridges have higher clearance and 
larger waterway openings. 

Local reports indicate that Horlick Dam has been 
gradually deteriorating, but i t  i s  not possible to 
determine specific damages caused by any par- 
ticular flood. Two footbridges in the Racine Coun- 
t ry  Club golf course were destroyed by the spring 
1960 flood. 

City of Racine, Racine County: The greatest his- 
toric concentration of flood damage caused by 
the Root River occurred in the City of Racine in 
March-April 1960. The river often develops ice 
jams within the City of Racine at the time of the 
spring thaw, but these have not historically caused 
physical damage. In spring 1960, however, very 
high discharge, unaffected by ice, caused flooding 
from the Racine city limits to Lafayette Street. 
Flooding of parkareas causedno damage. At loca- 
tions where residential development adjoins the 
r iver banks, however, severe overflow damages 
resulted. 

The largest damage area was comprised of 12 
contiguous city blocks bounded by Spring Street, 
F re res  Avenue, Rupert Boulevard, and the Root 
River. Substantial damages also occurred to resi- 
dences on Parkview and Liberty streets, and minor 
damage occurred on the right bank upstream from 
the Lafayette Street Bridge. In all, probably 62 
residences were affected by direct overflow; and 
268 residences experienced basement flooding due 
to seepage and flood-related sewer back-up. Since 
the 1960 flood, however, one of the factors con- 
tributing to basement flooding has been removed 
with the construction by the City of Racine of a new 
sanitary sewage pumping station a t  Spring Street 
and the Root River. 

COST OF FLOOD DAMAGES 
Selection of alternative watershed development 
plans must be based, in part, upon consideration 
of the economic benefits and costs of each alterna- 
tive. Flood protection benefits a r e  equivalent to 
the cost of flooding, o r  flood losses, that would 
be alleviated through implementation of a particu- 
l a r  plan. The historical flood losses derived from 
the flood damage survey a r e  used a s  a basis for 
calculation of present flood risk and for protection 
of future flood risk associated with each alterna-, 
tive watershed plan. 

Definitions 
Flood damage is  the physical deterioration o r  des- 
truction caused by floodwaters. The term flood 
loss refers to the net effect of the flood damage on 
the regional economy and i s  usually expressed in 
monetary terms. 

All losses resulting from a flood o r  the risk of 
flood can be broadly classified a s  direct, indirect, 
depreciation, and intangible. Reduction of flood 
risk by flood-protection measures creates bene- 
fits equal to the damages protected against, and 
these benefits can be similarly classified a s  di- 
rect, indirect, depreciation, and intangible. To 
assure full compatibility with the practices of any 
federal agencies which may be asked to assist  in 
the implementation of the selected watershed plan, 
the definitions used in the planning studies a r e  
consistent with those used by the U. S. Corps of 
Engineers and the U. S. Soil Conservation Service. 
The four major flood loss categories a r e  accord- 
ingly defined a s  follows: 

1. Direct losses a r e  defined a s  monetary ex- 
penditures required o r  which would be re-  
quired to restore f lood-damaged property 



to i ts  preflood condition. Also included is  
the net potential value of farm crops des- 
troyed by flooding. 

2. Indirect losses a r e  definedas the net mone- 
tary cost of flood fighting, floodproofing, 
and flood-caused loss of wages, sales, and 
production. Increased cost of carrying on 
normal operations during periods of flood 
disruption and increased cost of transpor- 
tation because of flood-caused detours a r e  
also defined a s  indirect losses. Indirect 
losses, although often difficult to deter- 
mine with accuracy, nevertheless consti- 
tute real  monetary losses to the economy 
of the Region. 

3. Depreciation losses a r e  defined a s  the re-  
duction in the value of real property when 
the risk of flooding becomes known. Prop- 
erty values after aflood a r e  reduced by the 
probable amount of money which will have 
to be expended for future flood repairs. 
This being the case, depreciation losses 
should be equal to the probable direct losses 
from future floods. Depreciation losses a r e  
difficult to define in monetary terms,  how- 
ever, because the economic value of depre- 
ciation depends not only on actual direct 
flood losses but also on public attitudes, 
time elapsed since the last major flood, 
the vagaries of human memory, and the in- 
formation available to prospective buyers. 
When damagingfloods a r e  infrequent, many 
residents o r  buyers of residential property 
in a potential damage area  a r e  unaware of 
flood risks; and, consequently, flood risk 
may not actually enter into the establish- 
ment of property values. This is indicated 
by the fact that depreciation effects a r e  
marked immediately after a damaging flood 
and then generally decrease with time. Ex- 
perience in the residential area of Racine 
within the Root River flood plain bears out 
this diminishing depreciation effect. 

Because of the difficulty and uncertainty in 
assigning a monetary value to depreciation 
losses, these losses were not included in 
the economic analyses. The direct flood 
losses, which a r e  another means of deter- 
mining the depreciation, were instead eval- 
uatedand included inthe economic analyses 
of the alternative watershed plans. 

4. Intangible losses a r e  defined a s  losses 
which cannot be measured in monetary 
terms. Intangible losses caused by floods 
range from loss of life to minor inconveni- 
ence and include health hazards, interrup- 
tion of schooling, loss of fire protection, 
and severe mental aggravation. It is signi- 
ficant to note, however, that in the course 
of the flood damage surveys many damagees 
declared that the intangible damages, such 
a s  mental aggravation, were the most se- 
vere flood damage they experienced-mone- 
tary costs notwithstanding. 

Flood damages may also be classified on the basis 
of ownership into public-sector and private-sector 
losses. Private-sector losses can be further sub- 
classified into residential-commercial losses and 
agricultural losses. A summary of these losses 
in the Root River watershed i s  shown in Table 26. 

Public-Sector Losses 
The costs of flood damages to public property, 
utilities, and relief agencies were generally ac- 
cepted a s  reported in the flood damage survey 
without adjustment. Direct losses included road 
and bridge repairs, basement pumping, and flood 
cleanup operations. Indirect losses include high- 
way traffic rerouting and control, blasting of ice 
jams, relief and health services, and train re- 
routing. In evaluating flood costs resulting from 
public flood-connected labor charges, only the cost 
of overtime pay was included. 

An important indirect loss accompanyingflood clo- 
sure of streets  and highways is the road user  de- 
tour cost. This cost was calculated on the basis of 
traffic volume, detour length, time of closure, and 
average per-mile vehicle operation cost over the 
normal route and over the detour. The incremental 
cost of using the detour was taken a s  the flood loss. 
The three-day closure of USH 41 (IH 94) inMarch- 
April 1960 created by far  the greatest detour cost 
attributable to Root River floods. The estimated 
traffic volume on the route was 15,8003 vehicles- 
per day, of which 15 percent was truck traffic. The 
extra travel length imposed by the flood closure 
was five miles on poorer quality roads, resulting 
in an incremental road use r  cost of $58, 400.4 De- 
tour costs resulting from closure of STH 38 were 

Traffic volume data obtained from S E U W C  Regional 
Land Use-Transportation Study. 

Vehicle operating costs from MSHO "Road User 
Benefi t Analysis for Highway Improvements." 



a March-April 1960 for Public Sector and Residential and Commercial; Summer 1964 for Agricultural. 

Source: Field surveys by Harza Engineering Company and SEWRPC. 

similarly estimated to be $3,000. Detour costs a s  checks on the methods used to compute costs 
of other road closures were so much smaller that when only data on physical damage were available. 
it was decided to lump them at $4,000, resulting 
in an overall total detour cost of $65,000 for the Data on actual damage costs were not obtained in 
1960 flood. The future flood risk attributable to most of the field interviews; and, in many cases, 
detours will be greatly reduced, however, when the exact extent of the physical damage could not 
IH 94 i s  carried over the Root River on new bridges be recalled by the damagee. If the major items 
not subject to flood closure and the present high- of physical damage could be recalled, however, 
way i s  used only for local traffic. Public-sector a generally good reconstruction of the actual mone- 
flood losses incurred during the 1960 flood are  tary damages was possible. In cases where neither 
summarized in Table 26 and are  reported in detail cost nor physical damage data could be recalled 
in Appendix K. Roads and bridges reported to be by the damagee, empirically established tables, 
closed to traffic during the flood of March-April prepared by the U. S. Soil Conservation Service, 
1960 are  listed in Table 27. relating property value, height of water, and flood 

damage were used to reconstruct flood costs. 
Private-Sector Losses These tables were spot-checked against recorded 
Residential and Commercial Flood Losses: Flood damages in the Root River watershed and found to 
damage survey data on residential and commercial be in substantial agreement. The tables used are  
land uses were summarized in three general cate- reproduced in Appendix K. 
gories: reported costs, physical damages, and 
floodwater elevations. When detailed cost tabula- Indirect losses were calculated on the basis of 
tions were obtained from a damagee in the flood $25 per day per household for lost wages and 
damage survey, they were used directly or  with $6 per day per person for temporary accommoda- 
minor adjustment. Although there were few re- tions if evacuation was necessary. As already 
ports with sufficient detail on costs for such direct noted, no monetary allowance was made for depre- 
use, these few reports nevertheless served well ciation unless a complete change in land use re- 

T a b l e  2 6  
M A X I M U M  R E P O R T E D  F L O O D  L O S S  F O R  A S I N G L E   YEAR^ 

I N  THE ROOT R I V E R  WATERSHED 

T o t a l  

$ 2 9 , 6 0 0  
2 9 , 3 0 0  

1 , 9 0 0  
100 

2 3 , 1 0 0  
3 , 5 0 0  
6 , 7 0 0  

$ 94.200 

4 0 0  
2 6 , 4 0 0  
2 0 , 4 0 0  

7 , 0 0 0  
1 6 5 , 1 0 0  

8 , 2 0 0  

$227,500 

6 5 , 0 0 0  

F l o o d  Zone 

C i t y  o f W e s t A l l i s . .  . . . .  
C i t y  o f  G r e e n f i e l d .  . . . . .  
V i l l a g e  o f  G r e e n d a l e .  . . . .  
V i l l a g e  o f  H a l e s  C o r n e r s .  . .  
C i t y  o f  F r a n k l i n .  . . . . . .  
C i t y  o f  Oak Creek  . . . . . .  
S t a t e  and County Highways . . 

S u b t o t a l ,  Mi lwaukee County 

Town o f  Y o r k v i l l e  . . . . . .  
Town o f  Raymond . . . . . . .  
Town o f  C a l e d o n i a  . . . . . .  

. . .  Town o f  Mount P l e a s a n t .  
. . . . . . .  C i t y  o f  R a c i n e .  

S t a t e  Highways and R a i l r o a d s .  

S u b t o t a l ,  R a c i n e  County 

D e t o u r  Costs .  . . . . . . . .  

Publ  i c  
S e c t o r  

$ 4 , 0 0 0  
400  
100 

0  
200  
2 0 0  

6 , 7 0 0  

$11,600 

0  
0  

2 , 5 0 0  
0  

6 , 0 0 0  
8 , 2 0 0  

$16,700 

6 5 , 0 0 0  

P r i v a t e  

R e s i d e n t i a l  
& Commercial 

$ 2 5 , 6 0 0  
2 8 , 9 0 0  

1 , 8 0 0  
100 

2 1 , 2 0 0  
3 , 3 0 0  
- - - 

$ 80.900 

0  
1 4 , 3 0 0  
1 7 , 1 0 0  
7 , 0 0 0  

159,  100 
- - - 

$197,500 

- - -  

S e c t o r  

A g r i c u l t u r a l  

$ 0  
0  
0  
0  

1 , 7 0 0  
0  

--- 

$ 1,700 

400  
1 2 , 1 0 0  

8 0 0  
0  
0  

- - - 
$13,300 

- - - 



F i v e  M i l e  Rd.. . . . . . .  
Seven M i l e  Rd. . . . . . .  
S . 4 3 r d  S t .  . . . . . . . .  
Seven M i l e  Rd. . . . . . .  
F i v e  M i l e  Rd.. . . . . . .  
T h r e e  M i l e  Rd. . . . . . .  
T h r e e  M i l e  Rd. . . . . . .  
Two M i l e  Rd. . . . . . . .  
CTH G  ( S i x  M i l e  Rd.) . . .  
5 0 t h  Rd. . . . . . . . . .  . . . . . . . . .  5 5 t h  D r .  
5 8 t h  Rd. . . . . . . . . .  
6 0 t h  Rd. . . . . . . . . .  
5 0 t h  Rd. . . . . . . . . .  
5 8 t h  Rd. . . . . . . . . .  
STH 2 0  . . . . . . . . . .  
CTH A.  . . . . . . . . . .  

T a b l e  2 7  
ROADS AND B R I D G E S  C L O S E D  TO T R A F F I C  MARCH - A P R I L  1 9 6 0  F L O O D  

I N  THE ROOT R I V E R  WATERSHED 

I n  t h e  Town o f :  C a l e d o n i a , R o o t  R i v e r .  . . . . .  
C a l e d o n i a , R o o t  R i v e r .  . . . . .  
Raymond, R o o t  R i v e r .  . . . . . .  
Raymond, R o o t  R i v e r  C a n a l .  . . .  
Raymond, R o o t  R i v e r  C a n a l .  . . .  
Raymond, E a s t  B r a n c h  . . . . . .  
Raymond, Wes t  B r a n c h  . . . . . .  
Raymond, Wes t  B r a n c h  . . . . . .  . . .  Raymond, R o o t  R i v e r  C a n a l  
Y o r k v i l l e ,  E a s t  B r a n c h  . . . . .  
Y o r k v i l l e ,  E a s t  B r a n c h  . . . . .  
Y o r k v i l l e ,  E a s t  B r a n c h  . . . . .  
Y o r k v i l l e ,  E a s t  B r a n c h  . . . . .  
Y o r k v i l l e ,  West  B r a n c h  . . . . .  
Y o r k v i l l e , , W e s t  B r a n c h  . . . . .  
Y o r k v i l l e ,  Wes t  B r a n c h  . . . . .  
Y o r k v i l l e ,  Wes t  B r a n c h  . . . . .  

Road 

STH 15 . . . . . . . . . .  
S . 1 1 6 t h S t . .  . . . . . . .  
CTH V ( S . 1 3 t h  S t . )  . . . .  
N i c h o l s o n  Rd.. . . . . . .  
S.6Oth S t .  . . . . . . . .  
W.Oakwood Rd.. . . . . . .  
W.Drexe l  Ave.. . . . . . .  

STH 36  . . . . . . . . . .  I n  t h e  V i l l a g e  o f :  G r e e n d a l e ,  R o o t  R i v e r .  . . . . .  . . . . .  CTH V ( S . 7 6 t h  S t . )  . . . .  G r e e n d a l e ,  R o o t  R i v e r .  

L o c a t i o n  

I n  t h e  C i t y  o f :  Wes t  A l l  i s  , R o o t  R i v e r  . . . . .  
Wes t  A l l i s  , R o o t  R i v e r  . . . . .  
Oak C r e e k , R o o t  R i v e r  . . . . . .  
Oak C r e e k , R o o t  R i v e r  . . . . . .  
F r a n k l i n , R o o t  R i v e r  . . . . . .  
F r a n k l  i n , R o o t  R i v e r  . . . . . .  
F r a n k 1  i n , R o o t  R i v e r  . . . . . .  

sulted. Depreciation in the flood hazard area was 
investigated, however; and data and opinions were 
obtained from property owners, real  estate agents, 
and tax assessors. Data collected on actual sale 
prices subsequent to the 1960 flood indicate a de- 
crease in some property values and an increase in 
others. This inconsistent behavior is most prob- 
ably due to a lack of awareness of the flood hazard 
by the buyer. 

E s t i m a t e d  
C l o s u r e  T i m e  

( d a y s )  

0 .5  
0 .5  
2.0 

. 2 . 0  
3.0 
3.0 
1.5 

STH 3 8  . . . . . . . . . .  
W.County L i n e  Rd.. . . . .  

The analysis of commercial property flosd loss 
was similar to the analysis of residential prop- 
erty flood losses. Damage to commercial prop- 
erty resulting from Root River flooding has been 
very slight. Principal damages have been to the 
airport operation in the City of Franklin, to a gro- 
cery store in the City of Racine, and to several 
gravel pits. 

Residential and commercial flood damages in- 
curred during the 1960 flood a re  also summarized 
in Table 26.  

Source: Field surveys by Harza Engineering Company and SEWRPC. 

N e a r  R a c i n e - M i l w a u k e e  C o u n t y  L i n e ,  R o o t  R i v e r .  . . .  
Wes t  o f  USH 41 ( I H  9 4 ) ,  R o o t  R i v e r  . . . . . . . . .  

Agricultural Flood Losses: Agricultural flood dam- 
ages were found to consist almost entirely of dam- 
age to crops, with negligible damage to buildings 
and equipment. Although the monetary value of 
crop losses was requested from the damagee dur- 
ing the interviews, all crop damage costs ulti- 
mately used in the economic analyses were adjusted 
o r  calculated. 

2.0 
2 .0  

The monetary loss from flooding of a crop varies 
with the date of flood occurrence, the duration of 
flooding, the depthof flooding, and the type of crop. 
Velocity of floodwaters was not found to be a sig- 
nificant damage-producing factor in the Root River 



watershed because of the low gradients. An early 
flood allows time for replanting of a crop the yield 
of whichmay be equal to thatof the cropdestroyed, 
with only the cost of replanting representing a flood 
loss. A mid-seasonflood may allow the production 
of a lesser  value crop, such a s  hay. Late season 
floods shortly before harvest may cause a com- 
plete loss with no opportunity for recovery but 
"save" the expense of harvesting. Floods occur- 
ring prior to planting o r  after harvest cause prac- 
tically no damage except for possible land damage 
from erosion o r  deposition. 

Truck crops, such a s  cabbage and potatoes, can be 
severely damaged by only a few inches of standing 
water, especially if a i r  temperatures a r e  high dur- 
ing and immediately after flooding. Oats and soy- 
beans can survive flood inundations which would 
destroy truck crops, but they a r e  less  flood toler- 
ant than corn. Certain types of hay and pasture 
a r e  very flood tolerant. 

A frequent flood damage in the Root River agricul- 
tural areas  is silt deposition on pasture crops, 
making them unpalatable to livestock. This situa- 
tion i s  generally alleviated by the next rainfall, 
which cleans the crop. Where data were available, 
an attempt was made to assign a monetary value 
to this damage. 

Agricultural flood damages sustained within the 
Root River watershed in several recent years a r e  
shown in Table 28. This tabulation represents un- 
expanded sample data, since it was not possible, 
from the data available, to determine the probable 
full extent of inundation o r  the specific agricul- 
tural land use in years prior to 1964 a s  a basisfor 
sample expansion. The 1964 survey sample was 
expanded, however, a s  shown in Table 29 ; and the 
increase in damage cost to account for u;;surveyed 
farms was found to be small. Agricultural flood 
losses in 1964 a r e  also summarized in Table 26. 

The general formula used to establish monetary 
crop loss in terms of present dollars is a s  follows: ANNUAL RISK OF FLOOD DAMAGE 

Annual flood-damage risk i s  defined a s  the sum 

Adjusted Monetary Loss = of the damage costs of floods of all probabilities, 
full probable cash value of original crop - each weighted by i t s  probability of occurrence. 
costs not incurred in cultivation, harvest, Thus, the 10-yearflood damage i s  weighted 10per- 
and storage + cent; the 50-year, 2 percent; and the 100-year, 
cost of all operations in producing, har- 1 percent. The annual flood-damage risk associ- 
vesting, and storing substitute crop - ated with each alternative watershed plan is useful 
market value of the substitute crop a s  a basis for the comparison of the flood protec- 

tion benefits of each alternative watershed plan and 
Cost, yield, and market value tables used in the a s  a basis for the economic analysis of flood pro- 
calculations a r e  presented in Appendix K. tection measures. 

T a b l e  2 8  

E S T I M A T E D  C O S T S  O F  A G R I C U L T U R A L  F L O O D  D A M A G E S ~  I N  T H E  R O O T  R I V E R  W A T E R S H E D  
( U n e x p a n d e d  S a m p l e )  

a Costs shown are the result of direct physical damage to crops or livestock. 

Source: Field surveys by Harza Engineering Company and S E W .  

S t r e a m  a n d  R e a c h  

R o o t  R i v e r  C a n a l ,  W e s t  B r a n c h  . . . . . . . .  
R o o t  R i v e r  C a n a l ,  E a s t  B r a n c h  . . . . . . . .  
R o o t  R i v e r  C a n a l ,  J u n c t i o n  N o r t h  t o  CTH G . . 

R o o t  R i v e r  C a n a l  t o  CTH G ,  S u b t o t a l  I 

R o o t  R i v e r  C a n a l ,  CTH G t o  J u n c t i o n  
R o o t R i v e r . . . . . . . . . . . . . . . . . .  

R o o t  R ~ v e r  C a n a l ,  S u b t o t a l  IT 

U p p e r  R o o t  R i v e r .  . . . . . . . . . . . . . . - -  
M i d d l e  R o o t  R i v e r  . . . . . . . . . . . . . .  

R o o t  R i v e r  S u b t o t a l  

T o t a l  

E s t i m a t e d  D a m a g e s  

Summer 
1945 

$ -- 
2 , 2 7 8  - - 
2 . 2 7 8  

5 , 6 2 9  
- 
7 , 9 0 7  

-- 
-- 
- - 

$ 7 , 9 0 7  

Summer 
1950 

$ - -  
6 0 8  -- 

6 0 8  

-- 
- 

6 0 8  

-- 
-- 

- -  
$ 6 0 8  

Summer 
1936 

$ - -  
608 
-- 

6 0 8  

- -  
- 

6 0 8  

-- --  
- - 

$608 

J u l y  
1954 

$ 1 , 0 2 2  
3 , 4 0 0  -- 

4 , 4 2 2  

-- 
.- 

4 , 4 2 2  

6 3 8  -- 

6 3 8  

$ 5 , 0 6 0  

J U I ~  
1964 

$ 3 , 4 8 4  
6 , 7 3 3  

501 

1 0 , 7 1 8  

3 , 1 2 3  
- 
1 3 , 8 4 1  

8 7 5  

8 7 5  

$ 1 4 , 7 1 6  

Summer 
1962 

$ - -  -- 
-- 

-- 

-- 
- -- 

638 - -  

6 3 8  

$ 6 3 8  

Summer 
1959 

$ - -  
1,610 -- 
1 , 6 1 0  

-- 
- 
1 , 6 1 0  

638 - -  
6 3 8  

$ 2 , 2 4 8  

S p r i n g  
1960 

$ - -  
6 0 8  
- - 
6 0 8  

138 
- 

7 4 6  

-- 
50 

50 

$796 

Summer 
1956 

$ - -  
6 0 8  
- - 

--------- 
6 0 8  

-- 
- 

6 0 8  

- -  
- - 

--------- -- 

$608 



Stage -Damage Curves 
Flood-damage costs generally increase with higher 
floodwater elevations, due both to greater depth 
of flooding and greater area  of inundation. The 
relationship between flood-damage cost and flood- 
water elevation is defined by a stage-damage 
curve. Stage-damage curves, representing Janu- 
a r y  1, 1965, land use conditions within the water- 
shed and projected 1990 land use conditions under 
uncontrolled development of the riverine areas,  
were prepared for each of nine r iver reaches in 
the urban portions of the watershed. Criteria gov- 
erning the selection of the r iver reaches included 
a relatively uniform character of land use and re-  
lationship to the location of possible flood con- 
trol structures. 

Because of the sloping nature of the water surface 
through the fairly long damage reaches, it was 
decided to represent stage by increments above 
and below a known water-surface profile rather 
than by water-surface elevation at  one point in 
the reach. The 1960 floodwater surface profile 

T a b l e  2 9  

E S T I M A T E D  C O S T S  OF A G R I C U L T U R A L  F L O O D  
D A M A G E S a  R E S U L T I N G  FROM F L O O D  OF 

J U L Y  1 9 6 4  I N  T H E  R O O T  R I V E R  W A T E R S H E D  
( E x p a n d e d  S a m p l e )  

a C o s t s  shown r e s u l t  from a  sampling o f  the d i r e c t  
phys ical  damage t o  c rops  o r  l i v e s t o c k ,  expanded t o  
an e s t ima ted  100 percen t .  

Source: F i e l d  surveys  by Harza Engineering Company and 

smpc. 

r 

S t r e a m  a n d  R e a c h  

R o o t  R i v e r  C a n a l ,  W e s t  B r a n c h .  . 
R o o t  R i v e r  C a n a l ,  E a s t  B r a n c h .  . 
R o o t  R i v e r  C a n a l ,  
J u n c t ~ o n  N o r t h  t o  CTH G. . . . . 

R o o t  R i v e r  C a n a l  t o  CTH G, 
S u b t o t a l  I 

R o o t  R i v e r  C a n a l ,  
CTH G  t o  J u n c t i o n  R o o t  R i v e r  . , 

R o o t  R i v e r  C a n a l ,  
S u b t o t a l  I1 

U p p e r  R o o t  R i v e r  . . . . . . . . 
M i d d l e  R o o t  R i v e r .  . . . . . . . 

R o o t  R i v e r ,  S u b t o t a l  

T o t a l  

Say 

was selected a s  a convenient datum from which 
to measure damage stages. Thus, each damage 
stage is represented by a plane parallel to, and 
a specified distance above o r  below, the 1960 flood- 
water surface. 

E s t i m a t e d  
Damages 

$ 3 , 8 3 2  
6 , 7 3 3  

5 5  1 

$ 1 1 , 1 1 6  

3 , 4 3 5  

$ 1 4 , 5 5 1  

- - 
9 9 8  

$ 998  

$ 1 5 , 5 3 9  

$ 1 5 , 0 0 0  

Flood-damage costs for selected stages were cal- 
culated using the 1960 recorded flood damages a s  
a basis. Cost calculations for the 1965 curves in- 
cluded consideration of the damage costs to indi- 
vidual properties for flooding depths greater o r  
less than 1960 and prospective damage to struc- 
tures built since 1960. Adjustments were made for 
reduction of damage potential in the period since 
1960 by either the removal of structures o r  by 
f loodproof ing. 

Forecasts of the prospective locations of individual 
structures which might be built in the flood plain 
by 1990 under uncontrolled conditions were made 
following the criteria for the preparation of the 
"uncontrolled existing trend" alternative land use 
plan element (see Chapter XII). Potential flood 
damage to these structures for various stages was 
calculated and added to the 1965 potential damage 
to obtain the 1990 stage-damage curves for uncon- 
trolled land use development practices. The stage- 
damage curves used in the planning studies a r e  
shown in Figure 26. 

Damage-Frequency -- Curves 
The frequency of a specific flood-damage total can 
be derived by combining stage-damage curves 
and stage -frequency curves. Flood-f requency re-  
lationships for 1965 and 1990 conditions were 
derived from the hydrologic model described in 
Chapter VI. These relationships were converted 
to stage-frequency by use of appropriate stage- 
discharge curves for each damage reach. 

Damage-frequency curves were prepared by plot- 
ting the damage associated with a given stage 
against the frequency of that stage. Damage-fre- 
quency curves derived for each of the damage 
reaches for both 1965 land use conditions within 
the watershed and projected 1990 land use con- 
ditions under controlled development of the river- 
ine areas  a r e  shown in Figure 27. The frequency 
of zero damage was established at 0.33, corre-  
sponding to a three-year recurrence interval flood, 
based on the absence of reported damages from 
recent floods of this approximate magnitude. The 
area under each damage-frequency curve is equal 
to the annual flood-damage risk in that reach. 
Total annual flood-damage risk in urban a reas  of 
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R O O T  R I V E R  W A T E R S H E D  S T A Q E  D A M A G E  C U R V E S  
E X l S T l N Q  1 9 6 5  L A N D  U S E  A N D  P R O J E C T E D  I 9 9 0  L A N D  U S E  
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T a b l e  3 0  

A V E R A G E  A N N U A L  F L O O D  DAMAGE R I S K  I N  T H E  ROOT R I V E R  W A T E R S H E D  

a Based upon projection of existing land use development trends. 

Source: Field surveys by Harza Engineering Company and SEWRPC. 

R e a c h  

I  
2  
3  
4  
5  
6  
7 
8  
9  

the watershed is $24,000 for 1965 conditions and 
$61,000 for 1990 conditions under projected uncon- 
trolled development trends. Values for individual 
reaches a r e  shown in Table 30. 

SUMNIARY 
An intensive survey of the historic flood damages 
which have occurred in the Root River watershed 
was conducted jointly by Harza Engineering Com- 
pany and SEWRPC during the fall of 1964. Results 
of this survey reveal that within recent decades 
flood-damage potential and flood-damage risk have 
risen from a nuisance level to substantial propor- 
tions a s  urban land use has increased on the flood 
plains of the watershed. If existingland use devel- 
opment trends a r e  allowed to continue unregulated 
in the riverine areas, the total annual flood-damage 
risk in urban areas  of the watershed will increase 
from the current (1965) level of approximately 
$24,000 to $61,000 by the year199O. About 95 per- 
cent of the potential damages a re  urban, and most 
of the urban damages occur to residences. 

L o c a t i o n  

C i t y o f R a c i n e .  . . . . . . . . . . . . . . . . . . . . .  
S o u t h  Edge R a c i n e  C o u n t r y  C l u b  t o  1 1 2  M i l e  E a s t  STH 31  . . 
1 1 2  M i l e  E a s t  STH 31 t o  S i x  M i l e  Road.  . . . . . . . . . .  
S i x  M i l e  Road t o  N i c h o l s o n  Road. . . . . . . . . . . . . .  
N i c h o l s o n  Road t o  S. 6 0 t h  S t r e e t  . . . . . . . . . . . . .  
S. 6 0 t h  S t r e e t  t o  V i l l a g e  o f  G r e e n d a l e  S o u t h e r l y  L i m i t s .  . 
V i  1 l a g e s  o f  G r e e n d a l e  a n d  H a l e s  C o r n e r s .  . . . . . . . . .  
C i t y  o f  G r e e n f i e l d  . . . . . . . . . . . . . . . . . . . .  
C i t y o f W e s t A l l i s . . . . . . . . . . . . . . . . . . . .  

The flood of March-April 1960, the greatest flood 
of record within the watershed, caused total mone- 

Rounded T o t a l s  

tary damages of $371,700. Approximately 25 per- 
cent of the total monetary losses were inflicted upon 
public property and 75 percent upon private non- 
agricultural property. Private residential dam- 
ages in excess of $20,000 in aggregate occurred 
in the upper urbanizing portions of the watershed- 
in the cities of Greenfield, West Allis, and Frank- 
lin-and a t  the urbanizing mouth of the river in the 
City of Racine , which alone suffered residential 
damages of $159,100. Monetary flood damage was 
caused about equally by direct *overflow floodwater 
and by floodwater infiltrating through basement 
walls and backing into basements through drainage 
and sewer facilities. 

A n n u a l  F l o o d - D a m a g e  R i s k  

The summer flood of July 18 and 19, 1964, occur- 
ring a t  the peak of the growing season, was the 
record flood in terms of agricultural damages, 
causing total damages of $15,000 to crops in the 
Root River Canal area and along the main stem 
of the Root River. The magnitude of agricultural 
flood-damage potential is related directly to the 
amount of truck-crop farming on the flood plains, 
for such crops have high cash value per acre  and 
a r e  extremely flood vulnerable. 

1 9 6 5  

$ 6 , 6 0 0  
7 1  0  
2 5 0  
6 5 0  
7 6 0  

3 , 3 2 0  
5  5  0  

4 , 8 0 0  
6 , 2 0 0  

$ 2 4 , 0 0 0  

1 9 9 0 a  

$ 6 , 6 0 0  
7 7 0  

1 5 , 9 0 0  
1 , 8 3 0  
6 , 6 3 0  
4 , 3 9 0  

5 5 0  
1 2 , 4 6 0  
1 1 , 9 0 0  

$ 6 1 , 0 0 0  



Chapter VIII 

OTHER PROBLEMS 

INTRODUCTION 
Although the flooding problem in the Root River 
watershed has had the greatest public impact, 
other problems of a less  dramatic but no less  im- 
portant nature have developed o r  become appar- 
ent a s  urban development has continued to expand 
within the watershed. Of these problems, the most 
important a r e  deteriorating water quality, inade- 
quate water quantity during periods of low stream- 
flow, and the misuse of soil and land. Any com- 
prehensive watershed plan must consider these 
problems in addition to the flooding problem and 
must allow for the effects that alleviation of one 
problem may have on all other problems. 

WATER QUALITY PROBLEMS 
"Water Quality" refers to the physical, chemical, 
and biological characteristics of the water re-  
sources. Quality characteristics a r e  influenced 
both by the natural environment of the watershed 
and by human activity within the watershed. The 
quality of stream water a s  conditioned by the nat- 
ural environment of the watershed would present 
no problem for  any reasonably possible uses of 
Root River system waters. Most potential bene- 
ficial water uses are ,  however, a s  a result of pol- 
lution, incompatible with present stream water 
quality conditions. 

The quality of the ground water resource a s  a com- 
modity for  domestic and industrial water supply 
and for irrigation use does not, at  this time o r  
in the foreseeable future, present any significant 
problem other than hardness and iron. Experience, 
however, indicates that aquifers such a s  the dolo- 
mite aquifers underlying the watershed a r e  par- 
ticularly susceptible to pollution from septic tank 
effluent and refuse seepage and from improper use 
of abandoned pits and quarries for refuse dumps. 
The danger of polluting ground water, therefore, 
will probably increase with continued uncontrolled 
low-density residential development and with in- 
creasing volumes of domestic and industrial liquid 
and solid wastes. 

The quality of the surface water resource, how- 
ever, presents serious problems in the develop- 
ment of potentially desirable uses of streamflow 
waters. The river system is  presently being used 

principally for the transportation and assimilation 
of treated and untreated domestic and industrial 
wastes. Possible alternative uses considered in 
the preparation of the watershed plans were all in 
the recreation-conservation sector. They include 
development of the riverine areas  from the City of 
West Allis to the City of Racine for parkway pur- 
poses, boating and fishing from the City of Racine 
to the confluence of the North Branch and the Root 
River Canal, an artificial lake for  recreational 
and low-flow augmentation use at  the confluence, 
and livestock and wildlife watering throughout the 
perennial stream system. 

Water quality standards recommended in Chap- 
t e r  XI for the potential uses of the Root River 
system are: 

P r o p o s e d  
W a t e r  

u s e  

Recommended 
W a t e r  Q u a 1  i  t y  

S t a n d a r d  

S u s t e n a n c e  o f  d e -  M i n i m u m  d i s s o l v e d  o x y g e n  
s i r a b ! e  f i s h  a n d  c o n t e n t  o f  b ppm, m a x ~ m u m  
a q u a t l c  1  l f e  t e m p e r a t u r e  o f  9 0 ° F  
B o a t i n g  Maximum c o l i f o r m  b a c t e r i a  

c o u n t  o f  5 , 0 0 0  MFCC 
A e s t h e t i c  M i n i m u m  d i s s o l v e d  o x y g e n  

c o n t e n t  o f  I ppm 
L j v e s t o c k  a n d  Maximum c o l i f o r m  b a c t e r i a  
W I  l d l  I f e  w a t e r i n g  c o u n t  o f  5 , 0 0 0  MFCC 

At the present time, surface water quality in the 
Root River system falls short of all of these stand- 
ards  during most of the year, a s  illustrated in 
Figures 13, 14, and 15. 

A substantial improvement in water quality is ex- 
pected to occur upon completion, by the Metro- 
politan Sewerage Commission of the County of 
Milwaukee, of trunk sewers which will convey all 
sanitary sewage from communities in the North 
Branch drainage area  to the new Puetz Road sew- 
age treatment plant on Lake Michigan in the City 
of Oak Creek. This action will eliminate about 
75 percent of the present daily average BOD load- 
ing contributed to the r iver system by sewage 
disposal plants. The remaining sources of mu- 
nicipal sewage disposal plant effluent will then 
be the State of Wisconsin Southern Colony and 



Training School and the Village of Union Grove,' 
both contributing to the West Branch of the Root 
River Canal, and the Caddy Vista Sanitary Dis- 
trict contributing to the main stem. In addition, 
the Cooper-Dixon Duck Farm and the Frank Pure 
Food Company will be contributing partially treated 
industrial wastes to the West Branch of the Root 
River Canal and to  Hoods Creek, respectively. 

Other sources of streamflow pollution include ag- 
ricultural drainage, drainage from private septic 
tanks, and storm water runoff from urban areas. 
Agricultural drainage contains fertilizers, which 
promote growth of algae and other aquatic plants, 
and herbicides and pesticides which may be harm- 
ful to fish life. Drainage from private septic tanks 
does not constitute a serious pollution problem a t  
this time but could in the future under continued 
unplanned and uncontrolled land use development 
since many watershed soils a r e  unsuitable for 
septic tank operation. Urban storm water runoff 
i s  becoming recognized a s  a pollution source in 
terms of BOD, nutrients, and suspended solids; 
but i ts  significance in terms of stream pollution 
is a s  yet largely unknown. 

LOW FLOW PROBLEMS 
River flows during most of the year a r e  very low. 
As summarized in Table 8, the flows equaled o r  
exceeded 90 percent of the time a t  the SEWRPC- 
USGS stream gaging stations during the 1964- 
1965 water years were 1.0 CFS in the Root River 
Canal at  CTH G, 2.3 CFS in the North Branch at  
W. Ryan Road (STH loo), and 3.6 CFS a t  STH 38 
near Racine. 

A major proportion of the present low flows con- 
sists  of sewage disposal plant effluent, a s  indicated 
by Table 9. The scheduled exportation of sewage 
from communities in the North Branch drainage 
area  will consequently diminish the existing low 
flows and probably result in periods of no flow in 
the North Branch. It will also significantly reduce 
downstream low flows. Drying up of parts of the 
North Branch channel for prolonged periods may 
detract to some degree from the aesthetic quality 
of the parkway recreational area. Reduction of low 
flows in the downstream river reaches willdetract 

On October 25, 1965, during the preparation of 
this report, the Village of Union Grove reportedly 
separated clear waters from sanitary sewage and re- 
directed the clear waters into the Des Plaines River 
Watershed. This change woulci apparently remove about 
200,000 gallons per day from the low flow of the Root 
Rivercanal. It is not known at this time whether such 
transfer is permanent or, for that matter, what legal 
and technical considerations might be involved. 

from the potential boating, fishing, and other rec- 
reational uses of the river and will aggravate re-  
sidual pollution problems. Extreme low flows and 
temporary dry-bedconditions will also foster weed 
growth in channel reaches where constant water 
presence now keeps the main channel reasonably 
clear of such growth. 

LAND-RELATED RESOURCE PROBLEMS 
The conversion of land from rural to urban use 
within the watershed proceeds in the absence of an 
areawide land use plan with the hazard that such 
"fixed" investments a s  industrial and commer- 
cial buildings, residences, and supporting facili- 
ties may be developed in a pattern which is inef- 
ficient, unhealthful, and aesthetically unpleasing. 
Often such conversion proceeds not only without 
regard for the effect upon water resources but also 
without regard for the effect upon other important 
related elements of the underlying and supporting 
natural resource base a s  well. Thus, the soils, 
woodlands, wetlands, and wildlife of the watershed 
may be injured o r  destroyed entirely in the proc- 
e s s  of urban development; and this, in turn, may 
have a deteriorating effect upon the quantity and 
quality of the water resources. Such injury o r  
destruction occurs through the composite effect of 
many seemingly unrelated local development deci- 
sions by individual private investors and public 
agencies. Each individual decision, by itself, may 
have little impact upon the resource base; but, 
collectively, these land use decisions will shape 
the total environment of the watershed for genera- 
tions to come. 

Investigation of the pattern of urbanization to date 
in the Root River watershed reveals some seri-  
ous misuse of the land resources. In the absence 
of a sound land use plan for the watershed, such 
misuse and the effects of such misuse on the re- 
source base will be greatly magnified, not only by 
the rapidly increasing population level within the 
watershed, but also by increasing per capita con- 
sumption of resources. Future land-related re-  
source problems could, therefore, rapidly reach 
serious proportions unless preventive action is 
taken. 

The significant fact about the pattern of urban 
development within the watershed to date i s  not 
i ts  extent, but i ts  form. Less than one-quarter of 
the total area  of the watershed is currently oc- 
cupied by urban land uses which a r e  largely resi- 
dential; but the new urban development, a s  shown 
on Map 18, is occurring increasingly ina  sprawling 



pattern rather than a s  orderly annular growth out- 
ward from the older urban cores with their highly 
developed utility and community facilities and se r -  
vices. This form of development i s  costly to the 
homeowner, for  public water supply, sewerage, 
and solid waste disposal services a r e  not available 
except at  a disproportionate pubIic expense and 
must, therefore, be provided by the homeowner. 
This form of development i s  also costly for the 
public, fo r  government must provide transporta- 
tion facilities and fire, police, health, and educa- 
tional services to a dispersed yet urban population. 

Urban development has also shown strong tenden- 
cies to proceed within the watershed in disregard 
of the natural capabilities of the soils to support 
such development. Although the detailed soil sur- 
veys indicate that approximately two-thirds of the 
totalarea of the watershed is suitable for all types 
of residential development, relatively small a reas  
of unsuitable soils occur throughout the watershed. 
One of the most permissive soil use o r  suitability 
rating categories established by the SEWRPC is 
the rating for residential development with public 
sanitary sewer service. (See Map 4. ) Eventually, 
all of the Waukesha and Milwaukee County portions 
of the watershed will be so  served. Yet, with all 
of the area available within the watershed for de- 
velopment, at  least 400 acres  of residential de- 
velopment, in the Waukesha and Milwaukee County 
portions of the watershed, have been developed on 
soils having severe limitations for development 
even with sewer service. Another soil related land 
use problem i s  appearing in Racine County, where 
scattered residential development i s  beginning to 
occur on some of the last remaininglarge "blocks" 
of the best agricultural soils within the Southeast- 
ern  Wisconsin Region. 

Throughout the watershed there a r e  further signs 
of an unawareness o r  disregard of principles 
of wise resource development and conservation. 
Urban encroachment upon the natural flood plains 
of the Root River system continues; and during the 
conduct of the study alone, at  least 10 homes have 
been constructed on the flood plains. Not only does 
this practice increase potential flood hazards and 
damages and the threat of water pollution, but it 
removes the riverine areas  from proper alloca- 
tion to resource conservation and recreational 
uses. The Root River watershed has very limited 
forest resources, essential to protection of the 
water resources and to maintenance of a balanced 
natural ecology in the basin; yet during the conduct 

of this study, 40 acres  of prime woodland were cut 
away to make room for residential development. 

Eleven large abandoned gravel pits exist within 
the watershed. These a r e  not only aesthetically 
unattractive but constitute a hazard to children. 
The abandoned pits a r e  being used primarily for  
rubbish and garbage disposal and if improperly 
managed can thereby constitute a pollution hazard 
to the shallow ground water aquifer and threaten 
the only economical water supply currently avail- 
able in about one-half of the geographical extent 
of the watershed. 

Although soil erosion and stream siltation a r e  not 
a t  the present time severe problems within the 
watershed, these problems do occur on a small 
scale throughout much of the agricultural areas. 
The mechanism established by state and federal 
agencies to combat such problems, the individual 
farm conservation plan, has, to date, been utilized 
by only 15 percent of the farm owners. As shown 
on Map 30, f irst  stage agreements a r e  in effect 
on 90 farms covering 8,400 acres;  and individual 
farm plans a r e  being implemented on 32 farms 
covering 2,600 acres. With a few exceptions, row 
crops a r e  not contour-planted, waterways a r e  not 
grassed, and there i s  little terracing on the roll- 
ing lands which comprise much of the watershed 
within Racine County. Even though there a r e  few 
concentrated locations within the watershed where 
land mismanagement is pronounced, the general 
lack of adoption of proper soil and water conser- 
vation practices and land treatment measures con- 
stitutes a significant problem. 

The spatial distribution of the land-related re-  
source problems of the Root River watershed, a s  
indicated by Commission surveys, i s  shown sche- 
matically on Map 32. 

SUMMARY 
In addition to flooding, other problems directly 
related to urbanization a r e  appearing in the water- 
shed. These problems a r e  interrelated and in- 
c lude : 

1. Gross pollution of the Root River through- 
out much of i t s  length by municipal sewage 
treatment plant effluent and food process- 
ing wastes. 

2. Very low streamflows in the North Branch, 
which will be further depleted by exporta- 
tion of sanitary sewage. 



Map 3 2  

LAND R E L A T E D  PROBLEM AREAS 
I N  T H E  ROOT R I V E R  WATERSHED ( 1 9 4 4 )  

Al though f l o o d  d r a l n a g e  and w a t e r  p o l l u t i o n  a r e  
perhaps t h e  most obvious problems o f  the  Root River  
watershed, problems related t o  the misuse of land are 
widespread and o f t e n  d i r e c t 1  y r e l a t e d  t o  unplanned 
urban sprawl. 

3. Continued residential development in the 
natural floodways and flood plains of the 
river system with creation of attendant 
health and flood hazards and destruction of 
wildlife habitat. 

4. Intrnsion of seattered low-density residen- 
tial development into large areas of prime 
agricultural soils. 

5. Continued residential development on soils 
that have severe limitations for such use. 

6. Destruction of already scarce forest re- 
sources and related wildlife habitat. 

7. Abandonment of gravelpits to leave an ugly 
landscape and a health add safety hazard. 

These problems are primarily the result of urban 
sprawl, proceeding in the absence of sound area- 
wide development objectives and plans. An eco- 
nomically inefficient, aesthetically unpleasing, and 
potentially unhealthful environment will be created 
within the watershed unless these land-related re- 
source problems are  abated along with the water- 
related resource problems. 



Chapter IX 

WATER LAW 

INTRODUCTION 
In any sound planning and engineering effort, i t  is 
necessary to investigate the legal a s  well a s  the 
physical and economic factors affecting the prob- 
lem under consideration. The law can be a s  im- 
portant a s  the hydrology of the basin o r  the costs 
and benefits of proposed water control facilities 
in determining the ultimate feasibility of a given 
watershed plan. If the legal constraints bearing 
on the planning problem a r e  ignored during plan 
formulation, serious obstacles may be encountered 
during plan implementation. This is particularly 
true in the area of water resources. 

Water constitutes one of the most important nat- 
ural resources. It is not only essential to many 
of the most important economic activities of man 
but is essential to life itself. The available quan- 
tity and quality of this important resource a r e ,  
therefore, among the most vital concerns of a 
host of interest groups representing agriculture, 
commerce, industry, conservation, and govern- 
ment. Not only a r e  rights to the availability and 
use of water of vital concern to a broad spec- 
trum of public and private interest groups, but 
the body of law regulating these rights is far  from 
simple o r  static. Moreover, changes in this body 
of law will take place even more rapidly a s  pres- 
sure on regional, state, and national water re-  
sources becomes more acute. In such circum- 
stances, generalizations and broad conclusions 
become hazardous; and careful analysis of the 
legal aspects of watershed planning becomes par- 
ticularly important. 

A survey of the present legal framework of public 
and private water rights affecting water resources 
management, planning, and engineering was,. there - 
fore, undertaken a s  one of the important work 
elements of the Root River watershed planning 
program. This survey was carried out under the 
direction of Professor J. H. Beuscher, of the Uni- 
versity of Wisconsin Law School, and included an 
inventory of the existing powers and responsibili- 
ties of the various levels and agencies of govern- 
ment involved in water resources management, a s  
wellas of the structure of public and private water 
rights, which must necessarily be considered in 

the formulation of a comprehensive watershed plan. 
In addition, effort was concentrated upon certain 
specific legal problems which became apparent 
a s  work progressed on the preparationof the com- 
prehensive plan for the Root River watershed. 
The findings of this legal study have been set  forth 
in detail in SEWRPC Technical Report No. 2, 
Water Law in Southeastern Wisconsin, published 
in January 1966. This chapter consists of a sum- 
mary presentation of this more detailed technical 
report and is intended to inform public officials 
and citizens within the watershed about the salient 
legal factors bearing on the water-related prob- 
lems of the basin and on plans for their solution, 
thereby laying the basis for intelligent future ac- 
tion. It does not, however, dispense with the need 
for continuing legal study since this aspect of the 
overall watershed planning effort becomes in- 
creasingly important a s  plan proposals reach the 
implementation phase. 

In thefirst part of the chapter, attention i s  focused 
upon the general aspects of water law applicable to 
the Root River o r  any watershed in southeastern 
Wisconsin. Then the important subjects of flood 
plain regulation and pollution control a r e  discussed 
in greater detail. Finally, attention is devoted 
to an analysis of the specific legal problems en- 
countered in the watershed study. 

SUMMARY OF WATER LAW 

Classifications of Water and Divisions of Water Law 
The Wisconsin Supreme Court and the State Leg- 
islature, in dealing with water regulation, have 
recognized five distinct legal classifications of 
water: 

1. Surface water in natural watercourses; de- 
fined a s  water occurring o r  flowing in nat- 
ural r ivers,  streams, lakes, and ponds. 

2. Diffused surface water; defined a s  water 
occurring o r  flowing diffused over the 
ground in places other than natural water- 
courses and resulting from falling rain o r  
melting snow. 



3. Ground water in underground streams; 
defined a s  water occurring o r  flowing in 
a well-defined underground channel, the 
course of which can be distinctly traced. 
It i s  extremely doubtful that such identifi- 
able underground channels exist within the 
watershed o r  indeed within the Region. 

4. Percolating ground water; defined a s  water 
which seeps, filters, o r  percolates through 
underground porous strata o r  earth o r  
rock but without confinement to a definite 
channel. 

5 .  Springs; defined a s  natural discharge points 
for  ground water from either an under- 
ground stream o r  percolating water. 

Based in part on these definitions, three principal 
divisions of water law can be identified. These 
are: riparian law, ground water law, and diffused 
surface water law. Riparian law applies to the 
use of surface water occurring in natural rivers, 
s treams, lakes, and ponds. This law has been 
evolved largely by the courts, case by case, a s  
a matter of "common law." Important here also 
a r e  both court-made law and legislation defining 
public rights in those watercourses which a r e  nav- 
igable. Ground water law applies to the use of 
water occurring in the saturated zone below the 
water table. Here again the law has evolved 
largely by court interpretation a s  llcommon law." 
Diffused surface water law applies to floodwater 
draining over the surface of the land. This law 
in Wisconsin relates not to water use but to con- 
flicts which ar ise  in trying to dispose of this sur-  
face water. 

The Wisconsin Supreme Court has developed many 
of the legal rules covering all three of these divi- 
sions of water law, case by case, over a long 
period of time. In addition, the State Legislature 
has from time to time enacted statutes affecting 
some of these divisions. Reference must also be 
made to the important body of administrative law 
made by state agencies in the day-to-day admin- 
istration of state water statutes. Examples a r e  
statutes governing the issuance of permits by the 
Public Service Commission for irrigation and min- 
ing purposes; for hydroelectric power and other 
dams; for the fixing of bulkhead lines; and for the 
construction of bridges, piers, docks, and other 
shoreline improvements along navigable water- 
courses. The Public Service Commission i s  also 
authorized to fix levels for navigable lakes and 

flow rates for navigable streams. In addition, 
there a r e  statutes governing the control of pollu- 
tion by the Committee on Water Pollution and the 
State Board of Health. 

Rights to the Use of Water in Natural Watercourses 
Rights in water may be designated a s  private and 
public. Industrial cooling, irrigation, and power 
generation a re  examples of private rights, while 
fishing, boating, and swimming a r e  examples of 
public rights. It i s  essential, however, to recog- 
nize that private and public rights to use water 
a r e  interrelated and that, while these labels may 
be convenient for classification purposes, they 
tend to encourage oversimplification. In certain 
circumstances, it may be more in the public in- 
terest  to promote a private use even though the 
conventional public rights a r e  consequently lim- 
ited. The Wisconsin taconite law i s  a case in 
point. This legislation permits mining companies 
to divert water upon a finding that the resulting 
public benefits outweigh any impairment o r  elim- 
ination of traditional public rights. Conflicts may 
also ar ise  among various segments of the public 
regarding which of the public rights is paramount, 
particularly where the exercise of one public right 
may seriously affect the possibility of exercis- 
ing another. 

Riparian Rights: The riparian doctrine, which in 
Wisconsin forms the primary bas-is of the law gov- 
erning the use of surface water in natural water- 
courses, provides that owners of lands that adjoin 
a natural watercourse have rights to co-share in 
the use of the water so long a s  each riparian is 
llreasonablell in his use. Obviously, the definitions 
of "reasonableness" and "natural watercourse" 
a r e  critical to the application of riparian law. 

Natural Watercourse: The Wisconsin Supreme 
Court requires that in order to constitute a nat- 
ural watercourse there must be "a stream usu- 
allyflowing in a particular direction though it need 
not flow continually. It may sometimes be dry. It 
must flow in a definite channel having a bed, sides 
o r  banks and usually discharges itself into some 
other stream o r  body of water." ' Although ripar- 
ian rights a r e  sometimes conceived to attach to 
artificial watercourses, usually they a r e  restricted 

Hovt v. C i t y  o f  Hudson, 27 W i s .  656 ( 1 8 7 1 ) .  A 
l e n g t h v  d e f i n i t i o n  d i s t i n g u i s h i n k  wa te rcourse  from 
d i fTused  s u r f a c e  water  i s  cUontaine> i n  Fryer v. Warne, 
29 Wis .  511 ( 1 8 7 2 ) .  The Wisconsin Court has h e l d  that  
the  e x i s t e n c e  o f  a watercourse  i s  a q u e s t i o n  o f  f a c t  
for  the jury .  Eulr ich v. R i c h t e r ,  37 Wis .  226 ( 1 8 7 5 ) .  
In an i n j u n c t i o n  c a s e ,  the  q u e s t i o n  o f  f a c t  would be  
fo r  the  c o u r t .  



to watercourses which a r e  natural in origin. The 
termwatercourse comprehends springs, lakes, o r  
marshes in which the stream originates o r  through 
which it flows. Natural lakes o r  ponds which 
a r e  not a part of a stream system are ,  neverthe- 
less,  waters to which riparian rights also attach. 
Clearly, the Root River and i t s  major tributaries 
meet the definitional requirements of a water- 
course; and riparian law applies. The same body 
of doctrine also applies to natural lakes and ponds 
within the Root River watershed. 

Natural Flow and Reasonable Use: With respect to 
the relative rights of riparian landowners along 
a watercourse, there is language in Wisconsin 
cases, still relied on by sportsmen, to the effect 
that a riparian owner is entitled to have a water- 
course flow through his land without material dim- 
inution o r  alteration-the so-called "natural flow" 
doctrine. Strict application of such a rule would 
preclude effective use of the water for other than 
domestic needs. 

In those cases in which the Wisconsin Court used 
"natural flow" language, however, the court was 
merely indulging in preliminary observations, for  
in each such case the language is subsequently 
modified o r  limited and the "reasonable use" rule 
applied to the particular situation presented. It 
i s ,  therefore, an abstract statement to say that in 
Wisconsin riparian owners a r e  entitled to the con- 
tinuous full and natural flow of a watercourse, for  
in the words of the Wisconsin Supreme Court: 

To say, therefore, that there can be 
no obstruction o r  impediment what- 
soever by the riparian owner in the 
use of the stream o r  i ts  banks would 
be in many cases to deny all valuable 
enjoyment of his property so  situ- 
uated. There may be, and there must 
be, allowed of that which is common 
to all a reasonable use.2 

Thus, in Wisconsin the "reasonable use" doctrine 
qualifies the strict right to the natural flow of 
a stream o r  the natural level of a lake. This use 
right is not a right in the sense that a riparian 
proprietor owns the water running by o r  over his 
land. It is a right called usufructuary in that the 
riparian may make a reasonable use of the water 
a s  i t  moves past. 

A .  C. Conn Co. v. L i t t l e  Suamico Lumber M f g .  Co., 
74 W i s .  652,  43 N .  W .  660 (1889) .  

The term "reasonable use" implies that a ques- 
tion of fact must be resolved in each case, and 
the Wisconsin Court has recognized the concept a s  
a flexible one in conceding that no rule can be 
stated to cover all possible eventualities. The 
court has said, in determining what is a reason- 
able use, that: 

Regard must be had to the subject 
matter of the use, the occasion and 
manner of i ts  application, i t s  object, 
extent, and the necessity for  i t ,  pre- 
vious usage, the nature and condition 
of the improvement upon the stream, 
the size of the stream, the fall of the 
water, its volume and velocity.3 

Thus, it may be concluded that a user 's  utilization 
of water must be reasonable under all the c i r -  
cumstances; and he may meet this test despite 
substantial interference with the natural flow of 
a watercourse, for  it is recognized that any rule 
preventing all o r  almost all interference with the 
flow wouldneedlessly deprive riparian proprietors 
of much of the value of the stream and prevent its 
utilization for any beneficial purpose. In this re-  
spect, it should be recognized that, wherever the 
Public Service Commission, at  the request of one 
o r  more riparians, and after notice and hearing, 
fixes the level of a lake o r  grants a permit for 
the construction o r  enlargement of a dam or  pier, 
other riparians will probably have a difficult time 
establishing that the permitted uses a r e  unrea- 
sonable. A permit to irrigate imposes a similar 
burden of proof upon co-riparians who may later 
complain of unreasonable use. In addition, a water 
user may acquire a firm right to a specific quan- 
tity of water by adverse use (prescription) over 
a period of time, usually 20 years, o r  by contract 
with co-riparians. 

Chapter 313 of the Laws of 1963 amends Section 
30.03 and repeals and recreates Section 30.19 of 
the Wisconsin Statutes to prohibit the construction 
o r  enlargement of any artificial waterway without 
permission of the Wisconsin Public Service Com- 
mission, where the purpose of such enlargement 
is an ultimate connection with an existing navi- 
gable stream o r  lake, o r  where any part of such 
artificial waterway is located within 500 feet of 
the ordinary high water mark of an existing navi- 
gable stream or  lake. By the act the law was fur- 
ther amended to require authorization not only for 
the construction of an artificial waterway within - 

Timm v. B e a r ,  29 U'is. 254 (1871) .  



500 feet of navigable waters, but also for the con- 
nection of any waterways and for the removal of 
topsoil from the banks of navigable streams and 
lakes. Public highway construction, improvements 
related to agricultural uses of land, and improve- 
ments within counties having a population in ex- 
cess of 500,000 were excepted from provisions of 
the Act. 

Lands Affected by Riparian Law: The Wisconsin 
Supreme Court has never defined the term "ripar- 
ian land" with precision. It i s  clear, however, that 
to be riparian land must adjoin the watercourse 
and probably i t  must lie within the watershed of 
that watercourse. It is also held in Wisconsin that 
riparian rights res t  upon ownership of the bank o r  
shore in lateral contact with the water, not upon 
title to the soil under the water. 

The Wisconsin Public Service Commission, in ad- 
ministering the issuance of permits to irrigators, 
has limited riparian land to that land bordering 
a lake o r  stream which has been in the same own- 
ership in an uninterrupted chain of title from the 
original government patent. This is similar to 
the so-called "source of title" test. Under it ,  the 
conveyance by "A" of a back parcel of his riparian 
land to "B1' renders the transferred parcel non- 
riparian unless the deed provides otherwise; and 
it remains so even though "A" subsequently re-  
purchases it. Presumably also, if "B" having first  
purchased the back parcel later also buys the tract 
touching the water, the back parcel continues non- 
riparian. Thus, a riparian cannot assemble non- 
riparian land and make it riparian. A non-riparian 
cannot convert his land to riparian status by buying 
a riparian tract. Under this rule there is a con- 
tinual dwindling of riparian land. 

Non-Riparian Use: Non-riparian use occurs when 
a riparian uses an excessive quantity of water be- 
yond his reasonable co-share; when a riparian 
uses water on non-riparian land which he owns 
o r  controls; o r  when a non-riparian takes water 
from a watercourse, usually with permission o r  
by grant from a riparian, for  use on non-riparian 
land. The latter situation deserves particular at- 
tention since, a s  a practical matter, problems of 
this sort a r e  apt to ar ise  in the Root River water- 
shed because of possible withdrawals for munici- 
pal, irrigation, o r  industrial use. 

In this respect, i t  is not known whether the Wis- 
consin Court would treat municipal use from a nat- 

ural  watercourse a s  a special case. Surprisingly, 
most states that have spoken on the subject refuse 
to do so  and treat a municipal water utility a s  just 
another water user and point with disapproval to 
the distribution of water to non-riparian customers 
of the utility. The courts insist that, if down- 
stream riparians a r e  hurt by the municipal diver- 
sion, the utility must acquire by eminent domain 
o r  otherwise the requisite downstream rights. 

The irrigator who wants to use water from a 
stream must get a permit under the Wisconsin 
irrigation permit law, Section 30.18 of the Wis- 
consin Statutes. He must limit his irrigation to 
riparian land unless he was using water on contig- 
uous non-riparian land in 1957. Permits a r e  not 
required of commercial o r  industrial water users 
a s  a precondition to withdrawal from a water- 
course. Whether such users  can use water on 
non-riparian land is an unresolved question, al- 
though the court in Munninghoff v. Wisconsin Con- 
servation Commission has said: "It is not within 
the power of the state to deprive the owner of sub- 
merged land the right to make use of the water 
which passes over his land o r  to grant the use of 
it to a non-riparian." The Wisconsin Attorney 
General has stated that: "Previous decisions in 
other states have held that a riparian owner could 
make any reasonable use of the water even on non- 
riparian land providing there was no unreasonable 
diminishment of the current and no actual injury 
to the present o r  potential enjoyment of the prop- 
erty of the lower riparian owner." 

Public Rights in Navigable Water: When a riparian 
uses navigable water, his uses may impinge upon 
public rights in the water. Private water uses a r e  
often completely consistent with the exercise of 
public rights in navigable streams and lakes, but 
serious conflicts may ar ise  between private ripar- 
i a n ~  and those seeking to exercise public use of 
a given watercourse. In that event, in Wisconsin 
the public rights will likely prevail. This does not 
mean that private riparian rights may in every 
case be taken o r  substantially abridged without 
compensation, for it has long been recognized that 
such rights a r e  property rights which cannot be 
"taken" for a public purpose without compensation. 

The Wisconsin Court might, however, treat the 
riparian's private property right a s  "inherently 

255 Wis.  252, 38 N .  W .  2d 712 (1949). 

39 Op.  A t t y .  Gen. 654 (1950). 



limited" by public rights in the water. The court 
might say that this limitation existed at the time 
the riparian acquired his private right and that he 
took subject to the limitation. This line of reason- 
ing would permit a holding that compensation need 
not be paid even though public uses impair private 
uses substantially. 

One of the important riparian rights attaching to 
lands bordering navigable lakes and streams is the 
right of access to water. It is recognized in Wis- 
consin that a riparian has a right of access from 
the front of his land to the navigable part of the 
stream o r  lake and the right to build a pier sub- 
ject only to legislative control. 

Test of Navigability: In order for public rights to 
attach, the water must be navigable. The Wiscon- 
sin Court's test of navigability has moved from 
one of commercial transport only to include suit- 
ability for recreational boating. Earlier the ques- 
tion was whether the stream o r  lake could be used 
to float products of the country to market for a 
significant period during the year. The principal 
product floated to market in those days was the 
sawlog, hence the so-called "sawlog" test of navi- 
gability. More recently, in 1952, the Wisconsin 
Court said: "Any stream i s  navigable in fact which 
is capable of floating any boat, skiff, o r  canoe of 
the shallowest draft for recreation 
The stream, pond, o r  lake does not in order to 
qualify a s  navigable have to be capable of floating 
a product to market o r  of floating a boat, skiff, 
o r  canoe every day of the year o r  every rod of i ts  
length o r  surface area. By the recreational boat- 
ing test, most natural ponds and lakes a re  navi- 
gable; and streams of even modest size may be 
navigable. Clearly the Root River and i ts  principal 
tributaries a r e  navigable by this test. 

Ownership of the Land Underlying a Water Body: 
Determination of ownership of a stream o r  lake 
bed may have important consequences. If the bed 
i s  privately owned, removal of material from the 
bed may be authorized by the owner so long a s  
there is no interference with the exercise of pos- 
sible public rights to use the water. If the bed is 
publicly owned, removal can only be with permis- 
sion of, and payment to, the state. 

Wisconsin holds that the beds of streams, whether 
navigable o r  non-navigable, belong to the owners 
of the adjacent shorelands, always subject, how- 

ever, to the overriding public servitude of naviga- 
tion and other public rights that adhere to naviga- 
ble water. Private proprietors whose lands make 
lateral contact with the waters of a stream own 
the bed to the middle o r  thread of that stream, 
regardless of whether the stream is navigable o r  
not. The bed owner is in a position comparable 
to a landowner whose land is subject to a public 
highway easement. 

Beds of natural navigable lakes a r e  owned by the 
state in trust for all of the people. A private pro- 
prietor whose lands abut the waters of a natural 
lake has no claim to any portion of the bed. The 
ownership of beds underlying man-made lakes 
o r  reservoirs, caused by damming a stream o r  
otherwise impounding a natural flow of water, re-  
mains in the hands of abutting landowners. Where 
the stream was navigable before i t  was dammed, 
the waters spread behind the dam a r e  likewise 
navigable. Thus, the privately owned bed of the 
reservoir in such a case seems to be subject to 
the same public servitude that originally applied 
to the undammed stream. 

Rights to the Use of Ground Water 
Wisconsin ground water law is based upon the so- 
called English absolute rights doctrine. The land- 
owner owns the ground water he captures in his 
well o r  otherwise. It is his to do with a s  he wishes, 
to use on the overlying land o r  elsewhere, and 
even to waste. 

The Wisconsin Legislature has intervened in this 
rather primitive legal thicket in only one way. It 
has required that a State Board of Health permit 
be obtained by anyone who desires a new o r  recon- 
structed well o r  well field which yields more than 
100,000 gallons a day. However, the ground on 
which the State Board of Health can deny a permit 
is narrow; namely, that the proposed well o r  wells 
will "adversely affect o r  reduce the availability 
of water to any public utility in furnishing water 
to o r  for the public." Interference with a nonpub- 
lic utility well, thus, is not a ground for denial of 
a permit. 

Diffused Surface Water Law 
The Wisconsin Supreme Court has defined diffused 
surface waters, more commonly known a s  storm 
water, a s  "waters from rains, springs, or  melt- 
ing snow which l i d r  flow on the surface of the 
earth but which do not form part of a watercourse 

ti Muench v. Public Service Comm., 
53 N.W. 2d 514 (1952). 

261 Wis. Wis. Stats. 144.03(8). See also Regulation of Well 
Drillers. Wis. Stats. 162.01. 



o r  a lake.lf8 A ravine which was usually dry ex- 
cept in times of heavy rains o r  s p i n g  freshets 
was early held by the Wisconsin Court not to be 
a watercourse, and the water in it was held to be 
diffused surface water. 

Riparian law does not apply to diffused surface 
water. The law that does apply deals not with 
water use rights but with conflicts which ar ise  in 
attempting to dispose of water. Where these con- 
flicts ar ise  between private landowners, the Wis- 
consin Court has evolved a s  case law the so-called 
"common enemy rule" regarding diffused surface 
waters. Basically, this rule permits a landowner 
who is seeking to improve his land to fight a s  
a "common enemyf' the diffused surface water in 
a particular drainage area. This he can do re-  
gardless of harm caused to others so long a s  he 
does i t  to improve his own land and so  long a s  he 
does not tap a new drainage area. The improve- 
ments may include grading, diking, ditching, and 
damming, but not the drainage of a natural pond 
o r  artificial reservoir. 

The prohibition against tapping water from a new 
drainage area  drops away where a municipal pro- 
ject i s  involved. Here the rule of law has been 
stated a s  follows: 

By constructing streets  and gutters 
within its limits, a city may change 
the natural watercourse so a s  to in- 
crease the flow of water upon private 
land. ' 

At least three general limitations upon this broad 
municipal power have been stated, two by the court 
and one by the Legislature: 

1. The municipality may not collect water in 
a body and then cast it on land in a large 
volume. 1 1  

2. A municipality that has collected water in 
a sewer o r  drain is liable for damages if, 
because of negligent construction o r  main- 
tenance, water i s  allowed to escape from 
the sewer o r  drain to adjacent land. ' 

Thomson v .  Pub l i c  Serv i ce  Comm., 241 Wis .  
5  N.W. 2d 769 ( 1 9 6 4 ) .  

Hoyt.  v .  C i t y  o f  Hudson, 27 W i s .  656 ( 1 8 7 1 ) .  

Tiedeman v .  Middle ton,  25 Wis .  2d 443 ( 1 9 6 4 ) .  

" Champion v .  Crandon, 84 .Wis. 405,  54 N.W.  775 
( 1 8 9 3 ) .  

l 2  Hart v .  N e i l s v i l l e ,  125 Wis .  546 ,  104 N . W .  699 
( 1 9 0 5 ) .  

3. Section 88.87 of the Wisconsin Statutes 
requires: 

Whenever any county, town, city, vil- 
lage . . . o r  the state highway com- 
mission has heretofore constructed 
and now maintains o r  hereafter con- 
structs andmaintains any highway . . . 
in o r  across any marsh, lowland, 
natural depression, natural water- 
course, natural o r  man-made channel 
o r  drainage course, it shall not im- 
pede the general flow of surface 
water o r  stream water in an unrea- 
sonable manner so a s  to cause either 
unnecessary accumulation of waters 
flooding o r  waters soaking uplands o r  
an unreasonable accumulation and 
discharge of surface waters flooding 
o r  waters soaking lowlands. 

In spite of the above language, municipal construc- 
tion projects a re  relatively immune from legal 
damages resulting from the interference with, o r  
rerouting of, draining surface waters. The rela- 
tive immunity enjoyed by municipalities presum- 
ably also applies to towns if the storm sewer sys- 
tem was built under appropriate statutory enabling 
authority. This authority exists where a town as-  
sumes village powers under Sections 60.18(12) and 
60.29(13) of the Wisconsin Statutes o r  where a spe- 
cial sanitary district has been created pursuant to 
Section 60.30 of the Wisconsin Statutes. It also 
exists, under Section 60.29(19) of the Wisconsin 
Statutes, where the county in which the town is 
located has a population of 150,000 o r  more. 

ENCROACHMENTS IN AND ALONG STREAMS- 
FLOOD PLAIN REGULATION 
Effective abatement of flooding can be achieved 
only by a comprehensive approach to the problem. 
Certainly, physical protection from flood hazards 
through the construction of dams, flood control 
reservoirs, levees, channel improvements, and 
other water control facilities i s  not to be com- 
pletely abandoned in favor of flood plain regula- 
tion. As urbanizationproceeds within a watershed, 
however, it becomes increasingly necessary to 
develop an integrated program of land use regula- 
tion of the flood plain within the entire watershed 
to supplement required water control facilities 
if efforts to provide such facilities a r e  not to be 
self -defeating. 



Principles of Flood Plain Regulation 
Certain legal principles must be recognized in the 
development i f  land use regulations to implement 
a comprehensive watershed plan. With respect to 
the flood plain areas of the watershed, these are: 

1. Contrary to the common assumption that 
flood plain regulations must seek to retain 
the entire flood plain in open-space uses, 
sound flood plain regulation may con- 
template permitting certain buildings and 
structures at appropriate locations in the 
flood plain. Any such structure, however, 
should comply with special design, anchor- 
age, and building material requirements. 

2. Sound flood plain regulation must recognize 
that the flood hazard is not uniform over 
the entire flood plain. Restrictions and 
prohibitions with respect to buildings and 
structures in the flood plain should, in gen- 
eral, be more rigorous in the channel it- 
self and in those areas of the flood plain 
subject either to more frequent flooding o r  
to dangerously high flood stages and veloc- 
ities and less restrictive in the rest  of the 
flood plain. 

3. Sound flood plain regulation must recog- 
nize, and be adjusted to, existingland uses 
in the flood plains. Structures may already 
exist in the "wrong places." Fills may be 
in place constricting flood flows o r  limit- 
ing the natural flood storage capacities 
of the river. The physical effects of such 
misplaced structures and materials on flood 
flows, stages, and velocities can be deter- 
mined; and flood plain regulation based on 
such determinations must include legal 
measures to bring about the removal of at 
least the most troublesome offenders. 

4. In addition to the physical effects of struc- 
tures or  materials, sound flood plain regu- 
lation must also be concerned with the 
social and economic effects, particularly 
the promotion of public health and safety. 
Beyond this, sound flood plain regulation 
must take into account such diverse and 
general welfare items a s  impact upon 
property values, the property tax base, 
human anguish, aesthetics, and the need 
for open space. 

5. Sound flood plain regulation must coordi- 
nate all forms of land use controls, includ- 
ing zoning, subdivision oontrol, and official 
mapping ordinances and housing, building, 
and sanitation codes. 

Land Use Regulation in Flood Plains 
Based upon these principles, a pattern of flood 
plain regulation i s  herein proposed which divides 
the total flood plain of a stream into three areas 
o r  districts: 1) the channel district, consisting of 
that part of the total flood plain occupied by the 
stream during periods of normal flow; 2) a pri- 
mary flood plain district, consisting of that part 
of the total flood plain occupied by the streamdur- 
ing floods having a relatively short recurrence 
interval, such a s  10 years; and 3) a secondary 
flood plain district, consisting of that part of the 
flood plain lying between the outer limits of the 
primary flood plain district and the outer limits 
of the entire flood plain, the latter being defined 
a s  that area occupied by the stream in floods hav- 
ing a relatively long recurrence interval, such a s  
100 years. 

Channel District Regulation: Sections 30.11, 30.12, 
and 30.15 of the Wisconsin Statutes establish rules 
for the placement of material and structures on 
the bed of any navigable water and for the removal 
of material and structures illegally placed on such 
beds. With approval of the Public Service Com- 
mission, pursuant to Section 30.11 of the Wiscon- 
sin Statutes, any town, village, city, o r  county 
may establish bulkhead lines along any section of 
the shore of any navigable water within i ts  boun- 
daries. Where a bulkhead line has been properly 
established, material may be deposited and struc- 
tures built out to the bulkhead line. A Public Ser- 
vice Commission permit is required for deposit 
of material or  the erection of a structure beyond 
the bulkhead line. Where no bulkhead line has been 
established, i t  is unlawful to deposit any material 
o r  build any structure upon the bed of any naviga- 
ble water unless a Public Service Commission 
permit has f irst  been obtained. 

The delineation of the outer boundary of the bed of 
a navigable lake o r  stream thus becomes a crucial 
legal issue, and the statutes provide no assistance 
in this problem. Where the lake o r  stream has 
sharp and pronounced banks, it will ordinarily be 
possible, using stage records, the testimony of 
knowledgeable persons, and evidence relating to 



types of vegetation and physical characteristics of 
the bank, to establish the outer limit of the stream 
o r  lake bed. '"he task can, however, present a 
difficult practical problem, particularly where the 
stream is bordered by low-lying wetlands. Where 
bulkhead lines have been established, however, 
o r  where the outer limits of navigable waters 
can be defined, existing encroachments in the 
beds of these navigable waters can be removed 
and new encroachments prevented under existing 
Wisconsin legislation. 

Primary and Secondary Flood Plain District Regu- 
lation: The Wisconsin Legislature has recognized, 
in the regulation of stream channel encroachments, 
that such regulation is an areawide problem tran- 
scending county and municipal boundaries and has, 
therefore, provided for state regulation. While it 
would appear to be a logical and relatively easy 
step to move from state regulation of channel en- 
croachments by the Public Service Commission to 
state flood plain regulation by the same agency, no 
flood plain regulation authority presently exists at 
the state level o r  even at the county level without 
town board approval. 

A bill presently pending before the Wisconsin Leg- 
islature l 4  would authorize counties to zone flood 
plains without town board approval. This bill 
would also create Section 87.30 of the Wisconsin 
Statutes, which would empower the State Depart- 
ment of Resource Development to adopt flood plain 
zoning regulations where it was found that any 
county, city, o r  village had not adopted a reason- 
able o r  effective flood plain zoning ordinance by 
January 1, 1968. 

The Wisconsin Industrial Commission has long 
held power to establish state level building safety 
codes.15 These codes have never specifically fo- 
cused on special anchorage, construction, safety, 
and material requirements of structures which 
a r e  proposed to be or  have been erected in a flood 

' The normal high water mark i s  d e f i n e d  by the 
Wisconsin Conservat ion Commission and the Wisconsin 
Public Serv ice  Commission as  that point a t  which the 
wa ters  o f  the s tream or  l a k e  remain long enough t o  
cause an o b s e r v a b l e  change i n  v e g e t a t i v e  t y p e  and 
d e n s i t y  o f  growth. In f i e l d  pract ice  these  s t a t e  agen- 
c i e s  at tempt  t o  e s t a b l i s h  the channel l i m i t s  by de- 
t e rmina t ion  o f  those  p o i n t s  where the t e r r e s t r i a l  
v e g e t a t i o n  ends and the a q u a t i c  v e g e t a t i o n  b e g i n s .  

l 4  Assembly B i l l  328, which passed the Assembly in  
the Spring o f  1965. 

l 5  Wis.  S t a t s .  101.01(12),  101.10(5); Haberman and 
Hoefel  t ,  "The Wisconsin S t a t e  Bui lding Code," 1947 
W i s .  L .  R e v . ,  373 .  

plain but could probably be amended to do so. The 
basic legal authority for such amendment already 
exists. The powers of the Wisconsin Industrial 
Commission, however, do not extend to all struc- 
tures. It does not have power, for example, over 
single- o r  two-family housing units. It does have 
power with respect to buildings which a re  used in 
whole o r  in part a s  a place of resort ,  assemblage, 
lodging, trade, traffic, occupancy, o r  use by the 
public o r  by three o r  more families. It is also 
given power to assure safe places of employment. 

The State Highway Commission and the State 
Board of Health presently possess state level 
subdivision plat review powers. These powers do 
not stretch out to encompass the full limits of the 
flood plain problem. Nevertheless, adaptations 
might be effected where these reviews concern 
land located within a flood plain to make a modest 
contribution to an integrated state-local program 
of flood plain regulation. For  example, the State 
Highway Commission regulations might impose 
more stringent performance standards in those 
situations wKere flood damage to roadways, cul- 
verts, and bridge structures situated within, o r  
close to, a subdivision seem likely. State Board 
of Health regulations applying to subdivisions not 
to be served by public sewers prohibit the de- 
velopment of subdivision lots which a r e  less than 
two feet above the high water elevation of a lake 
o r  stream o r  less than three feet above the highest 
ground water level. This regulation could be sup- 
plemented by prohibitions against the development 
of any lot where floodwaters would be backed o r  
constricted. Such regulation, however, under ex- 
isting law would apply only to subdivisions not 
served by public sewer. 

Another state level control available for land use 
regulation in flood plains is through public nui- 
sance actions brought by the Attorney General to 
remove, by injunction, existing structures o r  fill 
in the floodplain that substantially retard and con- 
strict the flow of navigable streams. Wisconsin 
cases directly in point a re  lacking, but a number 
of out-of-state cases could be used a s  prece- 
dents. l 6  In addition, there is gower granted by 
Wisconsin Statutes to abate old and dilapidated 
structures; and this power could be especially 
brought to bear on such structures situated in the 
flood plain. As a practical matter, however, an 
extensive program of "flood plain clearance," like 

l 6  See: " S t a t e  Regulation o f  Channel Encroachment,'' 
peuchert,  5 Nat .  Res.  J . ,  486 (1965) .  



a program of slum clearance, would require the 
expenditure of substantial public funds to buy out 
landowners whose structures a re  located in the 
wrong places. 

A good potential for intelligent land use regula- 
tion in flood plains exists at the county and local 
level of government if these units can be per- 
suaded to coordinate their zoning, subdivision 
control, and official mapping activities through 
the medium of a comprehensive watershed plan 
prepared by the Regional Planning Commission. 
In this respect, attention is directed to the follow- 
ing salient factors: 

1. Local subdivision control ordinances have 
a substantial and a s  yet largely unused po- 
tential for effective flood plain regulation 
of new development. To encourage the full 
development of this potential, the Com- 
mission has prepared a model subdivision 
control ordinance for consideration and ad- 
aptation by localunits of government within 
the Region. ' The salient portions of this 
ordinance which a r e  applicable to regula- 
tion of flood plain development a re  set forth 
in Appendix L. The Commission offers as-  
sistance to any local unit of government in 
the Region that desires to incorporate these 
provisions in i t s  ordinances. 

2. Local zoning ordinances also have a sub- 
stantial and a s  yet largely unused potential 
for  effective flood plain regulation. The 
aforementioned concept of dividing the flood 
plain into primary and secondary flood 
plain districts seems desirable. Grants 3 

of zoning enabling authority to cities, vil- 
lages, and towns, under Section 62.23(7) of 
the Wisconsin Statutes, and to counties, 
under Section 59.97 of the Wisconsin Stat - 
utes, appear broad enough to permit this. 
To encourage the full development of this 
potential, the Commission has prepared 
a model zoning ordinance for considera- 
tion and adaptation by local units of gov- 
ernment within the Region. '' The salient 
portions of this ordinance which a r e  ap- 
plicable to regulation of flood plain devel- 
opment a re  set forth in Appendix L. The 
Commission also offers assistance to any 

' See SEWRPC Planning Guide No. 1, Land Development 
Guide, November 1963. 

' ' see SEWRX Planning Guide No. 3, Zoning Guide, 
April 1964. 

local unit of government in the Region that 
desires to incorporate these provisions in 
i t s  ordinances. 

3. Local building and safety codes can also be 
used to impose special requirements for 
any buildings permitted in the primary and 
secondary flood plain districts. 

4. Finally, the extraterritorial zoning powers 
avaiIable to cities andvillages in Wisconsin 
under Section 62.23(7)(a) of the Wisconsin 
Statutes and extraterritorial subdivision 
control powers available under Section 236 
of the Wisconsin Statutes should be noted. 
These powers might be especially useful in 
regulating through local action flood plains 
lying above and below municipal corpor- 
ate limits. 

To effectively regulate the use of land in the flood 
plain of the Root River, the subdivision control 
ordinances, zoning ordinances, official map ordi- 
nances, building codes, safety codes, and nuisance 
control ordinances of all of the local units of gov- 
ernment within the watershed must be closely 
coordinated. The medium for such coordination 
exists in the Southeastern Wisconsin Regional 
Planning Commission, in the hydrologic and hy- 
draulic data and land use andwater control facility 
plans prepared a s  a part of the Root River study, 
and in the model zoning and subdivision control 
ordinances prepared by the Commission a s  a part 
of i t s  continuing planning program. Final action, 
however, rests  entirely with the local governing 
bodies. These bodies can, if they choose, not only 
request the Commission to assist them in prepar- 
ing necessary plan implementation ordinances but 
can request the Commission to assist  them in the 
review of all flood plain zoning and platting pro- 
posals affecting the Root River. 

POLLUTION CONTROL 
Inasmuch a s  the Root River watershed study was 
intended to deal with problems of water quality, a s  
well a s  of water quantity, and recommends stream 
water quality goals for  the Root River basin, it is 
necessary to examine the existing and potential 
legal machinery through which attainment of water 
quality goals may be sought at various levels of 
governmental and private action. 

State Water Pollution Control Machinery 
State level water pollution control in Wisconsin 
is centered primarily in the State Committee on 



Water Pollution and the State Board of Health. 
Lesser roles a r e  carried out by the Public Ser- 
vice Commission and the Wisconsin Conserva- 
tion Commission. 

The State Committee on Water Pollution deals pri- 
marily with pollution of surface water that does 
not directly endanger public health, principally 
pollution through discharge to surface waters of 
industrial wastes. The State Board of Health deals 
primarily with surface water pollution that may 
directly threaten public health, principally through 
the discharge to surface waters of sanitary wastes. 
In addition, the Board has general responsibilities 
for  the control of ground water pollution. This 
practical division of responsibilities between the 
Committee and the Board could not ripen and, 
indeed, has not ripened, in the view of existing 
statutory language, into a legal division of respon- 
sibilities. This explains why the large majority 
of pollution control orders a r e  issued jointly in the 
names of both of these regulative bodies, though 
the agency staff work underlying a particular order 
may have been performed primarily by one o r  the 
other of these two agencies. 

The actual pollution control program, a s  adminis- 
tered by these two agencies, while competent and 
thorough, i s  time consuming. Rather than attack 
pollution solely on a case-by-case basis, i t  has 
been the sound practice of both of these two agen- 
cies to examine o r  survey entire r iver basins o r  
major sectors thereof. These basin studies in- 
volve a water quality sampling program; physical, 
chemical, and biological analyses of the samples; 
and preliminary assessment of the results. All 
probable polluters-private, industrial, and mu- 
nicipal-who utilize a particular watercourse to 
carry  away effluent a r e  given notice that such 
a study i s  taking place and will be followed by 
public hearings, usually held within the river 
basin under study, at  which time the preliminary 
findings a r e  presented and at which the polluters 
can appear and submit statements in refutation, 
defense, o r  mitigation. Findings based upon the 
results of the study and subsequent hearing a r e  
summarized in a stream pollution report, wherein 
the extent of each stream user ' s  contribution to 
the total pollutant load and his individual efforts 
to minimize o r  control the polluting qualities of 
his effluents a re  documented. The next step in 
the procedure, after all analyses have been com- 
pleted, the hearing of testimony ended, and the 
basin pollution report prepared, i s  the preparation 
of orders addressed individually to each polluter 

on the stream directing him to take such action a s  
the Committee and Board jointly feel i s  necessary 
to reduce or  eliminate his contribution to the pol- 
lutant load of the stream. The unique circum- 
stances of each polluter a r e  thus known and can 
be taken into account in framing these orders,  and 
a reasonable time limit in which to comply can 
be established. 

The major difficulty with existing state water 
pollution control machinery i s  the long time lag 
between detection and remedy. The phase span- 
ning initial investigation, sampling, analysis, and 
hearing to the issuance of an order for improve- 
ment requires from six to nine months. An addi- 
tional six months to a year may be allowed for 
compliance, and time extensions for compli- 
ance a r e  given if cause can be shown. Moreover, 
a basic policy of the Committee and Board has 
been to rely primarily on education and persua- 
sion for pollution abatement action; and resort  
to court enforcement of pollution control orders, 
consequently, i s  seldom used and then only a s  
a last resort. 

If state pollution control, a s  administered by these 
two agencies, is to become more effective in rap- 
idly urbanizing areas,  some means of shortening 
the interval between discovery of a pollution prob- 
lem and enforcement of abatement orders must 
be developed. A greater willingness to resort  to 
legal action on the part of the Board o r  Committee 
may be a start. Quick fines for failure to comply 
with a single stage of a multiple stage order would 
also help. Finally, i t  may be helpful to concen- 
trate all pollution cases in one Circuit Court to 
build judicial expertise in this complex field. 

The Public Service Commission has an indirect 
role in surface water pollution control under Sec- 
tion 31.02(1) of the Wisconsin Statutes, which im- 
poses a statutory mandate 'I. .  . to regulate and 
control the level and flow of water in all navigable 
waters . . . . ' I  The ability of any body of water to 
assimilate wastes depends in part upon the quan- 
tity of water available for dilution. Therefore, 
stage and streamflow a r e  key considerations in 
determination of the total volume of pollutants 
which a body of water can naturally absorb with 
only minimal changes in water quality. There a r e  
instances of record where the Public Service Com- 
mission has refused to grant o r  has restricted 
irrigation permits on the grounds that the diver- 
sion would lower downstream water levels to the 
extent that the stream could not then assimilate 



existing municipal sewage treatment plant effluent 
loads and that a stream pollution problem would 
thus be created, 

Among the state agencies, the Wisconsin Conser- 
vation Commission has water pollution control 
responsibilities that a re  second in importance only 
to those of the State Committee on Water Pollution 
and the State Board of Health. Under the provi- 
sions of Section 23.09(1) of the Wisconsin Statutes, 
the Commission is charged with establishing: 

. . . an adequate and flexible sys- 
tem for  the protection, development, 
and use of forests, fish and game, 
lakes, streams, plant life, flowers 
and other outdoor resources in the 
State of Wisconsin. 

Water quality and pollution of lakes and streams 
are ,  therefore, of direct concern to the Commis- 
sion. Though broad programs and the day-to-day 
routine of pollution control a r e  left to the State 
Board of Health and the State Committee on Water 
Pollution, the Conservation Commission often be- 
comes involved with the problems of pollution when 
an abnormally high surge of pollutants in a par- 
ticular reach of the stream results in a fish kill. 
Under Section 23.095(1) of the Wisconsin Statutes, 
it is "unlawful for any person, firm, o r  corpora- 
tion unreasonably to waste o r  maliciously injure, 
destroy o r  impair any natural resource." If the 
cause of the fish kill is not natural, and following 
investigation i t  is attributed to man-made pollu- 
tion, the Commission is empowered to immediately 
bring a civil action to recover damages for the 
killed fish. Amounts range from $2 to $10 per fish 
depending on species. Thus, the aggregate penalty 
can be substantial when, a s  may be the case, many 
thousands of fish a r e  killed a s  the result of a heavy 
discharge of pollutant. The severity of the penalty 
and the immediacy of the response thus serves to 
deter to some extent single acts of pollution which 
a r e  so detrimental to water quality a s  to arouse 
the attention of the Conservation Commission. 
This approach is not, however, effective in cor- 
recting slow, long-term increases in pollution 
which may eventually so  degrade water quality a s  
to completely destroy a fishery. 

Metropolitan Water Pollution Control Machinery 
The Metropolitan Sewerage Commission of the 
County of Milwaukee, under Section 59.96 of the 
Wisconsin Statutes, has the power to establish and 

carry  out a program of water pollution control. 
The broad mandate to the Commission states that 
they shall project, plan, and construct main sew- 
e r s ,  pumping, and temporary disposal works for 
the collection and transmission of house, indus- 
trial,  and other sanitary sewage to and into the 
intercepting sewerage systems of such district and 
may improve any watercourse within the district 
by deepening, widening, o r  otherwise changing the 
same where, in the judgment of the Commission, 
i t  may be necessary in order to carry  off surface 
o r  drainage waters. To assist  the Commission in 
carrying out these functions, the Statutes further 
state that any town, city, o r  village in the dis- 
charge of sewage effluent into any river o r  canal 
within the county o r  drainage area may be subject 
to such regulations a s  the Commission may deter- 
mine; and the Commission may make and promul- 
gate and enforce such reasonable rules for the 
supervision, protection, management, and use of 
the entire sewerage system a s  i t  deems expedi- 
ent. The enabling legislation contemplates that the 
county-wide Metropolitan Sewerage Commission 
would work closely with the Sewerage Commission 
of the City of Milwaukee, orginized pursuant to 
Chapter 608, Laws of 1913. The older Sewerage 
Commission of the City of Milwaukee has broad 
regulative powers similar to those cited above.19 
Thus, these two commissions have broad powers 
to regulate all aspects of private, industrial, and 
municipal effluent discharges which at  any time 
enter into either the county-wide metropolitan 
sewerage system o r  the City of Milwaukee sewer- 
age system and can use these powers to maintain 
reasonable water quality standards in receiving 
streams; a s  for example, that part of the Root 
River within the metropolitan district limits. 

Local Water Pollution Control Machinery 
All towns, villages, and cities in Wisconsin have, 
a s  part of the broad grant of authority by which 
they exist, sufficient police power to regulate by 
ordinance any condition o r  set of circumstances 
bearing upon the health, safety, and welfare of the 
community. Presumably, the water quality of a 
receiving stream o r  the polluting capability of 
effluent generated within the municipal unit would 
fall within this regulative sphere by virtue of i ts  
potential danger to health and welfare. In addition, 
towns, under the provisions of Section 60.30 of the 
Wisconsin Statutes, may establish sanitary dis- 
tricts; and cities and villages, under Section 66.20 
of the Wisconsin Statutes, may establish sewerage 

19chapter 608, Laws of Wisconsin 1913, particularly 
Section S(c)(h) . 
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districts, both of which bodies, under Sections 
60.306(2) and (2)(m) and 66.205(7) of the Wiscon- 
sin Statutes, respectively, have broad regulative 
powers not dissimilar to those of the Metropolitan 
Sewerage Commission of the County of Milwaukee, 
which seemingly would enable a program of water 
quality and pollution control to be carried out by 
these local units of government. 

Private Steps for Water Pollution Control 
Each of the previously discussed methods of pol- 
lution control depend upon an agency of government 
taking action within the framework of statutorily 
delegated powers. Any number of factors may in- 
tervene to negate the application of such controls. 
Attempts to control water pollution by the direct 
action of a private individual o r  organization in 
the courts may not only be the quickest but also in 
some cases the most effective pollution control 
device available. This avenue of relief i s  little 
used, however, probably because of the heavy 
costs involved in meeting the burden of proving 
"unreasonable pollution. l '  

It i s  not enough for a riparian proprietor seeking 
an injunction to show simply that an upper ripar- 
ian i s  polluting the stream and thus he, the lower 
riparian, i s  being damaged. Courts will often in- 
quire a s  to the nature and the extent of the defen- 
dant's activity; i ts  worth to the community; i ts  
suitability to the area; and their present attempts, 
if any, to treat wastes. The utility of the defen- 
dant's activity is weighed against the extent of the 
plaintiff's damage within the framework of reason- 
able alternatives open to both. On the plaintiff's 
side, they 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 may cause the court to 
conclude that the plaintiff i s  entitled to a judicial 
remedy. Whether this remedy will be an injunc- 
tion o r  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 o r  industry i s  involved, the court 
recognizing equities on both sides might not grant 
an injunction stopping the defendant's activity but 
might compensate the plaintiff in damages. In ad- 
dition, the court may order the defendant to install 
certain equipment o r  to take certain measures de- 
signed to minimize the future polluting effects of 
his waste disposal. 

It i s  not correct to characterize this balancing a s  
simply a test of economic strengths. If i t  were 

simply a weighing of dollars and cents, the rights 
of small riparians would never receive protection. 
The balance that is struck i s  one of reasonable 
action under the circumstances, and small ripar- 
i a n ~  can be and have been adequately protected by 
the courts. 

Riparians along the Root River a r e  not foreclosed 
by the existence of state o r  local pollution control 
efforts from attempting to asser t  their common 
law rights in court. The court may ask the State 
Board of Health o r  the State Committee on Water 
Pollution to act a s  i t s  master in chancery, espe- 
cially where unbiased technical evidence i s  nec- 
essary 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 ad- 
ministrative remedies must f irst  be exhausted 
before an appeal to the courts may be had o r  
that any derogation of common law judicial re-  
medies was intended. Thus, the courts a r e  not 
prevented from entertaining an original action to 
abate pollution. 

Federal Water Pollution Control Machinery 
The United States Congress in 1965 enacted a Water 
Quality Act. Under the provisions of this act, 
states a re  given until July 1, 1967, to establish 
satisfactory water quality criteria, o r  standards, 
to protect interstate waters. Lake Michigan is an 
"interstate water'' under the act. If pollutants in 
the Root River a s  it flows into the lake adversely 
affect the quality of Lake Michigan water, fed- 
era l  action to abate the pollution might ultimately 
be undertaken in the event that the State of Wis- 
consin should fail to take acceptable action. In any 
event, federal pressure almost certainly would be 
brought to bear on the state to prescribe and en- 
force meaningful water quality standards. 

CONSTRUCTION OF WATER CONTROL FACILI- 
TIES BY LOCAL UNITS OF GOVERNMENT 
Sound physical planning principles dictate that 
a watershed be studied in i ts  entirety, if prac- 
tical solutions a re  to be found to water-related 
problems, and that plans and plan implementa- 
tion programs, including the construction of water 
control facilities, be formulated dealing with the 
interrelated problems of the watershed a s  a whole. 
A watershed, however, typically is cut in a most 
haphazard fashion by a complex of man-made 
political boundaries-county, city, village, town, 
and special district. When public works projects 
covering and serving an entire watershed a r e  con- 



templated, these artificial demarcations become 
important because they limit the jurisdiction-the 
physical area within which any one particular a r m  
of local government may act. Several possibilities 
exist, with respect to the Root River, by which 
this limitation may be overcome. These include 
delegation of the task to the SEWRPC, creation of 
a special development district, and delegation of 
the task to the Metropolitan Sewerage Commission 
of the County of Milwaukee. 

The Role of the Regional Planning Commission 
The language of Section 66.945(8)(a) of the Wis- 
consin Statutes clearly limits the role of regional 
planning commissions to planning and advisory 
functions. Yet Section 66.30 of the Wisconsin Stat- 
utes would seem to permit the SEWRPC, pursuant 
to a valid contractual arrangement with the local 
units of government, to carry  out comprehensive 
public works projects within an entire watershed 
for,  and in behalf of, the contracting municipal 
units. The resolution of this apparent statutory 
conflict may simply lie in the argument that Sec- 
tion 66.945 of the Wisconsin Statutes, under which 
the SEWRPC was organized, does not expressly 
permit an implementing role to be played by the 
Commission and thus overrides what appears to 
be the enabling provisions of Section 66.30 of the 
Wisconsin Statutes. 

The local units of government concerned, however, 
could in any case proceed without the SEWRPC, 
under the provisions of Section 66.30 of the Wis- 
consin Statutes, to implement specific water con- 
trol facility plans under a mutual contractual 
relationship. If i t  is assumed that the benefits of 
comprehensive watershed public works accrue 
in some rough proportion to all of the municipal 
units involved and that the self-interest and sense 
of propriety of each would impel them all to be 
party to a contract, then the contractual provi- 
sions of Section 66.30 of the Wisconsin Statutes 
seem completely capable of dealing with the prob- 
lem. A commission separate and distinct from 
the SEWRPC could be set up to administer the 
contract, o r  seemingly any other administrative 
device mutually agreed upon may be set up to 
carry out the joint public works projects deemed 
necessary. Recent legislation may make this ap- 
proach all the more feasible inasmuch a s  i t  i s  now 
possible to finance "the acquisition, development, 
remodeling, construction, and equipment of land, 
buildings, and facilities for regional projects" by 
a joint bond issue backed in allocate shares by the 
contracting local units. 'O  

"Chapter  238, Laws o f  Wisconsin 1965. 

The Use of Special Districts 
Another possibility for areawide water control 
facility plan implementation is through the creation 
of a special district embracing the entire water- 
shed and capable of raising revenues through taxa- 
tion and bonding, acquiring land, and constructing 
and operating the necessary facilities and other- 
wise dealing with the wide range of problems, 
alternatives, and projects inherent in comprehen- 
sive watershed planning. Such a district might be 
specifically charged in the enabling legislation by 
which i t  is created with carrying out the plans 
formulated by the SEWRPC. Though such enabling 
legislation has been proposed to the Wisconsin 
Legislature in the past, it has not, to date, re-  
ceived approval and thus is not presently available 
a s  a means of dealing with the problem. However, 
i ts  broad approach and long-run desirability may 
dictate that the Legislature be reapproached with 
strengthened legislation towards these ends. 

Present legislation, Section 92 of the Wisconsin 
Statutes, authorizes the creation of soil and water 
conservation districts, the boundaries of which a r e  
coterminous with county lines. There exists such 
a district in each county of the Root River basin. 
These districts to date have had a strong agricul- 
tural orientation. In southeastern Wisconsin their 
efforts have been focused primarily on inducing in- 
dividual farmers to use good soil management and 
conservation techniques. Respective county board 
agricultural committee members a r e  ex officio the 
board of supervisors of the soil and water conser- 
vation districts. Of major practical significance is 
the fact that these districts have no taxing, special 
assessment, o r  bonding power. They a r e  com- 
pletely dependent upon county funds and U. S. De- 
partment of Agriculture grants for their finances. 
Federal grants under Public Law 83-566 can be 
obtained by such districts for the construction of 
flood control projects only iE the federal precondi- 
tions a re  met. If, however, any proposed water 
control facilities within the Root River water- 
shed can meet these requirements, these dis- 
tricts may serve a s  an agent for federal financing 
of the project. 

The Metropolitan Sewerage Commission of the 
C- 
It is also possible that the Metropolitan Sewerage 
Commission of the County of Milwaukee could 
carry  out public works improvements along the 
entire length of the Root River under the provisions 
of Section 59.96(6) (a) of the Wisconsin Statutes. 
A question ar ises  as  to howfar outside the district 



limits the Commission may go in making stream 
improvements. Certainly no definite distance in 
miles can be given. Where the proposed improve- 
ment has no or  only a very slight relationship to 
the carrying off or movement of potential flood- 
water arising within the district, the courts may 
not permit the district to reach out very far beyond 
its boundary. On the other hand, where a large 
volume of water to be controlled originates within 
the district or  becomes an increased flood threat 
to downstream landowners by virtue of having been 
channeled, collected, or  accelerated inflow within 
the district, the courts may allow the Commission 
to reach out many miles to construct improve- 
ments designed to alleviate the hazard. It appears 
that the Metropolitan Sewerage Commission of the 
County of Milwaukee may obtain financial support 
from any governmental unit outside the district 
which would be benefited by the improvement. 
This may be accomplished by contract with such 
governmental unit under Section 5 9.96 (6) (a) of the 
Wisconsin Statutes. I€ the Commission encounters 
a reluctance on the part of any municipal unit to 
obligate itself to pay its fa ir  share of the improve- 
ment cost, the provisions of Section 59.96(7)(a) of 
the Wisconsin Statutes seemingly give to the Com- 
mission the power to levy the amount required. 

SPECIFIC LEGAL CONSIDERATIONS IN THE 
ROOT RIVER WATERSHED 
Certain specific legal problems became apparent 
a s  work on the Root River watershed study pro- 
ceeded. These dealt with the backing of flood- 
waters into established agricultural drains, the 
location of the watershed boundary itself, inter- 
basin water diversion, and private dams. All re- 
ceived special study. 

Legal Implications of Temporarily Backing Flood- 
waters Into Agricultural Drains 
One type of water control facility being considered 
for incorporation in the Root River watershed plan 
is the retention reservoir. While retention reser- 
voirs sometimes provide a practical engineering 
approach to water control problems, the construc- 
tion of such reservoirs presents certain legal 
problems which must be recognized and considered 
before a final plan selection i s  made. One of these 
concerns the legal consequences of ponded water 
which may damage the improvements of drainage 
districts or  nullify the effect of privately owned 
farmadrains and tiles. A drainage district would 
have a cause for action if it could prove injury re- 
sulting from the backing of floodwaters into its 
drainage system. The Iegal remedy of damages 

can be employed even though the equitable remedy 
of injunction may not be available to prevent con- 
struction or use of retention reservoirs. From 
the standpoint of expediency and simplicity, the 
drainage district might negotiate the sale of aflow- 
age right. I€ this i s  not feasible, an action can be 
brought by the drainage district each time that 
temporary flooding causing provable damage oc- 
curs. If the damage i s  permanent, that is,  con- 
stitutes a "taking, l1 the drainage district can initi- 
ate inverse condemnation proceedings. 

The governmental unit considering construction 
of retention reservoirs seemingly has two ap- 
proaches available to it. One of these might be 
called tlactive.ll Here the purchase of a flowage 
right i s  sought or condemnation proceedings com- 
menced. An active approach .has the advantage of 
doing today what might prove considerably more 
expensive if done at a later date. Furthermore, 
if any liability for damage appears imminent, it 
should be fixed and limited in advance, rather than 
left open and uncertain as  to amount. The other 
general approach i s  just the opposite, an "inactivef1 
or  wait and see attitude. This approach seems 
especially attractive in the Root River watershed 
owing to the infrequency, short duration, and the 
usually early spring occurrence of major flooding 
on the Root River. No actual injury to drainage 
districts may ever occur. Thus, simply building 
the retention reservoirs without seeking to con- 
demn land or  acquire flowage rights and deal- 
ing with any damage claims if and when they do 
arise may be the least costly and simplest way 
of proceeding. 

The legal alternatives open to private individuals 
are  identical with those described above wherein 
the drainage district was portrayed opposite a gov- 
ernmental unit. Individual farmers are  in no way 
prevented from suing or acting on their own behalf 
either in law or in equity to preserve their inter- 
ests in whatever drainage improvements they may 
have created on their lands. 

The Root River Watershed Boundary 
One of the more important legal questions encoun- 
tered early in the Root River watershed study 
involved delineation of the watershed boundary. 
Early investigation revealed that some question 
existed as  to whether the true historical northwest 
boundary of the Root River watershed excluded the 
land drained by, and the waters of, Muskego Lake 
and Little Muskego Lake a s  shown on the Official 
Map of the watershed prepared by the SEWRPC, 



No. RT-1, dated January 1965 (see Map 1) o r  
whether the true historical boundary included this 
landand these waters, thus enlarging in a westerly 
direction the total size of the watershed by approx- 
imately 21,000 acres  (32.8 square miles). The 
question posed is of legal interest because it in- 
volves a possible diversion of international waters. 
The lands and waters in question presently drain 
into the Fox-Illinois River system and thence to 
the Gulf of Mexico. If the true historical boundary 
of the Root River watershed included these waters, 
they at one time drained into Lake Michigan. 

The problem becomes more immediate and mean- 
ingful inasmuch a s  the Metropolitan Sewerage Com- 
mission of the County of Milwaukee i s  currently 
undertaking a program of expanding sanitary sew- 
erage facilities, premised in part on a reassertion 
of what that agencybelieves to be the true and his- 
toric watershed boundary of the Root River and 
a reading of Sections 59.96 (6) (a) and 59.96 (9) (c) of 
the Wisconsin Statutes. Riparians who have re- 
lied for some time on the present boundary of the 
watershed a r e  likely to resist any change. 

As might be expected, there i s  some evidence to 
support either point of view. The weight of evi- 
dence to date, however, seems to indicate conclu- 
sively that Little Muskego Lake and Muskego Lake 
have naturally and historically drained into Wind 
Lake and thence into the Fox-Illinois River sys- 
tem, thus excluding these waters and the lands they 
drain from the Root River watershed. Subsequent 
man-made improvements of this natural drainage 
pattern would not at the time they were made o r  
now provide any legal basis for altering the his- 
toric watershed boundary. 

The most important single piece of evidence in- 
dicating that these lands and waters drained in 
a southerly direction and eventually into the Fox- 
Illinois River system is the original United States 
Public Land Survey conducted in the Region in 
1836-1837. The field notes of the government sur- 
veyor and detailed accompanying plats, which a re  
on file in the State Land Office, Madison, Wiscon- 
sin, clearly indicate that a major natural drainage 
existed in Section 33, Township 5 North, Range 
20 East, moving in a southerly direction between 
Muskego and Wind lakes. Little Muskego Lake and 
the waters above it a re  shown to flow into Muskego 
Lake; and from an examination of these notes and 
plats, there can be no doubt that the waters of 
Wind Lake flowed into the Fox River. Further- 
more, these notes and plats fail to show any natu- 

ral  drainage from the northeast portion of Muskego 
Lake to the Root River. On the contrary, the gov- 
ernment surveyor indicated that much of the nor- 
thern, northeastern, and eastern shore of the lake 
had a three- to four-foot bank, while most of the 
western, southwestern, and southern shore was 
low-lying marsh and swampland. In those few in- 
stances where small marsh o r  swamp areas abut 
the northeastern shore of the lake, the surveyor 
indicated that their course of drainage was into the 
lake and not away from it  towards the Root River. 

Laws passed by the Wisconsin Legislature in 
1887 and 1890 permitted man-made improvements 
to be carried out in these natural drainage pat- 
terns between Muskego and Wind lakes. Man- 
made improvements of previously existing natural 
drainage patterns cannot be considered a diversion 
of waters. 

Evidence that these waters at one time flowed into 
the Root River may be inferred from a number of 
early laws of Wisconsin authorizing private par- 
ties to drain the waters of Muskego Lake into the 
Root ~ i v e r . ~ '  The enabling legislation, however, 
does not state that these waters naturally flowed 
into the Root o r  that the improvement authorized 
was in conformity with any previously existing 
natural flow. As to some later maps showing 
a flowage to have existed from Muskego Lake into 
the ~ o o t , ' ~  i t  would be a curt, though not wholly 
unwarranted, answer to say simply that the maps 
were improperly drawn. This is not an entirely 
satisfactory explanation, however. 

A plausible explanation has been advanced by 
Mr. George F. Hanson, Wisconsin State Geolo- 
gist. He notes that the entire area was historically 
very poorly drained and that no sharp watershed 
divides existed. He theorizes that in such cir-  
cumstances it would not be impossible, during 
periods of peak flow o r  exceptionally high runoff, 
for waters to drain temporarily in both directions; 
that i s ,  south into the Fox River and northeast into 
the Root River. In other words, what was shown 
on some maps a s  marsh o r  small flowages moving 
into Muskego Lake from the northeast may, dur- 
ing periods of extremely wet weather and high 
runoff, have actually moved away from the lake, 

2 1  Laws o f  Wisconsin 1854, Chapter 262; 1856, Chap- 
t e r  498; and 1868, Chapter 198. 

2 2  Map o f  1878 found i n  the His tor ical  A t las  o f  
Wisconsin, published by Snyder Van Vechten and Co. o f  
Milwaukee, and an 1891 USGS map on f i l e  i n  the o f f i c e  
o f  the Wisconsin Geological  andNatura1 His tory  Sur- 
v e y ,  Madison, Wisconsin. 



spilling over into the Root River system. As the 
waters receded to more normal levels, these flow- 
ages would once again move into Muskego Lake. 
After the man-made improvements in the natural 
drainage patterns between Muskego and Wind 
lakes, which lowered the level of Muskego Lake 
substantially, such a phenomenon, drainage into 
two major watersheds, would be almost impossible. 
Some evidence tending to support Mr. Hanson's 
theory may be found in the fact that during the 
period 1875 to 1878, shortly before one of the 
maps in question was prepared, the U. S. Weather 
Bureau Station at  Milwaukee recorded a cumula- 
tive total of 51.64 inches of water in excess of the 
normal rainfall for this period. As a result, sur-  
veyors working at  that time may very well have 
encountered the situation Mr. Hanson described 
and so  recorded it on their maps. 

Interbasin Water Diversion 
Another one of the more important legal problems 
in water resources planning concerns interbasin 
diversion. The traditional common-law riparian 
doctrine which, for the most part is still in effect 
today, forebade the transfer of water between 
watersheds. This was regarded a s  a non-riparian 
use of water and often gave rise to a per se viola- 
tion. It must be recognized, however, that states 
by legislative action can and have created excep- 
tions to this generaldoctrine and that major inter- 
watershed diversions have on occasion taken place. 
A prominent example is the diversion of water 
from the Lake Michigan-St. Lawrence River drain- 
age basin to the Mississippi River drainage basin 
via the Chicago and Illinois rivers. 

Such diversions a r e  not made without great legal 
difficulty. Two major groups of individuals 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 
private o r  public agencies carrying out the diver- 
sion. The first  group a r e  those riparians along 
the stream from which the diversion is made. If 
the diversion is  total, that i s ,  if the entire flow i s  
permanently terminated, courts will have little 
difficulty finding that a '9aking" of private prop- 
erty had occurred. A buying out of these property 
interests would then almost certainly be required, 
regardless of the public benefit which might ac- 
crue from such a diversion. If either less than 
the entire flow is  diverted o r  if the entire flow i s  
diverted, but for only limited and determinable 
periods of time, then the question of reasonable- 
ness enters in. If under the circumstances of 

a particular case the diversion is unreasonable, 
then compensation more than likely will have to 
be paid. If, too, the plaintiff can show damages 
a s  a direct result of either the less  than total flow 
diversion o r  the total flow diversion which occurs 
only periodically, he may be able to recover these 
damages even though the diversion i s  otherwise 
termed reasonable. 

The second group of individuals who may be in 
a position to asser t  legal rights a r e  those whose 
lands abut the stream o r  lake shore into which 
the diversion i s  made. The diverter i s  liable to 
these riparians for lands taken o r  damages caused 
a s  a consequence of the unnatural increased flow. 
If the increased flow i s  permanent and overflows 
property beyond the normal lake o r  stream high 
water mark, a compensable "taking" of this newly 
overflowed property will have occurred. If the 
increased flow i s  minimal o r  occurs only occa- 
sionally, the question of reasonableness, to be 
determined in the context of all of the relevant 
facts in each particular case, is again present. 
If found unreasonable, compensation must be paid. 
Again, if the plaintiff can show damages, he will 
probably be compensated, though in other respects 
the increased flow may be deemed reasonable. 
Obviously, if an interbasin water diversion i s  of 
major proportions, the number of people in either 
o r  both of these two groups of riparians will be 
very large. Consequently, the amount of land in- 
volved and the total cost of compensation for land 
taken and/or for damages may be great. This can 
be and in fact is a major factor in preventing such 
interbasin diversions. 

Another problem ar ises  in Wisconsin with regard 
to interbasin navigable stream diversions. It would 
appear that the consent of the state a s  guardian 
"in trust1' of public rights in all navigable 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 pul?lic rights in the stream." This 
certainly seems to preclude the diversion of the 
total flow of a stream because ,that would not just 
injure but would actually terminate public rights 
in that stream. In other words, consent for such 
a diversion could not legally be given. The diver- 
sion of less than the total flow would seemingly 
present a question of fact a s  to whether o r  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, further- 
more, seems to preclude interbasin diversion of 
any but surplus waters a s  defined in the statute.23 
Once again, the diversion of any major quantity of 
water must be considered unlikely under the pro- 
visions of this statute. 

A last but important factor militating against in- 
terbasin stream diversions which in any way affect 
interstate o r  international waters, a s  might well 
be the case in southeastern Wisconsin, i s  the cur- 
rent and longstanding litigation between Wisconsin 
and Illinois in the Supreme Court of the United 
States concerning the Chicago diversion and de- 
velopments arising therefrom. A central point in 
the Wisconsin argument before the court is that 
interbasin diversions which reduce o r  alter the 
level o r  flow of waters in one state o r  country in 
favor of another state o r  country a r e  illegal. The 
tactical position of Wisconsin, in light of i t s  long- 
held position in this litigation, would be seriously 
weakened if it permitted 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 a s  a whole 
would thus have to be weighed against the long- 
standing and apparently deeply felt issues involved 
in this U. S. Supreme Court litigation. 

Private Dams 
One of the specific problems encountered in the 
Root River watershed planning program involves 
the disposition of an existing mill dam, Horlick 
Dam located near STH 38 in Racine County. Here 
a dam has created a flowage o r  impoundment, and 
landowners whose lands abut the flowage have re-  
lied over a period of time on the artificial condition 
created by the dam. This reliance is evidenced by 
home and recreation facilities constructed in close 
proximity to, and because of, the flowed water. 
The Supreme Court has recently stated the appli- 
cable law: '' 

If an artificial body of water is cre-  
ated, landowners incidentally bene- 
fited a r e  entitled to injunctive relief 
to prevent disturbance of the new 
state of the water. Wisconsin pre- 

2 3  Wis. Stats. 30.18(2). Surplus water as used in 
this section means any water of a stream which is not 
being beneficially used. The PublicServiceCommission 
may determine how much of the flowing water at any 
point in a stream is surplus. 

2 4  Tiedeman v. Middleton, 25 Wis. 2d 443 (1964). 

scriptive rights cases involving pro- 
prietors of lands which border bodies 
of water, who in some way relied on 
the new water level which was main- 
tained by another's dam hold that 
when the artificial level of the water 
is continued for a considerable period 
of time, usually 20 years, i t  becomes 
a natural condition. 

So in cases where a dam created a flowage, which 
is now more than 20 years old, owners on theflow- 
age seemingly a r e  able to compel the owner of the 
dam to continue to maintain it. 

A local unit of government o r  the state itself has 
only limited powers to compel the owners of pri- 
vate dams to maintain them. These powers a r e  
based on some combination of arguments involving 
the preservation of public rights in the flowage 
created, public safety, h&alth, and welfare o r ,  in 
some instances, the specific terms o r  inferences 
which may be found in dam permits issued pur- 
suant to statute by the Railroad Commission o r  i ts  
successor, the Public Service Commission. 

SUMMARY 
This chapter has described in summary form 
the legal framework within which comprehensive 
watershed planning and plan implementation must 
take place in southeastern Wisconsin. The salient 
findings having particular importance for planning 
in the Root River watershed include the following. 

Water law i s  not .a simple o r  fixed body of law. It 
has historical roots which reach back beyond the 
common law. The traditional riparian doctrine 
was early modified to include principles of rea- 
sonable use and more recently state permit sys- 
tems. Renewed recognition of public water rights, 
state and local regulative activities, and federal 
regulations have further altered relationships be- 
tween individuals and between individuals and gov- 
ernment a s  they relate to water. The field of water 
law has never been in a greater and more constant 
state of change and development than it is today. 

For purposes of flood control, flood-damage pre- 
vention, and proper use of the riverine environ- 
ment, a stream valley can be divided into three 
main sectors: the channel, defined a s  that a rea  
within which the average high annual streamflow 
is confined; the primary flood plain district, rec- 
ommended to be defined a s  that area  back from the 



channel which is  inundated by floodwaters having 
a recurrence interval of 10 years; and the secon- 
dary flood plain district, recommended to be de- 
fined as  that area  back from the primary flood 
plain district which i s  inundated by floodwaters 
having a recurrence interval of 100 years. 

It is completely reasonable to impose different 
land use restrictions on each of these land areas. 
Whereas all encroachments in the channel may be 
removed summarily without compensation under 
Section 30 of the Wisconsin Statutes o r  by local 
ordinance, many activities and some structures 
may be quite properly permitted in the secondary 
flood plain district, with due regard a s  to their 
placement in relation to the channel and to the pri- 
mary flood plain district, their ability to withstand 
occasional flooding, the total cost of the damage 
they a r e  likely to sustain, their conformance with 
flood-oriented safety and building codes, and their 
effect upon valley storage. The use of lands in 
the primary flood plain district should be care- 
fully restricted in the public interest but not taken. 
Very few structures and only those of low value 
and capable of withstanding fairly frequent flood- 
ing should be permitted. Recreation, park, park- 
way, public parking, and agricultural uses seem 
best suited to this area. 

Statewide building and safety codes a re  promul- 
gated by the Wisconsin Industrial Commission. 
It seems entirely possible in view of the unique 
dangers inherent within the flood plain that more 
stringent regulatory measures designed to more 
adequately control development within the flood 
plain could be embodied in these codes. Such 
a course of action could be accomplished by an 
exercise of the presently existing rule-making 
powers of the Industrial Commission. 

Pollution control and maintenance of water quality 
standards a r e  problems of growing importance. 
Many more tools exist than a r e  presently being 
used to control pollution. The State of Wiscon- 
sin, the Metropolitan Sewerage Commission of the 
County of Milwaukee, local units of government, 
and private individuals acting through the courts 
each have powers to exercise in an effort to con- 
trol pollution, powers which heretofore have been 
used only sparingly and with caution. The Federal 
Government has indicated i t s  intention to enter this 
field and more forcefully deal with the problem of 
pollution upon continued failure of the states, the 
local units of government, and private individuals 
to act. The SEWRPC itself can act a s  a research, 
liaison, and coordinating body to effect pollution 
control and desired water quality standards within 

the Region and i t s  component watersheds, such a s  
the Root River. - 

There i s  little likelihood that the erection of reten- 
tion reservoirs a s  a means of controlling flooding 
along the stream by holding peak runoffs will pre- 
sent serious legal problems. Some drainage dis- 
tricts o r  individual farm lands may be affected 
(damaged), but they can be suitably dealt with 
either before the dams and reservoirs a r e  built, 
by means of purchasing flowage rights o r  con- 
demning the necessary land, o r  after the dams and 
reservoirs a r e  operational by settling with each 
claimant as ,  if, and when he comes forward. 

The best evidence in hand indicates that the his- 
toric and the present boundary of the Root River 
watershed is a s  shown on SEWRPC Map No. RT-1, 
dated January 1965 (see Map 1). There has always 
been a natural flowage between Muskego Lake and 
Wind Lake and thence to the Fox-Illinois River 
system; and thus these waters and the lands they 
drain never were, and a re  not now, a part of the 
Root River watershed. What dispute exists seems 
to stem from the fact that in comparatively recent 
years the natural drainage pattern has become 
more definite due to man-made improvements. 
These improvements may have been erroneously 
regarded by some a s  diversions. 

There a r e  a number of legal impediments to large 
scale inter-watershed diversions. Two major 
groups of riparians, those from whom and those 
to whom water i s  being diverted, have legal rights 
which may well be infringed upon in suchan under- 
taking. In addition, the legal problems of state 
consent, public rights in the diverted water, and 
the seemingly restrictive language of Section 30.18 
of the Wisconsin Statutes must be faced. Finally, 
the tactical legal position which Wisconsin has 
taken in opposition to Illinois in the Chicago River 
diversion case before the U. S. Supreme Court 
seems to make unlikely, if not actually impossible, 
any project involving the diversion of a major 
quantity of water from one river basin to another. 

The maintenance and upkeep of private dams built 
along streams within Wisconsin is best attained by 
those riparians who have relied upon the existing 
flowage created by the dams, in that they have 
constructed housing o r  recreational facilities in 
close proximity to the waters edge. Local govern- 
mental units o r  the state have only limited powers 
to compel such upkeep; and these powers must 
be based on some aspect of public rights in the 
flowage o r  the preservation of health, safety, 
and welfare. 



Chapter X 

ANTICIPATED GROWTH AND CHANGE IN THE ROOT RIVER WATERSHED 

INTRODUCTION 
In any planning effort, forecasts a r e  required of 
all future events and conditions which a r e  outside 
the scope of the plan but which affect plan design 
o r  implementation. Normally, the future demand 
for land and water resources i s  determined pri- 
marily by the size and spatial distribution of future 
population and economic activity levels within 
a watershed o r  a planning area. Control of changes 
in population and economic activity levels, how- 
ever, lies largely outside the scope of govern- 
mental activity at  the regional and local level and 
entirely outside the scope of the watershed plan- 
ning process. In the preparation of a comprehen- 
sive watershed plan, therefore, future population 
and economic activity levels within the watershed 
must be forecast. These forecasts can then be 
converted to the future demand for land and water 
resources within the watershed and a land and 
water use plan prepared to meet this demand. 

It is important to note that in the Root River water- 
shed planning program the spatial distribution of 
future land use, because of the basic concepts 
underlying the program, lies within the scope of 
the plan to be produced and is, therefore, adesign 
rather than a forecast problem. Thus, while i t  is 
necessary to forecast the future gross require- 
ments within the watershed for each of the major 
land use categories, the spatial allocation of land 
to meet these requirements within the watershed 
is an important element of the plan itself. 

The geographic location of the Root River water- 
shed within the rapidly urbanizing Southeastern 
Wisconsin Region and in close proximity to Lake 
Michigan is an important factor affecting forecast 
requirements and methods. Economic activity af- 
fecting development within the Root River water- 
shed is located largely outside the watershed 
boundaries. Thus, the primary determinant of 
future land and water demand within the watershed 
is the future level of population; and forecasts of 
economic activity , per se,  a r e  not required. 

Watershed planning must focus not only upon future 
requirements for land and water but also upon the 
effect of these requirements upon the natural re-  

source base. Although such focus with respect to 
water resources must receive careful considera- 
tion in any watershed planning effort, the ready 
availability of Lake Michigan a s  a source of water 
supply for all of the Root River watershed limits 
long-range future water uses to a relatively nar- 
row range and simplifies water demand fore- 
cast requirements. 

The primary natural resource element affected by 
population growth within the watershed, therefore, 
is land, particularly land a s  open space with i ts  
attendant recreational and broad resource conser- 
vation values. The riverine areas ,  comprising 
approximately 6 percent of the total area  of the 
watershed, a r e  particularly important in this re-  
spect because it is here that the problems and 
opportunities arising out of a rapidly changing land 
use pattern will most affect the other elements of 
the natural resource base and the quality of the 
total environment within the watershed. 

POPULATION 
Several basic methods for preparing population 
projections for planning a reas  a r e  in common use, 
and for each of these methods a variety of specific 
procedures and techniques have been developed. 
Because the Root River watershed is an integral 
part  of the Southeastern Wisconsin Region, popu- 
lation growth within the watershed is closely re-  
lated to economic and population changes in the 
Region; and historic relationships between popu- 
lation growth in the watershed and the Region can 
provide a valuable guide for the projection of 
watershed population. Moreover, population fore- 
casts  for a relatively large area ,  such a s  the 
Southeastern Wisconsin Region, can be prepared 
with a much higher degree of reliability than for 
a relatively small area ,  such a s  the Root River 
watershed. It was, therefore, decided to prepare 
population projections for the watershed by the 
ratio method. 

Population Size 
The SEWRPC has prepared popuIation forecasts 
for the Region to the year 1990, based upon eco- 
nomic a s  wellas demographic studies andanalyses 



and using several independent methods. ' These 
forecasts estimate the 1990 population level of the 
Region a t  2,678,000 persons, an increase of about 
one million persons over the 1963 level of 1,674,000 
persons. A projection of the historic ratio between 
the regional and the watershed population would 
place the 1990 population level of the watershed 
a t  294,500 persons, o r  11 percent of the total 
regional population (see Figure 28 and Table 31). 
This represents an increase of about 160,000 per- 
sons over the 1963 population of the watershed of 
134,200 persons. This represents a very rapid 
rate of population growth for  the watershed, re- 
sulting in a population increase of about 120 per- 
cent in only 27 years, which i s  only slightly lower 
than the highest recent historic rates of population 
increase within the watershed. 

There a r e  several factors influencing develop- 
ment. within the Region and the watershed which 
indicate that this projected value is  a reasonable 
estimate of the population level which might be 
expected within the watershed by 1990. Growth 
within the watershed will probably tend to be stimu- 
lated by what appears to be an increasing public 
demand within the Region for  housing served by 
public sewer and water supply systems, with con- 
sequent restrictions of new urban development to 
a reas  of the Region relatively readily served by 
existing and proposed sanitary sewerage and water 
supply systems. The Root River watershed con- 
stitutes such an area within the Region; and, there- 
fore, population growth and urbanization within the 
watershed can be expected to continue to occur a t  
a rapid rate. There also appears to be an increas- 
ing tendency for  governmental action directed a t  
restricting residential development without public 
sewer service to soils well suited for  such use 
and prohibiting such development on soils poorly 
suited for such development. This factor would 
tend to stimulate development in some areas  of 
the watershed and restr ict  it in others. Finally, 
growth within the watershed will tend to be mod- 
erated by the fact that the communities which 
have historically accounted for the largest popu- 
lation increases within the watershed, the cities 
of Greenfield, Racine, and West Allis and the vil- 
lages of Greendale and Hales Corners, will be 
nearing their limits of complete development by 
1990. These factors tend to offset each other so 
that development within the watershed can reason- 
ably be expected to occur at  approximately recent 
historic rates. 

' s ee  SEWRPC Planning Report No. 7 ,  Volume 2. 

Population Characteristics 
Changes in the characteristics of the watershed 
population a r e  expected to closely parallel those 
of the regional population, a s  described in Chap- 
ter  111 of SEWRPC Planning Report No. 7, Vol- 
ume 2. There will be proportionately more older 
and more younger persons in the watershed than 
there a r e  now; personal incomes will r i se  con- 
siderably above the 1963 levels; and the average 
resident of the watershed will be better educated 
and have more leisure time. 

THE ECONOMY 
In 1990, a s  at  present, the economic activity most 
vital to watershed development i s  expected to be 
located primarily in the Milwaukee and Racine 
industrial complexes, largely outside the bound- 
a r i e s  of the watershed, and will be highly concen- 
trated in the manufacturing of durable goods and 
food and kindred products and in printing and pub- 
lishing. The watershed will continue to provide 
a residential "bedroom" community for these 
industrial complexes. Within the watershed an 
expansion in economic activity associated with the 
needs of a highly expanded residential community 
can be expected. This expansion will primarily 
take the form of neighborhood and community com- 
mercial activity and light manufacturing. 

The pressure of urban land development, accom- 
panied by rising real estate taxes, may be expected 
to force agricultural activities into production of 
high-value crops. The practice of natural pastur- 
ing of dairy and beef stock may largely disappear, 
and pen-feeding may be used to save land. Truck- 
farming i s  likely to become the dominant form 
of row-cropping. Additional detailed information 
on forecasted economic activity within the Region 
is provided in SEWRPC Planning Report No. 7, 
Volume 2. 

LAND USE DEMAND 
The requirements of approximately 294,000 resi- 
dents for dwelling space and service facilities will 
largely determine the amount and variety of each 
of the various land uses within the Root River 
watershed in 1990. If present trends continue 
without regulation in the public interest, it appears 
likely that the approximately 160,000 new resi- 
dents which the watershed will probably gain, over 
the 27-year period from 1963 to 1990 will live 
primarily in residential a reas  developed a t  low 
and medium densities. 
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occurred in the form of low-density development, 
30 percent in the form of medium-density develop- 

T H E  U N I T E D  S T A T E S ,  T H E  S T A T E  O F  ment. and only 1 percent in the form of high-density 
devel~pment .~ The analysis further indicates that, 

W I S C O N S I N ,  T H E  R E Q l O N  A N D  T H E  for the Region a s  a whole, 98 percent of the popu- 
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- 
household size in 1960 was 3.30 persons. 

9 7 .  I 

For land use demand forecast purposes, it was, 
therefore, assumed that 98 percent of the population 
increase in the watershed from 1963 to 1990 would 
reside in households with an average household 
size of 3.30 persons. It was further assumed that, 
if existing trends continue, at  least 65 percent of 
the new households within the watershed would 
reside in low-density residential areas  and 35 per- 
cent in medium-density residential areas and that 
there would be no appreciable demand for addi- 
tional high-density residential development during 
the forecast period. Commercial and industrial 
land use demand was forecast using existing land 
use to population ratios of 5.2 acres  per thousand 
persons and 2.8 acres  per thousand persons, re- 
spectively. Transportation and utility land uses 
were forecast to increase in direct proportion to 
increases in residential, commercial, industrial, 
and governmental and institutional land uses, the 
increase in the former group being equal to 33 per- 

W i s c o n s i n  

? Low-densi tv residential  development is  defined 
S O U ~ ~ Z :  u.9. B U , ~ ~ U  o c  tn. ccn.us. E S R ~ .  as 0.2 t o  1.7 dwelling units  (households) per gross 

acre: medium-density, as1.8 t o  4.7 ahuelling units  per 
An analysisof urban development within thewater- gross acre; end high-density, as over 4.8 dwelling 

shed from 1950 to 1963 indicates that 69 percent units  per gross acre. The midpoints of these ranges 
correspond to net l o t  areas o f  35,700, 10,000, and 

of the residential development during this period 3,630 square feet per dwelling unit ,  respectively.  

R e g i o n  
R o o t  R i v e r  
W a t e r s h e d  



cent of the increases in the latter group. Govern- 
mental and institutional and recreational land use 
demand was forecast using land use to popula- 
tion ratios of 11 acres  per thousand persons and 
14 acres  per thousand persons, respectively. The 
comparable existing ratios for  these uses in 1963 
were 9.1 and 24.3 acres  per thousand persons, 
respectively. Future agricultural and water, wood- 
land, and wetland demand was not forecast since 
these uses within the watershed generally provide 
the a rea  for expansion of the other land uses. 

Based upon the foregoing assumptions and the 
population forecast for the watershed, the 1990 
demand within the watershed was forecast for  each 
of the major land use categories, a s  shown in 
Table 32. Comparison with existing land use data 
indicates that, if existing trends continue, resi- 
dential land use within the watershed will increase 
from 20.18 square miles in 1963 to 65.78 square 
miles in 1990, an increase of 225.9 percent. 
All other urban land uses would increase from 
24.27 square miles in 1963 to 49.33 square miles 
in 1990, o r  103.2 percent. This total "demandt' 
for urban land would be satisfied primarily by 
conversion of agricultural lands, woodlands, and 

T a b l e  
FORECAST LAND USE DEMAND I N  THE 

wetlands, which would collectively decline by 
70.66 square miles, or  46.2 percent. 

WATER RESOURCES 

Surface Water Resources 
In the consideration of any forecast of future sur- 
face water conditions within the watershed, i t  
must be recognized that such a forecast can only 
reflect general conditions that a r e  likely to prevail 
throughout the watershed. Specific conditions may 
vary greatly from such general conditions because 
of the variable influence of the effect of several 
important factors, including: 1) weather; 2) ground 
water levels; 3) land use type, distribution, and 
intensity; 4) land management practices; 5) sewage 
treatment and disposal and storm water drainage 
facilities; and 6) the volume, kind, and place of 
waste discharge. 

The topography and geology of the watershed is 
such that, in the absence of any artificial water 
control facilities, there is little long-term natural 
storage of rainfall and runoff within the watershed 
in a form available for streamflow supplementa- 
tion. Floodwater discharge is unimpeded by any 
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ROOT R I V E R  WATERSHED ( 1 9 9 0 )  

a Includes 116 acres of on-site parking. 

Includes 63 acres of on-site parking. 

Includes communications and utilities uses; excludes 239 acres of on-site parking. 

M a j o r  

L a n d  Use 

C a t e g o r y  

R e s i d e n t i a l  
L o w - D e n s i t y .  . . . . . 
M e d i u m - D e n s i t y  . . . . 
H i g h - D e n s i t y  . . . . . 

S u b t o t a l  
Comme r c  i a l  . . . . . . . . 
I n d u s t r i a l .  . . . . . . . 
M i n i n g .  . . . . . . . . . 
T r a n s p o r t a t i o n .  . . . . . 
G o v e r n m e n t a l  . . . . . . . 
R e c r e a t i o n a l .  . . . . . . 
A g r  i cu  l t u  r a l  . . . . . . . 
W a t e r ,  Woodlands,  W e t l a n d s  

T o t a l  

Includes institutional uses and 60 acres of on-site parking. 

Source: SEWRPC. 
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major artificial device; and continued urbanization 
of the watershed will tend to facilitate, not detain, 
surface water runoff. In the previous discussion 
of the probable effects of urbanization on surface 
water runoff in Chapters IV and VI, it was noted 
that the improved efficiency of urban drainage 
systems and the effect of increased impervious 
areas  will probably cause a doubling of the fre- 
quency of summer rainfall flood events over the 
period from 1963 to 1990. A 10-year rainfall flood 
event in 1963, for example, will probably become 
a 5-year rainfall flood event by 1990. As explained 
previously, however, urbanization will probably 
not appreciably change the frequency of a snow- 
melt induced flood event. It is also probable that 
urbanization will not appreciably change signifi- 
cantly the total volume of runoff of either spring 
snowmelt o r  summer rainfall induced flood events 
but will tend to concentrate that runoff in a shorter 
time interval, thus increasing peak flood stages. 

The effect of urbanization in the watershed will 
also be reflected in exceptionally low flows. The 
Root River, especially under prevailing ground 
water table conditions, receives little low-flow 
supplementation from the shallow ground water 
aquifer. It is likely that under future conditions 
i t  will receive even less ground water contribution. 
Low flows will be further reduced by exportation 
of sewage wastes, now contributing all of the 
90 percent reliable flow of the North Branch, to 
a new sewage treatment plant on Lake Michigan 
in the City of Oak Creek. 

The decline of low-flow volume in the North Branch 
fortunately will be accompanied by a removal of 
much of the pollution loading, measured in terms 
of BOD load, on the North Branch and the main 
stem. Some sources of pollution, such a s  that 
which occurs from storm water drainage, will 
continue to affect the North Branch, probably in 
increasing quantities as urbanization proceeds 
within the Region and the watershed. Significant 
sources of pollution will remain on other portions 
of the river system, and increasing surveillance 
will be required to monitor their effects on quality 
conditions of the Root River. In general, i t  i s  
believed that a scattered type of urban develop- 
ment causing reliance on septic tank disposal of 
wastes and small largely inefficient treatment 
plants would be more deleterious than an inte- 
grated system of sewage treatment and disposal 
emphasizing a high degree of treatment. 

Ground Water 
Because of ground water withdrawals occurring in 
the large urbanizing area surrounding the water- 
shed and extending from Chicago to Milwaukee and 
from Lake Michigan to Waukesha, pressure levels 
in the deep aquifer underlying the watershed a r e  
declining at  the rate of about four feet per year. 
This decline i s  apt to continue and perhaps accel- 
erate. This fact has significant implications for 
municipalities within the watershed, such a s  Union 
Grove, which presently depend solely upon ground 
water a s  the source of municipal supply; but it 
has particularly serious implications for the rural 
domestic o r  industrial user of the deep aquifer. 
It is anticipated that continued pressure declines 
in the deep aquifer will encourage a trend toward 
centralization of water supply into fewer and larger 
utilities better capable of dealing with rapidly de- 
clining deep well water levels and importation of 
Lake Michigan water. 

Many ground water withdrawal facilities within the 
watershed, particularly rural  domestic wells, take 
water from the shallow aquifer. The shaIlow aqui- 
fer  is recharged primarily in the FoxRiver water- 
shed to the west of the Root River watershed. It is 
discharged through ground water withdrawals oc- 
curring primarily in the rural  and suburban areas  
in and surrounding the watershed. Especially 
heavy withdrawals and consumptive use of water 
from the shallow aquifer occur immediately to the 
west of the watershed in the Wind Lake irrigated 
farm area. This heavy demand will probably ac- 
celerate the rate of decline in shallow well water 
levels in localized areas  of the watershed, affect- 
ing some private water supplies. Under other 
heavy local pumping o r  induced recharge, it is 
possible that many local cones of depression o r  
ground water mounds could occur, irrespective 
of the general regional r i ses  o r  declines of the 
shallow ground water table. 

SUMMARY 
It is estimated that the populationof the Root River 
watershed will increase from 134,200 in 1963 to 
294,500 by 1990, an increase of about 120 percent 
in the 27-year period. If the present trend toward 
a low-density, highly diffused pattern of urban 
development is projected to 1990, residential land 
use will increase threefold; and supporting land 
uses will expand significantly, requiring a conver- 
sion of 42 percent of the now limited wetlands, 
woodlands, and related open spaces and 41 percent 
of the present agricultural lands within the water- 
shed to urban use. 



Urbanization of the watershed will accentuate 
present surface water problems. Summer flood 
peaks will become significantly higher and will 
carry  increasing amounts of polluting substances 
received from urban storm runoff. Low flows will 
be depressed further by exportation of sewage 
from the watershed, by less local recharge of 
the shallow aquifer with increases in impervious 
areas ,  and by the general region-wide decline of 
the shallow aquifer in response to increased ground 
water withdrawals. The potential for  development 
of septic water conditions on the Root River will 
rise. In the deep aquifer, ground water levels 
will probably continue to fall a t  the rate of about 

four feet per year a s  a result of regional and 
interregional withdrawals. In the shallow aquifer, 
ground water levels will probably continue to 
be drawn down significantly by localized high- 
capacity pumping. 

In summary, it is apparent that over the 27-year 
period from 1963 to 1990 land and water resource 
problems within the watershed will increase in 
direct proportion to the magnitude, extent, and 
rate of urbanization. Many of the undesirable 
effects of urbanization, however, can be avoided 
o r  ameliorated by sound land and water resource 
planning and plan implementation measures. 



Chapter XI 

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS 

INTRODUCTION 
Since planning is  a rational process for defining 
and meeting objectives, the formulation of objec- 
tives is  an essential task to be undertaken before 
plans can be prepared. The objectives chosen 
guide the preparation of alternative plans and, 
when converted to standards, provide the criteria 
for evaluation of the alternatives and selection 
from among the alternatives of the final plan. 
Since objectives provide the logical basis for plan 
synthesis and evaluation, the formulation of sound 
objectives is a crucial step in the planning process. 

It i s  important to recognize that, because the 
formulation of objectives involves a formal defini- 
tion of a desirable physical system by listing in 
effect the broad needs which the system aims to 
satisfy, the objectives implicitly reflect an under- 
lying value system. Thus, every physical develop- 
ment plan is  accompanied by its own unique value 
system. The diverse nature of value systems in 
a complex urban society complicates the process 
of goal formulation and makes it one of the most 
difficult tasks in the planning process. This dif- 
ficulty relates, in part, to the lack of a clear-cut 
basis for a choice between value systems and, in 
part, to the reluctance of public officials to make 
an explicit choice of ultimate goals. Yet, it i s  
much more important to choose the "right" objec- 
tives than the "right" plan. To choose the wrong 
objectives i s  to solve the wrong problem; to choose 
the wrong plan is  merely to choose a less efficient 
physical system. While there may be no single 
argument to support a given choice of objectives 
because of differing value systems, it is possible 
to state certain planning principles which provide 
a t  least some support for the choice. 

It must also be recognized that objectives may 
change a s  a selection i s  attempted from among 
alternative plans. In the process of evaluating 
alternative plans, the various alternative pro- 
posals a r e  ranked according to ability to meet 
objectives. If the best plan so identified, neverthe- 
less,  falls short of the chosen objectives, either 
a better plan must be synthesized o r  the objectives 
must be compromised. Plan evaluation provides 
the basis for deciding which objectives to com- 

promise. The compromises may take three forms: 
certain objectives may be dropped because their 
satisfaction has been proven unrealistic; new 
objectives may be suggested; o r  conflicts between 
inconsistentobjectives may be balanced out. Thus, 
formulation of objectives must proceed hand in 
hand with plan design and plan implementation a s  
part of a continuing planning process. 

Concern for objectives cannot end with a mere 
listingof desired goals. The goals must be related 
in a demonstrable and, wherever possible, quan- 
tifiable manner to physical development proposals. 
Only through such a relationship can alternative 
development proposals be properly evaluated. This 
relationship is  accomplished through the formu- 
lation of a set of supporting standards for each 
chosen objective. 

Because of the value judgments inherent in any set  
of development objectives and their supporting 
standards, soundly conceived watershed develop- 
ment objectives, like regional development objec- 
tives, should incorporate the combined knowledge 
of many people who a r e  informed about the water- 
shed and should be established by duly elected o r  
appointed representatives legally assigned this 
responsibility rather than by planning and engi- 
neering technicians. Active participation by duly 
elected o r  appointed public officials and by citizen 
leaders in the regional planning program is  im- 
plicit in the structure and organization of the 
Southeastern Wisconsin Regional Planning Com- 
mission itself. Moreover, the Commission has 
provided far  the establishment of advisory com- 
mittees to assist  it in the conduct of the regional 
planning program, including the necessary water- 
shed planning studies, and to broaden the oppor- 
tunities for active participation in the regional 
planning effort. 

The use of these advisory committees appears to 
be the most practical and effective procedure 
available for involving officials, technicians, and 
citizens in the regional planning process and of 
openly arriving at  decisions and action programs 
which can shape the future physical development 
of the Region and its component watersheds. Only 



by combining the accumulated knowledge and ex- 
perience which the various advisory committee 
members possess can a meaningful expression 
of desired direction, magnitude, and quality of 
future regional and watershed development be 
attained. One of the major tasks of these advisory 
committees, therefore, i s  to assist  the Commis- 
sion in the formulation of development objectives, 
supporting principles, and standards. This chapter 
sets  forth the watershed planning objectives, prin- 
ciples, and standards which have been adopted by 
the Commission after careful review and recam- 
mendation by the advisory committees concerned. 

BASIC CONCEPTS AND DEFINITIONS 
The term 'Iobjective" is subject to awide range of 
interpretation and application and i s  closely linked 
to other terms often used in planning work which 
a r e  equally subject to a wide range of interpreta- 
tion and application. The following definitions 
have, therefore, been adopted by the Commission 
in order to provide a common frame of reference: 

1. Objective; a goal o r  end toward the at- 
tainment of which plans and policies a r e  
directed. 

2. Principle; a fundamental, primary, o r  gen- 
erally accepted tenet used to support objec- 
tives and prepare standards and plans. 

3. Standard; a criterion used a s  a basis of 
comparison to determine the adequacy of 
plan proposals to attain objectives. 

4. Plan; a design which seeks to achieve 
agreed-upon objectives. 

5 .  Policy; a rule o r  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 only with the f irst  
three of these terms,  an understanding of the 
interrelationship between the foregoing definitions 
and the basic concepts which they represent i s  es-  
sential to any consideration of watershed develop- 
ment objectives, principles, and standards. 

WATERSHED DEVELOPMENT OBJECTIVES 
Objectives, in order to be useful in the watershed 
planning process, must not only be sound logically 
and related in a demonstrable and measurable way 

to alternative physical development proposals but 
must also be consistent with, and grow out of, 
region-wide development objectives. This i s  es-  
sential if the watershed plans a r e  to comprise 
integral elements of a comprehensive plan for the 
physical development of the Region and if sound 
coordination of regional and watershed develop- 
ment i s  to be achieved. 

The Southeastern Wisconsin Regional Planning 
Commission has, in its planning efforts to date, 
adopted, after careful review and recommendation 
by various advisory and coordinating committees, 
nine general regional development objectives, eight 
specific regional land use development objectives, 
and seven specific regional transportation system 
development objectives. These, togetherwith their 
supporting principles and standards, a r e  set  forth 
in SEWRPC Planning Report No. 7, Volume 2. Cer- 
tain of these specific regional development objec- 
tives relating to land use a r e  directly applicable 
to the watershed planning effort and a r e  hereby 
recommended for adoption a s  development objec- 
tives for the Root River watershed. These are: 

1. A balanced allocation of space to the vari- 
ous 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 the protection, 
wise use, and development of the natural 
resources of the Region-soils, inland lakes 
and streams, wetlands, woodlands, and 
wildlife. 

3. A spatial distribution of the various land 
uses which i s  properly related to the sup- 
porting transportation, utility, and public 
facility systems in order to assure the eco- 
nomical provision of transportation, utility, 
and public facility services. 

4. 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 recreational pro- 
gram providing a full range of facilities 
for all age groups. 



5. The preservationof land areas  for  agricul- 
tural uses in order to provide for certain 
special types of agriculture, provide a re-  
serve for future needs, and ensure the 
preservation of those rural  areas  which 
provide wildlife habitat and a r e  essential 
to shape and order urban development. 

In addition to the foregoing specific regional land 
use development objectives, the following specific 
land use development objective i s  recommended 
for adoption a s  an additional development objective 
for  the Root River watershed: 

6. Good soil and water conservation practices 
to reduce storm water runoff, soil erosion, 
and stream sedimentation and pollution. 

The following specific water control facility devel- 
opment objectives a r e  also recommended: 

1. An integrated system of drainage and flood 
control facilities which will effectively 
serve the existing land use pattern of the 
watershed and promote the implementation 
of the watershed land use plan, meeting the 
anticipated runoff loadings generated by the 
existing and proposed land uses. 

2. An integrated system of water quality con- 
trol facilities and pollution abatement de- 
vices adequate to ensure the quality of 
water necessary to permit the following 
water uses: 

a. Recreation involving partial body con- 
tact. 

b. Preservation of facultative fish life. 

c. Wildlife and livestock watering. 

d. Aesthetic setting for residential and 
recreational land use development. 

Complementing each of the foregoing specific 
land use and water control facility development 
objectives is a planning principle and a set of 
planning standards. These, a s  they apply to water- 
shed planning and development, a r e  set forth in 
Tables 33 and 34 and serve to facilitate quantita- 
tive application of 'the objectives in plan design, 
test, and evaluation. 

It should be noted that the planning standards 
herein adopted fall into two groups: comparative 
and absolute. The comparative standards by their 
very nature can be applied only through a compari- 
son of alternative plan proposals. Absolute stand- 
a rds  can be applied individually to each alternative 
plan proposal since they a r e  expressed in terms of 
maximum, minimum, o r  desirable values. The 
standards set  forth herein should serve not only a s  
aids in the development, test,  and evaluation of 
watershed land use and water control facility plans 
but also in the development, test, and evaluation 
of local land use and community facility plans and 
in'the development of plan implementation policies 
and programs a s  well. 

The foregoing watershed development objectives 
and their supporting principles and standards nec- 
essarily reflect certain value judgments by experi- 
enced public officials and technicians within the 
Region and the watershed. In addition, certain 
engineering design criteria were utilized in the 
preparation of the watershed plans; and while 
these a r e  firmly based in present engineering 
practice, i t  was, nevertheless, felt important to 
document these herein. It should be noted that, 
while these criteria were used in the preparation 
of the watershed plans, they do not comprise 
standards a s  defined herein, in that they relate 
to the methods used in inventory, analysis, and 
plan synthesis and test, rather than to specific 
development objectives. 

ENGINEERING DESIGN CRITERIA FOR THE 
ROOT RIVER WATERSHED 

Rainfall-Frequency Relationships 
If local storm water drainage and main r iver flood- 
controlmeasures a r e  to be compatible and function 
in harmony, plans for both must be based on con- 
sistent engineering design criteria. A fundamental 
criterion for both local and watershed drainage 
planning is  the rainfall intensity-duration-fre- 
quency relationship representative of the water- 
shed area. 

Intensity-duration-frequency curves based on a 
48-year record at  Milwaukee Weather Bureau Sta- 
tion a r e  shown in Appendix I. The curves in Fig- 
u re  1-1 a r e  directly applicable to urban storm 
water drainage system design using the rational 
formula, while the equivalent curves in Figure 1-2 
a r e  expressed in a form more convenient for hy- 
drologic simulation. These curves a r e  applicable 
to the Southeastern Wisconsin Region and to the 



T a b l e  3 3  

L A N D  U S E  D E V E L O P M E N T  O B J E C T I V E S ,  P R I N C I P L E S ,  A N D  S T A N D A R D S  
F O R  T H E  R O O T  R I V E R  W A T E R S H E D  

OBJECTIVE N O .  1 

A b a l a n c e d  a l l o c a t i o n  o f  s p a c e  t o  t h e  v a r i o u s  l a n d  u s e  c a t e g o r i e s  which  m e e t s  t h e  s o c i a l ,  p h y s -  
i c a l ,  and  economic  n e e d s  of  t h e  r e g i o n a l  p o p u l a t i o n .  

PRINCIPLE 

The p l a n n e d  s u p p l y  of  l a n d  s e t  a s i d e  f o r  a n y  g i v e n  u s e  s h o u l d  a p p r o x i m a t e  t h e  known a n d  a n t i c -  
i p a t e d  demand f o r  t h a t  u s e .  

STANDARDS 

1. F o r  e a c h  a d d i t i o n a l  1 , 0 0 0  p e r s o n s  t o  be  accommodated  w i t h i n  t h e  w a t e r s h e d  a t  e a c h  d e n s i t y ,  
t h e  f o l l o w i n g  minimum amounts  o f  l a n d  s h o u l d  be  s e t  a s i d e :  

R e s i d e n t i a l  Land 

Low d e n s i t y  
Medium d e n s i t y  
High d e n s i t y  

Net Areaa  

250 a c r e s / l ,  000  p e r s o n s  
7 0  a c r e s / 1 , 0 0 0  p e r s o n s  
25  a c r e s / l ,  000 p e r s o n s  

G o v e r n m e n t a l  and  I n s t i t u t i o n a l  Land 

~ e g i o n a l ~  
~ o c a l ~  

P a r k  a n d  R e c r e a t i o n    and^ 
~ e g i o n a l ~  
~ o c a l i  

G r o s s  Areab  

312 a c r e s / 1 , 0 0 0  p e r s o n s  
98 a c r e s / 1 , 0 0 0  p e r s o n s  
3 8  a c r e s / l ,  000 p e r s o n s  

G r o s s  A r e a C  

3 a c r e s / l ,  000  p e r s o n s  
6 a c r e s / l ,  000 p e r s o n s  

G r o s s  A r e a g  

4 a c r e s / l .  000 p e r s o n s  
1 0  a c r e s / 1 , 0 0 0  p e r s o n s  

2.  F o r  e a c h  a d d i t i o n a l  1 0 0  c o m m e r c i a l  a n d  i n d u s t r i a l  e m p l o y e e s  t o  b e  accommodated  w i t h i n  t h e  
w a t e r s h e d ,  t h e  f o l l o w i n g  minimum amounts  o f  l a n d  s h o u l d  be  s e t  a s i d e :  

Commerc ia l    and^ 
I n d u s t r i a l    an dl 

OBJECTIVE NO. 2  

G r o s s  A r e a j  

5 a c r e s / 1 0 0  e m p l o y e e s  
7 a c r e s / 1 0 0  e m p l o y e e s  

A s p a t i a l  d i s t r i b u t i o n  o f  t h e  v a r i o u s  l a n d  u s e s  which  w i l l  r e s u l t  i n  t h e  p r o t e c t i o n ,  w i s e  u s e ,  
a n d  d e v e l o p m e n t  o f  t h e  n a t u r a l  r e s o u r c e s .  

PRINCIPLE 

The p r o p e r  a l l o c a t i o n  o f  u s e s  t o  l a n d  c a n  a s s i s t  i n  m a i n t a i n i n g  a n  e c o l o g i c a l  b a l a n c e  b e t w e e n  
t h e  a c t i v i t i e s  o f  man and  t h e  n a t u r a l  e n v i r o n m e n t  which  s u p p o r t s  him. 

P r i n c i p l e  

The p r o p e r  r e l a t i o n  o f  u r b a n  a n d  r u r a l  l a n d  u s e  d e v e l o p m e n t  t o  s o i l s  c a n  s e r v e  t o  a v o i d  many 
e n v i r o n m e n t a l  p r o b l e m s ,  a i d  i n  t h e  e s t a b l i s h m e n t  o f  b e t t e r  r e g i o n a l  s e t t l e m e n t  p a t t e r n s ,  a n d  
promote  t h e  w i s e  u s e  o f  a n  i r r e p l a c e a b l e  r e s o u r c e .  

A .  S o i l s  

STANDARDS 

1. Urban d e v e l o p m e n t ,  p a r t i c u l a r l y  f o r  r e s i d e n t i a l  u s e ,  s h a l l  be  l o c a t e d  o n l y  i n  t h o s e  a r e a s  



which  d o  n o t  c o n t a i n  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  s o i l s  r a t e d  i n  t h e  r e g i o n a l  d e t a i l e d  o p e r a -  
t i o n a l  s o i l  s u r v e y  a s  p o o r ,  q u e s t i o n a b l e .  o r  v e r y  p o o r  f o r  s u c h  d e v e l o p m e n t .  S i g n i f i c a n t  c o n -  
c e n t r a t i o n s  a r e  d e f i n e d  a s  f o l l o w s :  

a .  I n  a r e a s m  t o  be d e v e l o p e d  f o r  l o w - d e n s i t y  r e s i d e n t i a l  u s e ,  no more t h a n  2 . 5  p e r c e n t  o f  t h e  
g r o s s  a r e a  s h o u l d  be c o v e r e d  by s o i l s  r a t e d  i n  t h e  r e g i o n a l  s o i l  s u r v e y  a s  p o o r ,  q u e s t i o n -  
a b l e ,  o r  v e r y  poor  f o r  s u c h  d e v e l o p m e n t .  

b .  I n  a r e a s  t o  be  d e v e l o p e d  f o r  m e d i u m - d e n s i t y  r e s i d e n t i a l  u s e ,  n o  more t h a n  3 .5  p e r c e n t  o f  
t h e  g r o s s  a r e a  s h o u l d  be  c o v e r e d  by s o i l s  r a t e d  i n  t h e  r e g i o n a l  s o i l  s u r v e y  a s  p o o r ,  q u e s -  
t i o n a b l e ,  o r  v e r y  poor  f o r  s u c h  d e v e l o p m e n t .  

c .  I n  a r e a s  t o  be  d e v e l o p e d  f o r  h i g h - d e n s i t y  r e s i d e n t i a l  u s e ,  n o  more t h a n  5 . 0  p e r c e n t  o f  t h e  
g r o s s  a r e a  s h o u l d  b e  c o v e r e d  by s o i l s  r a t e d  i n  t h e  r e g i o n a l  s o i l  s u r v e y  a s  p o o r ,  q u e s t i o n -  
a b l e ,  o r  v e r y  p o o r  f o r  s u c h  d e v e l o p m e n t .  

2 .  R u r a l  d e v e l o p m e n t ,  p r i n c i p a l l y  a g r i c u l t u r a l  l a n d  u s e s ,  s h a l l  b e  a l l o c a t e d  p r i m a r i l y  t o  
t h o s e  a r e a s  c o v e r e d  by s o i l s  r a t e d  i n  t h e  r e g i o n a l  s o i l  s u r v e y  a s  v e r y  good ,  good ,  o r  f a i r  f o r  
s u c h  u s e s .  

3 .  Land d e v e l o p e d  o r  p r o p o s e d  t o  b e  d e v e l o p e d  w i t h o u t  p u b l i c  s a n i t a r y  s e w e r  s e r v i c e  s h o u l d  b e  
l o c a t e d  o n l y  on a r e a s  c o v e r e d  by  s o i l s  r a t e d  i n  t h e  r e g i o n a l  s o i l  s u r v e y  a s  v e r y  good ,  good ,  o r  
f a i r  f o r  s u c h  d e v e l o p m e n t .  

B .  I n l a n d  Lakes  and  S t r e a m s  

P r i n c i p l e  

I n l a n d  l a k e s  and  s t r e a m s  c o n t r i b u t e  t o  t h e  a t m o s p h e r i c  w a t e r  s u p p l y  t h r o u g h  e v a p o r a t i o n ;  p r o v i d e  
a  s u i t a b l e  e n v i r o n m e n t  f o r  d e s i r a b l e  a n d  s o m e t i m e s  u n i q u e  p l a n t  a n d  a n i m a l  l i f e ;  p r o v i d e  t h e  
p o p u l a t i o n  w i t h  o p p o r t u n i t i e s  f o r  c e r t a i n  s c i e n t i f i c ,  c u l t u r a l ,  a n d  e d u c a t i o n a l  p u r s u i t s ;  c o n -  
s t i t u t e  p r i m e  r e c r e a t i o n a l  a r e a s ;  p r o v i d e  a  d e s i r a b l e  a e s t h e t i c  s e t t i n g  f o r  c e r t a i n  t y p e s  o f  
l a n d  u s e  d e v e l o p m e n t ;  s e r v e  t o  s t o r e  a n d  c o n v e y  f l o o d w a t e r s ;  a n d  p r o v i d e  c e r t a i n  w a t e r  w i t h -  
d r a w a l  r e q u i r e m e n t s .  

STANDARDS 

1. Not more t h a n  5 0  p e r c e n t  o f  t h e  l e n g t h  o f  t h e  s h o r e l i n e  o f  i n l a n d  l a k e s  h a v i n g  a  s u r f a c e  a r e a  
i n  e x c e s s  o f  5 0  a c r e s  a n d  o f  p e r e n n i a l  s t r e a m s  s h o u l d  b e  a l l o c a t e d  t o  u r b a n  d e v e l o p m e n t  e x c e p t  
p a r k  and  o u t d o o r  r e c r e a t i o n a l  u s e s .  

2 .  I n  a d d i t i o n ,  i t  i s  d e s i r a b l e  t h a t  25 p e r c e n t  o f  t h e  s h o r e l i n e  o f  e a c h  i n l a n d  l a k e  h a v i n g  
a  s u r f a c e  a r e a  l e s s  t h a n  5 0  a c r e s  be  m a i n t a i n e d  i n  e i t h e r  a  n a t u r a l  s t a t e  o r  some l o w - i n t e n s i t y  
p u b l i c  u s e ,  s u c h  a s  p a r k  l a n d .  

3 .  F l o o d  p l a i n  l a n d s n  s h o u l d  n o t  b e  a l l o c a t e d  t o  a n y  u r b a n  d e v e l o p m e n t 0  which  would c a u s e  o r  b e  
s u b j e c t  t o  f l o o d  damage. 

4. No u n a u t h o r i z e d  s t r u c t u r e  o r  f i l l  s h o u l d  be  a l l o w e d  t o  e n c r o a c h  upon and  o b s t r u c t  t h e  f l o w  o f  
w a t e r  i n  t h e  p e r e n n i a l  s t r e a m  c h a n n e l s P  and f l o ~ d w a y s . ~  

C .  W e t l a n d s  

P r i n c i p l e  

W e t l a n d s  s u p p o r t  a  wide  v a r i e t y  o f  d e s i r a b l e  and  s o m e t i m e s  u n i q u e  p l a n t  and  a n i m a l  l i f e ;  a s s i s t  
i n  t h e  s t a b i l i z a t i o n  o f  l a k e  l e v e l s  and s t r e a m f l o w s ;  t r a p ,  s t o r e ,  and  r e l e a s e  p l a n t  n u t r i e n t s  i n  
r u n o f f  w i t h  a  n e t  i m p r o v e m e n t  i n  t h e  q u a l i t y  o f  r u n o f f ,  t h u s  r e d u c i n g  e n r i c h m e n t  o f  s u r f a c e  
w a t e r s  a n d  o b n o x i o u s  weed and  a l g a e  g r o w t h ;  c o n t r i b u t e  t o  t h e  a t m o s p h e r i c  oxygen s u p p l y ;  r e d u c e  
s t o r m  w a t e r  r u n o f f  by  p r o v i d i n g  a r e a  f o r  f l o o d w a t e r  impoundment  a n d  s t o r a g e ;  r e d u c e  s t r e a m  
s e d i m e n t a t i o n ;  a n d  p r o v i d e  t h e  p o p u l a t i o n  w i t h  o p p o r t u n i t i e s  f o r  c e r t a i n  s c i e n t i f i c ,  e d u c a -  
t i o n a l ,  and  r e c r e a t i o n a l  p u r s u i t s .  



STANDARD 

A l l  w e t l a n d  a r e a s r  a d j a c e n t  t o  s t r e a m s  o r  l a k e s ,  a l l  w i t h i n  a r e a s  h a v i n g  s p e c i a l  w i l d l i f e  v a l u e s ,  
a n d  a l l  w e t l a n d s  h a v i n g  a n  a r e a  i n  e x c e s s  o f  5 0  a c r e s  s h o u l d  n o t  b e  a l l o c a t e d  t o  a n y  u r b a n  
d e v e l o p m e n t  e x c e p t  l i m i t e d  r e c r e a t i o n  and s h o u l d  n o t  be  d r a i n e d  o r  f i l l e d .  A d j a c e n t  s u r r o u n d i n g  
a r e a s  s h o u l d  be k e p t  i n  o p e n - s p a c e  u s e ,  s u c h  a s  a g r i c u l t u r e  o r  l i m i t e d  r e c r e a t i o n .  

P r i n c i p l e  

Woodlands a s s i s t  i n  m a i n t a i n i n g  u n i q u e  n a t u r a l  r e l a t i o n s h i p s  b e t w e e n  p l a n t s  a n d  a n i m a l s ;  r e d u c e  
s t o r m  w a t e r  r u n o f f ;  c o n t r i b u t e  t o  t h e  a t m o s p h e r i c  oxygen  s u p p l y ;  c o n t r i b u t e  t o  t h e  a t m o s p h e r i c  
w a t e r  s u p p l y  t h r o u g h  t r a n s p i r a t i o n ;  a i d  i n  r e d u c i n g  s o i l  e r o s i o n  a n d  s t r e a m  s e d i m e n t a t i o n ;  p r o -  
v i d e  t h e  r e s o u r c e  b a s e  f o r  t h e  f o r e s t  p r o d u c t  i n d u s t r i e s ;  p r o v i d e  t h e  p o p u l a t i o n  w i t h  o p p o r -  
t u n i t i e s  f o r  c e r t a i n  s c i e n t i f i c ,  e d u c a t i o n a l ,  and  r e c r e a t i o n a l  p u r s u i t s ;  and  p r o v i d e  a  d e s i r a b l e  
a e s t h e t i c  s e t t i n g  f o r  c e r t a i n  t y p e s  o f  l a n d  u s e  d e v e l o p m e n t .  

STANDARDS 

1. A minimum o f  1 0  p e r c e n t  o f  t h e  l a n d  a r e a  o f  e a c h  w a t e r s h e d t  w i t h i n  t h e  R e g i o n  s h o u l d  be  d e -  
v o t e d  t o  woodlands .  

2 .  F o r  d e m o n s t r a t i o n  a n d  e d u c a t i o n a l  p u r p o s e s ,  t h e  woodland  c o v e r  w i t h i n  e a c h  c o u n t y  s h o u l d  i n -  
c l u d e  a  minimum o f  4 0  a c r e s  d e v o t e d  t o  e a c h  m a j o r  f o r e s t  t y p e :  o a k - h i c k o r y ,  n o r t h e r n  hardwood,  
p i n e  s p e c i e s ,  and  l o w l a n d  f o r e s t .  

3 .  A minimum r e g i o n a l  a g g r e g a t e  of  5  a c r e s  o f  woodland p e r  1 , 0 0 0  p o p u l a t i o n  s h o u l d  b e  m a i n t a i n e d  
f o r  r e c r e a t i o n a l  p u r s u i t s .  

P r i n c i p l e  

W i l d l i f e ,  when p r o v i d e d  w i t h  a  s u i t a b l e  h a b i t a t ,  w i l l  p r o v i d e  t h e  p o p u l a t i o n  w i t h  o p p o r t u n i t i e s  
f o r  c e r t a i n  s c i e n t i f i c ,  e d u c a t i o n a l ,  a n d  r e c r e a t i o n a l  p u r s u i t s ;  p r o v i d e  a  f o o d  s o u r c e ;  a i d  
s i g n i f i c a n t l y  i n  c o n t r o l l i n g  h a r m f u l  i n s e c t s  a n d  o t h e r  n o x i o u s  p e s t s ;  a n d  p r o v i d e  a n  e c o n o m i c  
r e s o u r c e  f o r  t h e  f u r  and  f i s h i n g  i n d u s t r i e s .  

STANDARD 

The most s u i t a b l e  h a b i t a t  f o r  w i l d l i f e ,  t h a t  i s ,  t h e  a r e a  w h e r e i n  f i s h  and  game c a n  b e s t  be  f e d .  
s h e l t e r e d ,  and  r e p r o d u c e d ,  i s  a  n a t u r a l  h a b i t a t .  S i n c e  t h e  n a t u r a l  h a b i t a t  f o r  f i s h  and  game c a n  
b e s t  b e  o b t a i n e d  by p r e s e r v i n g  o r  m a i n t a i n i n g  o t h e r  r e s o u r c e s ,  s u c h  a s  s o i l ,  a i r ,  w a t e r ,  w e t -  
l a n d s ,  a n d  w o o d l a n d s ,  i n  a  wholesome s t a t e ,  t h e  s t a n d a r d s  f o r  e a c h  o f  t h e s e  o t h e r  r e s o u r c e s ,  i f  
m e t ,  would e n s u r e  t h e  p r e s e r v a t i o n  o f  a  s u i t a b l e  w i l d l i f e  h a b i t a t  and  p o p u l a t i o n .  

OBJECTIVE NO. 3 

A s p a t i a l  d i s t r i b u t i o n  o f  t h e  v a r i o u s  l a n d  u s e s  w h i c h  i s  p r o p e r l y  r e l a t e d  t o  t h e  s u p p o r t i n g  
t r a n s p o r t a t i o n  a n d  p u b l i c  u t i l i t y  s y s t e m s  t o  a s s u r e  t h e  e c o n o m i c a l  p r o v i s i o n  o f  u t i l i t y  a n d  
m u n i c i p a l  s e r v i c e s .  

PRINCIPLE 

The t r a n s p o r t a t i o n  and  p u b l i c  u t i l i t y  f a c i l i t i e s  and  t h e  l a n d  u s e  p a t t e r n  which  t h e s e  f a c i l i t i e s  
s e r v e  and  s u p p o r t  a r e  m u t u a l l y  i n t e r d e p e n d e n t  i n  t h a t  t h e  l a n d  u s e  p a t t e r n  d e t e r m i n e s  t h e  demand 
f o r ,  a n d  l o a d i n g s  u p o n ,  t r a n s p o r t a t i o n  a n d  u t i l i t y  f a c i l i t i e s ;  a n d  t h e s e  f a c i l i t i e s ,  i n  t u r n .  
a r e  e s s e n t i a l  t o ,  a n d  form a  b a s i c  framework f o r ,  l a n d  u s e  d e v e l o p m e n t .  



STANDARDS 

1. The t r a n s p o r t a t i o n  s y s t e m  s h o u l d  b e  l o c a t e d  a n d  d e s i g n e d  t o  a v o i d  t h e  p e n e t r a t i o n  o f  p r i m e  
n a t u r a l  r e s o u r c e  a r e a s  by t h r o u g h  t r a f f i c .  

2. The  t r a n s p o r t a t i o n  s y s t e m  s h o u l d  b e  l o c a t e d  a n d  d e s i g n e d  t o  p r o v i d e  a c c e s s  n o t  o n l y  t o  
a l l  l a n d  p r e s e n t l y  d e v o t e d  t o  u r b a n  d e v e l o p m e n t  b u t  a l s o  t o  a l l  l a n d  w e l l  s u i t e d  f o r  u r b a n  
d e v e l o p m e n t .  

3 .  Land d e v e l o p e d  o r  p r o p o s e d  t o  b e  d e v e l o p e d  f o r  medium- a n d  h i g h - d e n s i t y  r e s i d e n t i a l  u s e  
s h o u l d  be  l o c a t e d  i n  a  g r a v i t y  d r a i n a g e  a r e a  t r i b u t a r y  t o  a n  e x i s t i n g  o r  p r o p o s e d  p u b l i c  s a n i -  
t a r y  s e w e r a g e  s y s t e m .  

4 .  Land d e v e l o p e d  o r  p r o p o s e d  t o  b e  d e v e l o p e d  f o r  medium- a n d  h i g h - d e n s i t y  r e s i d e n t i a l  u s e  
s h o u l d  b e  l o c a t e d  i n  a r e a s  s e r v i c e a b l e  by a n  e x i s t i n g  o r  p r o p o s e d  p u b l i c  w a t e r  s u p p l y  s y s t e m .  

5. Urban d e v e l o p m e n t  s h o u l d  b e  l o c a t e d  s o  a s  t o  maximize t h e  u s e  o f  e x i s t i n g  t r a n s p o r t a t i o n  a n d  
u t i l i t y  s y s t e m s .  

OBJECTIVE NO. 4 

T h e  p r e s e r v a t i o n  a n d  p r o v i s i o n  o f  o p e n . s p a c e v  t o  e n h a n c e  t h e  t o t a l  q u a l i t y  o f  t h e  r e g i o n a l  
e n v i r o n m e n t ,  maximize  e s s e n t i a l  n a t u r a l  r e s o u r c e  a v a i l a b i l i t y ,  g i v e  form a n d  s t r u c t u r e  t o  u r b a n  
d e v e l o p m e n t ,  and  p r o v i d e  t h e  b a s i s  f o r  t h e  u l t i m a t e  a t t a i n m e n t  o f  a  b a l a n c e d  y e a r - r o u n d  o u t d o o r  
r e c r e a t i o n a l  p rogram p r o v i d i n g  a  f u l l  r a n g e  o f  f a c i l i t i e s  f o r  a l l  a g e  g r o u p s .  

PRINCIPLE 

Open s p a c e  is  t h e  f u n d a m e n t a l  e l e m e n t  r e q u i r e d  f o r  t h e  p r e s e r v a t i o n ,  w i s e  u s e ,  a n d  d e v e l o p m e n t  
o f  s u c h  n a t u r a l  r e s o u r c e s  a s  s o i l ,  w a t e r ,  w o o d l a n d s ,  w e t l a n d s ,  a n d  w i l d l i f e ;  i t  p r o v i d e s  t h e  
o p p o r t u n i t y  t o  a d d  t o  t h e  p h y s i c a l ,  i n t e l l e c t u a l ,  a n d  s p i r i t u a l  g r o w t h  o f  t h e  p o p u l a t i o n ;  i t  
e n h a n c e s  t h e  e c o n o m i c  a n d  a e s t h e t i c  v a l u e  o f  c e r t a i n  t y p e s  o f  d e v e l o p m e n t ;  and  i t  i s  e s s e n t i a l  
t o  o u t d o o r  r e c r e a t i o n a l  p u r s u i t s .  

1. L o c a l  p a r k  a n d  r e c r e a t i o n  open  s p a c e s  s h o u l d  b e  p r o v i d e d  w i t h i n  a  maximum s e r v i c e  r a d i u s  o f  
o n e - h a l f  m i l e  o f  e v e r y  d w e l l i n g  u n i t  i n  a n  u r b a n  a r e a ,  a n d  e a c h  s i t e  s h o u l d  b e  o f  s u f f i c i e n t  
s i z e  t o  accommodate t h e  maximum t r i b u t a r y  s e r v i c e  a r e a  p o p u l a t i o n  a t  a  u s e  i n t e n s i t y  o f  675 p e r -  
s o n s  p e r  a c r e .  

2. R e g i o n a l  p a r k  a n d  r e c r e a t i o n  o p e n  s p a c e s  s h o u l d  b e  p r o v i d e d  w i t h i n  a n  a p p r o x i m a t e l y  o n e  
h o u r  t r a v e l  t i m e  o f  e v e r y  d w e l l i n g  u n i t  i n  t h e  R e g i o n  a n d  s h o u l d  h a v e  a  minimum s i t e  a r e a  o f  
250 a c r e s .  

3 .  A r e a s  h a v i n g  u n i q u e  s c i e n t i f i c ,  c u l t u r a l ,  s c e n i c ,  o r  e d u c a t i o n a l  v a l u e  s h o u l d  n o t  be  a l l o -  
c a t e d  t o  a n y  u r b a n  o r  a g r i c u l t u r a l  l a n d  u s e s ;  and  a d j a c e n t  s u r r o u n d i n g  a r e a s  s h o u l d  be  r e t a i n e d  
i n  o p e n - s p a c e  u s e ,  s u c h  a s  a g r i c u l t u r e  o r  l i m i t e d  r e c r e a t i o n .  

OBJECTIVE NO.  5 

The p r e s e r v a t i o n  o f  l a n d  a r e a s  f o r  a g r i c u l t u r a l  u s e s  i n  o r d e r  t o  p r o v i d e  f o r  c e r t a i n  s p e c i a l  
t y p e s  o f  a g r i c u l t u r e ,  p r o v i d e  a  r e s e r v e  f o r  f u t u r e  n e e d s ,  a n d  e n s u r e  t h e  p r e s e r v a t i o n  o f  t h o s e  
u n i q u e  r u r a l  a r e a s  w h i c h  p r o v i d e  w i l d l i f e  h a b i t a t  a n d  w h i c h  a r e  e s s e n t i a l  t o  s h a p e  a n d  o r d e r  
u r b a n  d e v e l o p m e n t .  

A g r i c u l t u r a l  q r e a s ,  i n  a d d i t i o n  t o  p r o v i d i n g  f o o d  a n d  f i b r e ,  c o n t r i b u t e  s i g n i f i c a n t l y  t o  m a i n -  
t a i n i n g  t h e  e c o l o g i c a l  b a l a n c e  b e t w e e n  p l a n t s  a n d  a n i m a l s ;  p r o v i d e  l o c a t i o n s  p r o x i m a l  t o  u r b a n  
c e n t e r s  f o r  t h e  p r o d u c t i o n  o f  c e r t a i n  f o o d  c o m m o d i t i e s  which  may r e q u i r e  n e a r b y  p o p u l a t i o n  c o n -  
c e n t r a t i o n s  f o r  a n  e f f i c i e n t  p r o d u c t i o n - d i s t r i b u t i o n  r e l a t i o n s h i p ;  and p r o v i d e  open s p a c e s  which  
g i v e  form and  s t r u c t u r e  t o  u r b a n  d e v e l o p m e n t .  



STANDARDS 

1. A l l  p r i m e  a g r i c u l t u r a l  a r e a s X  s h o u l d  be  p r e s e r v e d .  

2 .  A l l  a g r i c u l t u r a l  l a n d s  s u r r o u n d i n g  a d j a c e n t  h i g h  v a l u e  s c i e n t i f i c ,  e d u c a t i o n a l ,  o r  r e c r e a -  
t i o n a l  r e s o u r c e s  a n d  c o v e r e d  by s o i l s  r a t e d  i n  t h e  r e g i o n a l  d e t a i l e d  o p e r a t i o n a l  s o i l  s u r v e y  a s  
v e r y  good,  good ,  o r  f a i r  f o r  a g r i c u l t u r a l  u s e  s h o u l d  be p r e s e r v e d .  

I n  a d d i t i o n  t o  t h e  a b o v e ,  a t t e m p t s  s h o u l d  b e  made t o  p r e s e r v e  a g r i c u l t u r a l  a r e a s  w h i c h  a r e  
c o v e r e d  by s o i l s  r a t e d  i n  t h e  r e g i o n a l  d e t a i l e d  o p e r a t i o n a l  s o i l  s u r v e y  a s  f a i r  i f  t h e s e  s o i l s :  
a )  o c c u r  i n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  f i v e  s q u a r e  m i l e s  a n d  s u r r o u n d  o r  l i e  a d j a c e n t  t o  a r e a s  
which  q u a l i f y  u n d e r  e i t h e r  o f  t h e  a b o v e  s t a n d a r d s ,  o r  b )  o c c u r  i n  a r e a s  which  may be  d e s i g n a t e d  
a s  d e s i r a b l e  open  s p a c e s  f o r  s h a p i n g  u r b a n  d e v e l o p m e n t .  

OBJECTIVE NO. 6  

Good s o i l  a n d  w a t e r  c o n s e r v a t i o n  f a c i l i t i e s  a n d  p r a c t i c e s  t o  r e d u c e  s t o r m  w a t e r  r u n o f f ,  s o i l  
e r o s i o n ,  and  s t r e a m  s e d i m e n t a t i o n  a n d  p o l l u t i b n .  

PRINCIPLE 

Good s o i l  and  w a t e r  c o n s e r v a t i o n  p r a c t i c e s ,  i n c l u d i n g  c o n t o u r  s t r i p  c r o p p i n g ,  c r o p  r o t a t i o n ,  and  
g r a s s  w a t e r w a y s  i n  r u r a l  a r e a s ;  s e e d i n g ;  s o d d i n g ;  e r o s i o n  c o n t r o l  s t r u c t u r e s  f o r  d r a i n a g e w a y s ;  
e r o s i o n  c o n t r o l  s t r u c t u r e s  a t  s t o r m  s e w e r  o u t l e t s ;  a n d  p r o p e r  l a n d  d e v e l o p m e n t  a n d  c o n s t r u c t i o n  
m e t h o d s  a n d  p r a c t i c e s  i n  u r b a n  a r e a s  c a n  a s s i s t  i n  r e d u c i n g  S t o r m  w a t e r  r u n o f f ,  s o i l  e r o s i o n .  
a n d  s t r e a m  s i l t a t i o n  and  p o l l u t i o n .  

STANDARDS 

1. A minimum o f  5 0  p e r c e n t  o f  t h e  a r e a  o f  t h e  w a t e r s h e d  i n  a g r i c u l t u r a l  u s e  s h o u l d  b e  u n d e r  
d i s t r i c t  c o o p e r a t i v e  s o i l  and  w a t e r  c o n s e r v a t i o n  a g r e e m e n t s  a n d  p l a n n e d  c o n s e r v a t i o n  t r e a t m e n t .  

2 .  A minimum o f  25  p e r c e n t  o f  t h e  a r e a  o f  t h e  w a t e r s h e d  i n  a g r i c u l t u r a l  u s e  s h o u l d  b e  u n d e r  
c o n s e r v a t i o n  t r e a t m e n t .  

a Net land use a r e a  is defined a s  t h e  a c t u a l  s i t e  a r e a  devoted t o  a given use and c o n s i s t s  of t h e  ground f l o o r  
s i t e  area occupied by any buildings plus  t h e  required yards and open spaces. 

Gross r e s i d e n t i a l  land use a r e a  is defined a s  t h e  net  a r e a  devoted t o  t h i s  use p lus  t h e  a r e a  devoted t o  a l l  
supporting land uses including s t r e e t s ,  neighborhood parks and playgrounds, elementary schools, and neighbor- 
hood i n s t i t u t i o n a l  and commercial uses, but not including freeways and expressways. 

Gross governmental and i n s t i t u t i o n a l  a rea  is defined a s  t h e  net  a r e a  devoted t o  t h i s  use plus  t h e  a r e a  devoted 
t o  supporting land uses, including s t r e e t s  and o f f - s t r e e t  parking. 

Includes f e d e r a l ,  s t a t e ,  and county governmental uses; hosp i ta l s ;  cemeteries; co l leges  and u n i v e r s i t i e s ;  and 
la rge  region-serving,  semipublic i n s t i t u t i o n a l  uses ,  such a s  c e n t r a l  YMCA f a c i l i t i e s .  Present ly approximates 
3 acres / l ,  000 persons. 

Includes schools  and churches. Approximately one-half of t h i s  s tandard is met i m p l i c i t l y  i f  t h e  g ross  acreage 
standard f o r  r e s i d e n t i a l  use is met. Present ly approximates 6  acres/1.000 persons. 

This category does not include regional  o r  loca l  open spaces o ther  than those ac t ive ly  used f o r  publ ic  park or  
outdoor r e c r e a t i o n a l  purposes; t h a t  i s ,  such uses a s  boulevards, parkways, s t a d i a ,  environmental c o r r i d o r s ,  
arboreta ,  zoological gardens, and botanical  gardens a r e  not included unless they a r e  a par t  of o r  adjacent  t o  
an ac t ive  recreat ion area. 

Gross park and recrea t ion  area is defined a s  equal t o  net area. 

h Presently inoludes only 14 exis t ing parks within t h e  Region c l a s s i f i e d  a s  being of regional s ignif icance,  which 
combined c o n t a i n  4 , 4 3 2  a c r e s  o r  2 .6  a c r e s  per  1,000 persons. These a r e :  t h e  Fox River Park and P e t r i f y i n g  
Springs Park i n  Kenosha Coynty; s i x  of t h e  Milwaukee County Park Commission Metropoli tan parks--Brown Deer 
Park, Grant Park, Greenfield Park, Lake-Juneau Park, Lincoln Park, and Whitnall Park; Hawthorne H i l l s  Park i n  
Ozaukee County; Johr~son Park i n  Racine County; Big Foot Park i n  Walworth County; and Menmonee Park, Mukwonago 
k r k ,  and Nagawaukee Park i n  Waukesha County. 



Present ly includes 379 neighborhood and community parks. which combined conta in  5,698 a c r e s  o r  3.4 a c r e s  per 
1,000 persons. A por t ion  of  t h i s  standard is met impl ic i t ly  i f  t h e  g ross  acreage s tandard f o r  r e s i d e n t i a l  use 
is met. This impl ic i t  port ion t o t a l s :  1.3 acres  per 1,000 persons i n  a one-half mile square high-density neigh- 
borhood; 2.5 a c r e s  per  1,000 persons i n  a one mile  square medium-density neighborhood; and 4.5 a c r e s  per  
1,000 persons i n  a two mile square low-density neighborhood. 

j Gross commercial and i n d u s t r i a l  a rea  is defined a s  t h e  net  a r e a  devoted t o  t h i s  use plus  t h e  a r e a  devoted t o  
supporting land uses, including s t r e e t s  and o f f - s t r e e t  parking. 

Includes a l l  r e g i o n a l ,  l o c a l ,  and highway-oriented commercial a c t i v i t i e s  p lus  ad jacen t  s t r e e t s  and o n - s i t e  
parking. Present ly approximates 3.4 acres  per 100 employees. 

Includes a l l  manufacturing and wholesaling a c t i v i t i e s  p lus  adjacent  s t r e e t s  and o n - s i t e  parking. Presen t ly  
approximates 4.1 acres  per 100 employees. 

m Areas, a s  used i n  t h i s  con tex t ,  r e f e r  t o  any land u n i t ,  160 a c r e s  o r  more i n  a r e a l  e x t e n t ,  which is subjec t  
t o  development. 

Flood p l a i n  l a n d s  a r e  h e r e i n  def ined  as t h o s e  lands  inundated by a f lood  having a recur rence  i n t e r v a l  of  
100 y e a r s  where hydrologic and hydraul ic  engineering d a t a  a r e  a v a i l a b l e  and a s  those  lands inundated by t h e  
maximum flood of record where such d a t a  a r e  not avai lable .  

O Urban development, a s  used here in ,  r e f e r s  t o  a l l  land uses except a g r i c u l t u r e ,  water ,  woodlands, wetlands, 
and open lands. 

A stream channel is here in  defined a s  t h a t  a r e a  of t h e  f lood p l a i n  l y i n g  e i t h e r  within l e g a l l y  e s t a b l i s h e d  
bulkhead l i n e s  o r  wi th in  sharp  and pronounced banks marked by an i d e n t i f i a b l e  change i n  f l o r a  and normally 
occupied by t h e  stream under average annual high-flow condit ions.  

Floodway lands a r e  here in  defined a s  those lands inundated by a f lood having a recurrence i n t e r v a l  of  10 years  
and require  hydrologic and hydraulic engineering da ta  f o r  del ineat ion.  

Wetland a r e a s  a r e  defined a s  those lands which a r e  p a r t i a l l y  covered by marshland f l o r a  and general ly  covered 
with shallow standing water,  open lands i n t e r m i t t e n t l y  covered with water,  o r  lands which a r e  wet and spongy 
due t o  a high water t a b l e  o r  character of t h e  s o i l .  

' he  term woodlands, a s  used herein,  is defined a s  a dense, concentrated s tand of t r e e s  and underbrush covering 
a minimum area  of 20 acres. 

A watershed, a s  used herein,  is defined a s  a port ion of t h e  surface of t h e  e a r t h  occupied by a sur face  drainage 
system d ischarg ing  a l l  s u r f a c e  water runoff  t o  a common o u t l e t  and which is 25 square  mi les  o r  l a r g e r  i n  
a r e a l  extent.  

Includes a l l  f i s h  and game. 
v Open space is def ined  a s  land o r  water a r e a s  which a r e  genera l ly  undeveloped f o r  r e s i d e n t i a l ,  commercial, 

or i n d u s t r i a l  uses  and a r e  o r  can be considered r e l a t i v e l y  permanent i n  charac te r ;  it includes a r e a s  devoted 
t o  park and recrea t ion  uses and t o  l a rge  land consuming i n s t i t u t i o n a l  uses, a s  well a s  a reas  devoted t o  a g r i -  
cu l tu ra l  use and t o  resource conservation whether publ icly o r  p r iva te ly  owned. 

It was thought impract ical  t o  e s t a b l i s h  s p a t i a l  d i s t r i b u t i o n  standards f o r  open space, per se; there fore ,  only 
the  park and recrea t ion  component of t h e  open-space land use category is l i s t e d  i n  t h e  s tandards according t o  
its l o c a l  o r  regional  o r ien ta t ion .  These l o c a l  park and recrea t ion  spaces may include p l a y l o t s ,  playgrounds, 
p layf ie lds ,  and neighborhood parks. Regional park and recrea t ion  spaces include l a r g e  county o r  s t a t e  parks. 
Other open spaces  which a r e  not included i n  t h i s  s p a t i a l  d i s t r i b u t i o n  s tandard  a r e :  f o r e s t  p reserves  and 
arboreta; major r i v e r  val leys;  lakes; zoological and botanical gardens; s t a d i a ;  woodland, wetland, and w i l d l i f e  
areas; s c i e n t i f i c  areas;  and a g r i c u l t u r a l  lands whose loca t ion  must be re la ted  t o ,  and determined by, t h e  na t -  
ural  resource base. 

Prime a g r i c u l t u r a l  a r e a s  a r e  defined a s  t h o s e  a r e a s  which a )  con ta in  s o i l s  r a t e d  i n  t h e  reg iona l  d e t a i l e d  
opera t iona l  s o i l  survey a s  very good o r  good f o r  a g r i c u l t u r e ,  and b) occur i n  concentrated a r e a s  over f i v e  
square miles i n  ex ten t  which have been designated a s  except ional ly good f o r  a g r i c u l t u r a l  production by a g r i -  
cu l tu ra l  s p e c i a l i s t s .  
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WATER C O N T R O L  F A C I L I T Y  D E V E L O P M E N T  O B J E C T I V E S ,  P R I N C I P L E S ,  A N D  S T A N D A R D S  
F O R  T H E  R O O T  R I V E R  W A T E R S H E D  

OBJECTIVE N O .  1 

An i n t e g r a t e d  s y s t e m  o f  d r a i n a g e  a n d  f l o o d  c o n t r o l  f a c i l i t i e s  w h i c h  w i l l  e f f e c t i v e l y  s e r v e  
t h e  e x i s t i n g  l a n d  u s e  p a t t e r n  o f  t h e  w a t e r s h e d  a n d  p r o m o t e  t h e  i m p l e m e n t a t i o n  o f  t h e  w a t e r s h e d  
l a n d  u s e  p l a n ,  m e e t i n g  t h e  a n t i c i p a t e d  r u n o f f  l o a d i n g s  g e n e r a t e d  by t h e  e x i s t i n g  a n d  p r o p o s e d  
l a n d  u s e s .  

PRINCIPLE 

R e l i a b l e  l o c a l  m u n i c i p a l  s t o r m  w a t e r  d r a i n a g e  f a c i l i t i e s  c a n n o t  b e  p r o p e r l y  p l a n n e d ,  d e s i g n e d .  
o r  c o n s t r u c t e d  e x c e p t  a s  i n t e g r a l  p a r t s  o f  a n  a r e a w i d e  s y s t e m  o f  f l o o d w a t e r  c o n v e y a n c e  and  s t o r -  
a g e  f a c i l i t i e s  c e n t e r e d  on  m a j o r  d r a i n a g e w a y s  a n d  p e r e n n i a l  w a t e r w a y s  d e s i g n e d  s o  t h h t  t h e  
h y d r a u l i c  c a p a c i t y  o f  e a c h  wate rway  o p e n i n g  a n d  c h a n n e l  r e a c h  a b e t s  t h e  common a im o f  p r o v i d i n g  
f o r  t h e  s t o r a g e  a s  w e l l  a s  t h e  movement o f  f l o o d w a t e r s .  Not o n l y  d o e s  t h e  l a n d  u s e  p a t t e r n  o f  
t h e  t r i b u t a r y  d r a i n a g e  a r e a  a f f e c t  t h e  r e q u i r e d  h y d r a u l i c  c a p a c i t y .  b u t  t h e  e f f e c t i v e n e s s  o f  t h e  
f l o o d w a t e r  c o n v e y a n c e  and s t o r a g e  f a c i l i t i e s  a f f e c t s  t h e  u s e s  t o  which  l a n d  w i t h i n  t h e  t r i b u t a r y  
w a t e r s h e d  a n d  p a r t i c u l a r l y  w i t h i n  t h e  r i v e r i n e  a r e a s  o f  t h e  w a t e r s h e d  may p r o p e r l y  b e  p u t .  

STANDARDS 

1. The w a t e r w a y  o p e n i n g  on a l l  e x i s t i n g  b r i d g e s  a n d  c u l v e r t s  o v e r  m a j o r  d r a i n a g e w a y s  a n d  p e -  
r e n n i a l  w a t e r w a y s  s h a l l  b e  a d e q u a t e  t o  accommodate  t h e  f o l l o w i n g  h y d r a u l i c  l o a d i n g s  w i t h o u t  
c a u s i n g  o v e r t o p p i n g  o f  t h e  d i r e c t l y  r e l a t e d  r o a d  s u r f a c e  a n d  r e s u l t a n t  d i s r u p t i o n  o f  t r a f f i c  
by f l o o d w a t e r s :  

a .  Minor s t r e e t s  u s e d  o r  i n t e n d e d  t o  be u s e d  p r i m a r i l y  f o r  a c c e s s  t o  a b u t t i n g  p r o p e r t i e s :  
a  1 0 - y e a r  r e c u r r e n c e  i n t e r v a l  f l o o d  f l o w .  

b. A r t e r i a l  s t r e e t s  and  h i g h w a y s ,  o t h e r  t h a n  f r e e w a y s  and  e x p r e s s w a y s ,  u s e d  o r  i n t e n d e d  t o  be 
u s e d  p r i m a r i l y  f o r  f a s t  o r  h e a v y  t h r o u g h  t r a f f i c :  a 5 0 - y e a r  r e c u r r e n c e  i n t e r v a l  f l o o d  f l o w .  

c .  Freeways  and e x p r e s s w a y s :  a  1 0 0 - y e a r  r e c u r r e n c e  i n t - e r v a l  f l o o d  f l o w .  

2. The w a t e r w a y  o p e n i n g s  on a l l  new b r i d g e s  a n d  c u l v e r t s  o v e r  m a j o r  d r a i n a g e w a y s  a n d  p e r e n n i a l  
wate rways  s h a l l  meet t h e  a p p l i c a b l e  f o r e g o i n g  s t a n d a r d s ,  p r o v i d i n g ,  however ,  a  minimum f r e e b o a r d  
b e t w e e n  t h e  s p e c i f i e d  r e c u r r e n c e  i n t e r v a l  p e a k  f l o o d w a t e r  s u r f a c e  e l e v a t i o n  and  t h e  h i g h  p o i n t  
o f  t h e  w a t e r w a y  o p e n i n g  o f  t h e  b r i d g e  o r  c u l v e r t .  

3 .  The s t r u c t u r a l  t y p e  o f  w a t e r w a y  o p e n i n g  f o r  a l l  b r i d g e s  o v e r  m a j o r  d r a i n a g e w a y s  a n d  p e r e n -  
n i a l  w a t e r w a y s  s h a l l  be  s u c h  a s  t o  maximize  t h e  p a s s a g e  o f  i c e  f l o e s  a n d  o t h e r  f l o a t i n g  d e b r i s  
o f t e n  a s s o c i a t e d  w i t h  s i g n i f i c a n t  b a c k w a t e r  e f f e c t s  a n d  f l o o d  damage;  a n d  i n  s e l e c t i o n  o f  t h e  
s t r u c t u r a l  b r i d g e  t y p e ,  i t  s h o u l d  be  r e c o g n i z e d  t h a t  c l e a r  s p a n s  a n d  r e c t a n g u l a r  o p e n i n g s  a r e  
more e f f i c i e n t  t h a n  i n t e r r u p t e d  s p a n  and  c u r v i l i n e a r  o p e n i n g s  i n  a l l o w i n g  p a s s a g e  o f  i c e  f l o e s  
and d e b r i s .  

4 .  C h a n n e l  improvements  s h o u l d  be r e s t r i c t e d  t o  t h e  minimum number and e x t e n t  a b s o l u t e l y  n e c e s -  
s a r y  f o r  i m p l e m e n t a t i o n  o f  t h e  w a t e r s h e d  l a n d  u s e  p l a n ,  a n d  c h a n n e l  improvements  which  may s i g -  
n i f i c a n t l y  i n c r e a s e  d o w n s t r e a m  p e a k  f l o o d  d i s c h a r g e s  s h o u l d  b e  u s e d  o n l y  i n  c o n j u n c t i o n  w i t h  
c o m p l e m e n t a r y  f a c i l i t i e s  f o r  t h e  s t o r a g e  a n d  movement o f  t h e  i n c r e m e n t a l  f l o o d w a t e r s  t h r o u g h  
downstream r e a c h e s .  

5 .  A l l  w a t e r  c o n t r o l  f a c i l i t i e s  on m a j o r  d r a i n a g e w a y s  and p e r e n n i a l  w a t e r w a y s ,  o t h e r  t h a n  b r i d g e s  1 
and c u l v e r t s !  s u c h  a s  dams and  d i v e r s i o n  c h a n n e l s ,  s h a l l  be  a d e q u a t e  t o  accommodate t h e  h y d r a u l i c  
l o a d i n g s  r e s u l t i n g  from a  1 0 0 - y e a r  r e c u r r e n c e  i n t e r v a l  f l o o d .  

6 .  A l l  p u b l i c  l a n d  a c q u i s i t i o n s  i n t e n d e d  t o  e l i m i n a t e  t h e  n e e d  f o r  w a t e r  c o n t r o l  f a c i l i t i e s  1 
s h a l l  encompass  a t  l e a s t  a l l  o f  t h e  r i v e r i n e  a r e a s  l y i n g  w i t h i n  t h e  1 0 0 - y e a r  r e c u r r e n c e  i n t e r v a l  
f l o o d  i n u n d a t i o n  l i n e .  

I 



OBJECTIVE NO.  2 

An i n t e g r a t e d  s y s t e m  o f  w a t e r  q u a l i t y  c o n t r o l  f a c i l i t i e s  a n d  p o l l u t i o n  a b a t e m e n t  d e v i c e s  a d e -  
q u a t e  t o  e n s u r e  a  q u a l i t y  o f  s t r e a m  w a t e r  p e r m i t t i n g  t h e  f o l l o w i n g  b e n e f i c i a l  w a t e r  u s e s :  

a .  R e c r e a t i o n  i n v o l v i n g  p a r t i a l  body c o n t a c t .  

b. P r e s e r v a t i o n  o f  f a c u l t a t i v e  f i s h  l i f e .  

c .  W i l d l i f e  and l i v e s t o c k  w a t e r i n g .  

d .  A e s t h e t i c  s e t t i n g  f o r  r e s i d e n t i a l  and r e c r e a t i o n a l  l a n d  u s e  d e v e l o p m e n t .  

PRINCIPLE 

S u r f a c e  w a t e r  i s  one  o f  t h e  most  v a l u a b l e  r e s o u r c e s  o f  s o u t h e a s t e r n  W i s c o n s i n ;  a n d  e v e n  u n d e r  
t h e  e f f e c t s  o f  i n c r e a s i n g  p o p u l a t i o n  a n d  e c o n o m i c  a c t i v i t y  l e v e l s ,  t h e  p o t e n t i a l  o f  n a t u r a l  
s t r e a m  w a t e r s  t o  s e r v e  a  r e a s o n a b l e  v a r i e t y  o f  b e n e f i c i a l  u s e s  i n  a d d i t i o n  t o  t h e  s i n g l e - p u r -  
p o s e  f u n c t i o n  o f  w a s t e  t r a n s p o r t  and  a s s i m i l a t i o n  s h o u l d  be p r o t e c t e d  and  p r e s e r v e d .  

STANDARDS 

1. A l l  u r b a n  r e s i d e n t i a l  d e v e l o p m e n t  e x c e p t  s i n g l e - f a m i l y  r e s i d e n c e s  on l o t s  o f  f i v e  a c r e s  o r  
more i n  a r e a  a n d  l o c a t e d  on s o i l s  r a t e d  i n  t h e  r e g i o n a l  s o i l  s u r v e y  a s  s u i t a b l e  f o r  t h e  s o i l  
a b s o r p t i o n  method o f  sewage d i s p o s a l  s h a l l  b e  s e r v e d  by p u b l i c  s a n i t a r y  s e w e r a g e  f a c i l i t i e s  c o n -  
v e y i n g  l i q u i d  w a s t e s  t o  a  sewage  t r e a t m e n t  p l a n t .  

2.  I n  t h o s e  r e a c h e s  o f  t h e  s t r e a m  s y s t e m  d e s i g n a t e d  f o r  t h e  m a i n t e n a n c e  o f  a  f a c u l t a t i v e  f i s h e r y ,  
minimum d i s s o l v e d  oxygen c o n t e n t  o f  w a t e r s  s h a l l  a t  a l l  t i m e s  e q u a l  o r  e x c e e d  4 . 0  ppm and  w a t e r  
t e m p e r a t u r e s  s h a l l  n o t  r i s e  a b o v e  9 0 ' ~ .  

3 .  I n  t h o s e  a r e a s  o f  t h e  s t r e a m  s y s t e m  d e s i g n a t e d  f o r  b o a t i n g  a n d  r e l a t e d  p a r t i a l  body c o n t a c t  
r e c r e a t i o n a l  u s e s ,  t h e  b a c t e r i a  c o u n t ,  e x p r e s s e d  i n  membrane f i l t e r  c o l i f o r m  c o u n t  p e r  1 0 0  m i l -  
l i l i t e r s  (MFCC/lOOml), s h a l l  n o t  e x c e e d  5 , 0 0 0  d u r i n g  t h e  p r i m a r y  u s e  s e a s o n  o f  A p r i l  l t h r o u g h  
O c t o b e r  31.  

4 .  I n  t h o s e  r e a c h e s  o f  t h e  p e r e n n i a l  s t r e a m  s y s t e m  n o t  d e s i g n a t e d  f o r  t h e  m a i n t e n a n c e  o f  a  f a c -  
u l t a t i v e  f i s h e r y ,  minimum d i s s o l v e d  oxygen c o n t e n t  o f  w a t e r s  s h a l l  a t  a l l  t i m e s  e q u a l  o r  e x c e e d  
1 . 0  ppm. 



Root River watershed. The variation of rainfall 
depth with area  of consideration and the seasonal 
variation of rainfall probability a r e  described in 
Figures 1-3 and 1-4 respectively. 

Storm Sewer Design Criteria 
Revised rainfall criteria and newly available soil 
survey data made possible more detailed consid- 
eration of rainfall-runoff relationships in design of 
storm sewers for urban areas  in the Southeastern 
Wisconsin Region and in the watershed. Recom- 
mended values for the coefficient of runoff, C, 
which a re  based on land use, land slope, and soil 
type, a r e  presented in Appendix I, Table 1-1, Soils 
which occur in the watershed a r e  categorized in 
hydrologic groups according to their infiltration 
capability in Appendix H, Table H-1. 

Rainfall-Runoff Relationships 
The rainfall-runoff criteria adopted for storm 
sewer design a r e  not adequate for hydrologic 
simulation of basin-wide floods. For  this purpose, 
Soil Conservation Service rainfall-runoff relation- 
ships were adopted. These relationships, and 
adjustments made to them for the specific condi- 
tions existing in the Root River watershed, a r e  
described in Chapter VI, "Hydrologic Sim~lation.~'  

Channel Camcitv. Flood Routine. and 
Backwater Computation 
Channel capacities were calculated using the Man- 
ning formula for open-channel flow. This formula 
is used almost universally and has the advantage 
that values for the empirical coefficient used to 
represent the hydraulic friction a r e  based on ex- 
tensive field tests. The methods used in applying 
the Manning formula and the procedure for deter- 
mining appropriate values for the friction factor, 
"n," a r e  described indetail in ChapterV, ITHydrau- 
lics of the Watershed." 

Flood routing is  the mathematical process of 
simulating the effects of channel characteristics 
on the peak flow and duration of a flood a s  it moves 
through a channel system. The rate of flood travel, 
reduction of peak, and increase in duration a r e  
dependent upon size, shape, slope, and hydraulic 
friction of the channel. The storage-indication 
method of flood routing was selected a s  the most 
suitable for application in the Root River study 
since it i s  based upon the physical characteristics 
of the channel system, whereas most other methods 
a r e  based upon streamflow records. 

Backwater a t  bridges was calculated by the U. S. 
Bureau of Public Roads method, which i s  described 
and referenced in Chapter V, 7'Hydraulics of the 
Watershed." Backwater a t  culverts and other 
channel obstructions was calculated by standard 
hydraulic methods described in such books a s  
Kingts Handbook of Hydraulics. Explanations of 
specific methods and appropriate references a r e  
given in Chapters V and VI. 

Flood Frequency 
An analysis of flood frequencies under present 
development conditions is presented in Chapter W. 
Based on regional relationships, climatological 
data, and a gage height record in Racine, i t  was 
concluded that the flood peak flow recorded in 
March 1960 on the North Branch a t  W. Ryan Road 
(STH 100) i s  equivalent to a 100-year recurrence 
interval flood event. Furthermore, it was decided 
by the Watershed Committee that the design flood 
for watershed planning purposes should be a t  least 
a s  large a s  the 1960 flood, suitably adjusted for 
future land use conditions. 

Flood frequency relationships for present and 
future land use conditions a r e  all based on the 
assignment of 100-year recurrence interval to 
the 1960 flood. It should be recognized that this 
assignment of frequency, although representing 
the best engineering judgment in light of existing 
data, is still highly subjective. As streamflow 
data collection continues within the watershed, 
flood-frequency relationships should be reviewed 
and revised, if necessary. 

OVERRIDING CONSIDE RATIONS 
In the application of the watershed development 
objectives, principles, and standards in the prepa- 
ration, test, and evaluation of the watershed plans, 
several overriding considerations must be recog- 
nized. First ,  it must be recognized that each pro- 
posed water control facilities plan must constitute 
an integrated system. It i s  not possible from an 
application of the standards alone, however, to 
assure such a system since the standards cannot 
be used to determine the effect of individual facili- 
ties on each other o r  on the system a s  a whole. 
This requires the application of the hydrologic 
simulation models to quantitatively test the pro- 
posed system, thereby permitting adjustment of 
the spatial distribution and capacities of the sys- 
tem to the existing and future runoff loadings a s  
derived from the land use plan. Second, it must 
be recognized that it is unlikely that any one plan 



proposal will meet all the standards completely; 
and the extent to which each standard is  met, 
exceeded, o r  violated must serve a s  a measure of 
the ability of each alternative plan proposal to 
achieve the specific objectives which the given 
standard complements. Third, it must be recog- 
nized that certain objectives and standards may 
be in conflict and require resolution through com- 
promise. Finally, it must be recognized that an 
overall evaluation of each combination of land use 
and water control facility plans must be made on 
the basis of cost. This concept i s  so important 
that it warrants special attention herein. 

ECONOMIC CRITERIA 
The concepts of economic analysis and economic 
selection a r e  vital to the public planning process. 
Sound economic analysis of benefits and costs 
should be an important guide to planners and deci- 
sion-makers in the selection of the most suitable 
plan from an array of alternatives. All decisions 
concerning monetary expenditures, either private 
o r  public, a r e  based on an evaluation of benefits 
and costs. This is not to imply that a formal eco- 
nomic analysis i s  made before every expenditure. 
The process of decision itself, however, consists 
of a consideration of whether the benefit received 
would be worth the amount paid. Benefits a r e  not 
necessarily accountable in monetary terms and 
may be purely intangible, but the very act of 
expending money (or resources) for an intangible 
benefit implies that the benefit is worth to thepur- 
chaser a t  least the amount spent. 

In addition to the consideration involved in decid- 
ing that a potential benefit is worth i t s  cost, con- 
sideration is also given to possible alternative 
benefits that could be received for alternative ex- 
penditures within the limits of available resources. 
Alternative benefits a r e  compared, either objec- 
tively o r  subjectively; and the one which is con- 
sidered to give the greatest value for its cost 
is selected. Again, the benefits may be purely 
intangible; but the decision-making process itself 
implies an  evaluation of which alternative is con- 
sidered to be worth the most. When considera- 
tion is made of investment for future benefits, one 
alternative that should always be considered is the 
benefit which could be received from investment 
in the money market. This benefit is expressed in 
the prevailing interest rate. 

.Personal and private decisions, while implying a t  
least subjective consideration of benefits and costs, 
broadly defined, a r e  not necessarily based upon 

either formal o r  objective evaluation of monetary 
benefits and costs. Public officials, however, have 
a responsibility to objectively and explicitly evalu- 
ate the monetary benefits and costs of alternative 
investments to assure that the public will receive 
the greatest possible benefits from limited mone- 
tary resources. 

It is then a fundamental principle that every public 
expenditure should return to the public a value at  
least equal to the amount expended plus the inter- 
es t  income foregone from the ever-present alter- 
native of private investment. This principle may 
also be stated that the public should receive a value 
return from its  tax investment a t  least equal to 
what it could receive from private investment, 
since government exists, presumably, to serve 
the people. 

Therefore, economic analysis is a fundamental 
requirement of responsible public planning; and 
all plans should promise a return to the public at  
least equal to the expenditure plus interest. It is 
emphasized that public expenditures should not be 
expected to "make money" but that they should be 
expected to return a value in goods and services 
which is worth to the public the amount expended 
plus interest. 

Benefit-Cost Analysis 
The benefit-cost analysis method of evaluating 
government investments in public works came into 
general use after the adoptionof the Federal Flood 
Control Actof 1936. The act stated that waterways 
should be improved "if the benefits to whomsoever 
they may accrue a r e  in excess of the estimated 
costs.11 Monetary value of benefits has since been 
defined a s  the amount of money which an individual 
would pay fo r  that benefit if he were given the 
market choice of purchase. Monetary costs a r e  
taken a s  the total value of resources used in the 
construction of the project. 

Benefits must exceed costs in order for a project 
to be justified, but this criterion alone is not suf- 
ficient to justify the investment. Although aproject 
may have abenefit-cost ratio greater than 1.0, the 
ratio may be less than the benefit-cost ratio of an 
alternative project which would accomplish the 
same objectives. Therefore, in order to assure 
that public funds a r e  invested most profitably, 
alternative plans o r  projects should be investigated 
and analyzed. 



Implementation of comprehensive plans for the 
Root River watershed could include benefits of 
flood control, recreation, efficient community 
utilities and facilities, enhancement of property 
values, and an aesthetically pleasing community 
environment. Costs which could be incurred in 
implementation of watershed plans include con- 
struction, land acquisition, and income foregone 
a s  a result of regulation of land use. 

Time Value of Money-Interest 
The benefits and often the costs of construction 
projects accrue over long periods of time. Each 
project o r  alternative, public and private, is likely 
to have a different time flow of benefits and costs. 
Benefits of one project may be realized earl ier  
than those of another, while the time flow of costs 
may vary from one large initialinvestment for one 
project to small but continuously recurrent expen- 
ditures for another. In order to place these pro- 
jects with varying time flows of benefits and costs 
on a comparable basis, the concept of the time 
value of money must be introduced. 

A dollar has a greater value to the consumer today 
than does the prospect of a dollar in the future. 
Because of this time preference for money, a con- 
sumer will agree to pay more than one dollar in 
the future for one dollar today. Conversely, to an 
investor one dollar in the future is worth less than 
one dollar today because he can obtain one dollar 
in the future from the investment of less than one 
dollar today. By the same reasoning, for public 
projects a one dollar cost o r  a one dollar benefit 
a t  some time in the future has a value of less  
than one dollar today. The variation of value of 
capital, benefits, and costs with respect to time 
is expressed through the mathematics of com- 
pound interest. 

Use of an interest rate automatically incorporates 
consideration of the ever-present possibility of 
private investment a s  an alternative. A project, 
to be economical, should return to the public a t  
least a s  great a benefit a s  i t  might obtain through 
private investment. Money invested privately is 
expected to return generally from 6 to 10 percent 
interest. Since implementation of the watershed 
plan should return benefits to the public equal to, 
o r  greater than could be attained through, private 
investment, an interest rate of 6 percent is rec- 
ommended for use in the economic evaluation of 
plans. It should be noted that certain government 
agencies use a lower interest rate in such eval- 
uation. Therefore, benefit-cost analyses of the 

watershed plans were also made using a 3 percent 
interest rate in order to allow evaluation by the 
cri teria of other agencies. 

The benefit-cost analysis for a project must be 
based on a specified number of years, usually 
equal to the physical o r  economic life of the pro- 
ject. Most of the improvements proposed in the 
Root River watershed plans, however, will con- 
tinue to furnish benefits for an indefinite time, 
particularly the land use control and park reser-  
vation elements. In indefinite situations, such a s  
this, government agencies have generally selected 
50 years for the period of analysis; and this period 
is recommended for the Root River watershed 
plans. Using 6 percent interest, benefits accrued 
after  50 years, when discounted to the present, 
a r e  very small. For  example, given a uniform 
annual benefit of one dollar, the total present worth 
of the entire 50-year period from year 51 through 
year 100 would be only one dollar. The total 
present worth of the benefits for the 50-year 
period from year 1 through year 50 would, how- 
ever,  be almost $16. A final reason for using 
a 50-year period a s  a basis for benefit-cost analy- 
s i s  is the inability to anticipate the social, eco- 
nomic, and technological changes which may occur 
in the more distant future and which may influence 
project benefits and costs. 

Project Benefits 
The benefits from a project can be classified a s  
direct, o r  measurable in monetary terms,  and a s  
intangible. Intangible benefits either a r e  of such 
a nature that no monetary value can be assigned 
to them o r  a r e  so obscure that calculation of the 
monetary value is impracticable. In the Root River 
watershed planning studies, direct benefits include 
flood-damage reduction, enhancement of property 
values, and that part of recreation to which a mone- 
tary value can be assigned. Intangible benefits 
include aesthetic factors deriving from natural 
beauty and a pleasant environment. Intangibles 
also include benefits, such a s  improved efficien- 
cies in community utilities and facilities, that 
have monetary values but which a r e  impracticable 
to calculate. 

Direct benefits attributable to flood control were 
calculated by subtracting annual flood-damage 
risk for each plan alternative from annual flood- 
damage risk in an  unplanned situation. Annual 
flood-damage risk was calculated for each alter- 
native by means of the damage-frequency curves 
prepared for the study a s  described inChapterVII, 
"Flood Damages.'' 



The direct benefits from land use controls and 
from the provision of recreational opportunities 
a r e  more difficult to establish. A partial account 
of the benefits resulting from the implementation 
of sound land use plans was made in terms of 
increased land values for housing sites adjacent 
to attractive natural environments. The remainder 
of the benefits of the land use plans were con- 
sidered to be intangible. These intangibles include 
benefits from the provision of a more attractive 
and pleasant environment for living and work- 
ing and benefits to communities and individuals 
because community facilities, such a s  drain- 
age, water supply, roads, schools, and waste dis- 
posal, cost less  per capita in a well-planned land 
use situation. 

Direct benefits from the provision of recreation 
opportunities were calculated by multiplying esti- 
mated u&r benefits by estimated number of fu- 
ture'users. ?The estimate of the number of future 
users  was based on data on present use of similar 
facilities provided by the Milwaukee County Park 
Commission and the Wisconsin Conservation Com- 
mission and data on future parkway traffic provided 
by the State Highway Commission of Wisconsin. 
It was assumed that recreational demand would 
grow such that new facilities would have a t  least 
the same intensity of use a s  do existing facilities. 
Growthof demand appears assured by virtue of ex- 
panding population, higher income levels, shorter 
working hours, and increased travel. 

The unit monetary benefits that were assigned to 
the individual users of the various recreational 
facilities were selected from those proposed in 
Supplement No. 1 to U. S. Senate Document No. 97. 
This publication sets  forth the federal interagency 
standards for evaluation of outdoor recreation 
benefits. The unit values of zero to $1.50 per 
recreation day a s  set  forth in the Supplement a r e  
intended to measure the amount that the users  
should be willing to pay, if such payment were 
required, to avail themselves of the recreation 
resources. Values assigned to individual rec- 
reation elements a r e  presented in Chapter XII, 
"Alternative Plans." 

The specific benefit of water quality improvement 
was considered to be intangible in the sense that it 
is difficult to measure, but very real since a high 
level of recreational use of the stream water i s  
possible only if water quality is improved. 

Project Costs 
The direct costs of water resource development 
include the construction costs of physical elements 
of the plan and the cost of acquiring land. 

Costs of structural facilities were calculated using 
unit prices which reflect the magnitude of work, the 
location in urban areas ,  and regional labor costs. 

The cost of land acquisition was based on present 
market prices for urban improved, urban unim- 
proved, and rural  agricultural land in the Root 
River watershed. The cost of land use controls, 
such a s  would occur in a zoning-only plan, was 
taken a s  the difference in present market price 
between urban unimproved land and rural agri- 
cultural land. This is based upon the assumption 
that the present market price of land is equivalent 
to the present worth of the future income expected 
to be derived from that land. Under flood plain 
zoning, the principal profitable land use would 
remain agriculture. 

Relationship of Economic and Financial Analysis 
The distinction between economic feasibility and 
financial feasibility is of particular importance in 
the considerationof the costs of land already under 
public ownership. A financial analysis involves 
an  examination of the liquidating characteristics 
of the project from the point of view of the particu- 
l a r  government agency undertaking the project. 
The relevant matters a r e  the monetary disburse- 
ments and monetary receipts of the project. The 
financial analysis determines whether o r  not the 
prospective available funds a r e  adequate to cover 
all of the costs. 

On the other hand, an economic analysis by a gov- 
ernment body determines i f  the project benefits 
to whomsoever they accrue exceed the costs to 
whomsoever they accrue. Since one of the legiti- 
mate objectives of government is to promote the 
general welfare, i t  is necessary to consider the 
effect of a proposed project on all of the people 
who may be affected, not just the income and ex- 
penditures of a particular agency. The economic 
valuation of the benefits and costs may differ con- 
siderably from the actual income and expenditures 
of a government agency. The present market value 
of publicly owned but uncommitted land, such a s  
the undeveloped holdings of the Milwaukee County 
Park Commission, i s  counted on the cost side of 
the economic analysis. Under the economic crite- 
rion of benefits and costs to whomsoever they 
accrue, this land must be considered to have an 



economic value for  alternative uses which a r e  
foregone when the land is committed to another 
use, such a s  open space o r  recreation. The costs 
of public lands already developed with facilities 
for recreation a r e  considered a s  sunk costs and 
not included in the economic analysis because 
alternative uses of the land can no longer be rea- 
sonably considered. The costs of land under public 
ownership, undeveloped o r  developed, a r e  not con- 
sidered in the financial analysis since no monetary 
outlay is required. 

Staged Develo~ment 
An attractive feature of many water resource de- 
velopments is their divisibility into several indi- 
vidual projects which may be financed and built 
a t  different times. Staged construction requires 
lesser  initial capital investments, reduces interest 
costs, and allows for flexibility of continued plan- 
ning. Staging developments may also allow defer- 
r ing an element until increased demands raise i ts  
benefit-cost ratio. However, in planningfor staged 
development, consideration must be given to pos- 
sibilities of higher costs in the future and the 
possible unavailability of land. In any development 
stagingalso serves to lower r isks incurred through 
inavailability of data during preparation and partial 
implementation of initial plans. 

SUMMARY 
The process of formulating objectives and stand- 

a rds  to be used in plan design and evaluation i s  
a difficult but necessary part of the planning 
process. It is readily conceded that regional and 
watershed development plans must advance devel- 
opment proposals which a r e  physically feasible, 
economically sound, aesthetically pleasing, and 
conducive to the promotion of public health and 
safety. Agreement on development objectives be- 
yond such generalities, however, becomes more 
difficult to achieve because the definition of speci- 
fic development objectives and supporting stand- 
a rds  inevitably involves value judgments. Never- 
theless, it is essential to state such objectives for 
watershed development and to quantify them inso- 
far  a s  possible through standards in order to pro- 
vide the framework within which watershed plans 
can be prepared. Moreover, if the watershed plans 
a r e  to form an integral part of the overall long- 
range plans for the physical development of the 
Region, then the watershed development objec- 
tives must be compatible with, and dependent upon, 
regional development objectives while meeting 
the primary watershed development objectives. 
Therefore, the watershed development objectives 
and supporting principles and standards set  forth 
herein a r e  based upon, and incorporated in, pre- 
viously adopted regional development objectives, 
supplementing these only a s  required to meet the 
specific needs of the Root River watershed plan- 
ning program. 



Chapter XI1 

ALTERNATIVE PLANS 

INTRODUCTION 
Planning has been defined a s  a rational process 
for  establishing and meeting objectives. Ideally, 
public planning should involve all levels of Dvern- 
ment concerned and offer an opportunity for citizen 
participation through duly elected and appointed 
public officials. If, in fact, the planning process 
is to achieve such active participation, the techni- 
cal personnel largely responsible for the collection 
and analyses of data, preparation of forecasts, and 
plan synthesis must present to the responsible 
public officials alternative plans setting forth all 
reasonably feasible means of attaining previously 
agreed-upon development objectives. If alterna- 
tive plans a r e  not prepared, and only one plan i s  
presented for evaluation, then a public right may 
have been usurped o r  ignored. The alternative 
plans presented by the technician must be physi- 
cally attainable and should be generally beneficial 
to the public health, safety, and welfare. It i s  not 
essential that all of the plans be economically 
sound o r  aesthetically pleasing, but it i s  essential 
that the information necessary for public evalua- 
tion of these factors be included in the description 
of the plans. 

BASIC CONCEPTS 
The preparation of alternative comprehensive 
watershed plans is simplified by postulating indi- 
vidual plan elements which singularly represent 
partial solutions to the overall problems of the 
watershed. These elements then can be com- 
bined into alternative sets, o r  mosaics, each of 
which represents an alternative comprehensive 
plan. A large number of such possible com- 
binations, representing alternative comprehensive 
plans, exist if there a r e  many individual plan ele- 
ments; but the possible combinations can usually 
be reduced through preliminary analysis to a few 
representing practical basic alternatives. 

The individual plan elements for the Root River 
watershed may be separated into land use ele- 
ments and water control facility elements. Three 
major individual land use elements and three 
major individual water control facility elements, 
which can be added singly o r  in combination to 
the land use plan elements, appear feasible (see 
Figure 29). In addition, certain accessory plan 

elements, which generally serve to complement 
the major water control facility alternatives, 
appear feasible. These include water pollution 
control measures which would be compatible and 
desirable adjuncts of the major components of an 
adopted plan (see Map 33). The land use plan ele- 
ments, although emphasizing the riverine areas,  
apply to the watershed a s  a whole and represent 
the major basic approach to the comprehensive 
solution of the watershed problems. The water 
control facility plan elements a r e  subordinate to 
the land use plan elements in that they do not affect 
the entire watershed and cannot alone offer a com- 
prehensive solution to the watershed problems. 
Alternative watershed plans have, therefore, been 
herein identified by the name of the basic land use 
plan element, even though o-ne o rmore  of the water 
control elements a r e  generally included a s  nec- 
essary adjuncts. 

The alternative land use elements have been 
termed the "Uncontrolled Existing Trend Alterna- 
tive," the "Controlled Existing Trend-Land Use 
RegulationAlternative," and the "ControlledExist- 
ing Trend-Parkway and Recreation Land Devel- 
opment Alternative." The major water control 
facility plan elements which serve a s  major ad- 
juncts to the foregoingland use alternatives consist 
of channel improvements, diversion channels, and 
multi-purpose reservoirs. These, together with 
the pollution control alternatives and other acces- 
sory plan elements, a r e  described and evaluated 
in the following sections. The results of a pre- 
liminary analysis of a privately proposed scheme 
to create a large lake in the Canal area,  with water 
levels maintained by interbasin diversions of 
streamflow and pumped storage of Lake Michigan 
waters, a r e  also reported. 

Although the sharp distinction between alterna- 
tive plans and their component elements must be 
recognized, for simplicity of presentation the 
alternative plans set forth in this and subsequent 
chapters take the name of the included land use 
element. Therefore, when the word 'lplan" is used 
instead of it should be understood that 
certain water control facility and other adjunctive 
elements a r e  included even though the plan is 
identified by a title referring solely to the land 
use element. 



UNCONTROLLED EXISTING TREND dant to the other land use plans. Flood control 
ALTERNATIVE PLAN benefits of the latter were determined by sub- 

tracting the residual flood-damage risk associated 
Description with each alternative from the flood-damage risk 
Land Use The land use the projected for the Uncontrolled Existing Trend 
Uncontrolled Existing Trend Alternative Plan is Plan Alternative. 
based upon a projection of existing land use devel- 
opment trends within the watershed. Land use The probable spatial distribution of land uses 

was assumed, in the absence an within the watershed under uncontrolled conditions 
areawide land use plan, to be guided only by ~ r i -  is shown on Map 35. This spatial distribution is 
vate decision and the presently adopted local land based upon consideration of the following factors: 
use plans and zoning ordinances (see Map 34). It 
was further assumed that residential development 1. Satisfaction of the gross land use demands 
of the flood plains would continue a s  in the past. of the projected 1990 watershed population. 
This alternative is not so much a plan as  i t  is 
a forecast of probable unplanned development and 
is intended to serve not a s  a recommendation but 2. Execution of presently adopted local land 

a s  a standard of comparison for the evaluation use plans and zoning regulations by water- 

of true land use plans directed toward attaining shed communities. 

watershed and regional development objectives, 
providing an indication of the probable ultimate 3. Effect of committed decisions concerning 

character of the watershed environment if existing drainage, sewerage, and highway facility 

development trends a r e  allowed to continue without development. 
limitation in the public interest. It serves the 
particularly important function of a reference for 4. Existing land purchase and development 
the calculation of the flood control benefits atten- trends. 

M a p  3 3  

A P R O P O S E D  WATER P O L L U T I O N  C O N T R O L  P R O G R A M  
R O O T  R I V E R  W A T E R S H E D  LEGEND 

M o n i t o r i n g  S y s t e m  

WATER Q U A L I T Y  SAMPLING S T A T I O N  

STREAM FLOW GAGING S T A T I O N  

MICHIGAN CREST GAGE S T A T I O N  

I m p r o v e d  I n - B a r i n  T r e a t m e n t  o r  E x p o r t  o f  Sewage 

COMMUNITY SEWAGE TREATMENT PLANT TO BE A ABANDONED AN0 EFFLUENT EXPORTED 

COMMUNITY SEWAGE TREATMENT PLANT Q U A L I T Y  
OF EFFLUENT TO BE IMPROVED 

0 I N D U S T R I A L  WASTE DISCHARGE TO BE EXPORTEO 

I N D U S T R I A L  WASTE DISCHARGE Q U A L I T Y  OF EFFLUENT 
TO BE IMPROVED 

ex tens ive  so t h a t  o n l y  a comprehensive c o n t r o l  program hav ing appl ica-  
t i o n  throughout t h e  watershed w i l l  ensure t h e  k ind  o f  water q u a l i t y  environment necessary t o  support  e s t h e t i c  and 
l imi t e d  r e c r e a t i o n a l  uses. 



use plans and plan implementation devices. 



UNCONTROLLED E X I S T I N G  TREND LAND USE P R O J E C T I O N  ( 1 9 9 0 )  

Continued land use development w i t h i n  the  watershed i n  the absence o f  any attempt t o  regulate such development i n  
the p u b l i c  i n te res t ,  w i l l  r e s u l t  i n  scat tered basin-wide development o f  low d e n s i t i e s  wi thout  regard f o r  s o i l  capa- 
b i  l i t ies ,  l o g i c a l  u t i  l i t y  se rv i ce  areas, development oppor tun i t ies ,  o r  p ro tec t ion  of the floodwaya and f l o o d  plains. 



5 .  Location of the major shopping, employ- 
ment, and community service concentra- 
tions; bodies of water; and scenic areas  
which attract residential development. 

6. Location of dumps, quarries, abandoned 
developments, and concentrations of heavy 
industry which serve to repel residential 
development. 

Special attention was given to the probable location 
of future residential development on flood plain 
lands. Such development was projected on a house- 
by-house basis, with determination of the spatial 
distribution and estimated property values being 
guided by observed existing trends and by existing 
and committed utility and transportation system 
service areas. Stage-damage curves and damage- 
risk curves were prepared for the resulting future 
probable flood plain development, a s  described in 
Chapter VII, "Flood Damages.?? 

Land located in the flood plain which is presently 
owned by the Milwaukee County Park Commission 
but which has not, a s  yet, been developed for rec- 
reational purposes posed a special problem in 
economic analysis. As explained in Chapter XI, 
"Watershed Development Objectives, Principles, 
and Standards," public investment in this undevel- 
oped land does not represent a committed cost 
since it could be recovered by placing the land 
back on the private market. Since this opportunity 
i s  available, it was necessary to recognize and 
account for  the cost of this undeveloped land in the 
economic analyses of any of the watershed plan 
alternatives that call fo r  public ownership of flood 
plain land. For comparative purposes, therefore, 
it was also necessary to assume that, in the uncon- 
trolled existing trend alternative land use ele- 
ment, this land would be returned to the private 
market and that residential development would 
take place on this land in accordance with the 
cri teria applied to all other flood plain land. 
Although flood-damage relief benefits of the other 
plans were increased somewhat under this assump- 
tion, the inclusion of the fa r  greater land values a s  
costs in the other plan alternatives resulted in 
a conservative economic analysis. 

Water Control Facility Elements: In the designing 
of alternative plans, three possible water control 
facility elements were considered a s  possible 
adjuncts to the uncontrolled existing trend alter- 
native land use element. The committed decision 
to improve drainage within the City of West Allis 
required consideration of future channel improve- 

ments within the City of Greenfield, if the com- 
mitted upstream channel improvements a r e  to be 
effective and if flood plain use for residences is 
to be maximized. Construction of a floodwater 
diversion bypass channel to Lake Michigan was 
considered to allow extensive residential develop- 
ment of downstream flood plains. A multi-purpose 
reservoir a t  the junction of the North and Canal 
branches, however, was not considered to be gen- 
erally compatible with a projectionof existing land 
use development trends, for a minor portion of 
the reservoir site is already used for urban pur- 
poses and further encroachment would occur under 
extension of existing trends. The adoptionof water 
pollution control measures would not be incom- 
patible with the uncontrolled existing trend alter- 
native land use element, but i t  is doubtful if such 
measures actually would be adopted if existing 
development trends were continued. The high cost 
of providing scattered urban development with 
centralized public sanitary sewer service would 
make effective pollution control under this alter- 
native element particularly difficult to achieve. 

Component Elements of the Uncontrolled Existing 
Trend Alternative Plan 
In summary, the Uncontrolled Existing Trend 
Alternative Plan is  composed of the following 
major component elements: 

1. The uncontrolled existing trend alternative 
land use element; 

2. Channel improvements of indeterminant 
extent a s  the primary alternative water 
control facility element; and 

3. A diversion channel to Lake Michigan. 

This alternative plan i s  evaluated in terms of i ts  
component elements in the following discussion. 
Additional, detailed evaluation of each separate 
water control facility element i s  provided in a later 
section of this chapter. A comparative evaluation 
of alternative plans i s  set  forth in Chapter XI11 of 
this report. 

Evaluation of the Uncontrolled Existine: Trend 
Alternative Plan 
Satisfaction of Development Objectives: The land 
use plan element of the UncontrolledExistingTrend 
Alternative Plan does not meet any of the regional 
o r  watershed development objectives (Chapter XI). 
In fact, it violates most of these. It i s  particu- 
larly destructive to the open space and prime 
agricultural soils of the uplands and almost totally 
destructive to the wildlife habitat and environ- 



mental corridors that comprise the r iver flood 
plains. The following statements a r e  specifically 
related to the effect of .the Uncontrolled Existing 
Trend Alternative Plan upon the watershed plan- 
ning objectives. 

D r a i n a g e  a n d  ~ l o o d  C o n t r o l  : Problems of urban 
drainage and particularly of damage caused by 
river flooding would increase under the Uncon- 
trolled Existing Trend Alternative Plan. Drainage 
problems would intensify in the low-density resi- 
dential areas  because the construction of com- 
prehensi.ve storm sewer systems would not be 
economically feasible. Solutions to drainage prob- 
lems would have to be attempted on an ad hoc 
basis, often alleviating the problem in one are? 
only to aggravate it in another. When urban devel- 
opment attained sufficient density to justify full 
storm sewerage, trunk lines would have to be 
built to carry  magnified peak discharges of storm 
water directly to the main r iver channel. In 
the meantime, substantial residential development 
would have taken place in the river flood plain 
in downstream areas;  and it would, therefore, 
become necessary to deepen and pave the r iver 
channels to protect lives and property. ' The value 
of the flood plains a s  a storage place for flood- 
waters would be largely lost a s  structural mea- 
sures would have to be taken to keep the r iver 
within the banks of its channel. At the present 
time, the amount of water temporarily stored on 
the flood plain at  the peak of a 100-year recurrence 
interval snowmelt flood is  about 24,000 acre-feet, 
equivalent to a flow of 12,000 CFS for one day. 
This storage causes a significant reduction of peak 
flows over those which would occur if the channels 
were deepened and improved. 

Under the Uncontrolled Existing Trend Alternative 
Land Use Plan, it is anticipated that urban devel- 
opment would probably reach sufficient density 
by 1990 to justify the construction of extensive 
storm sewer systems in West Allis, Greenfield, 
and Greendale, which would require channel im- 
provements to be carried into the City of Franklin. 
Storm sewer contributions to the r iver in the 
Racine metropolitan a rea  would not create a sig- 
nificant problem because the capacity of the 
receiving channel would be proportionately much 
higher than in the headwater areas. Also, with 
improved drainage in the Racine area,  the peaks 
caused by local inflow would recede prior to the 
arrival of upstream flood peaks. 

l Thi s  p roces s  has a l r eady  been s t a r t e d  on theNor th  
Branch, where channel deepening i s  r equ i red  i n  West 
A l l i s  and G r e e n f i e l d  because o f  r e s i d e n t i a l  deve lop-  
ment . c lo se  t o  the  r i v e r .  

F l o o d P l a i n L a n d U s e - - O p e n  S p a c e  a n d R e c r e a t i o n :  

The Uncontrolled Existing Trend Alternative Plan 
does not distinguish between lands directly influ- 
enced by river flooding and other lands within the 
watershed. Residential development in the flood 
plain would continue; and, consequently, flood 
damages would increase. 

Furthermore, this plan does not recognize the par- 
ticular qualities of the flood plain lands for recrea- 
tion and public open-space use. As discussed in 
Chapter 111, "Description of the Watershed," the 
flood plains comprise a unique combination of 
soil, water, plant, and wildlife resources that 
together constitute environmental corridors along 
the perennial stream channels. These 'horridors" 
present a unique opportunity for public open space 
and outdoor recreation use in close proximity to 
urban areas. This opportunity can never be prac- 
tically recovered after urban development has 
taken place on the flood plain. 

S t r e a m  P o l l u t i o n  a n d  W a t e r  Q u a l i t y :  The prob- 
lems of stream pollution and poor water quality 
would continue under the Uncontrolled Existing 
Trend Alternative Plan. No further action t o  abate 
the pollution problems of the watershed i s  pres- 
ently scheduled after completion of the metro- 
politan trunk sewers which will carry  wastes from 
communities in the North Branch drainage area  
to the Puetz Road sewage treatment plant. 

Water quality in the r iver system, except in the 
Root River Canal, i s  expected to improve substan- 
tially after the trunk sewers a r e  in full operation. 
Scattered residential developments in the Root 
River Canal drainage area,  however, will cause 
pollution loads in that stream to increase, par- 
ticularly if residential developments with septic 
tanks a r e  continued to be allowed on soils poorly 
suited for such use and if small "package" treat- 
ment plants a r e  installed to serve cluster develop- 
ments. The Caddy Vista sewage treatment plant 
would continue to contribute wastes to the river, 
and additional disposal plants would probably have 
to be built to serve portions of the Town of Cale- 
donia distant from the Racine municipal system. 

At this time it is not practical to make quantitative 
forecasts of specific future water quality factors, 
such a s  BOD, coliform, dissolved oxygen, and 
temperature, under 1990 conditions; but it appears 
quite certain that the water quality objectives rec- 
ommended for the watershed would not be met, 
except in the North Branch area,  under the Uncon- 
trolled Existing Trend Alternative Plan. 



Benefits of the Uncontrolled Existing Trend Alter- 
native Plan: One advantage that can be advanced 
fo r  the Uncontrolled Existing Trend Alternative 
Plan i s  that decision-making a s  to land use would 
continue to be decentralized in individual land- 
owners and developers. No monetary value, how- 
ever, can be placed upon this single benefit, which 
is intangible. In a free enterprise economy, each 
landowner and developer should be subject to 
a minimum of constraints in selecting the utiliza- 
tion of his land that, to him, appears to offer the 
greatest profit; and each consumer should be free 
to choose the opportunity that, to him, appears to 
offer the greatest value. Theoretically, in a free 
enterprise economy, the individual i s  in the best 
position to evaluate his own particular set of cir-  
cumstances and then to choose the opportunity 
that appears most profitable. For  example, a land 
developer and home-builder would be free to 
choose whether o r  not to locate on the flood plain. 
If he decided to locate on the flood plain, in theory 
he would have carefully weighed the attendant 
benefits and costs and have concluded that the risk 
of flood damage was outweighed by other benefits 
of the flood plain location. 

For  this theory to apply in practice, however, it 
would be necessary for the individual decision- 
maker to have full knowledge of the existence and 
magnitude of the flood risk in making his decision 
and be willing to act responsibly upon that know- 
ledge. This i s  seldom the case, particularly in 
the Root River watershed where major floods have 
been rare. It i s  also highly unlikely that an indivi- 

dual deciding whether o r  not to buy an existing 
residence o r  building in the flood plain would have 
all the facts a s  to the flood risk made available to 
him o r  be able, if the facts were known, to analyze 
them properly. 

Costs of the Uncontrolled Existing Trend Alterna- 
tive Plan: Both heavy direct and s ~ i l l o v e r  costs 
would be incurred under the Uncontrolled Existing 
Trend Alternative Plan. 

Direct costs would result from recurring flood 
damages which would be incurred by residents of 
the flood plain and by the watershed communities. 
The procedures used for calculation of flood dam- 
ages and annual flood-damage risk a r e  described 
in Chapter VII, "Flood Damages." Annual flood- 
damage risk was calculated for 1965 land use and 
hydrologic conditions and for 1990 projected con- 
ditions. Prospective flood-damage risks in 1970, 
1980, 2000, and 2010 were obtained by straight 
line interpolation and extrapolation; and it was 
assumed that each of the flood-damage risks 
applied over the five years preceding and follow- 
ing the selected decennial years. For example, 
the 1970 flood-damage risk was used to represent 
the period 1965 to 1975. Progressive growth of 
annual urban flood-damage risk under the Uncon- 
trolled Existing Trend Alternative Plan i s  shown 
in Table 35. The total damages a r e  estimated to 
increase by about 300 percent in 50 years. 

' s p i l l o v e r  c o s t s  are def ined as c o s t s  which out- 
s ide par t i es  or the community as a whole must bear as 
a  resu l t  o f  a  private  ind iv idual ' s  decis ion.  
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P R O J E C T E D  GROWTH OF AVERAGE ANNUAL FLOOD-DAMAGE R I S K  

UNCONTROLLED E X I S T I N G  TREND A L T E R N A T I V E  PLAN ( 1 9 6 0  - 2 0 1 0 )  

Damage 

Reach 

I  C i t y  o f  R a c i n e  . . . . . . . . .  
2  South edge R a c i n e  C o u n t r y  C lub  

t o  112 m i l e  e a s t  STH 31.  . . . .  
3 112 m i l e  e a s t  STH 31 t o  S i x  

M i l e  Road. . . . . . . . . . . .  
4  S i x  M i l e  Road t o  N i c h o l s o n  Road. 
5  N i c h o l s o n  Road t o  S. 6 0 t h  S t r e e t  
6  S .  6 0 t h  S t r e e t  t o  G r e e n d a l e  

boundary 
7  V i  1 1  ages o f  Greenda l  e  and 

H a l e s  Corners .  . . . . . . . . .  
8  C i t y  o f  G r e e n f i e l d  . . . . . . .  
9  C i t y  o f  West A l l i s  . . . . . . .  

T o t a l  

Source: SEWRPC. 

Average Annual Flood-Damage R i s k  

1960 

$ 6 , 6 0 0  

7  10 

250  
6 5 0  
7 6 0  

3 , 0 0 0  

550  
4 , 8 0 0  
6 , 2 0 0  

$ 2 3 , 5 2 0  

1970 

$ 6 , 6 0 0  

7  50 

3 , 2 0 0  
880  

1 , 9 0 0  

4 , 1 0 0  

550 
7 , 1 0 0  
- - 

$ 2 5 , 0 8 0  

1980 

$ 6 , 6 0 0  

7 5 0  

9 , 7 0 0  
1 , 3 7 0  
4 , 3 0 0  

5 , 6 0 0  

550  
8 , 5 0 0  
- - 

$ 3 7 , 3 7 0  

1990 

$ 6 , 6 0 0  

750  

15 ,900  
1 , 8 3 0  
6 , 6 3 0  

7 , 1 7 0  

550  
1 0 , 0 0 0  - - 

$ 4 9 , 4 3 0  

2000 

$ 6 , 6 0 0  

7  50 

2 2 , 0 0 0  
2 , 3 0 0  
9 , 0 0 0  

8 , 8 0 0  

550 
1 1 , 4 0 0  

- - 
$ 6 1 , 4 0 0  

2010 

$ 6 , 6 0 0  

750  

2 8 , 3 0 0  
2 , 7 7 0  

11 ,400  

10 ,300  

550  
1 2 . 8 0 0  

- - 
$ 7 3 , 4 7 0  



In addition to the direct costs resulting from flood 
damage, there would be costs to the community a s  
a whole from spillover effects. Several areas  in 
which spillover costs would be incurred are: the 
loss to the community of prime recreation and 
open-space land resources; the loss of value of 
the stream to downstream users a s  a result of 
upstream pollution; and the increased costs of pro- 
viding community services, such a s  water, sewer, 
school, transportation, and police and fire protec- 
tion, because of scattered residential developmedt. 
These spillover costs have real monetary value 
but a r e  virtually impossible to calculate and have, 
therefore, been classified a s  intangibles. 

The Uncontrolled Existing Trend Alternative Plan 
not only fails to satisfy the objective of flood 
abatement but would, if carried out, inevitably 
cause peak flood discharges to become higher. 
The target date for projection of land use and 
hydrologic conditions i s  the year 1990, but it i s  
apparent that flooding problems would continue to 
increase after that date. The primary factor con- 
tributing to the continued increase of peak flood 
discharges and stages would be the execution of 
channel improvement, deepening and smoothing 
projects, necessary to protect urban development 
already established in the flood plain. Flood peaks 
a r e  increased by such projects a s  a result of 
increased velocities and reduced channel storage. 

A benefit-cost analysis was not made for the 
Uncontrolled Existing Trend Alternative Plan be- 
cause the only recognized benefit i s  maximiza- 
tion of individual decision-making, which cannot 
be assigned a monetary value. Presumably, this 
alternative would be accepted only if the benefit- 
cost ratios of all other alternative plans, includ- 
ing allowances for intangible considerations, were 
found to be less than 1.0. 

The benefits and costs of individual water control 
facility elements which could be combined with the 
uncontrolled existing trend land use element a r e  
discussed on pages 172 through 181of this report. 
It has been noted that channel improvements and 
a diversion channel a r e  physically compatible 
with the uncontrolled trend plan. If either of these 
elements a r e  added to the uncontrolled existing 
trend land use element, a revised benefit-cost 
evaluation can be obtained by the algebraic addition 
of the benefits and costs associated with each of 
these water control facility elements. 

CONTROLLED EXISTING TREND-LAND USE 
REGULATION ALTERNATIVE PLAN 

Descrintion: - .  - - - -  L---- - -  
Land Use Element: The land use element basic to 
this alternative plan is set  within the context of 
the regional "Controlled Existing Trend Land Use 
Plan," prepared under the SEWRPC Regional Land 
Use-Transportation Study; and regional land use 
planning objectives, principles, and standards 
serve to establish i ts  basic structure. These 
objectives, principles, and standards serve, in 
effect, to "control" the 1990 spatial distribution 
of land uses within the Region and the watershed in 
order to achieve a safer, more healthful, pleasant, 
and efficient land use pattern while meeting the 
gross land use demand requirements of the fore- 
cast population levels. The controlled existing 
trend-land use regulation element emphasizes effi- 
cient utility services, cohesive urban development 
on appropriately suitable soils, reservation of 
prime agricultural lands, preservation of unique 
resource areas,  regulation of flood plain areas: 
and the eventual removal of incompatible uses. 
The spatial distribution of land use in the Root 
River watershed under this land use element is 
shown on Map 36. 

Under this element scattered residential develop- 
ment within the watershed would be channeled into 
low-, medium-, and high-density residential areas  
with included supporting facilities. Prime agri- 
cultural lands and unique resource areas  a r e  
located and designated for preservation. Specific 
regulations would govern the use of water and 
lands located in flood plain areas,  and structures 
permitted in these areas  would have to be flood- 
proof and noninjurious to the natural resource 
base. Regulations would be varied in severity in 
direct proportion to the degree of flood hazard. 

Existing land uses and structures not developed 
in conformance with these proposals would be con- 
sidered nonconforming, and regulations would pro- 
vide for their eventual discontinuance o r  removal. 
Sound land use throughout the watershed, and par- 
ticularly within the flood plain areas,  i s  thus the 
basic underlying element of this alternative land 
use element. 

3 S e e  Table 33. Chapter X I .  

4 ~ l o o d  p l a i n  a r e a s  i n c l u d e  t h e  channel and t h e  
primary and secondary f l ood  p l a i n s  d i s cussed  i n  SEWlZPC 
Planning Report No. 2 ,  Water Law i n  Southeastern Wis- 
cons in ,  1966; and f l ood  areas  a l s o  inc lude  floodways 
a n d l o o d  p l a i n s  d i s c u s s e d  i n  SEWRPC Planning Guide 
No. 2 ,  Zoning Guide ,  1964.  



CONTROLLED E X I S T I N G  TREND P L A N  ( 1 9 9 0 )  

The Control led Ex ls t ing  Trend Plan represents an e f f o r t  t o  concentrate new urban development w i t h i n  the watershed 
i n  close proximi ty  t o  ex is t ing ,  h igh ly  developed community f a c i l i t i e s  o r  t h e i r  l og l ca l  extensions and t o  protect  
the  remaining high qua l i t y  land and water resources of the  watershed from fu r ther  de te r io ra t ion  and destruct ion by 
the preservation of primary environmental corr idors. 



The salient provisions of the necessary land use 
regulations may be summarized as  follows: 

R e s i d e n  t i  a1 D i s t r i c t :  At least three residential 
districts would be created to accommodate the pro- 
posed low-, medium-, and high-density residential 
areas. Supporting facilities, such as  churches and 
schools, may be permitted in these districts a s  
conditional uses. Excerpts from SEWRPC Planning 
Guide No. 3, illustrating sample residential dis- 
tricts, a r e  presented in Appendices L-2 and L-3. 

A g r i c u l t u r a l  D i s t r i c t :  A Separate district per- 
mitting agricultural and related uses exclusively 
i s  necessary to preserve the prime agricultural 
lands in the watershed. This district would permit 
all agricultural uses and structures either as  
a principal o r  a conditional use and would permit 
accessory uses, such a s  farm dwellings for those 
resident owners and agriculturists actually engaged 
in farming. This district may also be used a s  
a holding district until residential lands a re  ready 
for development o r  park lands a re  ready for acqui- 
sition. Excerpts from SEWRPC Planning Guide 
No. 3, relating to the uses and structures per- 
mitted in an agricultural district, a re  presented 
in Appendices L-2 and L-3. 

C o n s e r v a n c y  D i s t r i c t :  The conservancy district 
should include those areas  naturally possessing 
mineral, plant, animal, or  topographic features 
which should be preserved from destruction caused 
by commercial, industrial, and residential devel- 
opments. The purposes of this district a re  to 
preserve the underlying and sustaining natural 
resource base, to complement existing and pro- 
posed parkways and recreation areas,  and to give 
form and setting to adjacent rural and urbandevel- 
opment. Excerpts from SEWRPC Planning Guide 
No. 3, relating to the uses and structures per- 
mitted in a conservancy district, a re  presented 
in Appendix L-2. 

P a r k  D i s t r i c t :  A separate district should be 
created to preserve those existing public and pri- 
vate parks and to provide adistrict for those park- 
ways and recreational lands to be acquired in the 
near future. Excerpts from SEWRPC Planning 
Guide No. 3, relating to the uses and structures in 
this district, a re  included in Appendices L-2 and L-3. 

~ l o o d  P l a i n  R e g u l a t i o n s :  The hydraulic func- 
tion of the flood plain portion of a river valley i s  
to provide storage area for floodwaters. Major 
reductions in the storage potential of the flood 

plain caused by land filling o r  substantial struc- 
tures will result inincreased peak flood discharges 
downstream. Construction of nonresidential build- 
ings may be allowed, provided that buildings meet 
special structural and safety requirements and 
do not substantially reduce floodwater storage 
capacity o r  raise upstream flood stages. Excerpts 
from SEWRPC Planning Guide No. 3, on the regu- 
lation of uses and structures in flood plains, a r e  
presented in Appendices L-3 and L-4. 

F l o o d w a y  R e g u l a t i o n s :  The hydraulic function of 
the floodway portion of the r iver valley i s  to pro- 
vide a passage for floodwaters. Velocities and 
depths a re  greatest in this area, and obstruc- 
tions and encroachments that restrict the dis- 
charge capacity of the floodway and serve to 
raise upstream water levels for a given discharge 
should be prohibited. Embankments for bridge 
approaches cannot always be reasonably excluded 
from the floodway; but in cases where they must 
be permitted, the bridge waterway opening should 
be adequate to compensate for the flow section 
obstructed by the embankment. Excerpts from 
SEWRPC Planning Guide No. 3,  on the regulation 
of uses and structures in the floodways, a re  pre- 
sented in Appendices L-3 and L-4. 

Channe l  R e g u l a t i o n s :  The hydraulic function of 
the channel of the river valley i s  to provide a pas- 
sage for the normal average annual high flows; 
and no structures, filling, o r  dumping whichmight 
obstruct such flow should be permitted in this area. 
The substructures of bridges may be permitted, but 
any embankments associated with bridge crossings 
should terminate outside the limits of the channel. 
The river channel for this purpose can be readily 
identified in most areas  by distinct banks and by 
a change in the character of vegetation. However, 
the bank heights a r e  usually too low to be distin- 
guished on topographic maps alone; and field loca- 
tion of the banks should be made in every case. 
Excerpts from SEWRPC Planning Guide No. 3, on 
the regulation of structures in the channel area, 
a r e  presented in Appendices L-3 and L-4. 

N o n c o n f o r m i n g  U s e s  and S t r u c t u r e s :  At the time 
of establishment of any zoning ordinance restrict- 
ing uses and structures, there will be many exist- 
ing uses and structures which will not conform to 
the provisions of the zoning ordinance. Provisions 
for bringing these land uses and structures into 
eventual conformation with the zoning provisions 
should be included in the zoning ordinance. Effec- 
tive provisions should also be made for the even- 



tual removal of nonconforming uses, especially 
within the flood hazard areas. Excerpts from 
SEWRPC Planning Guide No. 3, which present 
nonconforming use and structure regulations, a r e  
reproduced in Appendix L-5. 

As an interim measure before formal adoption of 
this alternative land use plan element o r  before 
adoption of these comprehensive amendments to 
the local zoning ordinance, the local units of 
government may desire to create flood districts 
(see Appendix L-6). 

These districts a r e  designed so a s  to provide 
for "immediatew regulation of development in the 
floodway and flood plains of the Root River water- 
shed. Whereas the adoption of these districts will 
not implement the plan element, they will prevent 
incompatible development in the flooding areas  and 
will not conflict with subsequent adoption of the 
proposed plan nor with subsequent implementation 
of such plan. 

Water Control Facility Elements: If the Controlled 
Existing Trend-Land Use Regulation Alternative 
Plan were adopted without modification, there 
would be no vital need for certain of the water 
control facility plan elements. Channel improve- 
ments within the City of Greenfield would still 
be needed, however, if the decision were made 
to protect residences in the reach of the r iver 
extending from W. Layton Avenue to W. Forest 
Home Avenue in the City of Greenfield. This im- 
provement is not required, however, to accommo- 
date the committep decision for channel improve- 
ments in the City of West Allis.' A diversion 
channel would not be a logical adjunct of a plan 
built around land use regulation. A multi-purpose 
reservoir, if utilized primarily for recreation and 
low-flow augmentation, would be a logical adjunct. 

It would be essential to the execution of the Con- 
trolled Existing Trend-Land Use Regulation Plan 
to carry  out water pollution control measures. 
Even though much of the land adjoining the r iver 
would continue in private ownership under this 
plan, the public has the right to use the r iver 
waters since the Root River i s ,  throughout much 
of i ts  length, a navigable stream. ~ o t h i n  consid- 
eration of these public rights to recreational use 
of the r iver in privately owned reaches and in - 

Receiving elevations required of the Root River 
within the City of West Allis had been set previous 
to the initiation of the Root River watershed study 
by the City of West Allis and the Metropolitan Sewer- 
age Commission of the County of Milwaukee; and local 
storm water facilities have been constructed to these 
design elevations. 

consideration of the substantial existing public 
recreational development along the river, action 
would be required to abate and control pollution of 
the stream waters. 

Component Elements of the Controlled Existing 
 rei id-  and Use Regulation Alternative Plan 
In summary, the Controlled Existing Trend-Land 
Use Regulation Plan is composed of the following 
major component elements: 

1. A basin-wide land use element emphasizing 
regulation of land in riverine areas;  

2. Amulti-purpose reservoir serving the pri- 
mary purposes of recreation and low-flow 
augmentation; and 

3. Effectuation of a water pollution control 
program. 

This alternative plan i s  evaluated in terms of i t s  
component elements in the following discussion. 
Additional, detailed evaluation of each separate 
water control facility element i s  provided in a later 
section of this chapter. A complete evaluation of 
alternative plans is set  forth in Chapter XI11 of 
this report. 

Evaluation of Controlled Existing. Trend-Land Use 
Regulation Alternative Plan 
Satisfaction of Development Objectives: As this 
alternative development plan for the watershed is 
set  within the context of a regional land use plan, 
it theoretically meets all regional development 
objectives. If carried out, maximum opportunity 
would be provided for: the protection of natural 
resources, the efficient development ,of urban 
areas,  the reservation of open space and recrea- 
tional areas,  and the preservation of prime agri- 
cultural land areas. Because private rights to 
manage the land a r e  involved, however, this plan 
does not guarantee the protection of the natural 
resource base in the zoned areas. Woodlands and 
wetlands in particular may be destroyed a s  much 
by mismanagement a s  by urbanization under this 
alternative plan. 

D r a i n a g e  a n d  F l o o d  c o n t r o l :  Under the Controlled 
Existing Trend-Land Use Regulation Alternative 
Plan, with i t s  water and pollution control facility 
adjuncts, the flood plains and floodways would con- 
tinue to perform their natural functions of trans- 
port and storage of floodwaters. Flood damage 
would be prevented; and an ,integrated, unob- 



structed system of major drainageways would 
be preserved, facilitating local drainage system 
design on the tributaries and urbanizing uplands. 

F l o o d p l a i n  L a n d u s e - O p e n  S p a c e  a n d R e c r e a t i o n :  

Problems of changing land use in relation to the 
stream and its floodways and flood plains would be 
eliminated by the very nature of the principal plan 
element, which is land use regulation; but under 
this alternative plan, the major objective of rec- 
reation and public open-space reservation would 
be only partially achieved. Land presently under 
public ownership inM ilwaukee County but undevel- 
oped for recreational uses would presumably be 
available for public open-space use. Land already 
developed for recreation would, of course, be 
available. Some of the lands in the flood plain 
would probably be developed privately for recrea- 
tional purposes, such a s  golf courses and riding 
academies. On the balance of the flood plain, how- 
ever, the Controlled Existing Trend-Land Use 
Regulation Alternative Plan would fall short of 
achieving the full recreation and public open-space 
potential of the flood plain lands. 

Even though the land use base of this alternative 
plan may, in itself, fall short of the recreation 
and public open-space potential of the flood plain 
lands, it would function to preserve these lands 
in relatively low-value development and thereby 
guarantee their eventual availability for public 
use. The unique resources of woodlands and wet- 
lands in general might be preserved, but not a s  
reliably o r  effectively a s  they would be under 
public ownership. 

S t r e a m  P o l l u t i o n  and  W a t e r  Qua1 i  t y :  TheCon- 
trolled Existing Trend-Land Use Regulation Alter- 
native Plan, complemented by pollution control, 
channel improvements, and possibly a multi-pur- 
pose reservoir, would lead to accomplishment of 
the water quality objectives. This plan, being 
strongly influenced by the existing and future 
availability of public sanitary sewerage facilities, 
would result in minimum contributions of wastes 
to the streams. The water quality monitoring 
aspects of the pollution control plan element would 
help not only to locate pollution sources and deter- 
mine compliance with quality standards but would 
also furnish data for substantiating court actions. 

Benefits of Controlled Existing Trend-Land Use 
Regulation Alternative Plan: Application of this 
land use plan to the r iver flood plains has a direct, 
tangible benefit in reduction of potential flood 

damages and intangible benefits in the preserva- 
tion of the flood plain resources, provision of open 
space, and control of stream water quality. 

The benefits from reduc t i~n  of flood damages a r e  
measured by comparison with flood damages pro- 
jected under the Uncontrolled Existing Trend 
Alternative Plan. Following procedures described 
in Chapter VII, "Flood Damages," the expected 
annual damages under the Controlled Existing 
Trend-Land Use Regulation Alternative Plan were 
computed for each damage reach, assuming that 
only existing (January 1965) development would 
be located in the flood plain and floodway areas. 

Gradual removal of nonconforming flood plain 
land uses was not considered in the economic 
analysis because of the problematical nature of 
such removal. The effects of scheduled channel 
deepening through the City of West Allis and conse- 
quent raising of flood stages in the City of Green- 
field were, however, taken into account. In other 
reaches, 1990 flood-damage potential was found 
to be almost equal to 1965 flood-damage potential 
since flood stages were concluded to be only 
slightly changed by urbanization. 

Flood benefits for each reach were computed by 
10-year intervals over a period of 50 years, a s  
summarized in Table 36; and the benefits were 
discounted to the present time. At a 6 percent 
interest rate, the total present worth would be 
$278,500. The total benefit calculated at  3 percent 
interest would be $589,000. 

It is not possible to calculate a monetary value for 
the intangible benefits derived from the Controlled 
Existing Trend-Land Use Regulation Alternative 
Plan. These benefits, however, have real value to 
the community and should be considered in terms 
of the public interests and desired expressed by 
official representatives of public agencies and 
local governmental units. 

Costs of Controlled Existing Trend-Land Use 
Regulation Alternative Plan: The bulk of the cost 
of this alternative plan falls upon the private 
owners of land whose uses will be regulated by 
the zoning ordinance. The two major alternative 
uses of the floodway and flood plain lands in the 
Root River watershed a r e  for agriculture and 
for  residential development. Each of these uses 
returns an income to the owner, whether a pri- 
vate individual o r  a public agency; and this income 
eventually contributes to the total economic income 
of the community and the Region. 
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F L O O D - D A M A G E  A L L E V I A T I O N  B E N E F I T S  
L A N D  U S E  R E G U L A T I O N  A N D  P A R K W A Y  R E C R E A T I O N  L A N D  D E V E L O P M E N T  P L A N  A L T E R N A T I V E S  

a Controlled trends are defined as those land use conditions occurring under either the Controlled Ex~sting Trend-Land Use Regulation Alterna- 
tive Plan or the Controlled Existing Trend-Parkway and Recreation Land Development Alternative Plan. 

D e s c r i p t i o n  

R e a c h  I ( C i t y  o f  R a c i n e )  
E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l  l e d  T r e n d s a  . . . . . . . . . .  
B e n e f i t s  . . . . . . . . . . . . . . .  

R e a c h  2 ( S o u t h  e d g e  R a c i n e  C o u n t r y  C l u b  
t o  112 m i l e  e a s t  STH 3 1 )  

E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s  . . . . . . . . . . . . . . .  

R e a c h  3 ( 1 1 2  m i l e  e a s t  STH 31 t o  S i x  
M i l e  R o a d )  

E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s  . . . . . . . . . . . . . . .  

R e a c h  4 ( S i x  M i l e  R o a d  t o  N i c h o l s o n  R o a d )  
E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l  l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s . . . . . . . .  . . . . . . .  

R e a c h  5 ( N i c h o l s o n  R o a d  t o  S . 6 O t h  S t r e e t )  
E x i s t i n g T r e n d s  . . . . . . . . . . . .  
C o n t r o l l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s  . . . . . . . . . . . . . . .  

R e a c h  6 ( S .  6 0 t h  S t r e e t  t o  G r e e n d a l e  
b o u n d a r y )  

E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s  . . . . . . . . . . . . . . .  

R e a c h  7 ( V i l l a g e  o f  G r e e n d a l e  a n d  V i l l a g e  
o f  H a l e s  C o r n e r s )  

E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l  l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s . . . . . . . . . . . . . . .  

R e a c h  8 ( C i t y  o f  G r e e n f i e l d )  

E x i s t i n g  T r e n d s .  . . . . . . . . . . .  
C o n t r o l  l e d  T r e n d s .  . . . . . . . . . .  
B e n e f i t s  . . . . . . . . . . . . . . .  

R e a c h  9 ( C i t y  o f  W e s t  A l l i s )  

No D a m a g e s  

T o t a l  B e n e f i t s  

Source: SEWRPC. 

The present worth of the income expected from 
a parcel of land is equal to the f ree  market value 
of that land. In the Root River watershed, a repre- 
sentative average free market value for agricul- 
tural land is approximately $500 per acre,  while 
the average value of unimproved potential resi- 
dential land is approximately $1,000 per acre. 
It is apparent, then, that the income potential 
anticipated from residential land use i s  greater 
than that anticipated from agricultural land use. 
It is also apparent that restriction of use of poten- 
tial residential land to agricultural use results 

in a real  monetary loss to the owner and to the 
economy. It must be kept in mind, however, that 
in this analysis benefits and costs a r e  considered 
separately and that the land use restriction also 
has monetary benefits to the economy. 

W o r t h  

3 P e r c e n t  
I n t e r e s t  

$ 

--  

-- 

309,300 

23,500 

1 16,800 

7 1,300 

- - 

67,900 

- - 
$588,800 

The major cost of the land use regulation element 
of this plan is ,  therefore, the cost of income fore- 
gone a s  a result of land use restrictions. As indi- 
cated above, this cost has been estimated to be 
about $500 per acre for those floodway and flood 
plain lands which would be expected to be under 

1966 
1975 

$6 ,600 
6 ,600 
--  

750 
750 

- - 

3,200 
2 50 

2,950 

850 
650 
230 

1 ,900 
760 

I ,  1 4 0  

U.100 
3,320 

780 

550 
5 50 

- - 

7, 100 
6, 500 

600 

Damage R i s k  o r  

1986 
1995 

$ 6,600 
6,600 --  

750 
7 50 --  

15,900 
250 

15,650 

1,830 
650 

1 ,  180 

6,630 
760 

5,870 

7,170 
3,320 
3,850 

550 
550 

- - 

10,000 
6,500 
3,500 

A n n u a l  

1976 
1985 

$6,600 
6 ,600 
-- 

7 5 0  
750 --  

9 ,700 
2 50 

9 ,  450 

1,370 
650 
720 

4,300 
760 

3,540 

5,600 
3,320 
2 ,280 

550 
550 

- - 

8,500 
6, 500 
2 , 0 0 0  

B e n e f i t  

1996 
2005 

$ 6,600 
6,600 - - 

750 
750 -- 

22,000 
250 

21,750 

2,300 
650 

1,650 

9,000 
760 

8,240 

8,800 
3,320 
5,480 

550 
550 -- 

11,400 
6,500 
4,900 

2006 
20 15 

$ 6 ,600 
6,600 --  

750 
7 5 0  

- - 

28,300 
250 

28,050 

2,770 
650 

2,120 

1 1,400 
7 6 0  

10,640 

10,300 
3,320 
6,980 

550 
550 

- - 

12,800 
6 ,500 
6,300 

P r e s e n t  

6 P e r c e n t  
I n t e r e s t  

$ 

--  

--  

144,500 

11,000 

54,500 

37,000 

- - 

3 1,500 

- - 
$278,  500 



residential development by 1990 under an uncon- 
trolled land use situation. This area  was projected 
to be 4,430 acres ,  which at  $500 per acre  would 
result in a total present worth of income foregone 
of approximately $2,220,000. 

Under the provisions of the zoning ordinance, other 
open-space land uses besides agriculture would be 
permissible, some of which would return higher 
incomes and some lower. It was assumed that, a t  
least until 1990, agriculture would remain the 
primary land use if land use controls were effected 
and that the average of incomes from other allowed 
uses would approach that of agriculture. 

A further cost of the land use regulation element 
of this plan, considered intangible in this analysis, 
i s  the cost of administering and enforcing the zon- 
ing ordinance. This cost would be borne by the 
operating budgets of local governmental bodies 
and would be difficult to separate from the costs 
of other routine zoning operations. 

On the above bases, the total monetary cost of the 
Controlled Existing Trend-Land Use Regulation 
Alternative Plan with the water quality monitoring 
program would be $2,330,000. 

Benefit-Cost Ratio: The economic analysis of the 
land use regulation element of this plan can be 
expressed by the ratio of monetary benefits to 
monetary costs. At 6 percent interest rate, the 
benefit-cost analysis is summarized: 

Benefit (present worth) 
Flood-damage alleviation $ 278,500 

Costs (present worth) 
Land use income foregone $2,220,000 

Benefit-Cost Ratio = - 278,500 
2,220,000 

= 0.12 

At 3 percent interest = 589, OoO = 0.26 
2,220,000 

The benefits and costs of water control facilities 
which could be added to the land use element base 
a r e  discussed on pages 172 through 181 of this 
report. It has been noted that a water pollution 
control program i s  a necessary adjunct of this 
plan. A multi-purpose reservoir should also be 
included a s  a desirable water control facility ele- 
ment. As these elements a r e  added to the land 
use element, a revised benefit-cost evaluation can 
be obtained by algebraic addition of benefits and 
costs associated with each of these water control 
facility elements. 

CONTROLLED EXISTING TREND-PARKWAY 
AND RECREATION LAND DEVELOPMENT 
ALTERNATIVE PLAN 

Description 
Land Use Element: Like the preceding alternative, 
the land use plan element of the Controlled Exist- 
ing Trend-Parkway and Recreation Development 
Alternative Plan i s  set within the context of the 
regional "Controlled Existing Trend Land Use 
Plan," prepared under the SEWRPC Regional Land 
Use-Transportation Study. The two alternative 
plans have an identical structure for the upland 
areas  of the watershed but differ significantly 
in the riverine areas. The Controlled Existing 
Trend-Parkway and Recreation Development Alter- 
native Plan, a s  i t  relates to the riverine areas,  
includes the following major elements: 

1. Public ownership of flood plain area lands 
along the North Branch and the main stem 
of the Root River from Greenfield Park in 
Milwaukee County to the City of Racine and 
along Hoods Creek from CTH H near the 
community of Franksville to its junction 
with the Root River. 

2. Utilization of these lands for recreation and 
for wildlife conservation. 

3. Development of a continuous parkway drive 
along the entire length of the main stem of 
the Root River from Greenfield Park in 
Milwaukee County to the City of Racine. 

The monetary benefit-cost ratio of the land use 4. Flood plain-floodway regulations along the 
regulation element of this plan alternative i s  quite perennial stream channels in the Root 
unfavorable whether calculated on the basis of River Canal area. 
a 6 percent o r  even a 3 percent interest rate. 
In deciding whether to accept o r  reject this 5. Conservancy districts, adjacent to portions 
plan, other considerations of a basically intangible of the parkway recreation lands, encom- 
nature, however, must also be evaluated. passing secondary environmental corridors. 



A portion of the Root River flood plain area in Mil- 
waukee County has already been developed a s  
parkway with recreational facilities and a conser- 
vancy area. 

The parkway-recreation land use element envi- 
sions a similar development along the entire r iver 
length. Existing parkway extends from W. Lincoln 
Avenue to W. Oklahoma Avenue and from W. Lay- 
ton Avenue to W. Loomis Road in Milwaukee County 
and totals 1,490 acres,  including Whitnall Park. 
Johnsonpark in Racine County, totaling 330 acres,  
also would be incorporated into the parkway. The 
costs of these already developed park lands a r e  
not included in the economic analysis of this plan. 

Land areas  proposed for public acquisition and 
related land use regulation a r e  shown on Map 36, 
together with flood area lands already under public 
ownership and existing parks and parkway sec- 
tions. Proposed acquisition limits a r e  based upon 
existing land ownership lines, topography, areas  
of woodlands and wetlands, and areas  with soils 
having severe limitations for residential o r  other 
urban development. 

The total parkway-recreation land area  required 
in Milwaukee County for this plan i s  4,490 acres,  
including undeveloped land already under public 
ownership. Of this total, 730 acres  a r e  now in 
private ownership and would have to be acquired, 

The total area of the proposed parkway in Racine 
County i s  2,460 acres,  of which 37 acres  a r e  
owned by Racine County and 39 acres  a r e  now 
owned by the Milwaukee County Park Commission. 
The costs of the already developed Johnson Park, 
owned by the City of Racine, has not been included 
in the economic analysis. It i s  assumed that Arm- 
strong Park, located between STH 31 and STH 38, 
would remain in private ownership but in a use 
compatible with the plan proposals. 

The parkway in Racine County should extend down- 
stream from the county line to at least STH 38. 
A portion of the Root River flood plain between 
STH 38 and the private Racine Country Club i s  
presently under private ownership. This land con- 
tains a flooded, abandoned quarry, which i s  pres- 
ently used by a private skin-diving club. Use of 
this quarry and of other quarries near the r iver 
channels for flood control purposes was investi- 
gated but found to have no significant benefit. No 
definite recommendation i s  made in the plan for 
this area except that it remain in open space o r  
recreational use, public o r  private. 

In ultimate development the proposed parkway land 
should resemble the existing parkway along the 
North Branch of the Root River between W. Grange 
Avenue and W. Loomis Road in Milwaukee County. 
The proposed parkway would have an average width 
of about 1,500 feet, with widths of over one-half 
mile a t  several locations and a minimum width of 
about 700 feet. About half of the proposed parkway 
area  would be landscaped and developed for rec- 
reational activities and half left in a natural state. 
The developed recreation areas  would include 
facilities for various organized sports, such a s  
tennis, baseball, volleyball, and archery; areas  
reserved for golf practice and open field sports; 
and picnic facilities. The wilderness portionof the 
parkway also would have picnic facilities, together 
with bridle and hiking trails and nature study 
areas. Maintenance of the proposed water quality 
objectives and standards would encourage fish life 
in the r iver from S. 60th Street to Lake Michigan. 

A continuous parkway road would extend the entire 
length of the parkway, approximately 30 miles, of 
which 23 miles would consist of new construction. 
In contrast to the existing parkway along the Root 
River in West Allis and Greenfield, which i s  devel- 
oped with dual drives located on opposite sides of 
the river, only a single roadway to be located on 
one side of the r iver i s  proposed herein. Adequate 
space for a second roadway, however, would be 
available throughout most of the parkway length. 
The roadway could generally be located well within 
the limits of the parkway area,  rather than skirt- 
ing the edges; and no private property frontage 
on, o r  access to, the parkway drive would be per- 
mitted. A public park would be developed along 
Hoods Creek from i ts  confluence with the Root 
River to County Trunk H in the community of 
Franksville. The remainder of the riverine area  
lands along Hoods Creek would be left in a conser- 
vancy district. No parkway drive i s  contemplated 
along Hoods Creek. 

The zoning districts and regulations proposed in 
the Root River Canal area  a r e  identical to those 
proposed in the land use base element of the Con- 
trolled Existing Trend-Land Use RegulationAlter- 
native Plan and differ only in the inclusion of less 
area. Although this area  i s  expected to remain in 
agricultural use, zoning will guarantee preserva- 
tion of these flood plain area lands for possible 
future conversion to park and recreation use. 

Water Control Facility Elements: The water con- 
trol facility elements which a r e  logically compati- 



ble with the Controlled Existing Trend-Land Use 
Regulation Alternative Plan a re  also compatible 
with the alternative plan proposing public acquisi- 
tion of park and recreation lands in the riverine 
areas. A multi-purpose reservoir i s  a possible 
attractive adjunct, especially if utilized primarily 
for recreation and low-flow augmentation. A water 
pollution control program would be absolutely 
essential in order to provide the proper water 
setting for the proposed parkway development. 
The water control facilities and accessory plan 
elements a re  presented on pages 172 through 188. 

Component Elements of the Controlled Existing 
Trend-Parkway and Recreation Land 
Development Alternative Plan 
In summary, the Controlled Existing Trend-Park- 
way and Recreation Land Development Alternative 
Plan i s  composed of the following major elements: 

1. A basin-wide land use element emphasizing 
public purchase and development of river- 
ine area lands for public park and recrea- 
tion purposes; 

2. A multi-purpose reservoir serving the pri- 
mary purposes of recreation and low-flow 
augmentation; and 

3. A water pollution control program. 

This alternative plan is evaluated in terms of its 
component elements in the following discussion. 
Additional, detailed evaluation of each separate 
water control facility element is provided in later 
sections of this chapter. A complete evaluation 
of alternative plans is  set forth in Chapter XIII of 
this report. 

Evaluation of Controlled Existing Trend-Parkway 
and Recreation Land Development Alternative Plan 
Satisfaction of Development Objectives: Implemen- 
tation of the Controlled Existing Trend-Parkway 
Recreation Land Development Alternative Plan, 
with supporting water control facilities, would 
achieve all of the watershed development objec- 
tives, a s  set forth in Table 33. 

G r a i n a g e  and F l o o d  C o n t r o l  : Regulation of flood 
plain land use would halt the growth of flood- 
damage risk both through exclusion of flood-vul- 
nerable development and by keeping the flood plain 
available for storage of floodwaters. Flood hazard 
to existing development would continue, however, 
and'could only be eliminated by channel improve- 

ments and/or flood plain zoning, including eventual 
removal of nonconforming uses. 

F l o o d  P l a i n  L a n d u s e - O p e n  S p a c e  a n d R e c r e a t i o n :  

If implemented, the Controlled Existing Trend- 
Parkway and Recreation Land Development Alter- 
native Plan would provide optimum protection of 
the resource base and maximum opportunities for 
public utilization of the open-space and recreation 
resources of the riverine area. 

S t r e a m  P o l l u t i o n  and W a t e r  Q u a l i t y :  The Con- 
trolled Existing Trend-Parkway and Recreation 
Land Development Alternative Plan, complemented 
by channel improvements, a water pollution con- 
trol program, and possibly amulti-purpose reser-  
voir, would lead to accomplishment of the water 
quality objectives and standards. 

Benefits of Controlled Existing Trend-Parkway and 
Recreation Land Development Alternative Plan: 
The parkway-recreation land use planfor the river 
flood plains offers several direct, tangible bene- 
fits, a s  well a s  intangible benefits. Direct benefits 
of the parkway-recreation land use base element 
evaluated in the planning studies are: 1) reduction 
of flood damages, 2) enhancement of outdoor rec- 
reational activities, and 3) enhancement of land 
values adjacent to the parkway. The intangible 
benefits include protection and preservation of the 
natural resource base, reduction of stream pollu- 
tion, and contribution to an aesthetically attractive 
environment. Much of the total recreation benefit 
cannot be given a monetary value and, therefore, 
will contribute to the total intangible benefit. 

Benefits from reduction of flood damages a re  mea- 
sured by comparison with flood damages projected 
under the Uncontrolled Existing Trend Alternative 
Plan. The monetary value of flood-damage relief 
benefits of the parkway and recreation land devel- 
opment version of the controlled existing trend 
plan alternative element is identical to that of 
the land use regulation alternative. At 6 percent 
interest, the total present worth would be $278,500. 
The total benefit calculated a t  3 percent interest 
would be $589,000. 

The monetary benefits attributable to recreation 
were calculated by projecting the number of users 
of the various facilities and assigning to each user 
a dollar valuation of the experience. Only two 
basic activities were evaluated in the calculation 
of recreation benefits: pleasure driving and pic- 
nicking. The details of this evaluation a r e  pre- 
sented in Appendix M. 



Average annual benefits of pleasure driving were 
calculated by 10-year intervals from 1965 to 2015 
and discounted at  6 percent interest to a present 
worth of $7,475,000. The equivalent benefit at  
3 percent interest i s  $15,705,000. Average annual 
benefits of picnicking were calculated by 10-year 
intervals from 1965 to 2015 and discounted at  
6 percent interest to apresent worth of $2,896,000. 
The equivalent benefit at  3 percent interest i s  
$5,736,000. 

Experience has shown that parkway development of 
the type proposed in this plan causes an increase 
in the market value of adjacent residential land and 
attracts higher value development. Data obtained 
from property appraisers and realtors having 
knowledge of property values in the area  of the 
Root River Parkway reveal a significant value 
differential between physically equivalent lots o r  
developed properties on the parkway versus off 
the parkway. Lots immediately adjacent to the 
parkway often have market values $1,000 to $3,000 
higher than otherwise physically equivalent lots 
located a short distance from the parkway. Gen- 
erally, the value differential increases directly 
from zero, at  a distance of about 800 feet, to 
a maximum value immediately adjacent to the 
parkway. It was estimated that by the year 2000 
approximately 1,200 residential lots would benefit 
from such enhancement. At 6 percent interest, 
the present worth of the increased land values, 
assuming completion of one mile of parkway per 
year for  23 years, would be $1,039,000. The equi- 
valent benefit a t  3 percent interest i s  $1,516,000. 

The total present worthof monetary benefits attri- 
butable to the parkway-recreation land use plan 
element would be $11,688,500 at 6 percent interest 
and $23,546,000 at  3 percent interest. No mone- 
tary value can be ascribed to the intangible bene- 
fits of this plan, but it i s  noteworthy that this plan 
undoubtedly has the highest level of intangible 
benefits of the plans studied. 

Costs of Controlled Existing Trend-Parkway and 
Recreation Alternative Plan: The monetary costs 
of the parkway-recreation land use plan element 
a r e  attributable to: 1) purchase of land, 2) con- 
struction of roadway, 3) landscaping, and 4) main- 
tenance of park land and facilities and roadway. 

The total acreage required for the parkway-rec- 
reation land use plan element i s  6,950 acres,  of 
which some 3,835 acres  a r e  already in public 
ownership. It was assumed that the private land 

would be purchased in equal increments over the 
next 12 years a t  an average price of $1,000 per 
acre,  plus 15 percent for administrative costs. 
The cost of publicly owned land must also be 
included in the economic analysis. This cost was 
assumed to be $1,000 per acre,  plus 10 percent 
administrative costs for a total cost of $4,218,500. 

The gross land acquisition cost present worth at  
6 percent, for public and private land, would be 
$6,723,500 and at  3 percent, $7,191,300. An 
allowance was made for leasing part of the public 
land for agricultural purposes during the parkway 
development period. If 30 percent of the remain- 
ing undeveloped public land were leased with an 
annual return of $50 per acre  over 23 years, 
the present worth at  6 percent interest would be 
$560,400 and a t  3 percent, $707,300. Correspond- 
ing net land acquisition costs would be $6,163,100 
and $6,484,000. 

The construction cost per mile of park roadway, 
according to the State Highway Commission of 
Wisconsin Scenic Roads and Parkways Study is 
about $240,000. This amount includes engineering, 
construction, and landscaping costs for a 300-foot 
wide str ip of parkway centered on the drive. 
Assuming a construction schedule of one mile per 
year for 23 years, the present worth of the road- 
way cost at  6 percent interest would be $2,960,000 
and a t  3 percent, $3,950,000. 

Landscaping costs were estimated to be $700 per 
acre. On the basis of half of the area  outside the 
roadway right-of-way and assuming completion of 
one mile of parkway per year fo r  23 years, the 
present worth of landscaping cost a t  6 percent 
interest would be $1,158,000 and a t  3 percent, 
$1,551,000. 

Based on the State Highway Commission of Wis- 
consin Scenic Roads and Parkways Study, it was 
estimated that annual maintenance cost of the park- 
way and road would be $5,000 per mile. Assum- 
ing completion of one mile per year for 23 years, 
the present worth of maintenance cost at  6 per- 
cent interest would be $1,084,000 and at  3 per- 
cent, $2,173,000. 

The total present worth of monetary costs of the 
parkway-recreation land use plan element at  6 per- 
cent interest would be $11,365,000 and a t  3 per- 
cent, $14,158,000. 

The costs of the proposed Hoods Creek park acqui- 
sition and development a r e  included in the total 
costs cited above. 



Benefit-Cost Ratio: The economic analysis of the 
parkway-recreation land use plan element can be 
expressed a s  the ratio of monetary benefits to 
monetary costs. At 6 percent interest, the bene- 
fit-cost analysis i s  summarized: 

Benefits (present worth) 
Flood-damage alleviation $ 278,500 
Pleasure driving 7,475,000 
Picnicking 2,896,000 
Increased land values 1,039,000 

Total $11,688,500 

Costs (present worth) 
Purchase of land $ 6,163,100 
Roadway construction 2,960,000 
Landscaping 1,158,000 
Maintenance 

Total 

Benefit-Cost Ratio = 
11,688,500 = 
11,365,100 

23,546,000 
At 3 percent interest = 14,158,000 

= 1.66 

The benefit-cost ratio of the parkway-recreation 
land use plan element i s  favorable when tested at  
both 6 percent and 3 percent interest rates. 

ALTERNATIVE WATER CONTROL 
FACILITY ELEMENTS 
In addition to the alternative land use plan ele- 
ments described inthe preceding sections, several 
major water control facility plan elements were 
analyzed a s  possible adjuncts required tofacilitate 
the attainment of regional and watershed develop- 
ment objectives. These elements a r e  considered 
to be subordinate to the basic land use plan ele- 
ments, and their incremental benefits and costs 
can be separated from those of the land use plan 
elements. Some of these water control facility 
plan elements can be incorporated into any of the 
land use plan elements, while others a r e  incom- 
patible with particular land use plan alternatives. 
The major water control facilities a r e  shown dia- 
grammatically in Figure .29. 

Channel Imsrovements 
Channel Improvements Within the City of Green- 
field and the V i l l a s  of Greendale: The risk of 
flood damages within the City of Greenfield below 
W. Layton Avenue will be increased a s  a result of 
channel deepening in the City of West Allis. A gen- 
eral  plan map and a typical cross  section of the 

proposed channel improvements within the City 
of West Allis and the City of Greenfield a r e  shown 
in Figure 30. These channel improvements rep- 
resent a committed decision in the sense that 
significant local construction funds for  urban storm 
sewers, necessitating the channel deepening, have 
already been expended on drainage facilities within 
the City of West Allis. Consequently, any alterna- 
tive plan must be adjusted to this committed deci- 
sion. An alternative plan element was, therefore, 
prepared for additional channel enlargement and 
deepening which would be required below W. Layton 
Avenue to eliminate flood-damage risk within the 
City of Greenfield from a 100-year recurrence 
interval flood. 

The proposed channel improvement would begin 
a t  W. Layton Avenue and tail out a t  W. College 
Avenue within the Village of Greendale. The im- 
proved channel would be grass lined with side 
slopes of one-on-four and one-on-five and with 
a bottom width of 20 feet. Maximum depth below 
normal ground level would be 12 feet, and the 
maximum top width would be 140 feet. The volume 
of excavation required is estimated to be 265,000 
cubic yards. 

B e n  e f i t s : Average annual flood-damage risk in 
the reach betweenw. LaytonAvenue and W. Forest 
Home Avenue i s  $6,500, of which $1,700 i s  esti- 
mated to be attributable to scheduled channel deep- 
ening from the City of West Allis to W. Layton 
Avenue. Present worth at  6 percent interest of 
removal of the total damage i s  $102,000 and at  
3 percent, $167,000. 

co s t S: The direct capital cost of channel improve- 
ments and attendant replacement and alteration of 
bridges in the City of Greenfield and the Village of 
Greendale i s  estimated to be $516,000. To this 
must be added the intangible cost to the community 
of damage to the aesthetic appearanceof the exist- 
ing parkway. Channel improvement also has the 
effect of increasing the magnitude of flood peaks 
through increase in flow velocity and reduction of 
channel storage. In this case, however, flood risk 
would not thereby be increased appreciably down- 
stream because the existing parkway width in the 
Village of Greendale i s  adequate to accept the 
resultingincreased discharges. Maintenance costs 
were assumed to be unchanged from those of the 
existing parkway. 
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P R I N C I P A L  P L A N  E L E M E N T S  I N  T H E  R O O T  R I V E R  W A T E R S H E D  

A L T E R N A T I V E  LAND USE ELEMENTS 

A. UNCONTROLLED EXISTING TRENO ALTERNATIVE 

A-I. CHANNEL IMPROVEMENT ALTERNATIVES 
DEEPENING AND WIDENING OF STREAM CHANNELS WITHIN THE 
CITIES OF WEST ALLIS, GREENFIELD, AND RACINE; CHANNEL 
MAINTENANCE WITHIN THE ROOT RIVER CANAL AREA AS FLOOD 
CONTROL MEASURES 

B. CONTROLLEO EXISTING TREND-LAN0 USE CONTROL C. CONTROLLEO EXISTING TRENO- PARKWAY & RECREATIONAL 
ALTERNATIVE DEVELOPMENT ALTERNATIVE 

LOGICAL EXPANSION OF EXISTING URBAN DEVELOPMENT INTO L W I C A L  EXPANSION OF EXISTING URBAN DEVELOPMENT INTO 
AREAS WHICH CAN BE READILY SERVED BY GRAVITY-FLOW AREAS WHICH CAN BE READILY SERVED BY GRAVITY-FLOW 
SANITARY SEWERS RESERVATION OF AGRICULTURAL LANDS SANITARY SEWERS, RESERVATION OF AGRICULTURAL LANDS, 
PROTECTION OF FLOOD PLAINS AND THE RESOURCE BASE, ANB PUBLIC ACOUISITION OF FLOOD PLAINS FOR RECREATION, 
FLOOD OAMIiGE PREVENTION OPEN-SPACE'USES, AN0 FLOOD DAMAGE PREVENTION 

A L T E R N A T I V E  WATER CONTROL F A C I L I T Y  ELEMENTS 

B- I  . DIVERSION CHANNEL ALTERNATIVES C-I. MULTI-PURPOSE RESERVOIR ALTERNATIVES 
CONSTRUCTION OF A DIVERSION CHANNEL I N  ONE OF TWO CREATION OF OAKWOOD RESERVOIR FOR FLOOD CONTROL, LOW 
POSSIBLE ALTERNATIVE LOCATIONS TO BYPASS FLOOD FLOWS FLOW AUGMENTATION, RECREATION, AN0 RESIDENTIAL LAN0 
TO LAKE MICHIGAN AS FLOOD CONTROL MEASURES TO PROTECT ENHANCEMEllT PURPOSES. 
PARTS OF THE TOWN OF CALEOONIA AND THE CITY OF RACINE 
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R E S I D E N T I A L  R E S I D E N T I A L  R E S I D E N T I A L  ZONING 

PARKWAY P R I M E  AGRICULTURAL RESERVOIR D I N  RESTORATION CHANNEL 
DEVELOPMENT RESERVE IMPROVEMENT 
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P R O P O S E D  C H A N N E L  I M P R O V E M E N T S ,  C I T I E S  O F  W E S T  A L L l S  A N D  G R E E N F I E L D  

PLAN 

S c a l e :  I l n c h  = $ 0 0 0  F e e t  

t- VARIES FROM 49 TO 116 FEET I 
TYPICAL CHANNEL CROSS SECTION 

S c a l e :  I i n c h = 2 0  F e e t  

L E G E N D  

I +DENOTES TOP OF BRIDGE DECK 

&DENOTES TOP OF WATERWAY OPENING 
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2,091*00 STA. 2,039t00 . * loo I 1. LAYTON AvE.1 
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+ 

6; 720  720 : 
I I 

I 
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I I I 710  I i 7 1 0 ;  
224 222 220  218 216 214 212 P I 0  208 206 2  04 202 

D i s t a n c e  i n  Thousands o f  F e e t  f r o m  Mouth o f  R i v e r  

PROF l LE 

S c a l e :  H o r i z o n t a l .  I l n c h  = YO00 F e e t  

V e r t i c a l ,  I l n c h  = 2 0  Fee t  

NOTE: S t a t i o n  OtOO i s  l o c a t e d  a t  t h e  m o u t h  o f  t h e  R o o t  R i v e r  i n  t h e  C i t y  o f  R a s l n e .  

I n t e r n a t i o n a l  G r e a t  L a k e s  Da tum ( 1 9 5 5 )  = Mean Sea  L e v e l  Da tum ( 1 9 2 9  A d j u s t m e n t )  - 1.3 f e e t .  

M i lwaukee  M e t r o p o l i t a n  S e ~ o r a g e  C o m m i s s i o n  Da tum = Mean S e a  L e v e l  Da tum ( 1 9 2 9  A d j u s t m e n t )  - 580 .560 .  

S o u r c e :  Harra Engineering Company:  SEWRPC 



B e n e f i  t - c o s  t  R a t i o :  The monetary benefit-cost 
ratio calculated on the basis of present worth a t  
6 percent interest is: 

Benefit 
Flood-damage alleviation $102,000 

Cost - 
Channel improvement $516,000 

102,000 
Benefit-Cost Ratio = 516, = 0.20 

At 3 percent interest = 167,000 = 0.32 
516,000 

Channel Improvements Within the City of Racine: 
If channel deepening were used to alleviate the 
flooding problem within the City of Racine, it would 
have to extend from a point about one mile south 
of Horlick Dam to Fourth Street, a distance of 
about three miles. The improved channel would 
include bank protection devices and would have 
side slopes varying from one-on-one to one-on- 
three with a maximum bottom width of 150 feet and 
a maximum top width of 175 feet. The average 
deepening would be about five feet, and about 
500,000 cubic yards would be excavated. The 
abandoned quarry adjacent to the Root River down- 
stream from STH 38 could serve a s  a possible 
disposal site for the spoil. 

Ben e  f i  t  S :  The maximum monetary benefit which 
could be ascribed to eliminationof the flood hazard 
in the City of Racine, expressed a s  present worth, 
would be $104,000 and $170,000 a t  6 percent and 
3 percent discount interest rates,  respectively. 

c o s t s :  The cost of channel deepening to elimi- 
nate flood damages is  estimated to be $1,100,000. 
This cost includes excavation by dredge and drag- 
line, trucking of spoil, and allowance for replace- 
ment and alteration of six bridges and for bank 
protection. 

~ e n e f i t - c o s t  R a t i o :  The monetary benefit-cost 
ratio of channel deepening in the City of Racine, 
calculated on the basis of present worth at  6 per- 
cent, would be: 

Benefit 
Flood-damage alleviation $ 104,000 

Cost 
Construction 

Benefit-Cost Ratio =- 
104,000 

1,100,000 
= 0.09 

170,000 
At 3 percent interest = 1,100,000 

= 0.15 

Channel Clearing and Maintenance in the Root 
River Canal: Reduction in flood stages and con- 
sequent reduction in agricultural damages could 
be obtained by improving the hydraulic capacity of 
channels in the Root River Canal system through 
clearing of vegetative growth. 

The West Branch and the East Branch of the Root 
River Canal were considered individually for 
such improvement. The portion of the West 
Branch channel considered extends from one-half 
mile downstream from the Chicago, Milwaukee, 
St. Paul, and Pacific Railroad Company bridge 
to the confluence with the East Branch. This 
reach would require 1.9 miles of heavy clearing, 
5.9 miles of light clearing, and 8.3 miles of main- 
tenance work. 

The East Branch channel considered in the analy- 
s i s  extends from CTH E in Kenosha County to 
one-half mile north of Five Mile Road in Racine 
County. This reach would require 2.2 miles of 
heavy clearing, 8.1 miles of light clearing, and 
11.1 miles of maintenance work. 

Ben e  f i t  S :  The annual benefits attributable to 
channel clearing and maintenance a r e  equal to the 
reduction in annual flood risk. Along the West 
Branch, annual risk would be reduced from $2,640 
to $790. The present worth of this benefit i s  
$29,000 a t  6 percent interest and $47,500 at  3 per- 
cent interest. Along the East Branch, annual risk 
would be reduced from $860 to $260. The present 
worth of this benefit is $9,450 at  6 percent interest 
and $15,500 a t  3 percent interest. 

c o s t  S :  It i s  estimated that heavy clearing would 
cost $2,500 per mile, and the cost of light clearing 
is estimated at  $1,500 per mile. Using these unit 
prices, initial clearing on the West Branch would 
cost $13,600 and on the East Branch, $17,600. It 
was assumed that maintenance would be required 
every three years and would cost approximately 
$300 per mile. 

Including maintenance, the present worth of chan- 
nel clearing on the West Branch would be $25,400 
a t  6 percent interest and $33,700 at  3 percent 
interest. Present worth of channel clearing on the 



East Branch would be $34,100 at 6 percent interest 
and $45,500 at 3 percent interest. 

An intangible cost consideration i s  that channel 
clearing would destroy a portion of the wildlife 
habitat in the watershed. 

Bene  f i  t - C o s  t  R a t i o :  The monetary benefit-cost 
ratio of West Branch channel clearing, calcu- 
lated on the basis of present worth at  6 percent 
interest, is: 

Benefit 
Flood-damage alleviation $29,000 

Cost 
Channel clearing and 
maintenance $25,400 

29,000 
Benefit-Cost Ratio = = 1.14 

47 500 
At 3 percent interest =- = 1.41 

33,700 

The monetary benefit-cost ratio of East Branch 
channel clearing, calculated on the basis of pres- 
ent worth at  6 percent interest, is: 

Benefit 
Flood-damage alleviation $ 9,450 

Cost 
Channel clearing and 
maintenance $34,100 

9 450 
Benefit-Cost Ratio = - = 0.28 

34,100 

15 500 
At 3 percent interest = -k = 0.34 

45,500 

Diversion Channels to Lake Michigan 
Flood damages in the lower reaches of the Root 
River, including the City of Racine, could be sub- 
stantially reduced by diverting excess floodwaters 
directly to Lake Michigan at  upstream points. This 
alternative i s  physically possible because of the 
proximity of the Root River to the Lake Michigan 
shore. Two diversion routes were selected for 
analysis; and factors of distance, topography, and 
present land use were considered in route loca- 
tion. General route plans and profiles a r e  shown 
id Figure 31 and 32. 

The upper diversion route would originate near 
Nicholson Road in Section 3, Town 4 North, Range 
22 East, and run parallel to the Milwaukee-Racine 
County line, entering Lake Michigan just south of 
the Wisconsin Electric Power Company Oak Creek 
power plant in Section 6, Town 4 North, Range 
23 East. This diversion channel would be 3.4 miles 
long and require excavation of approximately 
3.5 million cubic yards. 

The lower diversion route would originate about 
one-half mile downstream from STH 31 in Sec- 
tion 30, Town 4 North, Range 23 East, and run in 
a northeasterly direction, entering Lake Michigan 
just south of the Dominican College in Section 21, 
Town 4 North, R a n g  23 East. This diversion 
channel would be 2.5 miles long and require exca- 
vation of approximately 1.7 million cubic yards. 

The channels would be capable of diverting the 
entire 100-year recurrence interval flood flow. 
During non-flood conditions, the channels would 
be dry. 

Benefits: In calculationof the benefits of the diver- 
sion alternatives, it was assumed that full urban 
occupation of the downstream flood plain would be 
permitted since downstream flows could be held to 
channel capacity. 

The upper diversion channel would eliminate flood 
damages in the flood plain of the Root River down- 
stream to the City of Racine. A small residual 
flood-damage annual risk of $900 would remain in 
the City of Racine because of flood flows generated 
in the Root River d r a i n a s  area  downstream from 
the diversion point. The present worth of flood- 
damage alleviation attributable to the upper diver- 
sion channel i s  $270,000 at  6 percent interest and 
$519,000 at 3 percent interest. 

The lower diversion channel alternative would 
virtuaIly eliminate all flood-damage risk down- 
stream. The City of Racine, however, would be the 
only beneficiary in this alternative. The present 
worth of flood-damage alleviation attributable to 
the lower diversion channel is $115,000 at 6 per- 
cent interest and $187,000 at  3 percent interest. 

Costs: The construction cost of the upper diver- 
sion channel i s  estimated to be $2,800,000 and of 
the lower diversion channel, $1,800,000. These 
costs include land acquisition, excavation, neces- 
sary drop structures, and bridges. Annual costs 
of maintenance and operation were not included in 
the analysis. 
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D I V E R S I O N  C H A N N E L  U P S T R E A M  A L I G N M E N T  

DROP STRUCTURE 

LAKE MICHIGAN 

PLAN 

S c a l e :  I  l n c h  = UOOO F e e t  

t VARIES FROM 2 0 0  TO 4 9 0  FEET 

T Y P I C A L  CHANNEL CROSS SECTION 

S c a l e :  I l n c h  = 100 F e e t  

I I i i i I I1 I  I i I  
C S T A .  0100 STA. 7 1 + 0 0  STA. 1 4 7 t 5 0  STA. 1 5 1 t 0 0  *STA. 1 8 0 + 5 0  

ROOT RIVER CHANNEL i i & N W  RR. -1 RR. SPUR 

ELEV. 6 5 6 f  

0  2 V  6  8 I 0  I 2  I  V  I 6  2 0 
D l r t a n c e  f r o m  I n l e t  S t r u c t u r e  ~n Thousands o f  F e e t  

PROF l L E  

S c a l e :  H o r ~ z o n t a l .  I  l n c h  = VOOO F e e t  

V e r t ~ c a l .  I l n c h  = 2 0 0  F e e t  

NOTE: I n t e r n a t i o n a l  G r e a t  L a k e s  D a t u m  ( 1 9 5 5 )  = Mean Sea L e v e l  D a t u m  ( 1 9 2 9  A d j u s t m e n t )  - 1.3 f e e t .  

M i l w a u k e e  M e t r o p o l i t a n  S e w e r a g e  C o m m i s s i o n  O a t u n  = Mean S e a  L e v e l  D a t u m  ( 1 9 2 9  A d j u s t m e n t )  - 5 8 0 . 5 6 0 .  

R a c i n e  C i t y  Oatum = Mean S e a  L e v e l  D a t u m  ( 1 9 2 9  A d j u s t m e n t )  - 5 8 0 . 7 1 0 .  
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D I V E R S I O N  C H A N N E L  D O W N S T R E A M  A L I G N M E N T  

PLAN 
S c a l e :  I  l n c h  = 2000 Feet  

VARIES FROM 2 0 0  TO 3 5 0  FEET i 
------I 2 0  TO 110 FEET 

T Y P I C A L  CHANNEL CROSS SECTION 
S c a l e :  I  l n c h  = 1 6 0  F e e t  

DOUGLAS AVE. 

I  2  3 5  6  7 8  9 I 0  I  I 

Das tance  f r om  I n l e t  S t r u c t u r e  i n  Thousands of  Fee t  

PROF l L E  

S c a l e :  H o r # z o n t a l ,  I  l n c h  = 2000 Fee t  

V e r t i c a l .  I l n c h  = l o 0  F e e t  

MOTE: I n t e r n a t i o n a l  G r e a t  L a t e r  O a t u n  ( 1 9 5 5 )  = Mean Sea L e v e l  Da tum ( 1 9 2 9  h d j u s t n e n t )  - 1.3 f e e t .  

Ha l vaukee  M e t r o p o l i t a n  Sewerage  C o m m i r $ i o n  O a t u n  = M e a n  S e a  L e v e l  Da tum ( 1 9 2 9  A d j u s t m e n t )  - 580.560.  

R a s i n e  C i t y  Datum = Mean S e a  L e v e l  Da tum ( 1 9 2 9  A d j u s t m e n t )  - 580 .710 .  

Source: H a r z e  E n g r n e e r ~ n g  C o m p a n y ;  SEWRPC. 



Benefit-Cost Ratio: The monetary benefit-cost 
ratio of the upper diversion channel, calculated on 
the basis of present worth at  6 percent interest, is: 

genefit 
Flood-damage alleviation $ 270,000 

Cost 
Land and construction $2,800,000 

270,000 
Benefit-Cost Ratio = 2, 800, 000 = 0.10 

519,000 
At 3 percent interest = 2, 800, 000 = 0.19 

The monetary benefit-cost ratio of the lower 
diversion channel, calculated on the basis of pres- 
ent worth at  6 percent interest, is: 

Benefit 
Flood-damage alleviation $ 115,000 

Cost - 
Land and construction $1,800,000 

115,000 
Benefit-Cost Ratio = = 0.06 

187,000 
At 3 percent interest = 800, 000 = 0.10 

Multi-Purpose Reservoir 
As discussed in Chapters IV, "Hydrology of the 
Watershed," andVI, "Hydrologic Simulation," low- 
lands around the confluence of the North Branch 
and the Root River Canal form a natural reservoir 
during flood periods, the outflow of which is  regu- 
lated by anarrow section in the Root River channel 
near W. County Line Road. The possibility of art i-  
ficially increasing the flood regulation effect of this 
natural reservoir and of constructing a permanent 
lake fo r  recreation, conservation, and low-flow 
augmentation was investigated; and preliminary 
specifications were devised. 

The normal water surface area of the lake would 
be about 660 acres. About 400 acres  of land under- 
lying this lake would be excavated to provide for 
such recreational pursuits a s  boating and fishing. 
The remaining 260 acres  of lake area  would pro- 
vide shallow water for fish and wildlife habitat. 
The water surface of the lake would be held 
between elevations 679 and 680 by means of a low 
rock dam. Water stored between these elevations 

would be released for  streamflow augmentation, 
which would vary from 3 to 5 cubic feet per second 
depending upon lake level. A flow of 3 CFS would 
result in a stream 24 feet wide and 6 inches deep 
flowing at  a velocity of 0.25 feet per second. In 
the recreation portion of the lake, a mean bottom 
elevation of 675 would be established to provide 
a minimum water depth of 5 feet. Five miles of 
shoreline would be partially developed for recrea- 
tion and partially left in anatural state. Schematic 
diagrams of the proposed facility a re  shown in 
Figure 33. 

In the preliminary examination of all physically 
possible alternatives, other versions of a reser-  
voir in the vicinity of W. Oakwood Road and 
S. 60th Street were considered. These consisted 
of: 1) a single-purpose flood control reservoir 
with dam crest  elevation at  680 msl and 2) several 
incrementally larger reservoirs with dam crest  
elevations above 680 msl in order to provide 
significant flood control benefits in addition to 
low-flow supplementation and recreation benefits. 
All of these additional flood control alternatives 
appeared to be unsound because of requirements 
for multi-purpose uses, topography, relative loca- 
tion in the channel system, and economic consid- 
erations. Flood control reservoirs function most 
effectively if provision i s  made for maximum pos- 
sible floodwater storage through rapid drawdown 
after a flooding event in order to make room for 
another flooding event. If Oakwood Reservoir were 
operated in this manner, recreation and low-flow 
augmentation benefits would be virtually elimi- 
nated; and a wide mud flat would be exposed be- 
tween flooding events to depreciate rather than to 
enhance adjacent residential development. These 
probable effects would apply to either a single- 
purpose flood control reservoir o r  a multiple- 
purpose reservoir with a flood storage increment 
provided on top of a permanent pool. The feasi- 
bility of a high dam flood control reservoir was 
also reduced by the general level topography of the 
site. Floodwater storage above elevation 685 msl 
would cause extensive inundation of W. Ryan Road 
(STH 100) and of the Iands lying west of S. 76th 
Street (CTH U), defeating the purpose of flood- 
damage prevention. Geographic factors a r e  such 
that more than one-half of the drainage area  
causing flooding to the City of Racine lies below 
the Lake Oakwood reservoir site. This causes 
the flood-damage alleviation benefits a t  site to 
be very small in comparison to costs. Also, a s  
dam crest  elevations a r e  heightened incrementally 
above the proposed 680 foot level, additional costs 





ar ise  because of the necessity of strengthening 
the structure and adding appurtenances. Because 
of these factors, a flood control reservoir, espe- 
cially one large enough to reduce flooding signifi- 
cantly, appeared to be economically unsound. 

Benefits: In the recreation-flow augmentation 
alternative, all benefits would be related to rec- 
reation and conservation. Monetary evaluation of 
these benefits would be extremely difficult and of 
little significance in terms of the required capital 
investment. Experience with artificial lakes devel- 
oped elsewhere for recreation purposes indicates 
that those direct benefits which can be evaIuated 
in monetary terms have a value in approximately 
the same order of magnitude a s  the annual cost of 
operation and maintenance. Such small measur- 
able monetary benefits require that the capital cost 
of the lake be evaluated against intangible benefits. 

The intangible benefits of the lake would be exten- 
sive and of a high order. The area  surrounding the 
proposed lake includes woodlands and wetlands and 
attractive topographic features, all of which would 
be enhanced by the lake. The lake and its sur-  
roundings would constitute a major wildlife habitat 
within what will eventually be an urbanized area. 
Recreational activities on and near the lake could 
include rowing, sailing, canoeing, fishing, and 
picnicking. The lake would be four times the size 
of all the combined area of all of the existing 
lakes (165 acres) in Milwaukee County and would 
provide more publicly accessible shoreline than 
do such large natural inland lakes a s  Pewaukee 
o r  Oconomowoc. 

The present worth of flood-damage reductionattri- 
butable to the flood control features of the multi- 
purpose reservoir i s  $66,000 at  6 percent interest 
and $108,000 at 3 percent interest. Flood storage 
a t  Oakwood Reservoir would reduce the 100-year 
flood peak stage in the City of Racine 0.4 feet 
with a corresponding reduction of damages from 
$65,000 to $55,000. 

Costs: The direct cost of the artificial lake is 
estimated to be $2,416,000. This cost includes 
a construction cost of $1,943,000 plus the present 
worth at  6 percent interest of estimated annual 
operation and maintenance costs of $30,000. At 
3 percent interest, the total cost i s  $2,715,000. 
Land acquisition costs a r e  not included in the 
total reservoir costs because land required for the 
reservoir would be required for parkway develop- 
ment, and the cost of this land has been included 

in the cost of the parkway-recreation plan element. 
These costs a r e  based on a rock overflow dam 
205 feet long with a maximum height of 11 feet, 
excavation of 670,000 cubic yards in the lake area,  
construction of two miles of roadway, landscaping, 
and power line relocation, a s  shown in Figure 33. 

Benefit-Cost Ratio: The principal benefits of the 
recreation-only alternative foroakwood Reservoir 
a r e  intangible, and the desirability of constructing 
the lake must be evaluated on that basis. 

ALTERNATIVE ACCESSORY PLAN ELEMENTS 

Adequate Waterway Openings of Bridges 
The water control facility standards set  forth 
herein (see Chapter XI) for achieving an inte- 
grated and effective drainage system within the 
Root River watershed require that any necessary 
improvements in bridge waterway openings be 
considered a s  an integral part of any comprehen- 
sive watershed plan. Application of the hydrologic 
and hydraulic information set  forth in Appendices 
E and G, together with an analysis of data on the 
hydraulic performance of bridge openings col- 
lected by field survey during a snowmelt flooding 
event when ice effects were present, provided the 
basis for a listing of existing bridges requiring 
removal and replacement with structures having 
adequate waterway openings by the year 1990. 
Because of substandard waterway openings under 
1990 land use conditions, 26 existing bridges will 
require replacement. These bridges a r e  listed 
in Table 37. Not included in the listing a r e  the 
S. 60th Street and W. Oakwood Road bridges (both 
in the City of Franklin), which lie in the pro- 
posed Oakwood Reservoir site, and park and farm 
bridges having little effect on streamflow. Addi- 
tional related information, including hydraulic 
data, i s  presented in Appendix G. 

The recommended bridge replacements a r e  in 
keeping with current practice by local, state, and 
federal highway agencies in which existing bridges 
a r e  replaced with new structures having adequate 
waterway openings a s  new highways a r e  built o r  
old highways reconstructed. Benefit and cost 
analyses were not considered a s  a valid factor 
in evaluation of the bridge replacement plan ele- 
ment because the structures requiring replace- 
ment have, with few exceptions, served their 
useful life and require replacement for transpor- 
tation system construction, operation, and main- 
tenance purposes because of either traffic capacity 
o r  safety considerations. 
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a Es t ima ted  age, a c t u a l  da te  o f  c o n s t r u c t i o n  unestab l ished.  

L o c a t  i o n  

W. L a y t o n  Avenue  
S. 8 4 t h  S t r e e t  
W. G r a n g e  Avenue  
S. 7 6 t h  S t r e e t  (CTH U) 
W. Loomi  s  Road 
W. D r e x e l  Avenue  
CTH A 
5 0 t h  Road 
W. T h r e e  M i l e  Road 
CTH A 
5 0 t h  Road 
W. Two M i  1  e  Road 
W. T h r e e  M i  l e  Road 
W. F o u r  M i l e  Road 
CTH G 
W. Seven M i l e  Road 
W. C o u n t y  L i n e  Road 
S. 4 3 r d  S t r e e t  
W. C o u n t y  L i n e  Road 
USH 41 
CTH V 
H o w e l l  Avenue  (STH 38)  
S.  N i c h o l s o n  Road 
E. F i v e  M i l e  Road 
S p r i n g  S t r e e t  
K y l e  Road 

Source: SEWRPC 

In addition, it is to be especially noted that nine 
existing highway bridges over the North Branch 
in the reach extending from W. Lincoln Avenue to 
W. Cold Spring Road will have to be replaced in 
order to accommodate a committed decision to 
widen and deepenthis portionof the stream system 
(see Appendix G). This i s  not considered a s  an  
alternative plan element but, rather, a s  a com- 
mitted decision upon which detailed plans must 
be built. 

S t r e a m  

R o o t  R i v e r ,  N o r t h  B r a n c h  
R o o t  R i v e r ,  N o r t h  B r a n c h  
R o o t  R i v e r ,  N o r t h  B r a n c h  
R o o t  R i v e r ,  N o r t h  B r a n c h  
R o o t  R i v e r ,  N o r t h  B r a n c h  
R o o t  R i v e r ,  N o r t h  B r a n c h  
R o o t  R i v e r  C a n a l ,  E a s t  B r a n c h  
R o o t  R i v e r  C a n a l ,  E a s t  B r a n c h  
R o o t  R i v e r  C a n a l ,  E a s t  B r a n c h  
R o o t  R i v e r  C a n a l ,  Wes t  B r a n c h  
R o o t  R i v e r  C a n a l ,  West  B r a n c h  
R o o t  R i v e r  C a n a l ,  Wes t  B r a n c h  
R o o t  R i v e r  C a n a l ,  Wes t  B r a n c h  
R o o t  R i v e r  C a n a l ,  Wes t  B r a n c h  
R o o t  R i v e r  C a n a l  
R o o t  R i v e r  C a n a l  
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  S tem 
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  Stem 
R o o t  R i v e r ,  M a i n  Stem 
Hoods  C r e e k  

Water Pollution Control Measures 
Additional water pollution control measures a r e  

D a t e  o f  

C o n s t r u c t i o n  

1939  
1930 
1928 
1934  
1933 
1960 
1 9 3 0 a  
1 9 6 0 a  
1 9 3 5 a  
1 9 4 0 a  
1 9 2 0 a  
1 9 2 0 a  
1 9 3 5 a  
1 9 4 0 a  
1949  
1965 
1910a  
1 9 1 0 ~  
1 9 1 0 ~  
1931 
1927 
1929 
1918  
1950"  
1920  
1930a  

necessary to reduce present contributions of wastes 
to the Root River system, to avoid increased future 
contributions, and to meet the watershed develop- 
ment objectives with respect to surface water 
quality and use. Trunk sewers, presently under 
construction by the Metropolitan Sewerage Com- 
mission of the County of Milwaukee, will export 
wastes from the drainage areaof the North Branch 
to the Puetz Road sewage treatment plant in the 
City of Oak Creek. This step will relieve the Root 

River system of about 75 percent of its present 
known BOD loading. But at  several locations on 
the r iver (see Map 37), there will remain sources 
of pollution with potential for  greatly increased 
waste-loading contributions. Undoubtedly, other 
sources of pollution will also appear in the future. 
One possible course of action would be to extend 
sanitary sewer service by theMetropolitan Sewer- 
age Commission to the Caddy Vista area in Racine 
County and to that portion of Racine County in the 
Town of Raymond near the mouth of the Root River 
Canal which i s  expected to urbanize in the con- 
trolled trend land use plans. Since drainage from 
both of these locations enters Milwaukee County, 
such action appears to be within the present legal 
powers of the Commission. Wastes from the 
Frank Pure Food Company should be transported, 
after partial treatment, to the City of Racine sew- 
age disposal plant. 

Transportation of wastes from Union Grove, the 
Southern Colony, and the Cooper-Dixon Duck Farm 
to disposal points outside the watershed does not 
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The proposed water  p o l l u t i o n  c o n t r o l  program inc ludes cont inued moni tor ing o f  water  q u a l i t y  and q u a n t i t y  w i t h i n  
t h e  watershed, t h e  improvement o f  c e r t a i n  in-basin waste t reatment ,  and e x p o r t a t i o n  o f  o t h e r  wastes where improved 
treatment can be obtained more economically outs ide  t h e  watershed. 



appear feasible a t  this time o r  within the plan 
period. Improvements in the degree of treat- 
ment should, therefore, be sought, especially of 
the wastes from the Southern Colony and the 
duck farm. 

Neither treatment nor exportation of urban storm 
drainage appear to be practicable, at  least within 
the near future. The high flows associated with 
urban storm runoff should, however, transportpol- 
lution from that source out of the system quickly. 
Agricultural drainage i s  not expected to be amajor  
problem because of the small quantity of runoff 
involved during the summer season. Only a por- 
tion of the snowmelt runoff will leach through the 
soil to collect fertilizers and pesticides. 

State government administrative machinery for 
pollution abatement and control is discussed in 
detail in Chapter IX, "Water Law." It is also noted 
in Chapter IX that court action may be a more 
expeditious approach to pollution problems. No 
matter what type of action is selected, factual 
information on the location of waste sources and 
the type and degree of pollution attributable to 
such sources will be required. To obtain such 
data and data useful for eventual plan refinement 
o r  reevaluation, a program of water quality and 
quantity monitoring is recommended for inclusion 
in any combination of plan elements that may 
finally be agreed upon. 

Water quality samples should be obtained a t  about 
monthly intervals and analyzed at  least for  coli- 
form, dissolved oxygen, chlorides, and tempera- 
ture. Stations at which quality samples should 
be obtained a r e  shown on Map 33. This pro- 
gram would continue monitoring at  five of the 
six stations used for the planning studies and 
would add two stations on the West Branch of the 
Root River Canal and one station on Hoods Creek. 
The monitoring station on the North Branch of 
the Root River a t  W. Grange Avenue in the City 
of Greenfield would be discontinued since the 
extension of trunk sewers to this area  by the 
Metropolitan Sewerage Commission of Milwaukee 
County will eliminate sanitary waste contribu- 
tions to the North Branch. The planned locations 
of water quality monitoring stations and their 
function are: 

1.6 North Branch, Root River at  W. Grange 
Avenue. Monitor "base" water quality 
before introduction of municipal sewage 
treatment plant effluent. - 

Numbers correspond t o  s ta t ion  numbers on Map 2 5 .  

2. North Branch, Root River a t  W. Ryan Road 
(STH 100). USGS stream gaging station. 
Monitor overall water quality of North 
Branch, particularly with respect to ques- 
tionable quality of urban storm runoff. 

3. Root Rivercanal a t  Six Mile Road (CTHG). 
USGS stream gaging station. Monitor over- 
all quality of Root River Canal contribu- 
tions and contributions from East Branch. 

4. Root River a t  County Line Road. Monitor 
outflows from natural reservoir o r  pro- 
posed Oakwood Reservoir, also monitor 
quality upstream from Caddy Vista area. 

5 .  Root River at  Nicholson Road. Monitor 
water quality below Caddy Vista Sanitary 
District outfall. 

6. Root River at  STH 38 near Racine. USGS 
stream gaging station. Monitor overall 
r iver system water quality. 

7. Hoods Creek at  STH 38. Monitor water 
quality of Hoods Creek, particularly with 
respect to effluent from food processing 
plant. 

8. West Branch, Root River Canal downstream 
from duck farm outfall. Monitor contribu- 
tions from duck farm treatment facilities. 

9. West Branch, Root River Canal downstream 
from Village of Union Grove. Monitor con- 
tributions from treatment plants operated 
by Village of Union Grove and State of Wis- 
consin Southern Colony and Training School. 

In conjunction with the water quality monitoring 
program, the continuous recording stream gaging 
stations operated by the U. S. Geological Survey 
under cooperative agreements with the SEWRPC, 
Metropolitan Sewerage Commission of the County 
of Milwaukee, and Racine County on the North 
Branch at  Ryan Road, the Root River Canal a t  
CTH G, and the Root River at  STH 38 near Racine 
should be continued. The following crest-gage 
stations installed and operated by the USGS should 
also be continued: 

1. Root River at  W. College Avenue. 

2. Root River tributary at  W. Rawson Avenue 
and STH 100. 



3. Root River at  W. Rawson Avenue (CTH BB). 

4. East Branch, Root River Canal at  CTH K. 

5. West Branch, Root River Canal at Three 
Mile Road. 

6. Root River at  S. 60th Street. 

7. Root River at  S. 43rd Street. 

8. Root River at  CTH V. 

9. Root River at  Nicholson Road. 

10. Root River at  Six Mile Road. 

11. Root River at  Four Mile Road. 

12. Root River at  STH 31. 

Continuance of the stream gaging program will 
make possible future refinement of the hydraulic 
studies made in the present planning program. 
It must be recognized that the present studies a r e  
based on very short-term streamflow data and 
are ,  therefore, inherently of a lower level of 
accuracy than might be attained with definitive 
streamflow data extending over a longer time 
period. In addition, water quantity information 
i s  needed for interpretationof water quality obser- 
vations and data. 

The water quality and quantity monitoring program 
would cost approximately $7,000 per year. This 
cost estimate i s  based upon the maintenance of 
8 quality stations, 3 continuous recording stream 
gaging stations, and 12 crest-gage stations. At 
6 percent interest, the present worth of this pro- 
gram over 50 years i s  $110,000, at  3 percent 
interest, $180,000. 

Removal of Residences From Flood Plain in the 
Cits of Greenfield 
The removal of certain residences in the flood 
plain reach lying between W. Layton Avenue and 
W. Forest Home Avenue in the City of Greenfield 
would accomplish flood-damage abatement and 
would provide additional land for park and recrea- 
tion use. Hence, this alternative must be consid- 
ered a s  a possible adjunct to any watershed plan. 
Criteria indicating the practicality of removal of 
houses a r e  largely economic. As shown in Appen- 
dix J, flood damages mount rapidly per unit depth 
of flooding a s  f irst  floors of dwellings a r e  inun- 

dated. Also, it is generally difficult to floodproof 
residences when floodwaters r i se  above first floor 
levels. Within the W. Layton to W. Forest Home 
reach, 23 residences, having a present (1965) 
estimated property value of about $575,000, will 
be subjected to various depths of inundation at  
above first  floor levels by a 100-year recurrence 
interval flood under 1990 land use conditions and 
with the proposed West Allis channel improve- 
ments (see Map 38). 

It i s  assumed that salvage value of the house at  
the time of purchase would be sufficient to cover 
demolition o r  removal costs and landscaping of 
the site. The benefit-cost ratio of removal of the 
23 houses lying within the City of Greenfield, cal- 
culated on the basis of present worth at  6 percent, 
wouId be: 

Benefit 
Flood-damage alleviation $150,000 

Cost 
Market value of property $575,000 

Benefit-Cost Ratio = 150, OoO = 0.26 
575,000 

250,000 
At 3 percent interest = 575,0 = 0.43 

It should be noted that these benefit-cost ratios, 
while less than 1.0, a r e  greater than the cor- 
responding ratios fo r  the channel improvement 
alternative element set forth previously for this 
channel reach. 

Removal of Residences From Flood Plain in the 
City of Racine 
Removal of certain residences in the Island Park 
a rea  of the City of Racine would accomplish flood- 
damage abatement and would provide additional 
land for park and recreation use. Hence, this 
measure must be considered a s  a possible adjunct 
to any watershed plan. Criteria for removal of 
houses in the City of Racine a r e  identical to that 
for removal of houses in the City of Greenfield, 
inundation above the f irst  floor level of a residence 
being assumed to constitute grounds for investi- 
gating the feasibility of removal. Some 35 resi- 
dences, having a present (1965) estimated prop- 
erty value of about $385,000, will be subjected to ( 

various depths of inundation at above first floor 
levels by a 100-year recurrence interval flood 
under 1990 land use and water control facility con- 
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ditions (see Map 39). It is assumed that salvage 
value of the house at the time of purchase would 
be sufficient to cover demolition o r  removal costs 
and landscaping of the site. 

The benefit-cost ratio of removal of damage-sus- 
ceptible residences from the flood plain within the 
City of Racine, calculated on the basis of present 
worth at 6 percent, would be: 

Benefit 
Flood-damage alleviation $ 85,000 

cost 
Market value of property $385,000 

85,000 
Benefit-Cost Ratio = - = 0.22 

142,000 
At 3 percent interest = 385, 000 = 0.37 

Restoration of Horlick Dam 
A decision must be made soon with respect to the 
ultimate disposition of Horlick Dam because of 
the rapidly accelerating deterioration of the dam. 
As discussed in Chapter V, "Hydraulics of the 
Watershed," the dam does not contribute to flood 
control nor is it responsible for any significant 
flood damages. Restoration of the dam and pond 
in the context of the parkway-recreation land use 
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plan element would create an attractive and desir- 
able water-oriented recreation facility. Removal 
of the dam would expose unsightly mud banks which 
would be difficult to incorporate into an aesthetic 
parkway or  open-space development. In the con- 
trolled existing trend land use alternative ele- 
ments, removal of the dam would detract from the 
value of property along the present banks of the 
pond. It i s  likely that a great deal of the silt and 
mud deposited in the pond would be washed down- 
stream to deposit in the channel in the City of 
Racine if the dam were removed. 

1 Monetary benefits for restoration of Horlick Dam 
and pond were not calculated. As in the case of 

I 
"Oakwood Reservoir," benefits are primarily of 

an intangible nature and must be evaluated subjec- 
tively. Benefits of restoration would include scenic 
beauty, boating, fishing, and the preservation of 
a historic site. 

Horlick Dam could be restored either by repairing 
the existing structure or  by replacing it with anew 
dam. Repair might be desirable for historic con- 
siderations, but replacement would probably be 
more economical. An estimate was made of the 
cost of constructing aconcrete gravity dam, stable 
in itself, in contact with the downstream face of 
the existing dam. The estimated cost of such 
a dam would be $24,000. A lump-sum allowance 
of $10,000 was estimated for snagging and cleaning 
the pond, making the total estimated cost $34,000. 



Augmentation of Low Flow in North Branch 
As noted in Chapter VIII, "Other P r ~ b l e r n s , ~ '  the 
scheduled export of sewage from communities in 
the North Branch drainage area will probably 
result in periods of very low or  no flow in the 
North Branch and will significantly reduce down- 
stream low flows. 

Drying up of parts of the North Branch channel 
for  prolonged periods may detract to some degree 
from the aesthetic quality of the parkway rec- 
reational area. Reduction of low flows in the 
downstream river reaches will detract from the 
potential boating, fishing, and other recreational 
uses of the r iver and will aggravate residual pol- 
lution problems. Extreme low flows and temporary 
dry-bed conditions will also foster weed growth in 
channel reaches where constant water presence 
now keeps the main channel reasonably clear of 
such growth. 

The relaxation of demand on ground water for 
municipal water supply in the North Branch drain- 
age area a s  the facilities for supply of Lake 
Michigan water a r e  extended may result in water 
table recovery and increased ground water con- 
tribution to the channel. As ground water may be 
developed for other uses, there is no assurance 
of water table rise; and quantitative forecasts of 
future ground water contribution a r e  not possible. 

Possible measures that may be considered for 
alleviation of low-flow problems include ground 
water pumpage, use of Lake Michigan water, and 
reservoir storage. The minimum flow require- 
ment in the North Branch for aesthetic purposes 
i s  suggested a s  0.5 CFS. This i s  equivalent to 
a stream 3 feet wide and 4 inches deep flowing at  
a velocity of 0.5 feet per second. A minimum of 
3 CFS, equivalent to a stream 24 feet wide and 
6 inches deep flowing at  a velocity of 0.25 feet per 
second, is suggested a s  desirable for the main 
channel downstream from the North Branch. 

Augmentation of low flows of the North Branch 
could be accomplished by ground water pumping 
o r  by Lake Michigan water supplied through the 
municipal water s ~ p p l y  system. The latter source 
i s  probably impracticable both because of cost and 
because the demand for  low-flow augmentation 
would occur during the peak-load season of the 
water supply system. Ground water pumping 
would appear to be a more reasonable alternative, 
although the volume of flow desired, approximately 
300,000 gpd, is  very large in terms of ground 

water supply. Development of an augmentation 
supply from the shallow aquifer would be difficult 
because several wells would be required. More- 
over, pumping from the shallow aquifer in the 
vicinity of the river might lower the water table 
near the river and induce seepage losses from the 
river. Use of the deep aquifer, even if an already 
constructed well could be used, would be very 
expensive a s  pump lifts would be around 400 feet. 
Also, pumping for streamflow augmentation would 
further lower the already depressed piezometric 
level in the deep aquifer and increase pumping 
costs for present users. The possibility of drain- 
age into the river of Lake Michigan water and 
ground water used for cooling purposes was also 
investigated, and it was concluded that no sig- 
nificant flow contribution from this source can 
be expected. 

The extent and consequences of the low-flow prob- 
lem in the North Branch a r e  unpredictable. Costs 
of supplying water for augmentation will be high, 
and administrative problems will be substantial. 
There i s  also the possibility that the problem 
may be alleviated by water table recovery o r  by 
drainage from unrelated activities. In considera- 
tion of these factors, specific action should be 
deferred, at  least until the existence of a problem 
becomes apparent. 

FLOODPROOFING OF RESIDENCES 

It i s  possible and generally practicable for home- 
owners, a s  individuals, to make certain struc-t 
tural adjustments o r  to impose use restrictions 
on private properties in order to reduce flood 
damage. These structural measures and use 
restrictions applied to buildings and contents a r e  
known a s  "flo~dproofing.'~ The flood damage survey 
revealed that many private individuals have prac- 
ticed and will apparently continue to practice 
various kinds of floodproofing. The floodproofing 
which has been practiced has undoubtedly contri- 
buted substantially to reduction of the potential 
flood damages. The calculation of future flood 
damages (see Chapter VII) is based partially upon 
the implied assumption that floodproofing will 
reduce future damages by a percentage equivalent 
to i t s  reduction of historic damages. A review of 
the technical literature and of the reports of the 
flood damage survey of the Root River watershed 
supports a presentation of floodproofing elements 
which can be applied by private individuals. 

It should be noted that selection of the specific 
floodproofing elements to be applied to a particu- 



l a r  structure depend upon the features of the indi- 
vidual house, such a s  kind of structural material, 
age of structure, substructure conditions, nature 
of the exposure to floodwaters, height of water 
table, sewerage facilities, and uses demanded of 
the structure. Extensive floodproofing should be 
applied only under the guidance of a registered 
professional engineer who has carefully inspected 
the building and its contents. 

Categorized according to function, floodproofing 
elements a r e  of four types: 1) general floodproof- 
ing independent of type of flooding, 2) seepage 
control, 3) relief from sewer back-up, and 4) pro- 
tection from overland flow. 

General Measures: A number of floodproofing 
measures apply to flood-damage prevention re-  
gardless of the manner of flooding. These include 
the following: 1) keeping valuable items away from 
areas  which could conceivably be flooded; 2) using 
waterproof cement in laying tile o r  linoleum; 
3) having adequate fuse protection in all homes; 
4) unplugging, disconnecting, o r  removing from 
vulnerable areas all electrical appliances; and 
5) anchoring all fuel tanks securely so that the 
force of buoyancy of floodwater will not cause 
floating and spillage. 

A review of the events of the 1960 flood reveals 
that many persons avoided flood damages by re-  
moving electric motors from furnaces and appli- 
ances and by removing perishable items from 
basements. The most severe instances of flood 
damages were caused by fuel oil storage tanks 
which floated loose from anchorage, ruptured, and 
spilled oil over the contents and interior of homes. 
Other instances of exorbitantly high flood damages 
were caused by unsuitable uses of basements o r  
by impractical designs of flood plain homes. In 
a number of high damage cases, flood plain base- 
ments were used a s  bedrooms o r  kitchens. Also, 
several individuals suffering severe damages had 
home designs featuring a flat located in a basement 
with an exposed wall and used a s  a living floor with 
large picture windows facing the river. 

Seepage Control: During periods of flooding and 
accompanying high water tables, basements situ- 
ated in the permeable sands and silts of flood plains 
a r e  particularly susceptible to seepage through 
walls. Experience has shown that basements can 
be severely flooded by seepage within a few hours. 
Where. structures a r e  sound and hydrostatic pres- 
sure from ground water i s  low, basements may be 

waterproofed from seepage by sealing walls with 
either asphalt o r  quick set hydraulic compounds. 
In many instances, however, because it i s  not 
practical to exclude seepage water, it becomes 
necessary to operate a sump pump. The flood 
damage survey revealed that most of the 300 homes 
located on the Root River flood plains have base- 
ment sump pits equipped with pumps for  discharg- 
ing seepage o r  sewer back-up water onto a lawn 
o r  driveway. As a safeguard against power fail- 
ure,  some homeowners have an auxiliary pump 
which is  gasoline-fueled; and one homeowner has 
installed a gasoline-fueled, electric power genera- 
tion plant. 

As a general principle, all homes constructed in 
flood plains-in which water tables a r e  high-should 
have basement walls sealed fo r  maximum water- 
proofing and should be equipped with a sump pit 
and with a pump which i s  actuated automatically 
a s  waters rise. 

Relief From Sewer Back-Up: Because of flat topog- 
raphy, high water tables, and surface overflow into 
manholes, most flood plain homes have experi - 
enced flood-damage problems from the backing up 
of sewer water through a basement o r  wall floor 
drain. During the flood of 1960, this problem was 
particularly severe in the Island Park residential 
area of the City of Racine because floodwaters 
rendered a municipal sewage pumping station inop- 
erative. An efficient and effective general remedy 
to this problem has now been provided by the City 
of Racine with the construction of a new sewage 
pumping station which has an increased capacity 
and is located above the expected elevation of the 
100-year recurrence interval flood. It would be 
advisable, however, a s  a precautionary measure, 
for  flood plain homeowners in the Island Park area 
to continue to floodproof against sewer back-up. 
Elsewhere along the flood plain, a s  a standard 
construction procedure, protection should be pro- 
vided against sewer back-up. 

A number of relatively inexpensive standard de- 
vices can be installed in sewer lines to prevent 
reverse flow of water. These include standard 
backwater valves, horizontal swing check valves, 
and a closed end pipe threaded into a floor drain. 
It i s  important to note that in order for these 
devices to accomplish flood-damage relief the 
floor drain must be securely anchored inthe base- 
ment floor; o r  hydrostatic pressure may cause 
the sewer line to break loose, rupture, and thus 
introduce floodwaters. 



Under certain conditions of rapidly rising flood- 
waters, flood-damage prevention may be accom- 
plished more by letting a basement flood than by 
trying to exclude the inflow of floodwater through 
sewer lines o r  in other ways. During the record 
flood of 1960, several instances of severe damage 
were caused by the differential pressure between 
floodwaters and empty basements. In one home 
equipped with a back-water value and a high ca- 
pacity sump pump, the basement floor was uplifted 
by hydrostatic pressure and ruptured extensively. 
In another instance, a basement wall collapsed 
apparently because of the differential pressure. 
Basement floors, walls, and floor drains shouldnot 
be floodproofed without considerationof the proba- 
ble forces which the structure must withstand. 

Protection From Overland Flow: Generally, it i s  
not practicable to floodproof residences when 
floodwaters r ise above first  floor levels. Excep- 
tions a r e  offered by particularly sturdy structures, 
such a s  well-constructed brick buildings; but most 
frame structures a re  difficult to floodproof at  first 
floor levels. Below first  floor levels, overland 
flow can sometimes be excluded from homes by the 
installation of seal-tight, wire-reinforced glass 
on all basement windows. An alternative mea- 
sure  i s  to seal all exterior openings to base- 
ments and depend entirely on artificial light and 
a i r  conditioning. 

THE "LAKE MORAINE" PROPOSAL 
An independent proposal for the development of 
the water resources of the Root and Des Plaines 
watersheds has been suggested by a Milwaukee 
a rea  consulting engineer. The primary element 
of this proposal would be an artifical lake of about 
30 square miles in area  occupying a portion of the 

Root River Canal drainage a rea  and extending into 
the headwater drainage a rea  of the Des Plaines 
River. The artificial lake would receive flood- 
waters from parts of the Root, Fox, and Des 
Plaines watersheds and would provide recreation 
and pumped-storage hydroelectric power. This 
proposal was evaluated, and it was concluded that 
i t  would not justify consideration a s  an alternative 
plan for the Root River watershed. 

From a physical standpoint, the maintenance of 
"Lake Moraine" water levels a t  a design eleva- 
tion resulting in the necessary recreation and 
power benefits appears of questionable feasibility. 
Evaporation losses would approximately balance 
rainfall-runoff inflows, while the probable mag- 
nitude of seepage losses might be quite large. 
Application of the pumped-storage concept for 
maintaining the water levels with supplementary 
water from Lake Michigan would be uneconomical 
a t  the low heads available, while interbasin diver- 
sion would raise serious legal problems. 

Preliminary economic analyses of all facets of the 
proposal indicate that the flood control and power 
benefits of this plan would leave approximately 
$38,000,000 of the total project cost of $46,000,000 
to be ascribed to recreation benefits derivable 
from the artificial lake. While such an expendi- 
ture might conceivably be justified, it i s  consid- 
ered to be f a r  beyond the sc,ope of the Root River 
watershed requirements. It should be pointed out, 
however, that none of the alternative plan elements 
proposed for the Root River watershed in these 
studies would preclude eventual implementation 
of the "Lake Moraine1' proposal if it should ever 
be concluded to be desirable on a state o r  inter- 
state basis. 



Chapter XIII 
RECOMMENDED COMPREHENSIVE PLAN FOR THE 

ROOT RIVER WATERSHED 

INTRODUCTION 
The preparation of a recommended plan for the Root 
River watershed required that a selection be made 
from among the alternatives of those plan elements 
which together should comprise the recommended 
plan, including a land use base and necessary 
supporting water control and pollution abatement 
facilities. Such a selection must be based upon 
consideration of many tangible and intangible 
factors but should focus primarily upon the degree 
to which the agreed-upon watershed development 
objectives a r e  satisfied and upon the accompanying 
costs. The selection of the plan elements to be 
included in the final plan must ultimately be made 
by the responsible elected and appointed public 
officials concerned and not by the planning techni- 
cians, although the latter may properly make 
recommendations based upon evaluation of tech- 
nical considerations. 

In order to facilitate the necessary selection by 
responsible officials, the degree to which the 
individual plan elements described in the previous 
chapter meet the development objectives, together 

Units of Government Attending 

City of Racine, Towns of Caledonia 
and Mount Pleasant 

Towns of Raymond and Yorkville, 
Village of Union Grove, and 
the Racine County Board 

Cities of Greenfield, New Berlin 
and West Allis and the Villages 
of Greendale and Hales Corners 

Cities of Franklin, Muskego, and 
Oak Creek 

City of Milwaukee 
Milwaukee County: 

County Board of Supervisors 
Metropolitan Sewerage Commission 
Milwaukee County Park Commission 

with the associated costs, was presented in a pre- 
liminary report and recommendations made therein 
a s  to the most effective combination. A financial 
analysis of the recommended plan was also in- 
cluded, together with a recommended implementa- 
tion schedule. A summary of the findings and 
recommendations of the preliminary report was 
mailed to each elected member of every local 
governing body within the watershed. A series of 
five public meetings was then held within the 
watershed before the governing bodies and inter- 
ested elected and appointed governmental officials 
and citizen groups for the specific purpose of 
obtaining the reaction of the governing bodies con- 
cerned to the preliminary plan recommendations. 
The meetings were held a s  set forth below: 

Complete minutes of the meetings a r e  on file in 
the Commission Offices. It i s  important to note 
here, however, that the reaction to the recom- 
mended plan a s  herein set forth was completely 
favorable, with the expressed interest of the 
elected officials being directed only a t  the means 
by which the recommended plan could best be 

Place of Meeting Date of Meeting 

Racine, Wisconsin February 3, 1966 
7:30 p. m. - 9:30 p. m. 

Ives Grove, Wisconsin February 10, 1966 
7:30 p. m. - 9:00 p. m. 

West Allis, Wisconsin February 17, 1966 
7:30 p. m. - 8:45 p. m. 

Oak Creek, Wisconsin February 21, 1966 
7:30 p. m. - 9:15 p.m. 

Milwaukee, Wisconsin February 23, 1966 
1:30 p. m. - 3:30 p. m. 

r I, : ! id 

1 H.:,s Ikil \YI3CI)NSBFB 
REGIONAL F1AbNII';G COMkflSSIOM 

PUNNING LIBRARY 



implemented. Indeed, although not requested to do 
so, the Milwaukee County Board, upon the recom- 
mendation of the Milwaukee County Park Com- 
mission and the City of Racine Plan Commission, 
adopted formal resolutions approving the recom- 
mended preliminary watershed plan. The prelim- 
inary plan was also submitted to the SEWRPC 
Technical Advisory Committee on Natural Re- 
sources and Environmental Design on February 4, 
1966, and was approved unanimously by this com- 
mittee on that date. The Root River Watershed 
Committee unanimously approved the preliminary 
plan a t  a meeting on June 22, 1966. 

The final plan recommended herein, therefore, 
does not depart in any significant way from the 
preliminary plan presented a t  the meetings and 
approved by the advisory committees after careful 
public review over a period of over six months. 
Although based upon experienced professional judg- 
ment and a very careful technical evaluatioq, the 
final plan i s  not to be regarded a s  a rigid mold to 
which all watershed development is to be shaped; 
but, rather, it should be regarded a s  a recommen- 
dationwhich, for valid reason, i s  subject to modi- 
fication by the governmental units and agencies 
concerned. Any modifications, however, should 
be made only after the same careful consideration 
is given to all of the factors involved a s  was given 
in the initial plan preparation effort. 

BASIS OF RECOMMENDATION: 
A COMPARATIVE EVALUATION OF 
ALTERNATIVE PLAN ELEMENT8 

Satisfaction of Development Objectives 
The development objectives to be met by the final 
watershed plan, together with the standards which 
relate these objectives to physical development 
proposals and facilitate evaluation of the ability 
of the plan proposals to meet the chosen objec- 
tives, have been set forth in Chapter XI. In order 
to facilitate plan evaluation and selection, these 
objectives and their supporting standards have 
been summarized in Table 38. Careful inspection 
of this table will show that no one land use plan 
element orwater control facility plan element fully 
satisifies all of the eight major development objec- 
tives set for the Root River watershed. Therefore, 
the recommended plan must consist of a combina- 
tion of individual plan elements. 

Among the land use plan elements, the controlled 
existing trend alternatives a r e  superior to the 
uncontrolled existing trend alternative with respect 

to every objective. Indeed, the uncontrolled exist- 
ing trend alternative would defeat every watershed 
development objective and result in an  inefficient 
spatial distribution of urban development, which 
would be highly susceptible to future flood dam- 
ages. Continued uncontrolled urban sprawl would 
be particularly destructive to the natural resource 
base through further intrusion of urban develop- 
ment into the riverine areas,  which comprise 
integral parts of the natural environmental corri- 
dors of the Region, and into the remaining prime 
agricultural areas  of the watershed. The oppor- 
tunity for establishment of high-value homesites 
in the attractive setting of adjacent resource con- 
servation areas  would be lost. With a continuation 
of uncontrolled land use development within the 
watershed, the future demand for residential land 
would have to be provided primarily by reduc- 
ing present scarce woodlands, wetlands, wildlife 
habitat, and prime agricultural areas. On the 
basis of satisfaction of watershed development 
objectives, the uncontrolled trend alternative must 
be rejected. 

The two controlled trend land use planalternatives 
differ largely in land ownership aspects. The land 
use regulation alternative would attempt to attain 
objectives through land use control exercised over 
private land holdings through the police power of 
local government. The parkway-recreation alter- 
native would secure the same and certainadditional 
objectives through public acquisition of riverine 
area  lands for public use and administration. Of 
the two alternatives, the parkway and recreation 
land development alternative warrants adoption in 
the urbanizing areas  of the watershed both on the 
basis of i t s  multi-use potential and its sounder 
economic basis. 

Because of both man-made and natural features, 
the land use plan elements alone will not allow 
attainment of all development objectives. They 
must, therefore, be complemented by other plan 
elements largely of a water control and pollution 
abatement facility nature. Inspection of Table '38' 
will show that each of the water control facility 
accessory elements shown adds to accomplishment 
of a t  least one additional objective for any given 
land use base element. A multi-purpose artificial 
reservoir at  the junction of the North Branch and 
Root River Canal appears particularly attractive 
a s  an adjunct to the parkway and recreation land 
use plan base, for i t  would enhance several of the 
development objectives. The floodwater diversion 
channels a r e  particularly unattractive, not only 



T a b l e  3 8  

C O M P A R I S O N  O F  R E L A T I V E  A B I L I T Y  O F  A L T E R N A T I V E  P L A N  E L E M E N T S  T O  M E E T  
W A T E R S H E D  D E V E L O P M E N T  O B J E C T I V E S  

'Cross r e n ~ d e n t ~ a l  lend eree def ined  ar the net ere* devoted to s e l d  area plus aupportlng f e r x l ~ t ~ e s  (see Footnote b to Table 32) .  

PLAN ELEMENT 

Land Use Base: 
Uncontrol led 
Ex8st lng Trend 

Cont ro l led  E x i r t l n g  
Trend - Land Use 
Regulation 

Cont ra l led  E r r r t r n g  
Trend - Parkkar and 
Recreat 'on Development 

najor water con t ro l  
Fac l l s t len :  
Channel llnprovementr 
Oreenfleld. C l t y  o f .  
and Greendale, VII-  
lag* of 

Raclne. C l t r  o f  

Canal, West Branch o f  

Canal. Ear t  Branch o f  

Dlverslon Bypass 
chaonelo 
North Route 

South Route 

Oakwood R e s e r v o r  
Replacement o f  
Brldger 

Accessory Fat, 1 ,  t , es :  
water Pollution 
Control  Hearvrer 

Caddy Y ls ta  waste 
Export t o  H ~ l x a u k e e  

Frank Pure Food waste 
Export t o  Raclne 

Hon l ta r lng  program 

Rersdence Removal 
Greenfield. C l ty  of 

Raclne. C l t y  of 

R e r t o r a t o n  o f  Horl  i c k  
oam 

Lou-Flow dugmentaton. 
North Branch 

Flood Proof ing o f  
Rel ldencer 

Standerd consists o f  the following: no nare than 2.5 end 3 .5  percent. reimctxvely, o f  areas proposed for l o r  and incdlm-density res ident ia l  deueloprrnt should be covered by r o l l s  ra ted  a s  poor quc9txonsble or very 
wor I-r such deve~opnent .  on ly  S O X I S  rered as very good. g o d .  or f a r  for sep t ic  ten* waste dlnpoaa~ should be developed I n  absence of pub~xc  serer acrv i sc .  11.0. i t  1 s  repvjred that there be i ~ ~ o d - w ~ n e r a b i e  .jevel. 
opmnt on f l o o d p l a , n s .  no obstruction o f  f lmduays .  the ~ r c ~ e r v a t i o n  o f  a l l  wetlends 50 x r e s  m d  larger ,  prercrvatzon o f  50 percent o f  rxver benko i n  state. and prerervation a nlnlrnum o f z o p e r c e n t  o f  
ratershed In 1.o0dlandl. 

source: SRIWC. 

neet Future Land Needs' 

Low dens. res. 
312 ac.11000 pera. 
Med. dmr. res. 
9s ac.110oo per.. 
Regional recreation 
areas 
u ac . l l ooo  per.. 

Demands n o t  met 
except f o r  reg lana i  
recreat lon: 
Low dens. re3. 
500 ac.11000 perr. 
ned. dens. re3. 
150 ac./1000 per.. 
Replonal r e c r e a t ~ o n  
area3 
3.3 ac.11000 per.. 

~ e m n d  met except f o r  
r e g ~ o n a l  recreation: 
Lou dens. res. 
500 ac./lOOO Pern. 
Hed. dens. rer. 
150 ac./1000 per$.  
Regional rec rea t ion  
area3 
3.3 ac./lOOO pers. 

oemand met: 
L ~ W  dens. 
500 ac.11000 peps. 
Hed. dens. rer. 
150 ac.11000 per.. 
Reglonal r e e r e a t ~ o n  
areas 
u ac.I l000 pern. 

.. 

-- 

-- 
-- 

-. 

WATER CONTROL OBJECTIVES 

In tegra ted  and E f f l c l e n t  
systems fo r :  

Protecteon, wire 
Use. and Development 
o f  ~ e i o ~ r c e  a=s@. 

A. so8 l rb  
8. streamb 
C. wetlandb 
0. woadlandb 

Rer lden t la l  
developed on 
vnav l tab le  so i l s :  
Annual f l ood  damages 
of $61,000: 
60 percent r i v e r  
banks developed; 
Contlnved lass  a f  
wetland: 
u.0 percent o f  area 
# n  woodlands. 

111 resource standards 
met except uoadlanda: 
f l o o d  damage n i l :  
wetlands preserved; 
5 percent o f  r i v e r  banks 
developed. 
over  5 percent of 
watershed 8n ueodlandr. 

A l l  resource standards 
met except uwd landr :  
f l o o d  damape n i l :  
wetlands preserved: 
5 percent o f  river banks 
developed. 
Over 5 percent o f  
~ a t e r s h e d  i n  uoodlanda. 

on o , t e  reduct ion i n  
f l ood  damages. 
bu t  stream bank 
standards " a t  met. 

Oownstrem reductlorn 
i n  f l ood  damages. 

Supports. 

Supports. 

Su~por to .  

Supports 

supportr  

SvPIorts 

SvPPorts 

SvPIortr  

Support3 

Supports 

Drainage and 
Flaad Control  

water Quality 
contra1 

LAND USE 

~ f f i c l e n t  
~d jus tment  t o  
Svpport lng 
Servlcer and 
r a c l l l t l e r  

Nedlva-denrl ty r e o l -  
dentla1 n h a l l  be i n  
g rav i t y  drainage 
area t r i b u t a r y  t o  
pub l i c  sewerage 
f a c i l i t i e s  and sha l l  
be accera ib le  t o  
p u b l i c  water %upply: 
maxlmlze u t i l l z a t l o n  
o f  e x ~ s t ~ n g  trans- 
por ta t lo "  and 
" t l l l t ~  $ysteml. 

standard8 no t  met. 

Standards met. 

Standards met. 

Svpporta 

Support8 

-- 
-- 

-. 

Waterway openlngr 
# n  bridges should 
accommodate f loods 
on bas l r  o f  t r a f f l c :  
minor s t ree ts  - 
10-year event: 
a r t e r l a l r  - 
50-year event: 
expressways - 
100-ye" event. 

standards n o t  met. 

Standards met. 

standards met. 

supports. 

SuPlorts. 

Supports. 

supports. 

Standards met f o r  
downstream areas. 

Supports. 

SvPports 

Sv lpar ts  

supportr  

-. 

-- 

OBJECTIVES 

Pre3ervat lon and 
~ r o v ~ r ~ o n  o f  
Open Space and 
Recreation Lands 

SUPPORTING 

Local park and open 
spacer should be 
x l t h c n  112 rille of 
every residence. 
Unique s c r e n t ~ f l c ,  
c u l t u r a l .  and scenic 
areas not  t o  be a l l o -  
cated t o  any urban o r  
a g r i c u l t u r a l  use. 

standards n o t  met. 

Standards met. 

Standards met. 

-- 

Supports. 

Supports. 

S v ~ ~ o r t r  

S v ~ p o r t s  

SupPorts 

Rer to ra l  o f  
open space 

Restoral o f  
open rpace 

supports 

Supports 

stream water should 
a l l o w  se lec ted  
~ a t e r  use. o f  
baatlng, f a c v l t a t l v e  
f l i h i n g ,  u a l d l r f e  
and I ~ v e r t o c k ,  and 
aesthet lcr:  
pub1 l c  sewerage t o  
a1 I residences 
except olngle-family 
+acre developments. 

Standard8 no t  met. 

Standards could 
be met. 

Standards cou ld  
be met 

Supparta. 

Sumor ts  

S u ~ ~ o r t s  

S u ~ p o r t s  

svpportn 

SuPlort. 

supports 

svpportr  

Suooort i  

Su lpor t r  

Preservat lan o f  
~ r ~ m e  ~ g r ~ c v l t u r a l  
Areas 

STANDARDS 

Preserve remalnlng 
a 9 r l c u l t u r a l  r a i l  
r a t e r  as ve ry  good, 
good, or f a i r ,  which 
comprise 5 square 
mi le  u n i t s  and have 
open-space po ten t ta l .  

standards n o t  met: 
urban encraachment 
YDYI~ cont8nue. 

Standards mat. 

Standards met. 

-- 

-- 

-. 

~ o o d  so l1  and 
water conservation 
Prac t l ce  

bi min~mum o f  
50 ~ e r c e n t  of the 
a g r ~ c v l t u r a l  area 
~ d e r  cooperative 
r o t 1  and water 
agreements and plans 
and 25 percent under 

treatment 
by owner. 

standard no t  mpt. 

Staodarda Eeuld 
be net.  

Standards could 
be met. 

-- 



because of their single-purpose nature, but also 
because of their poor economic basis. Channel 
deepening and widening represents a costly inflexi- 
ble measure satisfying few objectives. Unfortun- 
ately, existing and committed urban storm water 
drainage system improvements in the headwater 
portions of the North Branch of the Root River 
require the application of such deepening and 
widening. Channel clearing and maintenance is 
a more flexible undertaking offering satisfaction 
of the flood control objective in the Canal area. 

The water pollution control measures a r e  f a r  more 
valuable than can be indicated in the tabular analy- 
sis alone. By encouraging the proper water quality 
environment in the riverine area,  water pollution 
control measures support all watershed develop- 
ment objectives, at  least in the riverine area. 
Recreation objectives and water quality standards 
would be partially met by restoration of Horlick 
Dam and reservoir. 

Benefit-Cost Factors 
Because of the extreme difficulty of expressing all 
benefits and costs in monetary terms,  the ability 
of any given plan element to satisfy watershed 
development objectives should be considered of 
equal importance to an economic analysis. A com- 
parison of the results of economic analyses of the 
applicable plan elements is presented in Table 39. 
A careful inspection of this table reveals that 
a favorable benefit to cost ratio exists for only the 
parkway-recreation land use element (1.03) and 
for channel improvements on the West Branch of 
the Root River Canal (1.14). None of the other plan 
elements show a benefit-cost ratio approaching 
1.0. Nevertheless, the intangible benefits accruing 
f rom several of these elements a r e  of sufficient 
importance to justify their recommendation. It is 
particularly significant that the single-purpose 
floodwater diversion channels have particularly 
low benefit-cost ratios (0.10 and 0.06). 

PLAN RECOMMENDATIONS 
Based upon the foregoing analysis of the ability of 
the various plan elements to satisfy watershed 
development objectives and the related benefit- 
cost analyses, the following plan elements a r e  
recommended for inclusion in the final Root River 
watershed plan: 

1. Recommended land use plan elements: 

a. Controlled Existing Trend-Parkway and 
Recreation Land Development Alterna- 
tive: 

This plan element consists of a mixed 
program of public acquisition and regu- 
lation of private holdings of land in order 
to meet future needs for residential, 
agricultural, conservancy, and park land 
uses efficiently and easily with a mini- 
mum of destruction to the supporting 
natural resource base. This element is 
centered in the acquisition of land for, 
and eventual development of, a parkway 
along the main channel of the Root River 
from i ts  source in Greenfield Park in the 
City of West Allis to STH 38 in the City 
of Racine, a s  shown on Map 40 (inside 
back cover). This would place all flood 
plain lands within the limits of the pro- 
posed parkway in public ownership and 
utilize these lands for active recreation 
and wildlife conservation purposes and 
provide for the development of a con- 
tinuous parkway drive along the entire 
length of the main stream channel. This 
plan element would also include the regu- 
lation of land use in the riverine areas  
of the entire Root River Canal, including 
the East and West branches, and the 
riverine areas  of other perennial tribu- 
taries, a s  indicated on Map 40 (inside 
back cover), through the use of floodway 
district, flood plain district, and con- 
servation district zoning; subdivision 
control; and official mapping, all carried 
out under the local police power. 

2. Water control facility plan elements. Al- 
though the basic water control plan ele- 
ments a r e  nonstructural and based upon 
sound land use development in the water- 
shed and particularly the riverine areas ,  
the following structural water control fa- 
cilities a r e  recommended a s  supporting 
the watershed development objectives: 

a. Channel clearing and maintenance on the 
Root River Canal: 

This plan element includes channel de- 
brushing and cleaning on the West Branch 
of the Root River Canal from a point 
one-half mile downstream from the Chi- 
cago, Milwaukee, St. Paul, and Pacific 
Railroad bridge near the Village of Union 
Grove to the confluence with the East 
Branch and does not contemplate any 
major channel deepening, widening, o r  
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reconstruction. Based upon the results 
of the plan review by local public offi- 
cials, i t  is further recommended upon 
the specific request of the Racine County 
Board that similar channel debrushing 
and cleaning be carried out for the East 
Branch of the Root River Canal from 
CTH E in Kenosha County to one-half 
mile north of Five Mile Road in Racine 
County. 

b. Oakwood Lake artificial reservoir: 

This plan element includes the construc- 
tion of a multi-purpose reservoir in the 
area  around the confluence of the North 
Branch and the Root River Canal. The 
recommended reservoir would have a 
normal water surface area  of 660 acres  
and would be maintained between the 
elevations of 679 and 680 feet above msl 
by means of a dam constructed in Sec- 
tion 35, Town 5 North, Range 21 East, 
in the City of Franklin (see Figure 33). 

The lake would serve recreation, con- 
servation, and low-flow augmentation 
purposes; would serve to enhance the 
development of the recommended park- 
way; and would provide a focal point for 
the attraction of high-value residential 
development to the City of Franklin. 

c. Replacement of Highway Bridges: 

Twenty-six highway bridges on the per- 
ennial stream system of the Root River 
require replacement because of inade- 
quate hydraulic capacity, a s  well a s  for 
traffic and safety considerations (see 
Table 37). 

d. Restoration of Horlick Dam: 

This plan element includes the recon- 
struction of Horlick Dam and the clean- 
ing of i ts  headwater pool to protect a 
unique historic site and to enhance the 
Racine portion of the recommended 
parkway development (see Figure 20 ). 

e. Removal of Existing Residences in Flood 
Plain: 

This plan element includes the public 
acquisition and removal of 23 homes in 
the City of Greenfield and 35 homes in 
the City of Racine in which the f irst  

floor levels a r e  inundated by a 100-year 
recurrence interval flood. The lands 
so vacated a r e  recommended to be con- 
verted to park and parkway use. Gradual 
acquisition is  anticipated a s  existing 
homes should be zoned a s  "nonconform- 
ing uses" and purchased a s  they come 
on the market. 

f. Floodproofing: 

This plan element is designed to allow 
owners of homes located in the flood 
plain, in which a 100-year recurrence 
interval flood will not inundate the first 
floor level, a means of continued occu- 
pance of flood plains through individually 
assuming the structural adjustments and 
use restrictions necessary to hold the 
flood-damage potential to an absolute 
minimum. 

The foregoing water control facility rec- 
ommendations a r e  predicated on the com- 
pletion of channel improvements on the 
North Branch in the cities of West Allis 
and Greenfield, extending from a point 
immediately south of W. Lincoln Avenue 
to a point just north of W. Layton Avenue, 
regarded for the purposes of this report 
a s  a committed facility. The improved 
channel would have side slopes of one- 
on-four with a maximum bottom width 
of 10 feet and a maximum top width of 
80 feet. The average deepening would 
be about 5 feet, and about 300,000 cubic 
yards would have to be excavated. The 
improved channel could accommodate a 
peak discharge of 3,500 CFS at  W. Lay- 
ton Avenue. 

Pollution abatement facilities and action 
programs: 

a. Abandonment of the Caddy Vista Sanitary 
District secondary treatment plant and 
connection of the tributary public sani- 
tary sewers to the Milwaukee metro- 
politan system. 

This plan element includes the construc- 
tion: 1) of approximately one-half mile 
of 12-inch diameter gravity flow sani- 
tary sewer laid in open trench, 2) of 
a 100 gpm lift station a t  o r  near the 
Nicholson Road bridge, and 3) of about 
3,000 feet of 6-inch diameter force main. 



b. Conveyance of food processing wastes 
from the Frank Pure Food Company 
plant at  Franksville in Racine County to 
the Racine sanitary sewerage system. 

This plan element includes the con- 
struction of approximately 3,000 feet 
of 10-inch diameter gravity flow sani- 
tary sewer in open trench from the proc- 
essing plant to the existing sewerage 
system in the unincorparated community 
of Franksville. The latter system is 
already connected to the City of Racine 
sewage treatment plant. 

c. Improvement of the degree of treatment 
provided by the existing sewage treat- 
ment plants at  Union Grove, Southern 
Colony, and the Cooper-Dixon Duck 
Farm. 

d. Continuation of the water quality and 
streamflow monitoring program on the 
perennial stream system of the water- 
shed in both Milwaukee and Racine 
counties. 

The foregoing recommended plan elements have 
all been described separately and in consider- 
able detail in Chapter XII. In the recommended 
watershed plan, each serves to complement and 
strengthen the other. 

Future urban development would be guided through 
locally exercised landuse controls into a more effi- 
cient and attractive pattern. Continued encroach- 
ment of the natural flood plains would be arrested 
and future intensification of flood problems avoided. 
Residential development would be concentrated 
within logical sanitary sewerage service areas  
tributary to existing systems and on soils suited 
for such use, thus avoiding future sanitation prob- 
lems. The remaining prime agricultural areas  
within the watershed would be protected from 
urban encroachment. 

The environmental corridors of riverine wood- 
lands, wetlands, and water would be preserved, 
f irst ,  by immediate zoning to prohibit inadvisable 
urban development and, gradually, by public acqui- 
sition. Eventually, the Root River stream valley 
would be transformed into an attractive greenbelt 
of parkway and recreation land serving to attract 
high-value residences along i ts  entire length. The 
parkway and recreation plan would be enhanced by 

a large artificial lake created at the confluence of 
the Canal and North Branch in Milwaukee County. 
This lake would be partly developed, by deepening, 
for small-craft boating and related activities and 
partly retained a s  shallow water and associated 
wetland for wildlife habitat and conservation pre- 
serve. The lake would also serve to augment low 
flows of the Root River, effecting an improvement 
in water quality and, thus, allowing downstream 
fishing, boating, and aesthetic use. 

The parkway belt would be further enhanced by 
structurally restoring historic Horlick Dam and 
cleaning the lagoon upstream from the dam site. 

The large private investment in homes and in 
public recreation and conservation lands, which 
i s  considerably dependent upon suitable water 
quality, would be protected by a water pollution 
control program. Existing waste loadings would 
be reduced by elimination of all existing sewage 
treatment plants on the North Branch and main 
stem of the Root River through connection of the 
tributary sewerage systems to the Milwaukee met- 
ropolitan system. Water quality and quantity would 
be monitored a t  regular intervals, and improved 
treatment of wastes would be sought wherever 
needed. An active pollution control program, when 
coupled with low-flow augmentation from Oakwood 
Reservoir, would produce a water quality environ- 
ment capable of supporting fishing, boating, wild- 
life and livestock watering, and aesthetic use of 
the riverine areas. 

The flood damage hazard, which i s  rising rapidly 
under urbanization of the watershed, would be 
gradually eliminated a s  new flood-vulnerable de- 
velopment would be prohibited and existing devel- 
opment would be phased out through purchase and 
zoning o r  under special conditions by floodproofing. 
Existing residential development located in the 
flood plain and subject to first floor inundation 
would be purchased, razed, and replaced by park 
an8 parkway use, while such development subject 
only to basement flooding would be floodproofed. 

FINANCIAL ANALYSIS 
In order to assist  the responsible public officials 
concerned in evaluating the recommended water- 
shed plan, a preliminary capital improvements 
program has been prepared which, if followed, 
would result in total plan implementation by the 
year 1990, with the costs distributed over a 23- 
year period. This program i s  summarized in 
Tables 40 and 41, which set forth the estimated 



T a b l e  4 0  

S C H E D U L E  OF C A P I T A L  C O S T S  O F  T H E  1 9 9 0  R E C O M M E N D E D  P L A N  E L E M E N T S  
W I T H I N  M I L W A U K E E  C O U N T Y :  1 9 6 7  - 1 9 8 9  

a Estimated average cost of $1,150 per acre for 730 acres. 

Rental fees of $3 per acre from purchased land awaiting development. 

One-half mile of parkway completed yearly at unit costs of $240.000 per mile of roadway and $700 per acre for landscaping and picnicking facilities. 

Maintenance costs of $5,200 per mile of completed parkway. 

Costs include: dam structures, relocation of S. 60th Street and W. Oakwood Road (new bridge not included), relocation of power line, purchase of private structure on reservoir site 
(land not included), clearing and landscaping, excavation of reservoir area. 20 percent contingencies, and 10 percent engineering fees. 

W a t e r  P o l l u t i o n  

One residence acquired annually over 23-year period. 

Source: SEWRPC. 

C a l e n d a r  

Y e a r  

1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

T o t a l  

C o n t r o l  

( 9 )  

O p e r a t i o n  o f  
9  Q u a l  i  t y  

M o n i t o r i n g  
S t a t i o n s ,  
2  G a g i n g  

S t a t i o n s , a n d  
5  C r e s t  Gages 

$ 5 , 0 0 0  
5 ,000  
5 , 0 0 0  
5 ,000  
5 ,000  
5 ,000  
5 ,000  
5 , 0 0 0  
5 , 0 0 0  
5 ,000  
5 ,000  
5 ,000  
5 ,000  
5 , 0 0 0  
5 , 0 0 0  
5,000 
5 ,000  
5 , 0 0 0  
5 ,000  
5 ,000  
5 ,000  
5.000 
5,000 

$1 15,000 

A v e r a g e  $ 3 6 , 5 0 0  $ 185,000 $ 3 1 , 2 0 0  $ 1,630 $ 251,070 $ 84,478  $ 28,695 $ 5,000 

( 8 )  

R e m o v a l  o f  
~ e s i d e n c e s ~  

From 
F l o o d  P l a i n s  

i n  C i t y  o f  
G r e e n f i e l d  

$ 25,000 
25,000 
25,000 
25 ,000  
2 5 , 0 0 0  
25 ,000  
25,000 
25 ,000  
25 ,000  
25,000 
25 ,000  
25 ,000  
2 5 , 0 0 0  
25,000 
25,000 
25 ,000  
25 ,000  
25,000 
2 5 , 0 0 0  
25 ,000  
25,000 
25,000 
25 ,000  

$575,000  

P r o j e c t  

Y e a r  

I  
2  
3 
4  
5  
6  
7  
8  
9  

10 
I  I  
12 
13 
I  4  
15 
16 
17 
18 
19 
2  0  
2  1 
22 
2  3  

P r o g r a m  

( 1 0 )  

T o t a l  
C o s t  

$1 ,270 ,050  
1 ,302 ,750  

333,950 
336,650 
339 ,350  
342 ,050  
399,750 
397 ,950  
350,150 
352 ,850  
27 1,600 
279.900 
277.200 
280 ,000  
282,800 
285,600 
288.900 
291 ,  100 
293,900 
296,600 
299,300 
302,000 
309 ,700  

$9 ,067 ,600  

$ 394,2U3 

Oakwood -- 
( 6 )  

Con- 
s t r u c t i o n e  

$ 971,500  
971,500 - - 
--  
-- 
--  
--  
- - 
--  
- - 
- - 
- -  
--  --  --  
-- 
- - - - 
- - --  
- - - - --  

$1,943 ,000  

A n n u a l  

R e s e r v o i r  

( 7 )  

A n n u a l  
M a i n t e n a n c e  

$ -- 
30,000 
30 ,000  
30 ,000  
30 ,000  
30 ,000  
3 0 , 0 0 0  
30 ,000  
30.000 
30,000 
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  
30 ,000  

$660,000  

( 5 )  

S u b t o t a l  
Columns ( I ) ,  
( 2 ) ,  a n d  ( 3 )  

M i n u s  
Column ( 4 )  

$ 268,550 
27 1,250 
273,950 
276 ,650  
279,350 
282,050 
284 ,750  
287 ,450  
290,150 
292 ,850  
21 1 ,600  
214 ,900  
217,200 
220 ,000  
222,800 
225 ,600  
228,900 
231 ,100  
233 ,900  
236,600 
239 ,300  
292 ,000  
244,700 

$5 ,774 ,600  

P l a n  E l e m e n t  

( 4 )  

R e v e n u e b  
From 

L e a s e  o f  
Acqu i  r e d  

L a n d  

$ 3 , 0 0 0  
2 , 9 0 0  
2 . 8 0 0  
2 ,700  
2 ,600  
2 ,500  
2,400 
2,300 
2 ,200  
2 ,100  
2 ,000  
1 ,800  
1 ,600  
I ,  400 
1.200 
1.000 

800 
700 
500 
400 
300 
200 
100 

$ 3 7 , 5 0 0  

( I  

P a r k w a y  
L a n d  

A c q u i s i t i o n a  

$ 83,950  
83 ,950  
8 3 , 9 5 0  
83 ,950  
83 ,950  
83 ,950  
8 3 , 9 5 0  
83 ,950  
83 ,950  
8 3 , 9 5 0  -- 
--  
--  
-- 
- - 
- -  - - 
--  
--  
- -  
- - - - 
--  

$839,500  

P a r k w a y  a n d  

( 2 )  

P a r k w a y C  
Road a n d  

R e c r e a t i o n  
F a c i l i t y  

C o n s t r u c t i o n  

$ 185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 
185,000 

$ 4 , 2 5 5 , 0 0 0  

R e c r e a t i o n  L a n d  U s e  

( 3 )  

P a r k w a y  
I 4 a i n t e n a n c e d  

$ 2,600  
5,200 
7 , 8 0 0  

10,400 
13,000 
15,600 
18,200 
20 ,800  
23,900 
26,000 
28 ,600  
31,200 
33 ,800  
36 ,400  
3 9 , 0 0 0  
41 ,600  
44 ,200  
46,800 
49 ,900  
52,000 
54 ,600  
57 ,200  
59 ,800  

$717,600 
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annual and total costs fo r  eachof the recommended 
plan elements. 

The ultimate adoption of a capital improvements 
program for the watershed will require determina- 
tion by public officials of not only those elements 
which a r e  to be included in the plan itself and their 
costs but also the principal beneficiaries of the 
plan elements and the possible means of financing. 

Beneficiaries 
All of the recommended major plan components lie 
entirely within Milwaukee and Racine counties. 
Consequently, it would appear that financing of the 
necessary plan implementation programs could 
best be accomplished a t  the county level and, if 

the work is to be expedited, be limited to partici- 
pation by Milwaukee and Racine counties a s  project 
sponsors. For  this reason, the capital improve- 
ment cost schedule presented herein has been 
tabulated separately for the recommended plan 
elements for Milwaukee and Racine counties. 
Although the recommended plan elements will 
have certain regional benefits, the primary bene- 
ficiaries will remain the local residents of the 
watershed. The regional nature of a portion of 
the plan benefits, however, should make certainof 
the plan elements eligible for supporting financial 
assistance from the state and federal levels of 
government. Such possible sources of financing 
assistance have been indicated in outline form in 
Table 42, and utilization of these sources could 
reduce the local costs by a s  much a s  50 percent. 
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Chapter XI  V 

PLAN IMPLEMENTATION 

INTRODUCTION 
The Root River watershed plan provides a design 
for  attaining the watershed development objectives 
set  forth by the Southeastern Wisconsin Regional 
Planning Commission and the Root River Water- 
shed Committee acting with the consent and on 
the advice of all of the local units of government 
concerned. The design of the final plan empha- 
sizes three main elements: the regulation, in the 
public interest, not only of the use of land lying 
in areas  subject to periodic flooding but also the 
use of land and water throughout the entire water- 
shed; the acquisition of riverine area lands for 
public recreational uses; and the construction of 
water control and pollution abatement facilities. 
In apractical sense, this plan is not complete until 
the steps required to implement i t  a r e  specified. 

This chapter i s ,  therefore, presented a s  a guide 
for use in the implementation of the recommended 
watershed plan. Basically, it outlines the actions 
whichmust be taken by existing levels and agencies 
of government i f  the recommended plan i s  to be 
implemented. These actions include: 1) the formal 
adoption of various recommended plan elements, 
2) the adaptation and adoption of specific plan 
implementation devices, and 3) the provision of 
financing. It should be particularly noted that all 
plan implementation recommendations made herein 
a r e  based upon, and related to, existing enabling 
legislation. It should also be noted that, because 
of the ever-present possibility of unforeseen eco- 
nomic changes, new state legislation, case law 
decisions, governmental reorganization, and shifts 
in tax structure and fiscal policy, i t  is not pos- 
sible to declare once and for all time exactly how 
plan implementation should be administered and 
financed. In the continuing planning process, it 
will be necessary to update, periodically, not only 
the actual watershed plan elements but also the 
recommendations for implementation. 

ORGANIZATION FOR PLAN IMPLEMENTATION 
Examinationof the various agencies that a r e  avail- 
able under existing enabling legislation to imple- 
ment the recommended watershed plan reveals an 
array of commissions, committees, and boards 
at  all levels of government that can be utilized. 

These agencies range from relatively autono- 
mous special purpose units of government, a s  for 
example, farm drainage districts having a single 
purpose, such a s  construction of ditches, pipe- 
lines, and pumps for the drainage o r  protection 
of agricultural land, to cooperative contracts be- 
tween multiple general-purpose units of govern- 
ment having all the powers of the composite units, 
such a s  police, taxing, eminent domain, and appro- 
priation powers. Many of the agencies needed for 
plan implementation a r e  already in existence a t  
the state o r  local levels of government within the 
watershed. It becomes exceedingly important, 
therefore, to recommend only the use and the 
creation, if necessary, of those agencies which 
a r e  best able to carry  out the recommended plan 
and which would most effectively complement and 
supplement agencies already in existence. 

Watershed 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 executionof the watershed 
plan and to undertake plan updating o r  renovation 
a s  necessitated by changing events. Although the 
SEWRPC i s  charged with and will perform this 
continuing areawide planning function, i t  cannot 
do so properly without the active participation 
and support of local governmental officials through 
an appropriate advisory committee structure. It 
i s ,  therefore, recommended that the Root River 
Watershed Committee be established a s  a con- 
tinuing intergovernmental advisory committee to 
provide a focus for the coordination of all levels 
of government in the execution of the Root River 
watershed plan. Since the major plan elements 
significantly affect only the Milwaukee and Racine 
County portions of the watershed, the committee 
membership should be readjusted so that each 
municipality which i s  affected o r  is likely to be 
affected by the final plan is represented on the 
standing committee. This would include at  least 
the following units of government: County of Mil- 
waukee, including the Milwaukee County Park 
Commission and the Metropolitan Sewerage Com- 
mission of the County of Milwaukee; the cities of 
Franklin, Greenfield, Oak Creek, and West Allis; 
the villages of Greendale and Hales Corners; 



County of Racine; City of Racine; Village of Union 
Grove; the towns of Caledonia, Mount Pleasant, 
Raymond, and Yorkville; and the SEWRPC. 

Local Planning Agencies 
Proper implementation of the major land use plan 
elements, including reports to, and formal adoption 
by, the County Boards; drafting and administration 
of the necessary zoning ordinance provisions; and 
the acquisition, development, operation, and main- 
tenance of the recommended park and parkway 
system, i s  probably best achieved through a county 
park and planning commission. Not only is such 
a commission highly desirable for proper imple- 
mentation of the recommended watershed plan, but 
Section27.015(4) of the Wisconsin Statutes requires 
that every County Board create either a rural  plan- 
ning committee, a park board, or  such a park and 
planning commission. Milwaukee County created 
a park commission in 1907, which possesses 
a highly competent professional staff and which 
has to date acquired and developed almost 13,000 
acres  of land for park and parkway purposes, 
including almost 5,000 acres to date in the Root 
River watershed. 

It i s ,  therefore, recommended that the Racine 
County Board consider the creation of a county 
park and planning commission pursuant to Sec- 
tion 27.02 of the Wisconsin Statutes and assign to 
that commission all county zoning and land division 
duties and functions, a s  well a s  responsibility for 
park and parkway acquisition and development. 
The commission, if created, should be assigned 
primary responsibility for the implementation of 
the land use elements of the Root River watershed 
plan a s  they apply to Racine County. A model ordi- 
nance creating such a commission may be found in 
SEWRPC Planning Guide No. 4, Organization of 
Local Planning Agencies, Appendix E. Sections 
27.03(2), 27.06, 59.75(2)(d), 59.97(7)@) and (8) pro- 
vide for the staffing and financingof such commis- 
sions. In lieu of the creation of such a park and 
planning commission, responsibility for park and 
parkway acquisition may remain with the Racine 
County Highway Committee; but additional staff 
having sole and full-time responsibility for park 
and parkway acquisition, development, operation, 
and maintenance should then be provided within 
this agency. 

City, village, and town park boards or  plan com- 
missions created pursuant to Sections 27.08, 27.13, 
62.23(1), 61.35, and 60.18(12) may be used to sup- 
plement the county park and planning commissions 

in implementation of the various elements of the 
proposed plan. It is, therefore, recommended that 
the Town of Raymond consider the creation of 
a town plan commission and that all other cities, 
villages, and towns within the watershed consider 
amending their ordinances creating a local plan 
commission to incorporate the suggestions con- 
tained in the model ordinance and resolution treat- 
ing such commissions found in SEWRPC Planning 
Guide No. 4, Appendices D and F. 

Water Control Agencies 
While the water control facility elements rec- 
ommended in the watershed plan should all be 
accomplished by existing agencies, such a s  soil 
and water conservation districts, metropolitan 
sewerage districts o r  commissions, farm drain- 
age districts, o r  county park commissions, such 
works might also be accomplished through the 
creation of a "flood control board" in accordance 
with Chapter 87 of the Wisconsin statutes.' The 
creation of such a board, however, should only be 
considered if the existing agencies fail to act to 
implement the water control facility elements of 
the watershed plan in a timely manner. 

Metropolitan Sewerage Commissions 
Those water control facility and pollution abate- 
ment elements recommended by the watershed 
plan can be most effectively implemented through 
metropolitan sewerage commissions that have 
areawide authority to plan, construct, maintain, 
and operate facilities for storm water drainage 
and for the collectiontransmission, treatment, and 
disposal of sewage. The Milwaukee County Metro- 
politan Sewerage Commission serves Milwaukee 
County and could carry out public works improve- 
ments to provide both drainage and sewerage 
facilities and services in parts of Racine County 
in the Root River watershed. Service by the Mil- 
waukee County Metropolitan Sewerage Commission 
would be the most effective way to serve those 
portions of the Town of Raymond which may be 
expected to urbanize by 1990 and the area  tribu- 
tary to the Caddy Vista sewage treatment plant. 
Such services outside Milwaukee County, however, 
would have to be provided by contract pursuant to 
Section 59.96(9) (c) of the Wisconsin Statutes when 
authorized by a three-fourths vote of the local 
governing body. As an alternative a metropolitan 
sewerage district containing two o r  more munici- 
palities, such a s  cities o r  villages in their entirety 
and one o r  more towns wholly o r  in part, might 

l R e c e n t l y  amended by  Chap te r  4 8 1 ,  Laws o f  W i s -  
c o n s i n .  1965 .  



be created in Racine County pursuant to Sections 
66.20 through 66.203 of the Wisconsin Statutes; o r  
the City of Racine may continue to extend municipal 
sewerage facilities into urbanizing areas  of the 
lower watershed. 

Soil and Water Conservation Districts 
The importance of proper soil and water conserva- 
tion and management practices not only to specific 
land use and pollution control elements of the plan 
but to the successful functioning of the other ele- 
ments of the watershed plan can not be overempha- 
sized. Lack of such practices will have a critical 
adverse effect upon land use, flood control works, 
pollution abatement, and recreational facilities. 
For example, through improper soil and water 
conservation and management practices, agricul- 
tural land capabilities would be lowered by erosion; 
the rate of runoff from agricultural areas  would be 
increased, with resultant increases in downstream 
flood stages; sedimentation would occur in stream 
beds and reservoirs; and all riverine areas  would 
be adversely affected by sedimentation and agri- 
cultural water pollutants, such a s  herbicides, pes- 
ticides, and fertilizers. 

Fortunately, both Milwaukee and Racine counties 
have created Soil and Water Conservation Dis- 
tr icts  under Section 92.05 of the Wisconsin Statutes 
which have basic and supplemental Memoranda of 
Understanding with the U. S. Department of Agri- 
culture, Soil Conservation Service. Thus, there 
exist locally the duly constituted bodies required 
to represent rural areas  of the watershed in 
those agricultural, conservation, and management 
programs which a r e  sponsored by state and fed- 
eral  agencies. 

Cooperative Contract Commissions 
Section 66.30 of the Wisconsin Statutes provides 
that counties, towns, cities, villages, school dis- 
tricts, and regional planning commissions may 
all contract with one another for the receipt o r  
furnishing of services o r  the joint exercise of any 
power or  duty required o r  authorized by statute, 
including the financing of regional projects. A con- 
tract commissionmay be created under this enabl- 
ing statute for the purpose of plan implementation 
and may be utilized in lieu of any of the afore- 
mentioned organizations. 

ADOPTION OF PLAN ELEMENTS 
After recommendation by the Regional Planning 

Chapter 238, Laws of Wisconsin, 1965. 

Commission and endorsement by the Milwaukee 
and Racine County Boards, adoption of the water- 
shed plan by the several agencies and governing 
bodies involved is desirable, and in some cases 
necessary, to assure a common understanding 
between the several governmental units and to 
enable their staffs to program the necessary imple- 
mentation work. In some cases, formal adoption 
is required by the state statutes, a s  in the case of 
city, village, and town plan commissions created 
pursuant to Section 62.23 of the Wisconsin Statutes, 
and also may be required for state and federal aid 
eligibility. To fully achieve the development objec- 
tives satisfied by the proposed plan, i t  becomes 
necessary not only for  the county boards to adopt 
the plan but also other affected governmental 
bodies, thereby providing for the full integration 
of the watershed plan into local community plans 
and plan implementation efforts. 

It is recommended that the Milwaukee County Board 
formally adopt the comprehensive park and park- 
way elements of the proposed plan, including the 
Oakwood Reservoir, by ordinance pursuant to 
Section 27.04(2) of the Wisconsin Statutes after 
a report and recommendation by the Milwaukee 
County Park Commission. It is recommended that 
the Racine County Board also adopt the compre- 
hensive park and parkway elements of the proposed 
plan, including the land use elements, streamflow 
recordation, and Horlick Dam restoration by ordi- 
nance pursuant to Section 27.04(2) of the Wisconsin 
Statutes after a report and recommendation by 
the County Park and Planning Commission, the 
County Planning Committee, o r  the County High- 
way Committee. 

It is recommended that the Plan Commissions of 
the cities of Franklin, Greenfield, Oak Creek, 
Racine, and West Allis; the villages of Greendale, 
Hales Corners, and Union Grove; and the towns of 
Caledonia, Mount Pleasant, Raymond, and York- 
ville adopt the recommended plan a s  i t  affects 
them by resolution pursuant to Section 62.23(3)(b) 
and certify such adoption to their respective gov- 
erning body. 

It is recommended that the Metropolitan Sewerage 
Commission of the County of Milwaukee adopt the 
recommended plan a s  i t  affects the work of that 
body, including the recommended Oakwood Reser- 
voir, Caddy Vista sewer connection, and stream- 
flow recordation elements, and formally delineate 
those areas  outside the District limits that the 
Commission would be willing to provide with sew- 



erage service pursuant to the plan under contracts 
authorized under Section 59.96(9)(c) of the Wis- 
consin Statutes. 

It i s  recommended that the Milwaukee and Racine 
County Soil and Water Conservation District super- 
visors adopt those portions of the recommended 
plan affecting them, including the agricultural and 
conservancy land use elements, so a s  to establish 
a broad, well-defined basis for the development 
of comprehensive conservation plans under Sec- 
tion 92.08(4) of the Wisconsin Statutes and to 
assure eligibility for tax relief and technical and 
financial assistance. 

LAND USE PLAN ELEMENTS 
The implementation of the land use elements of 
the comprehensive watershed plan is perhaps the 
singularly most important item to the realization 
of the overall plan and requires the most intricate 
implementation devices and the utmost cooperation 
among the local units of government. 

Zoning 
The single most important and versatile planning 
tool for implementing the land use elements of the 
proposed plan is the applicationof the police power 
through the adoption of appropriate local zoning 
ordinance regulations. Such ordinances o r  appro- 
priate amendments to existing ordinances should 
be adopted immediately so a s  to present a clear 
indication of the willingness of the local govern- 
ments to implement the watershed plan and also to 
provide a framework for all other plan elements. 

It is recommended that the Racine County Park 
and Planning Commission o r  the County Planning 
Committee and County Highway Committee and the 
plan commissions of the cities of Franklin, Green- 
field, and Oak Creek and the villages of Green- 
dale and Union Grove formulate and petition or  
recommend to their respective governing bodies 
amendments to the text of their existing zoning 
ordinances. These amendments should provide 
for exclusive residential, agricultural, conser- 
vancy, and park district zoning recommended in 
Appendix L-2 and 3 and recommend changes to 
their zoning maps to reflect these exclusive dis- 
tr icts  a s  related to the recommended land use ele- 
ments delineated on the watershed plan. It i s  
recommended that the Racine County Board and 
the governing bodies of the aforesaid cities and 
villages adopt such revised text and changed 
boundaries by amendatory ordinances pursuant to 
Sections 59.97(3) and 62.23(7)(d) of the Wisconsin 

Statutes. It is recommended that all Town Boards 
in Racine County file certified resolutions approv- 
ing the amendatory ordinances pursuant to Sec- 
tion 59.97(3) (g) of the Wisconsin Statutes. It should 
be noted that Section 59.971 of the Wisconsin 
Statutes provides that counties may by separate 
zoning ordinances regulate shorelands in unincor- 
porated areas  within 1,000 feet of a lake o r  stream 
and within 300 feet upland of a flood plain without 
town board approval. 

The zoningof lands in  the towns of Caledonia, Mount 
Pleasant, Raymond, and Yorkville may be supple- 
mented by the exercise of the extraterritorial 
zoning power of the cities of Franklin, Oak Creek, 
and Racine and the Village of Union Grove jointly 
with the towns pursuant to Section 62.23(7a). 

The delineation of the zoning district boundaries 
to directly reflect the land use plan proposed for 
1990 would result in over-zoning and probably in 
mixed and uneconomical land use patterns. The 
desirable relationship of an initial composite zon- 
ing map to the land use plan for a portion of the 
watershed may be seen in Figure 34. The follow- 
ing suggestions a r e  made to assist  the local plan- 
ning agencies in the preparation of the necessary 
zoning district maps and map changes: 

1. Existing residential areas,  a s  wellas those 
areas  that have immediate residential de- 
velopment potential and can be economically 
served by municipal utilities and facilities, 
such a s  sanitary sewer and schools, should 
be placed in one of three exclusive resi- 
dential districts (Appendix L-2). It should 
be noted that under the zoning approach 
being recommended these residential dis- 
tricts must lie outside the flood plain areas. 
The balance of the residential land use ele- 
ments should be placed in an exclusive 
agricultural district a s  a holding zone so  
a s  to regulate community growth in an  
orderly and economical manner. The use 
of such a holding district is thoroughly dis- 
cussed on pages 64 and 65 of SEWRPC 
Planning Guide No. 1, Zoning Guide, 1964. 
Such holding district should be rezoned 
into the appropriate residential district o r  
supporting land use district only when the 
community can economically and efficiently 
accommodate such additional development. 

Recently created under the State Water Pollution 
Control Act, Chapter 614, Laws of Wisconsin, 1965. 
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2. All conservancy areas  shown on the plan 
should be placed in an exclusive conser- 
vancy district (Appendix L-2), which may 
include floodway and flood plain areas. 
Subsequently, selected portions of this dis- 
trict may be rezoned into a park district 
when urbanization takes place. 

The existing public and private park lands, 
a s  well a s  those park lands to be acquired 
within the next ten years and all of the 
flood plains in urban and urbanizing areas  
of the watershed, should be placed in  an 
exclusive park district (Appendix L-2). The 
remaining park lands shown on the plan 
should be placed in agricultural o r  con- 
servancy districts a s  holding zones until 
acquisition o r  dedication takes place o r  is 
imminent and then appropriately rezoned 
into a park district. 

4. Those agricultural lands shown on the plan 
should be placed in an exclusive agricul- 
tural district (Appendix L-2). 

Special land use regulations supplementing the 
foregoing zoning district regulations a r e  required 
in the floodway and flood plain areas  of the con- 
servancy, agricultural, and park districts. Such 
additional regulations a r e  discussed under the 
implementation of the water control facility plan 
elements. The county soil and water conserva- 
tion district supervisors may supplement the agri- 
cultural and conservancy district regulations by 
formulating additional land use regulations for 
adoption by the county boards pursuant to Sec- 
tion 92.09 of the Wisconsin Statutes. 

Tax Relief 
One of the valid criticisms concerning exclu- 
sive agricultural and conservancy zoning is that 
Section 70.32 of the Wisconsin Statutes directs 
assessors to value all real estate at  the price 
which would ordinarily be obtained a t  a private 
sale. This implies that the potential development 
value must be included in the appraisal and assess-  
ment of open lands. Where such open lands a r e  
adjacent to a large rapidly growing community 
o r  lying within an urbanizing area where poor 
land use regulations have permitted leapfrog, o r  
sprawling development, the assessment often re-  
flects an exaggerated development potential. 

Under Wisconsin's present constitutional and statu- 
tory laws, the most satisfactory way to relieve the 

owner of lands zoned conservancy and agricultural 
from unrealistic property taxes is to remove the 
development potential. This may be accomplished 
in the following ways: 

1. Through voluntary grant of an easement by 
the owner to a local unit of government 
that prohibits development upon the open 
lands, for a period of a t  least 20 years. 

2. Through voluntary placement by the owner 
of restrictive covenants upon the open lands 
enforceable by a local unit of government 
in perpetuity o r  for some other substantial 
period of time. 

3. Through purchase of development rights in 
the open lands by a local unit of government. 

All of these private o r  governmental actions will 
result in the local assessor appraising and assess-  
ing the open lands based upon their market value 
for agricultural and conservancy uses and not upon 
the potential value for other uses. This lowering 
o r  freezing of the land value and a corresponding 
lowering o r  freezing of the real property taxes 
would continue either in perpetuity o r  the assess-  
ment and taxes would increase in steps a s  the 
remaining effective time period of the covenants 
o r  easements decrease. 

It is recommended that the cities of Franklin, Oak 
Creek, and Racine and the towns of Caledonia, 
Mount Pleasant, Raymond, and Yorkville instruct 
their assessors that such tax relief existsfor indi- 
vidual property owners upon their voluntary sale 
o r  relinquishment of potential development rights. 

Park Land Preservation 
In order to effectively implement the watershed 
plan, the ultimate acquisition and development for 
parkway purposes of an  additional 730 ac res  of 
riverine area  lying in Milwaukee County and 2,384 
ac res  lying in Racine County will be necessary 
over a 22-year period. Since it i s  not econorni- 
cally possible to acquire all of these park lands 
immediately, certain police powers that a r e  avail- 
able to the local units of government should be 
used to protect the riverine areas  from develop- 
ment while awaiting outright acquisition through 
fee o r  less-than-fee public purchase. In addition 
to preservation of existing public and private 
parks and park lands to be acquired in the next 
1 0  year\s by the use of exclusive conservancy, 
agricultural, and park districts under zoning ordi- 



nances, the official mapping powers possessed by 
local units of government should also be utilized 
for this purpose. Such powers, a s  well a s  recom- 
mended surveying and mapping procedures, a r e  
throughly discussed in SEWRPC Planning Guide 
No. 2, Official Mapping Guide, 1964. The single 
most important prerequisite of such official map- 
ping is the availability of accurate base maps at  an 
adequate scale which a r e  properly related to the 
U. S. Public Land Survey system. Such base maps 
a t  a scale of 1" = 200' a r e  available from the 
SEWRPC for portions of the riverine areas  of the 
Root River watershed (see Appendix N). Additional 
mapping at  this scale and to the recommended 
standards should be accomplished in those areas  
of the watershed proposed for urbanization. 

It is recommended that the cities of Franklin, Oak 
Creek, and Racine and the towns of Caledonia 
and Mount Pleasant adopt o r  prepare official 
maps pursuant to Section 62.23(6). Such official 
maps should show those parks and parkways 
shown on the plan, both within their corporate 
limits and within their extraterritorial subdivision 
plat approval, and adopt an ordinance similar to 
that set  forth in the SEWRPC Official Mapping 
Guide, Appendix A. 

Park Land Acquisition and Development 
Acquisition of park lands shown on the plan may 
be accomplished in various ways, including out- 
right gifts by owners, dedication by land dividers 
and developers at  the time of platting, and outright 
purchase of the entire fee o r  of lesser interests,by 
a state o r  local unit of government. The justifica- 
tion for  requiring land dividers o r  developers to 
dedicate those portions of park lands lying within, 
o r  adjacent to, their subdivision o r  development 
o r  to pay a fee in lieu of dedication toward the 
purchase of neighboring park land i s  based upon 
the local gpverning body permitting such divider 
o r  developer to create building sites o r  dwelling 
units. The creation of such sites o r  units results 
in the entire community thereafter being respon- 
sible for the community services that must be 
provided to such development and i t s  residents, 
including park facilities; and the owner, divider, 
o r  developer o r  future resident should, in justice, 
bear all o r  a portionof suchcost directly attributed 
to his land. 

It is recommended that Racine County and the 
cities of Franklin and Oak Creek adopt a land 
division ordinance o r  amend their existing sub- 
division control ordinances in a manner similar 

to that recommended in Appendix A of SEWRPC 
Planning Guide No. 1, Land Development Guide, 
1963, so a s  to assure dedication of park lands o r  
payment of fees in lieu of dedication, a s  urbaniza- 
tion proceeds within the watershed. Such an ordi- 
nance requiring dedication of an amount of land 
equal in value to $200.00 per residential lot 
created by the subdivision o r  a fee of $200.00 per 
residential lot in lieu of such dedication has been 
recently upheld by the Wisconsin Supreme ~ o u r t . ~  

Where park lands shown on the plan cannot be 
acquired by gift o r  dedication, acquisition of the 
entire fee interest i s  the most desirable method of 
acquiring such lands. It is recommended that Mil- 
waukee and Racine counties adopt the ''Schedules 
of Capital Costs1' set forth in Tables 40 and 41; 
allocate annually those monies required by the 
schedule for park land acquisition, development, 
and maintenance; and continue o r  commence an 
active park and parkway acquisition and develop- 
ment program pursuant to Section 27.065 of the 
Wisconsin Statutes. 

It is recommended that the City of Racine and the 
towns of Caledonia and Mount Pleasant supple- 
ment such county action by acquisition, whenever 
possible, of those parkway lands that a r e  most 
appropriate for city and town parks, pursuant to 
Section 27.08 of the Wisconsin Statutes, for muni- 
cipal use o r  future transfer to a county park and 
recreation agency. 

Purchase by the counties, towns, o r  cities of less- 
than-fee interests in park lands shown on the plan 
may be considerably cheaper and would result in 
more rapid preservation, acquisition, and proper 
use of the riverine areas. Such acquisition of 
less-than-fee interests may be in the form of 
scenic easements for vista protection, conveyances 
of development rights to assure continuance of 
private parks o r  open spaces, and grants of vari- 
ous public access and development rights for con- 
struction and use of park facilities. These devices 
should be used only when acquisition of the entire 
fee interest is too costly o r  for other reasons i s  
not available. 

3 
Floodway and flood plain land use controls consist 
of both corrective and preventive measures and 
regulations. Corrective measures vary from con- 
demnation of obstructions in the channels and 

4 ~ o r d a n  v. MenomoneeFalls, 28 Wis. 2d 608 ,  137 N . W .  
2d 442 ( 1 9 6 5 ) .  



floodways, through acquisition of park land in the 
flood plain and relocation of structures located 
thereon, through floodproofing of existing struc- 
tures,  to ultimate removal of private struc- 
tures through application of the nonconforming 
use provisions of zoning ordinances, coupled with 
public acquisition. 

It i s  recommended that Milwaukee and Racine 
counties formally request the Public Service Com- 
mission to periodically survey the bed of the Root 
River and institute appropriate legal action to 
cause the removal of any materials o r  structures 
not placed o r  erected in accordance with Sec- 
tions 30.11, 30.12, and 30.13 of the Wisconsin 
Statutes. It i s  further recommended that any local 
units of government lying along the Root River 
report to the Public Service Commission inwriting 
every violation, which has o r  may occur, relative 
to structures and deposits in navigable waters 
and extensions beyond duly established pierhead 
lines pursuant to Section 30.14(1) of the Wis- 
consin Statutes. 

It is recommended that the cities of Franklin, Oak 
Creek, and Racine and the towns of Caledonia, 
Mount Pleasant, Raymond, and Yorkville direct 
their local municipal engineers and building o r  
housing inspectors to periodically inspect and 
determine whether any structure lying in the flood- 
way o r  flood plain is so old o r  has become so out 
of repair a s  to be dangerous, unsafe, unsanitary, 
o r  otherwise so unfit for human habitation a s  to 
make it unreasonable to make necessary repairs. 
Whereupon the municipalities would cause the raz - 
ing of such structure pursuant to Section 66.05 of 
the Wisconsin Statutes o r  institute an action pur- 
suant to Chapter 280 of the Wisconsin Statutes. 

It i s  recommended that Milwaukee and Racine 
counties give f irst  consideration to the acquisition 
for  parkway purposes of floodways and flood 
plains containing dwellings which a r e  subject to 
f irst  floor inundation. It i s  recommended that 
Racine County and the cities of Franklin, Green- 
field, and Oak Creek create o r  amend the noncon- 
forming use sections of their zoning ordinances so 
a s  to result in regulations similar to those recom- 
mended in Appendix L-5. 

Substantially cheaper than removal and floodproof - 
ing, and more effective than nonconforming use 
provisions, a r e  restrictions that prevent construc- 
tion of homes within the areas  subject to flooding 
and restrictions that regulate other structures 

within the floodways and flood plains. Because 
of the detailed flood hazard maps available (see 
Appendix N for  sample map) and the extensive 
bank of sound hydrologic and hydraulic engineering 
data supporting such maps collected in the water- 
shed study, the adoption of ordinances restricting 
and regulating development in the floodways and 
flood plains i s  the most efficient and most eco- 
nomical method of preventing future flood losses 
and heartaches. 

It is recommended that Racine County; the cities of 
of Franklin, Greenfield, Oak Creek, and Racine, 
the villages of Greendale and Hales Corners; and 
the towns of Caledonia, Mount Pleasant, Raymond, 
and Yorkville adopt o r  amend their zoning, build- 
ing, housing, subdivision, o r  sanitary ordinances, 
whichever is more appropriate and capable of 
proper enforcement, so a s  to result in appropriate 
regulation of land use in the floodways and flood 
plains a s  recommended in Appendices L-1 and 4. It 
should be noted that these floodway and flood plain 
regulations a re  in addition to and supplement the 
exclusive residential, agricultural, conservancy, 
and park zoning districts previously recommended 
under implementation of the land use plan elements. 

Recently, the Wisconsin Legislature adopted a 
Water Pollution Control Act which provided for 
the creation of a Water Resources Division, under 
a reconstituted State Department of Resource De- 
velopment, having the power to zone flood plains, 
including floodways, if the local units of govern- 
ment have not acted to do so. It should be noted 
that, in the event any local unit of government 
within the watershed fails to adopt or amend their 
ordinances so a s  to provide for proper protection 
of the floodways and flood plains, any interested 
state agency o r  any other local unit of government 
o r  12 o r  more freeholders may petition the State 
Department of Resource Development to exercise 
i ts  flood plain zoning powers under Section 87.30 of 
the Wisconsin Statutes. 

Other supplemental preventative measures may 
include the erection of flood warning signs a t  appro- 
priate locations and spacing along the 100-year 
recurrence interval flood boundary and the design 
and installation of municipal utilities and facili- 
ties, such a s  sanitary sewerage and streets, so 
that the development of such flood lands a r e  
thereby discouraged. 

5 ~ h a p t e r  614, Laws of Wisconsin, 1965. 



WATER CONTROL FACILITY PLAN ELEMENTS 
The recommended water control facility plan ele- 
ments include channel clearing, construction of 
a multi-purpose reservoir, restoration of Horlick 
Dam, construction of new o r  replacement of exist- 
ing bridges, and streamflow recordation. 

Root River Canal Clearing and Maintenance 
It is recommended that the Yorkville-Raymond 
Farm Drainage Board undertake the proposed 
debrushing and clearing of the channel under the 
maintenance powers granted them under Sec- 
tion 88.19 of the Wisconsin Statutes. In lieu of such 
activity by the Drainage Board, a metropolitan 
sewerage district, a cooperative contract com- 
mission, o r  a flood control board would have to 
be created to accomplish the necessary work 
under the powers granted under Section 59.96 (6) (a), 
66.204, 66.30, and 87.15 6of the Wisconsin Statutes. 

Channel Improvements 
It is recommended that the Metropolitan Sewerage 
Commission of the County of Milwaukee under- 
take those ~hanne l  improvements scheduled from 
W. Layton Avenue north to W. Lincoln Avenue in 
the headwater reaches of the North Branch of the 
Root River in Milwaukee County. 

Oakwood Reservoir 
It is recommended that the Milwaukee County Park 
Commission sponsor cooperatively with the Metro- 
politan Sewerage Commission of the County of 
Milwaukee the construction, operation, and main- 
tenance of all lands, waters, and facilities asso- 
ciated with the proposed reservoir. Alternate 
sponsoring agencies could include a flood control 
board o r  a cooperative contract commission under 
the powers granted in Sections 87.12 o r  66.30 of 
the Wisconsin Statutes. 

Horlick Dam Restoration 
It is recommended that Racine County acquire, 
restore, and maintain Horlick Dam, including the 
upstream reservoir area,  a s  part of the county's 
parkway acquisition, development, and mainten- 
ance programs. Although existing laws permit the 
Wisconsin Public Service Commission to require 
a private owner of the mill dam to effect restora- 
tion, such action may be inequitable in view of the 
plan proposals to convert the riverine areas  to 
pubIic parkway uses. This facility is presently 
used by the public; and, hence, the public could 
properly pay for i t s  restoration and maintenance. 

Chapter 481, Laws of Wisconsin, 1965. 

In lieu of such action by Racine County, acquisition, 
restoration, and maintenance could be carried out 
jointly by the Town of Mount Pleasant and the City 
of Racine o r  by an association of affected property 
owners for eventual transfer to the county. 

Bridge Construction 
It is recommended that any public o r  private body 
constructing new bridges o r  replacing existing 
bridges over the perennial stream channel system 
of the Root River watershed design and construct 
such bridges in accordance with the water control 
facility standards set forth in Chapter XI of this 
report and with the accompanying design method- 
ology and criteria. 

Streamflow Recordation 
It i s  recommended that Racine County and the 
Metropolitan Sewerage Commission of the County 
of Milwaukee continue to finance the operation and 
maintenance of the three existing stream gages 
within the watershed under the interagency coop- 
erative agreements executed between these agen- 
cies, the SEWRPC , and the U. S. Geological Survey. 

POLLUTION ABATEMENT FACILITY 
PLAN ELEMENTS 
The recommended water pollution abatement fa- 
cility plan elements include connections to met- 
ropolitan and municipal sewerage systems of 
certain existing residential and industrial land 
uses, improvement of existing sewage treat- 
ment facilities, regulation of private septic tank 
sewage disposal systems, improved soil and water 
conservation practices, periodic stream basin 
surveys, and a continuing water quality monitor- 
ing program. 

Caddy Vista Sanitary District Connection 
It is recommended that the governing body of the 
Caddy Vista Sanitary District, by a three-fourths 
vote of i ts  membership, authorize the negotiation 
of a contract with the Milwaukee County Metro- 
politan Sewerage District for  the transmission and 
treatment of wastes from the present sanitary dis- 
tr ict  via the proposed W. Ryan Road trunk sewer, 
scheduled for completion by 1970. 

Frank Pure Food Company connection 
It is recommended that the towns of Caledonia and 
Mount Pleasant and the City of Racine provide for 
the connection of the Frank Pure Food Company 
industrial waste disposals system to the existing 
City of Racine sewerage system after appropriate 
pretreatment of said wastes. 



Sewage Treatment Improvement 
It is recommended that the Cooper-Dixon Duck 
Farm, the Southern Wisconsin Colony Institution, 
and the Village of Union Grove provide for improve- 
ment in the degree of treatment afforded their 
industrial, institutional, and municipal ~ e w a g e . ~  
Consideration should be given to combining the 
Southern Wisconsin Colony and Village of Union 
Grove plants in order to effect economies in opera- 
tion and achieve a better level of operation in 
both plants. 

Private and Public Sewage Disposal Systems 
It is recommended that Racine County and the 
cities of Franklin and Oak Creek adopt sani- 
tary, plumbing, o r  building codes, pursuant to 
Sections 59.07(51) and 62.11(5) of the Wisconsin 
Statutes, that would prohibit soil absorption septic 
tank sewage disposal systems on soils which have 
been rated in the regional soil survey a s  having 
severe and very severe limitations for such sys- 
tems. These units of government should further 
carefully regulate the installation of such systems 
on soils not having such limitations, so a s  to pre- 
vent any further installation of systems that a r e  
periodically inoperative o r  which drain directly 
into surface waters of the watershed. 

It should be noted that the State Department of 
Resource Development has been recently given 
power under Section 144.025' of the Wisconsin 
Statutes to prohibit the installation o r  use of septic 
systems in any area  of the state where ground o r  
surface water quality may be impaired by such 
installation. Enforcement of this power i s  to be 
facilitated by issuance and recordation of septic 
tank permits by the county clerk o r  other person 
designated by the State Board of Health under Sec- 
tion 144.03 of the Wisconsin Statutes. 

It is recommended that the towns of Caledonia, 
Mount Pleasant, and Raymond and the City of 
Racine arrange to serve those areas  within the 
watershed proposed for residential development 
in the watershed plan with public sanitary sewer 
facilities either by contract with the Metropolitan 
Sewerage Commission of the County of Milwaukee 
o r  by creation of a metropolitan sewerage district 
pursuant to Sections 59.96(9)(c) o r  66.20, respec- 

I t should be noted tha t  the  S t a t e  Department o f  
Pub l i c  Wel fare  r e c e n t l y  made appl icat ion for  a 33 per- 
cen t  federal  grant under the  federal  Water P o l l u t i o n  
Control  Act i n  par t ia l  support o f  the  cos t  o f  improv- 
ing the  Southern Wisconsin Colony treatment f a c i l i t i e s .  

' c h a p t e r  614,  Laws o f  Wisconsin, 1965. 
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tively, of the Wisconsin Statutes. In lieu of such 
metropolitan sewerage district service, the City of 
Racine may continue to extend i ts  public sewerage 
system outside the Racine corporate limits o r  the 
towns may create town sanitary districts pursuant 
to 60.30 through 60.31 of the Wisconsin Statutes. 
However, any sewerage systems installed under 
the latter alternative should be connected to the 
Milwaukee o r  Racine centralized sewerage sys- 
tems; and no new sewage treatment plants dis- 
charging effluent to the Root River system should 
be constructed within the watershed. 

Soil and Water Conservation Practices 
It is recommended that the Racine County Soil 
and Water ConservationDistrict Supervisors, pur- 
suant to Section 92.09(1) of the Wisconsin Statutes, 
formulate proposed land use regulations for  the 
purpose of conserving soil resources and control- 
ling erosion,'O thereby reducing pollution of the 
Root River and promoting good soiland water con- 
servation practices. The latter may include the 
construction of upland water control structures, 
such a s  terraces, terrace outlets, erosion control 
dams, dikes, ponds, and diversion channels, and 
the practice of methods, such a s  contour culti- 
vating, grassed waterway, reforestation, contour 
str ip cropping, and the seeding and planting of 
lands to special plants, trees, and grasses. 

It is recommended that the Racine County Board 
adopt such proposed regulations pursuant to Sec- 
tion 92.09 of the Wisconsin Statutes; that such 
regulations be enforced; and, i f  necessary, that 
the work be performed by the district supervisors 
pursuant to Sections 92.10 and 92.11 of the Wis- 
consin Statutes. 

Stream Basin Survey 
It is recommended that the State Department of 
Resource Development, pursuant to their pollution 
control powers under Section 144.023 of the Wis- 
consin Statutes, conduct periodic surveys of the 
Root River basin, including the collection and 
analyses of water samples, the identification of 
major sources of pollution, and the preparation 
of pollution control orders addressed to each 
stream polluter. Such surveys should be made 
within the watershed at  regular intervals of no 
more than three and one-half years. 

l 0 ~ h e  enactment  o f  such r e g u l a t i o n s  r e q u i r e s  a 
recommendation by  the  County S o i l a n d  Water Conserva- 
t i o n  D i s t r i c t  Superv i sors  a f t e r  pub l i c  hear ings  and 
approval by the County Board and requires  a referendum 
i n  which t w o - t h i r d s  o f  t h e  land  o c c u p i e r s  a f f e c t e d  
approve t h e  r e g u l a t i o n .  



It is further recommended that the State Depart- 
ment of Resource Development reevaluate any 
pollution control orders outstanding in the Root 
River basin and resort  to legal enforcement of 
such orders pursuant to Sections 144.09, 144.11, 
and 144.536 of the Wisconsin statutes." 

Water Quality Monitoring Program 
It is recommended that the Southeastern Wisconsin 
Regional Planning Commission continue the water 
quality monitoring program previously inaugu- 
rated on the Root River system in cooperation 
with the Metropolitan Sewerage Commission of 
the County of Milwaukee and the State Department 
of Resource Development. 

FINANCING THE PLAN 
Upon adoption of the various land use, water con- 
trol  facility, and pollution abatement facility plan 
elements and the schedule of capital costs, i t  
becomes necessary for the local units of govern- 
ment to look to the sources of revenue available 
to them for the execution of these elements. In 
addition to current revenue sources, such a s  prop- 
erty taxes, fees, fines, public utility earnings, 
highway aids, educational aids, welfare aids, and 
state collected taxes, the local units of govern- 
ment can also make use of other revenue sources, 
such a s  borrowing, special taxes and assessments, 
state and federal grants, and gifts. 

Borrowing 
Local units of government and their agencies a r e  
usually authorized to borrow so a s  to effectuate 
their powers and discharge their duties. The fol- 
lowing i s  a partial listingof such borrowingpowers 
a s  they affect the implementation of the water- 
shed plan. Section 67.04 of the Wisconsin Statutes 
specifically authorizes local units of government 
to borrow money and issue bonds for the purpose 
of acquiring and improving parks. 

Farm drainage boards may be authorized under 
Section 88.12 of the Wisconsin Statutes to issue 
notes o r  bonds for any o r  all of their obligations. 
Town sanitary districts a r e  empowered by Sec- 
tion 60.307 of the Wisconsin Statutes to issue 
bonds for  the construction o r  extension of sanitary 
sewers. Villages and cities a r e  authorized under 
Section 67.04 to borrow money and issue bonds for 
sewage disposal plants. 

" A S  amended by Chapter 614, Laws of Wiscons in ,  1965. 

Milwaukee County is authorized by Section59.96(7) 
to issue corporate bonds in the name of the Mil- 
waukee County Metropolitan Sewerage District fo r  
the projection, planning, and construction of sew- 
age disposal works and drainage improvements. 
Section 66.202 of the Wisconsin Statutes authorizes 
metropolitan sewerage districts to borrow money 
and issue bonds for sanitary sewerage facilities. 

Special Taxes and Assessments 
Counties a r e  empowered under Section 27.06 of 
the Wisconsin Statutes to levy a mill tax to be 
collected into a separate fund and to be paid out 
only upon the order of the county park commission 
for the purchase of land and other commission 
expenses. Counties and cities have special assess-  
ment powers under Sections 27.065 and 27.10(4) of 
the Wisconsin Statutes. Farm drainage boards, 
town sanitary districts, metropolitan sewerage 
districts, cities, and villages also have taxing and 
special assessment powers under Sections 88.06, 
60.306, 60.309, 59.96(9), and 62.18(16) of thewis- 
consin Statutes. 

Although soil and water conservation districts have 
no taxing, bonding, o r  assessment powers, such 
districts may recover the costs and expenses with 
interest of performing work o r  operations when 
authorized by a court under Section 92.11 of the 
Wisconsin Statutes. 

Park Acquisition Grants 
Many state and federal grant programs a re  avail- 
able for the financing of park land acquisition and 
development. In general, the local units of govern- 
ment and agencies in the Region a r e  eligible for 
these grants. Eligibility of specific projects is 
based upon certain planning and other require- 
ments and must be determined for each specific 
project. The following i s  a brief description of 
some of these programs: 

1. The Federal Open-Space Program provides 
federal grants to local units of government 
in amounts up to 50 percent of the cost of 
acquisition and development of parks and 
open lands. 

2. The Federal Land and Water Conservation 
Fund (LAWCON) provides federal grants 
to local units of government in amounts up 
to 50 percent of the cost of acquisition and 
improvement of outdoor recreation areas. 



3. The Federal Cropland Adjustment Program 
(Greenspan) provides federal grants to 
local units of government in amounts up to 
50 percent of the cost of acquisition and 
conversion of cropland to park and rec- 
reation purposes. 

4. The Federal Urban Beautification Program 
provides federal grants to local units of 
government up to 50 percent of the cost of 
improving and beautifying publicly owned 
o r  controlled land. 

5. The State Recreation Aid Program (ORAP) 
provides state grants to metropolitan coun- 
ties and cities in amounts up to 50 percent 
of the cost of acquiring recreational land 
and rights in land to be used for urban-area 
park systems. 

Water and Sewer System Grants 
Two federal grant programs a r e  available for the 
financingof water systems, sewerfacilities, storm 
water systems, and sewage treatment facilities: 

1. The Housing and Urban Development Act 
of 1965 provides federal grants to local 
units of government, including sewer and 
water districts, in amounts up to 50 per- 
cent of the cost of providing facilities for 
storing, supplying, treating, and transmit- 
ting water; sanitary sewer collection and 
transmission; and storm water collection 
and transmission. 

2. The Water Pollution Control Act provides 
federal grants to local units of government 
in amounts up to 33 percent of the cost of 
construction of sewage treatment works, 
including intercepting sewers that prevent 
the discharge of untreated o r  inadequately 
treated sewage into any waters. 

Streamflow Data Collection Program- 
Grants -In-Aid 
The U. S. Department of the Interior, Geological 
Survey, administers a cooperative data collection 
program that provides federal matching funds in 
amounts up to 50 percentof the cost of installation, 
calibration, operation, and maintenance of stream 
gage recording stations. 

Shoreland Zoning-Grants-In-Aid 
Section 144.26 ' of the Wisconsin Statutes provides 
state grants to coucties up to $1,000.00 annually 
toward the cost of administration and enforcement 
of regulations relating to shorelands. 

Gifts 
Donations of lands o r  monies from public spirited 
private individuals and corporations should not be 
overlooked a s  a possible source of funds for water- 
shed plan implementation, particularly for park 
and parkway acquisition; and the potential contri- 
butions both in leadership and funds from private 
groups, such a s  the Johnson Foundation, should 
not be underestimated. Such gifts, either in lands 
o r  monies, may be used a s  part o r  all of the 
local contribution in obtaining various state and 
federal grants. 

SUMMARY 
This chapter has described means of implementing 
the various elements of the recommended Root 
River watershed plan. These means a r e  sum- 
marized in the following paragraphs by the respon- 
sible unit of government o r  agency concerned. 

Milwaukee and Racine County Boards 
1. Support the establishment of the Root River 

Watershed Committee by the SEWRPC a s  
a continuing intergovernmental advisory 
body concerned with watershed plan adjust- 
ment and implementation. 

2. Since a land use a s  well a s  a park and park- 
way plan implementation agency is needed 
in the Racine County portion of the water- 
shed, and since these multiple plan imple- 
mentation functions can best be performed 
under existing enabling legislation by a 
County Park and Planning Commission, 
Racine County should consider the early 
creation of such a commission (Racine).13 

3. Adopt the recommended Root River water- 
shed plan a s  it applies to each county. 

4. Officially adopt the comprehensive park 
and parkway elements of the Root River 
watershed plan upon recommendation of 
the county park and planning commission. 

12chap te r  6 1 4 ,  Laws o f  Wisconsin ,  1965. 

3 ~ a r e n t h e s e s  i n d i c a t e  tha t  ;ecommended a c t i o n  i s  
a p p l i c a b l e  o n l y  t o  one u n i t  of government. 



5. Adopt the recommended "Schedules of 
Capital Costs" recommended herein for 
plan implementation and allocate annually 
the monies so scheduled. 

6. Report to the l?ublic Service Commission 
any alleged encroachments on the navigable 
channels of the Root River system. 

7. Amend the county zoning ordinance a s  it 
applies to riverine areas to provide for the 
eventual elimination of existing flood-vul- 
nerable structures located in the floodways 
and flood plains of the Root River water- 
shed through nonconforming use provisions 
and to provide for floodway and flood plain 
land use regulations (Racine). 

8. Amend the county subdivision control ordi- 
nance to prohibit further land division and 
development in the floodways and flood 
plains of the Root River watershed and to 
provide park land dedication o r  fees in lieu 
of dedication (Racine). 

9. Acquire, restore, and maintain Horlick Dam 
(Racine) . 

10. Continue operation and maintenance of 
streamflow gages (Racine). 

11. Adopt a county sanitary code to provide 
fo r  regulation of the design and installa- 
tion of septic tank sewage disposal sys- 
tems (Racine) . 

12. Amend the county zoning ordinance a s  i t  
applies to the entire watershed to provide 
for the recommended exclusive residential, 
agricultural, conservancy, and park dis- 
tricts (Racine). 

13. Adopt soil conservation land use regulations 
a s  formulated by the Soil and Water Con- 
servation District Supervisors (Racine). 

Milwaukee and Racine Countv Park 
and Planning Commissions 

1. Recommend adoption of the recommended 
park and parkway plan elements to the 
county board. 

2. Formulate and petition the county board 
to amend the existing zoning ordinance 

to effectuate the land use plan elements 
(Racine). 

3. Give first consideration to acquisition, for 
parkway purposes, of lands within the 
floodways o r  flood plains containing dwell- 
ings experiencing first floor inundation. 

4. Co-sponsor the Oakwood Reservoir (Mil- 
waukee). 

Metropolitan Sewerage Commission of the 
County of Milwaukee 

1. Formally adopt the Root River watershed 
plan elements affecting the service areas  
and functions of the Commission. 

2. Indicate those areas  outside of the district 
to which the Commission could and would 
provide contract services a s  recommended 
in the plan. 

3. Receive and treat sewage fromcaddy Vista 
Sanitary District. 

4. Co-sponsor the Oakwood Reservoir. 

5. Continue the operation and maintenance of 
the streamflow gages. 

6 .  Carry out channel improvements from 
W. Layton Avenue north to W. Lincoln 
Avenue a s  provided in the watershed plan. 

Milwaukee and Racine County Soil and Water 
Conservation District Supervisor 

1. Adopt those portions of the Root River 
watershed plan affecting the functions of 
the District. 

2. Formulate and enforce soil conservation 
land use regulations (Racine). 

Governing Bodies of the Cities, Villages, and 
Towns Within the Watershed 

1. Support the establishment of the Root River 
Watershed Committee a s  a continuing inter- 
governmental coordinating body concerned 
with the Root River watershed plan adjust- 
ments and implementation. 



2. Adopt o r  revise the ordinances creating 
local plan commissions. 

3. For cities and villages, adopt, and for 
towns file, resolutions approving the rec- 
ommended zoning text and map changes 
necessary to regulate land use in the 
riverine areas  and throughout the water- 
shed, including regulation of uses in, and 
provisions for the discontinuance of non- 
conforming uses in, the floodways and 
flood plains. 

4. Instruct local assessors that tax relief 
i s  available to owners of lands zoned for 
conservancy and agriculture in accord- 
ance with the recommended watershed plan 
(Caledonia, Mount Pleasant, Raymond, and 
Yorkville). 

5. Prepare and adopt o r  amend official maps 
showing parkway land use plan elements 
(Caledonia, Franklin, Mount Pleasant, Oak 
Creek, and Racine). 

6. Amend o r  adopt land division ordinances 
prohibiting further land division and devel- 
opment in the floodways and flood plains of 
the perennial channel system of the Root 
River watershed and assuring dedication 
of park land o r  fees in lieu of dedication 
(Franklin, Oak Creek, and Racine). 

7. Include floodway and flood plain regulations 
in the local building, housing, subdivision, 
and sanitary ordinances. 

8. Provide for  the connection of the Frank 
Pure Food Company plant to the existing 
sewerage system (Caledonia, Mount Plea- 
sant, and Racine). 

9. Provide for  improved sewage treatment 
(Union Grove). 

10. Adopt sanitary ordinances regulating use 
and installation of septic tank sewage dis- 
posal systems (Franklin and Oak Creek). 

11. Arrange to serve all new residential devel- 
opment with public sanitary sewer systems 
(Caledonia, Mount Pleasant, and Racine). 

Plan Commissions of the Cities, Villages, and 
Towns Within the Watershed 

1. Adopt the watershed plan elements and 
certify such adoption to their govern- 
ing body. 

2. Formulate and recommend to their gov- 
erning body amendments to their existing 
zoning ordinances to effectuate the land 
use plan elements (Franklin, Greendale, 
Greenfield, Oak Creek, and Union Grove). 

Caddv Vista Sanitary District 

1. Abandon existing treatment plant and con- 
nect tributary sanitary sewers to the Mil- 
waukee metropolitan sewerage system. 

Cooper-Dixon Duck Farm and 
Southern Wisconsin Colony 

1. Provide for improved sewage treatment. 

Yorkville-Raymond Farm Drainage Board 

1. Undertake channel debrushing and clearing. 

State De~ar tment  of Resource Develo~ment 

1. Conduct periodic pollution control surveys 
of the Root River basin. 

2. Reevaluate and enforce outstanding pollu- 
tion control orders. 

Financing 
In addition to current revenue sources, such a s  
property taxes; fees; fines; public utility earn- 
ings; highway, welfare and educational aids; and 
state collected taxes, the local units of govern- 
ment can also make use of other revenue sources, 
such a s  borrowing, special taxes and assess-  
ments, gifts, and state and federal grants for 
plan implementation. 



Chapter XV 

SUMMARY AND CONCLUSIONS 

ORGANIZATION AND PURPOSE 
The Root River watershed study, which resulted 
in the preparation of this document, has been 
undertaken within the statutory authority of the 
SEWRPC and upon the request and approval of the 
local units of government. The study has from 
its  inception been guided by the Root River Water- 
shed Committee, an advisory committee to the 
SEWRPC composed of elected and appointed public 
officials. The technical work was carried out 
jointly by the SEWRPC staff; the Harza Engi- 
neering Company of Chicago, Illinois; and Alster 
and Associates, Inc., photogrammetric engineers, 
Madison, Wisconsin, with the assistance of cer-  
tain state and federal agencies. 

The study was founded upon the recognition by 
public officials, technicians, and citizen leaders 
within the watershed that problems, such a s  flood 
damage and water pollution, transcend local gov- 
ernmental boundaries and that solution to such 
areawide problems must be sought on a regional 
basis. Furthermore, it was recognized by those 
who initiated the study that the water and water- 
related resource problems of the Root River basin 
a r e  directly related not only to each other but also 
to urbanization and i ts  associated, increasing, and 
often misdirected resource demands. The aim 
of the study has been to design a comprehensive 
watershed plan to guide the solution of water and 
water-related resource problems and develop the 
full potential of the resources of the watershed. 

Accordingly, the study has been broad in scope and 
detailed in content, with application of a full range 
of scientific disciplines to the tasks of inventory, 
analysis, and plan design. The facts and conclu- 
sions presented in this summary represent a con- 
densation of data presented in Chapters I through 
XIV of this report, which data, in turn, neces- 
sarily represent only a small portion of the large 
volume of useful information which has been col- 
lected and analyzed in the study and which is on 
file in the Commission offices. 

FINDINGS OF FACT 

Geography 
The Root River watershed i s  one of 11 surface 
water drainage basins within the Southeastern 
Wisconsin Region and comprises a total land and 
water area  of 197.43 square miles. The naturally 
meandering watershed boundary includes part o r  
a l l  of 18 cities, villages, and towns in four coun- 
ties and significant portions of the Milwaukee and 
Racine urbanizing areas. Those portions of the 
watershed lying outside of the urbanizing areas  
consist of rich agricultural areas. The total resi-  
dent population of the watershed in 1963 was 
134,200. Land within the watershed i s  under- 
going a rapid transition from rural to urban use 
in response to increasing economic activity in 
nearby, but out-of-watershed, industrial centers. 
Urban land use in the watershed is predominantly 
residential; and much of the new urban develop- 
ment is being expressed a s  scattered, low-density 
residential land uses located in the Milwaukee 
County headwater reaches of the watershed and 
in eastern Racine County near the mouth of the 
watershed. Much of this development i s  not related 
sensibly to soil capabilities, to the floodways and 
flood plains of the Root River system, o r  to long- 
established public utility systems. Detailed soil 
surveys completed by the SEWRPC indicate that 
large areas of the watershed a r e  covered by 
soils having severe limitations for urban develop- 
ment and particularly for residential development 
dependent upon on-site sewage disposal systems. 

Moreover, the very areas  of the watershed which 
would present severe environmental problems 
if converted to urban development, such a s  the 
floodways and flood plains, a r e  the best areas  
remaining within the watershed for use a s  public 
outdoor recreation and related open space, wild- 
life conservation, recharge of ground water, and 
development of a desirable aesthetic setting for 
high-value residential development. 

Approximately 11 percent of the total area of the 
watershed i s  presently in water, woodland, and 
wetland use; and these areas ,  together with the 
a reas  of the watershed covered by soils poorly 



suited to urban development, form natural envir- 
onmental corridors along the stream valleys. In 
their present undeveloped state, these corridors 
support most of the remaining wildlife within the 
watershed. The ability of the watershed to sustain 
a wildlife population, however, is declining rapidly 
with urbanization; and the remaining wildlife popu- 
lation is small and of a limited variety. A historic 
game fishery has declined in recent years and 
finally disappeared entirely due to adverse changes 
in water quality, with only a small number of rough 
fish presently surviving in the grossly polluted 
perennial streams of the watershed. Only 3 per- 
cent of the total watershed area  has been developed 
for outdoor recreational uses, and most of this 
a rea  is in parkway lands within Milwaukee County. 

Public sewer and water facility extension has not 
kept pace with urban development within the water- 
shed. The location of the watershed near Lake 
Michigan, however, makes available to it ,  legally 
and practically, a dependable supply of high-quality 
surface water. Proximity to existing highly devel- 
oped, centralized sewerage systems of the Mil- 
waukee and Racine metropolitan areas  makes 
public sewer service available to much of the 
urbanizing area  of the watershed, if the spatial 
location of new development is properly planned. 

Hydrology 
The average annual precipitation in the watershed 
is about 30 inches. During December through 
March, a considerable accumulation of snow may 
occur on the ground, which, when coupled with 
spring rains, constitutes the principal flood hazard 
in the watershed. The natural hydrologic regimen 
of the Root River watershed has been greatly 
changed by the recent activities of man. Urban 
development and increased pumpage of ground 
water has reduced streamflow during low-flow 
periods, while installation of more efficient urban 
drainage systems has increased flood peaks. The 
quality of streamflow has seriously deteriorated 
a s  a result of drainage of treated and untreated 
sewage into the river, making the stream water 
unsuitable for the preservation of game fish and 
for water-oriented recreational use. 

Streamflow varies widely from season to season 
and from year to year. Low flows of only a few 
tens of cubic feet per second (CFS) generally per- 
sist  during much of the summer, fall, and winter 
months, with only minor r i ses  after heavy rainfall. 
High flows and floods a r e  generally associated 
with snowmelt, and most critical flood flows 

result from rainfall during a snowmelt period. 
The low flows of the upper reaches of the r iver 
system consist almost entirely of sewage disposal 
plant effluent. 

The maximum known flood of record occurred in 
March-April of 1960. This flood resulted from 
rapid melting of an unusually great snow accumu- 
lation accompanied by unusually heavy spring 
rains. A flood peak flow of 5,000 CFS was mea- 
sured on the North Branch of the Root River a t  
W. Ryan Road (STH 100). Flood peak flows of 
3,200 CFS were estimated on the Root River 
Canal at  CTH G ,  of 8,200 CFS on the main stem 
a t  STH 38, and of 9,000 CFS a t  Spring Street in 
the City of Racine. This flood is judged to have 
a n  average recurrence interval of 100 years, o r  
a probability of occurrence on an annual basis 
of 1 percent. Future urbanization is expected to 
increase both the volume and peaks of summer 
rainfall floods but is expected to have only minor 
effects on snowrnelt floods. 

Dissolved oxygen content, coliform bacteria count, 
and temperature were selected a s  the three most 
significant indicators of the quality of the surface 
water of the watershed. Coliform counts were 
found to be highest and dissolved oxygpn content 
lowest in the perennial stream channels during 
autumn and winter. Stream water quality condi- 
tions a r e  unfavorable for beneficial types of aquatic 
life in the mid-reaches of the r iver system. 
The estimated present average five-day BOD 
stream loading from known major waste sources 
is 910 pounds, 540 pounds of which a r e  attributable 
to municipal sewage treatment plants located on 
the North Branch of the Root River in Milwaukee 
County. The pollution load from these sources 
will be eliminated by 1970upon completionof trunk 
sewers which will carry municipal wastes from 
the Milwaukee County portion of the watershed 
to the new metropolitan sewage treatment plant 
located on Puetz Road in the City of Oak Creek. 

Gross pollution presently permits only two prin- 
cipal uses of the river system. The first  is a s  
a wasteway and the second a s  a relatively inactive 
component of a multiple-purpose recreation and 
flood plain reservation development which has 
heretofore achieved success only in the Milwaukee 
County portion of the watershed. 

The Hydraulic System 
The hydraulic characteristics of the Root River 
watershed a r e  strongly influenced by the glacial 



origin of the topography, which exhibits a gen- 
erally immature development of drainage with 
much ponding and slow runoff. Watercourses a r e  
circuitous and stream beds slope gently, factors 
which tend to cause local flooding but serve to 
moderate peak flood flows. The ability of the 
stream system to convey water i s  strongly influ- 
enced by the seasonal growth of vegetation in the 
channels and flood plains and by ice conditions in 
the spring. The significance of these factors and 
the specific effects of all channel constrictions, 
such a s  bridge and culvert waterway openings, 
upon a range of streamflow have been fully des- 
cribed in this report. 

For analytical purposes, the main system of per- 
ennial waterways, 79.1 miles in aggregate length, 
was separated into four major components: the 
North Branch of the Root River, 16.5 miles in 
length; the Root River Canal, 27.8 miles inlength; 
the Root River main stem, 25.6 miles in length; 
and Hoods Creek, 9.2 miles in length. Average 
slopes of the channel beds in feet per mile a r e  
respectively: 4.82, 3.57, 5.71, and 11.0. Hydrau- 
lic friction in the channels and flood plains is 
moderate, but substantial head losses and resul- 
tant backwater effects a r e  caused throughout the 
channel system by bridges having undersized 
waterway openings. Man-made modifications in 
channel hydraulics include the canalization, by 
straightening and deepening, of most of the Canal 
and Hoods Creek system and Horlick Dam at  
STH 38, a deteriorating, historic mill dam, which 
raises upstream water stages for a distance up- 
stream of about 2.5 miles a t  peak flood flow. 
Within the City of West Allis, the installation of 
a local urban storm water drainage system hav- 
ing outlet elevations below the present creek bed 
necessitates deepening and widening of the receiv- 
ing North Branch channel from W. Lincoln Avenue 
in the City of West Allis to W. Layton Avenue in 
the City of Greenfield. 

The preparation of sound, long-range, compre- 
hensive watershed development plans requires 
information on the full range of r iver performance 
that may be expected over a period of time and 
under various land use conditions. As a part of 
the watershed study, therefore, a hydrologic modei 
was developed, which could be used to mathemati- 
cally simulate the hydrologic and hydraulic opera- 
tion of the Root River watershed drainage system 
with i t s  52 sub-basins, 104 bridge and culvert 
crossings, and 30 channel reaches. This model 
was carefully calibrated to accurately simulate 

actual r iver performance by use of recorded flow 
hydrographs from three stream gaging stations 
and historic high water marks obtained during the 
inventory portion of the watershed study. 

Elements of the model were adjusted to incorpo- 
rate the hydrologic changes expected to occur a s  
a result of urbanization. Operation of the model 
indicated that continued urbanization within the 
watershed will cause a 10 to 15 percent increase 
in the peak flows of snowmelt-rainfall floods and 
up to a 70 percent increase in the peak flows 
of summer rainfall floods. The summer rain- 
fall flood peaks, however, even though greatly 
increased by urbanization, will remain substan- 
tially less than those of snowmelt-rainfall floods. 

The hydrological model also was adjusted to repre- 
sent the effects of structural flood control mea- 
sures on the hydraulic performance of the r iver 
system. Channel deepening and widening in the 
North Branch would reduce the flood hazard locally 
but would increase flood peak flows in reaches 
immediately downstream up to 60 percent. A flood- 
storage reservoir at  the confluence of the North 
Branch and the Root River Canal would decrease 
peak snowmelt-rainfall flood stages in the City 
of Racine by only 0.4 foot. Bypass channels to 
Lake Michigan would lower flood stages in Racine 
almost to o r  below the zero damage stage. Channel 
clearing in the Root River Canal system would 
substantially reduce but not completely eliminate 
inundation of cropland during summer flooding. 

Flood Damages 
Extensive field surveys revealed that within recent 
decades flood-damage potential and flood-damage 
risk had risen from a nuisance level to substantial 
proportions a s  urban land use increased in the 
floodways and flood plains of the watershed. These 
floodways and flood plains together comprise less 
ihan 6 percent of the total a rea  of the watershed. 
If existingland use development trends a r e  allowed 
to continue unregulated in the riverine areas ,  the 
total average annual flood-damage risk in urban 
a reas  of the watershed will increase from the cur- 
rent (1965) level of approximately $24,000. 00 per 
year to $61,000.00 per year by 1990. About 95 per- 
cent of the potential flood damages a r e  urban, and 
most of the urban damages occur to residences 
located on the flood plains. 

The flood of March-April 1960, the greatest flood 
of record within the watershed, caused total 
monetary damages of $371,700.00. Approximately 



25 percent of the total monetary losses were 
inflicted upon public property and 75 percent upon 
private nonagricultural property. Private residen- 
tial damages in excess of $20,000.00 in aggregate 
occurred in the upper urbanizing portions of the 
watershed in the cities of Franklin, Greenfield, 
and West Allis. Damages in excess of $159,000.00 
occurred in the lower reaches of the watershed, 
primarily in the City of Racine. Monetary flood 
damage was caused about equally by direct over- 
flow and by floodwaters infiltrating through base- 
ment walls and backing into basements through 
sewerage facilities. 

The summer flood of July 18 and 19, 1964, occur- 
ring a t  the peak of the growing season, was the 
record flood in terms of agricultural damages, 
causing total damages of $15,000.00 to crops inthe 
Root River Canal area and along the main stem of 
the Root River. 

Pollution and Other Problems 
In addition to flooding, other problems directly 
related to urbanization a r e  appearing in the water- 
shed. These problems include: gross pollution of 
the Root River by municipal sewage treatment 
plant effluent and food processing wastes; low- 
base streamflows, which will be further depleted 
by future exportation of sanitary sewage; loss of 
prime agricultural soils to urban development; 
continued development of residences on soils hav- 
ing severe limitations for such use; destruction 
of already scarce forest and wetland resources 
and related wildlife habitat areas ;  and abandon- 
ment of gravel pits leaving an ugly scar  upon the 
landscape and causing health and safety hazards. 
These problems a r e  primarily the result of urban 
sprawl, proceeding in the absence of sound area- 
wide development objectives and plans. An eco- 
nomically inefficient, aesthetically unpleasing, and 
potentially unhealthful environment will be created 
within the watershed unless these land-related 
resource problems a r e  abated along with the 
water-related resource problems. 

Legal Considerations 
In order to reveal the framework of law within 
which the watershed plan would have to be designed 
and implemented, a legal study was carried out, 
focused upon the interrelated problems of the 
watershed in relation to the rights of the private 
individuals and governmenta'l bodies affected. The 
study indicated that the existing legal and adminis- 
trative framework, if fully and properly utilized, 
was adequate to accomplish the anticipated plan- 

ning and plan implementation tasks and that legal 
and administrative solutions to most of the water- 
shed problems can be accomplished by more than 
one agency o r  level of government. Key facts 
revealed by the law study were: 1) the inadvisa- 
bility of inter-basin diversion a s  a solution to 
water-resource related problems, such a s  the 
diversion of floodwaters between the Oak Creek 
and the Root River watersheds for flood abate- 
ment purposes; 2) the legal soundness of stream 
impoundments even when significant backwater 
effects might result; and 3) the great expense of 
legal machinery available fo r  effecting water pol- 
lution control and flood-damage abatement. 

More specifically, the legal study indicated that 
for purposes of flood control, flood-damage pre- 
vention, and proper use of the riverine environ- 
ment, a stream valley can be divided into three 
main sections: the channel, defined a s  that area  
within which the average high annual streamflow 
i s  confined; the primary flood plain district, 
defined a s  that area  back from the channel which 
is inundated by floodwaters having an average 
recurrence interval of 10 years; and the secondary 
flood plain district, defined a s  that area back 
from the primary flood plain district which is 
inundated by floodwaters having an average recur- 
rence interval of 100 years. 

It is completely reasonable to impose different 
land use restrictions on each of these land areas. 
Whereas encroachments in the channel may be 
removed summarily without compensation under 
Chapter 30 of the Wisconsin Statutes, many activi- 
ties and some structures may be quite properly 
permitted in the secondary flood plain district, 
with due regard a s  to their placement in relation 
to the channel and to the primary flood plain dis- 
trict,  their ability to withstand even occasional 
flooding, the total cost of the damage they a r e  
likely to sustain, their conformance with flood- 
oriented safety and building codes, and their effect 
upon valley storage. Although land use in the 
primary flood plain district should be carefully 
restricted in the public interest, the right to all 
use should not be taken without fair  compensation. 
Very few structures and only those of low value 
and capable of withstanding fairly frequent flooding 
should be permitted. Recreation, park, parkway, 
public parking, conservancy, and agricultural uses 
seem best suited to this area. 

Pollution control and maintenance of water quality 
standards a r e  problems of growing importance. 



Many more tools exist than a r e  presently being 
used to control pollution. The State of Wisconsin, 
the Metropolitan Sewerage Commission of the 
County of Milwaukee, local units of government, 
and private individuals acting through the courts 
each have powers to exercise in an effort to con- 
trol pollution, powers which heretofore have been 
used only sparingly and with caution. 

There is little likelihood that the erectionof reten- 
tion reservoirs a s  a means of controlling flooding 
along the stream by holding peak runoffs will pre- 
sent serious legal problems. Some drainage dis- 
tricts o r  individual farmlands may be affected 
(damaged); but they can be suitably dealt with 
either before the dams and reservoirs a r e  built, 
by means of purchasing flowage rights o r  con- 
demning the necessary land, o r  after the dams 
and reservoirs a re  operational, by settling with 
each claimant as,  if, and when he comes forward. 
There are ,  however, a number of legal impedi- 
ments to large-scale inter-watershed diversions. 
Two major groups of riparians, those from whom 
and those to whom water is being diverted, have 
legal rights which may well be infringd in such 
an undertaking. In addition, the legal problems of 
state consent, public rights in the diverted water, 
and the seemingly restrictive language of Sec- 
tion 30.18 of the Wisconsin Statutes must be faced. 
Finally, the tactical legal position which Wisconsin 
has taken in opposition to Illinois in the Chicago 
River diversion case before the U. S. Supreme 
Court seems to make unlikely, if not actually 
impossible, any project involving the diversion 
of significant quantities of water from one river 
basin to another. 

Projection of Resource Demand Factors 
and Related Problems 
Forecasts of future (1990) watershed population 
and related land use demand were made a s  a basis 
for determining the nature and scaling the probable 
magnitude of future resource problems within the 
watershed. It is estimated that the population of 
the Root River watershed will increase from 
134,200 in 1963 to 294,500 by 1990, an increase 
of about 120 percent over the 27-year period. If 
present trends toward a low-density, highly dif- 
fused pattern of urban development a re  projected 
to 1990, residential land use within the watershed 
will increase threefold; and supporting land uses 
will expand significantly, requiring the conversion 
of 42 percent of the now limited wetlands, wood- 
lands, and related open spaces and 41 percent of 
the agricultural lands remaining within the water- 
shed to urban use. 

Urbanization of the watershed will intensify present 
surface water problems. Summer flood peaks will 
become significantly higher and will carry increas- 
ing amounts of polluting substances received from 
urban storm runoff. Low flows will be depressed 
further by exportation of sewage from the water- 
shed, by decreased local recharge of the shallow 
aquifer through increases in impervious areas,  
and by the general region-wide decline of the 
shallow aquifer in response to increased ground 
water withdrawals. The potential for development 
of septic water conditions on the Root River will 
rise. In the deep aquifer, ground water levels 
will probably continue to fall at the rate of about 
four feet per year a s  a result of regional and 
extra-regional withdrawals. In the shallow aqui- 
fer ,  ground water levels will probably continue 
to fall a t  the rate of about one foot per year a s  
a result of in-watershed and regional withdrawals. 

ALTERNATIVE PLANS 

The Design Framework 
Following ascertainment of present and probable 
future conditions within the watershed, a frame- 
work of watershed development objectives with 
supporting principles and standards was estab- 
lished to guide the design of alternative plans 
and to provide a basis for the evaluation of the 
relative merits of the alternative plans. The 
objectives and standards set forth relate to land 
use, water control and conservation, engineering 
design, and economic feasibility and were formu- 
lated within the context of broader regional devel- 
opment objectives. Briefly, this framework of 
development objectives , principles, and standards 
envisions a future watershed environment which 
is varied, safe, healthful, efficient, and aestheti- 
cally pleasing. 

Alternative Plan Elements 
In the design of alternative plans, a concerted 
effort was made to offer for public evaluation all 
physically feasible alternative plan elements which 
might satisfy one o r  more of the watershed devel- 
opment objectives. Each alternative plan element 
was evaluated in terms of engineering, economic, 
and legal feasibility and satisfaction of watershed 
development objectives. The alternative plan ele- 
ments can best be visualized in terms of various 
combinations of land use patterns and water con- 
trol facilities. 

With respect to land use, three alternatives avail- 
able to the watershed were explored: 



1. An uncontrolled existing trend land use 
alternative, which would permit continued 
scatteration of low-density residential de- 
velopment throughout the watershed, im- 
poses no regulations on land use in the 
floodways and flood plains, and requires 
no adjustment of development to soil capa- 
bilities or  sanitary sewer service areas. 

2. A controlled existing trend-land use regu- 
lation alternative, which would exercise 
some regulation, preferably at the local 
level of government, of land use in the 
floodways and flood plains of the peren- 
nial stream channels through land use 
controls and which would seek to guide 
new urban development into those areas of 
the watershed which can be readily served 
by extensions of existing centralized pub - 
lic sewerage systems, thus encouraging 
a more orderly and efficient land use pat- 
tern. This land use plan element would be 
implemented solely by public regulation of 
private landholdings. 

3. A controlled existing trend-parkway and 
recreation land development alternative, 
which would seek to encourage a watershed 
land use pattern similar to that of the land 
use regulation alternative but with the sig- 
nificant difference that lands lying in the 
floodways and flood plains in urbanizing 
portions of the watershed along the North 
Branch, the main stem of the Root River, 
and a portion of Hoods Creek would be 
acquired and developed for public park and 
parkway use. The riverine areas in the 
rural portions of the watershed would be 
protected through public land use controls. 

Coupled with these three land use plan alternatives, 
a number of water control facility proposals were 
explored. These included: 

1. Channel improvements within the City of 
Greenfield and the Village of Greendale, 
which would seek to reduce local, urban 
flood damages by deepening and widening 
a reach of existing channel now in a natu- 
ral state. 

2. Channel improvements within the City of 
Racine, which would seek to reduce local, 
urban flood damages by deepening, widen- 
ing, and lining a reach of existing channel 
now in a semi-natural state. 

3. Channel clearing and maintenance in the 
Root River Canal area, which would seek 
to increase the hydraulic capacity of an 
extensive rural canal system and reduce 
significant crop damages from summer 
flooding. This water control facility plan 
element consists of initial clearing and 
triennial maintenance of vegetative growth 
and bank sloughings. 

4. Diversion channels to Lake Michigan, which 
would seek to reduce downstream flood 
damages by diversion of floodwaters to 
Lake Michigan by means of a diversion 
channel to be excavated either along the 
Milwaukee-Racine County line or  along an 
alternative route from the environs of the 
Racine-Horlick Airport to a point on Lake 
Michigan above the Village of Wind Point. 

5. A multi-purpose artificial reservoir at the 
junction of the North Branch and the Canal, 
with an impoundment area of 660 acres, 
which would provide recreation, wildlife 
conservation, and low-flow augmentation 
benefits, a s  well a s  a focal point and set- 
ting for high-value residential development.. 

6 .  Adequate waterway openings for bridges 
over the perennial stream channels. This 
water control facility plan element des- 
ignates 12 existing highway bridges for 
replacement because of undersized water- 
way openings, recommends the design of 
all new bridges in accordance with govern- 
ing watershed development objectives and 
standards, and thereby seeks to reduce 
significant backwater effects and attendant 
upstream flood damages. 

7. Water pollution control measures, which 
seek to improve water quality conditions 
through a) abandonment of all existing sew- 
age treatment plants discharging wastes to 
the North Branch and export of all Mil- 
waukee County sewage via the Milwaukee 
metropolitan sewerage system to a new 
treatment plant on Lake Michigan; b) aban- 
donment of the Caddy Vista sewage treat- 
ment plant and connection of the tributary 
sewers to the Milwaukee metropolitan sew- 
erage system; c) connection of the Frank 
Pure Food Company industrial waste outlet 
to the City of Racine sanitary sewerage 



system; d) improvement in the degree of 
sewage treatment provided at the Southern 
Wisconsin Colony, the Cooper-Dixon Duck 
Farm, and the Village of Union Grove; and 
e) the continuation of the SEWRPC adrnin- 
istered water quality and quantity monitor- 
ing program. 

8. Removal of residences from the flood plains 
in the City of Greenfield. This accessory 
plan element proposes to remove 23 resi- 
dences now subject to first floor inundation 
during a 100-year recurrence interval flood 
through purchase a t  the rate of one per 
year, structural removal, and conversion 
of the land to parkway use. 

9. Removal of residences from the flood plain 
in the City of Racine. This accessory plan 
element proposes to remove 35 residences 
now subject to f irst  floor inundation dur- 
ing a 100-year recurrence interval flood 
through purchase a t  the rate of about two 
per year, structural removal, and conver- 
sion of the land to parkway use. 

10. Restoration of Horlick Dam. This acces- 
sory planelement provides for the restora- 
tion of an existing mill dam having great 
potential for recreational and aesthetic use. 

11. Augmentation of low flow in the North 
Branch. This accessory planelement seeks 
to improve the quality of stream water 
above a proposed reservoir site by flush- 
ing with Lake Michigan water o r  pumped 
ground water during periods of low flow. 

12. Floodproofing of residences. This acces- 
sory plan element seeks to achieve flood- 
damage protection through private action 
by a variety of structural measures and 
use restrictions onindividual existing resi- 
dences located in the flood plains but not 
subject to f irst  floor inundation. 

13. The I'Lake Morainef' proposal. This inde- 
pendent proposal by a Milwaukee area 
consulting engineer would seek to create 
a 30 square mile lake, which would occupy 
about 15 percent of the total area of the 
watershed and would provide recreation, 
power, flood-damage reduction, and low- 
flow supplementation benefits a t  a total 
project cost estimated at $46,000,000.00. 

Recommended Alternative Plan 
Each of the plan elements were evaluated indi- 
vidually and in various compatible combinations 
during watershed plan synthesis. The resultant 
watershed plan, which is being recommended on 
the basis of the plan test and evaluation procedure, 
contains the following salient proposals: 

1. Regulation of land use development over 
the entire watershed through local zoning 
to assure the logical expansion of urban 
development into those areas  of the water- 
shed that can be readily served by existing 
centralized gravity flow sanitary sewerage 
systems. The land use plan element being 
recommended is graphically summarized 
on Map 36. 

2. Protection of the floodway and flood plain 
areas  along the perennial stream chan- 
nels. In areas of the watershed which a r e  
expected to urbanize by 1990, this protec- 
tion should be achieved through public 
acquisition of floodway and flood plain lands 
for park and parkway purposes. In the 
areas  which a re  anticipated to remain 
largely in agricultural use, at least to the 
design year of the plan, 1990, this protec- 
tion should be achieved througS1 local con- 
servancy zoning and local floodway and 
flood plain regulation. 

3. Channel clearance and maintenance, but not 
widening o r  deepening, operations in the 
Root River Canal area,  where channels 
a r e  badly in need of clearance to reduce 
impedance of streamflow. These rela- 
tively inexpensive operations would signifi- 
cantly reduce agricultural flood damages 
and improve agricultural drainage, a fact 
of particular importance to farm drainage 
districts operating in the area. 

4. Construction of a multi-purpose recreation 
and low-flow augmentation reservoir at the 
junction of the North Branch and the Root 
River Canal in the City of Franklin. 

5. Replacement by 1990 of those existing 
highway bridges (see Appendix G) which 
have undersized waterway openings causing 
backwater and overtoppingof roadways with 
resultant flood damages. 

6. Restoration of Horlick Dam. 



7. The public acquisition and removal of those 
existing flood plain residences in which the 
first floors are inundated by a flood having 
a recurrence interval of 100 years. These 
residences can be acquired both through 
purchases as  they come on the market and 
through application of the nonconforming 
use provisions of local zoning ordinances. 

8. Floodproofing by the individual homeowner 
of any residence which is situated on the 
flood plain and i s  not scheduled to be 
removed by public acquisition. 

9. Abandonment of the Caddy Vista sewage 
treatment plant and connection of the tri- 
butary sewers to the Milwaukee metropoli- 
tan sewerage system. 

10. Connection of the Frank Pure Food Company 
plant to the City of Racine sewerage system. 

11. Improvement in the degree of sewage treat- 
ment provided at the Southern Wisconsin 
Colony, Union Grove, and Cooper-Dixon 
Duck Farm, as  no practical way exists at 
this time to connect these waste sources to 
centralized sewerage systems for exporta- 
tion of pollutants. 

12. Continuation of the SEWRPC water quality 
and quantity monitoring program for the 
perennial channel system. 

The recommended water pollution control actions, 
when coupled with plans now being implemented 
by the Metropolitan Sewerage Commission of the 
County of Milwaukee for the abandonment of the 
existing Hales Corners, Greendale, House of Cor- 
rection, and Franklin sewage treatment plants and 
connection of the tributary sewers to the metro- 
politan system, would eliminate six of the nine 
major sources of stream pollution in the water- 
shed and all of the major sources of pollution on 
the North Branch and main stem. The plan, by 
recommending removal of the remaining major 
sources of pollution and construction of the Oak- 
wood Reservoir, seeks to substantially restore 
the quality of water in the main stem of the Root 
River. It i s  thereby hoped to restore a game 
fishery, consisting of facultative species, and to 
make possible the safe use of the stream water for 
partial body-contact recreation. 

Even if all sanitary sewage contribution is removed 
from the stream, storm water runoff would still 
continue to contribute pollutants. These pollutants, 
however, are contributed at a time when the flow 
in the stream is  high and should not, therefore, 
adversely affect fish life in the water. The plan 
also recommends improved soil and water conser- 
vation practices on the farmlands in the agricul- 
tural areas of the basin in order to minimize the 
effects upon the stream water quality and fish life 
of runoff from agricultural areas containing fer- 
tilizers, herbicides, and pesticides. 

The recommended plan reflects the conviction of 
the Commission staff and consulting engineers that 
the flood plains of the perennial streams should be 
used primarily for the dual purposes of storage 
and conveyance of floodwaters and park and open- 
space reservation and not for flood-vulnerable 
types of urban development. The study recom- 
mends, a s  one of the first steps toward planimple- 
mentation, the protection of the riverine areas 
by a rezoning into park and conservancy dis- 
tricts and the regulation of the channels, flood- 
ways, and flood plains by special restrictions so 
a s  to relate them to their special respective func- 
tion; namely, navigation, floodwater passage, and 
floodwater storage. 

Public Evaluation of Alternatives and Resultant 
Addition of Elements 
The findings of fact, results of analyses, alterna- 
tive plan elements, and the recommended plan 
were presented to technical advisory committees 
and local officials in a series of public meetings 
held throughout the watershed in order to draw 
forth constructive criticism to be used inprepara- 
tion of this-the final plan report. 

Costs 
The full cost of implementation of the plan, based 
on a preliminary capital improvement program 
included in the report, and resulting in total plan 
implementation by 1990 with the cost distributed 
over a 23-year period, is estimated at $16.5 mil- 
lion, $7.5 million of which would be for improve- 
ments located in Racine County and $9.0 million 
for improvements in Milwaukee County. This 
would amount to an average annual cost of about 
$394,000.00 in Milwaukee County and $329,000.00 
in Racine County or  about 40 cents and $2.00 per 
person per year, respectively, based on present 
population levels in the two counties. It should 
be possible to reduce these costs to the local units 
of government concerned by about half through 
utilization of available state and federal aids. 



The existing legal and administrative framework 
applicable to the Root River watershed i s  such 
that local agencies-counties, cities, villages, and 
towns-can readily implement the recommended 
plan. In Chapter XIV a comprehensive, coopera- 
tive plan implementation program i s  set forth 
which indicates the action which will be required 
of each unit of government concerned if the recom- 
mended plan is to be implemented. These units of 
government include: the State of Wisconsin; the 
counties of Milwaukee and Racine; the cities of 
Franklin, Greenfield, Oak Creek, Racine, and West 
Allis; the villages of Greendale and Union Grove; 
and the towns of Caledonia, Mount Pleasant, Ray- 
mond, and Yorkville. Agencies for which specific 
implementation roles are  demarcated include: the 
U. S. Geological Survey; the Wisconsin Depart- 
ment of Resource Development; ' the Milwaukee and 
Racine County Park and Planning Commissions; 
the Milwaukee and Racine County Soil and Water 
Conservation Districts; the Metropolitan Sewerage 
Commission of Milwaukee County; the Caddy Vista 
Sanitary District; and the Yorkville-Raymond Farm 
Drainage Board. Considerable emphasis is placed 
upon action by the Milwaukee and Racine County 
Boards and related county level agencies. This 
does not mean, however, that the otherimplemen- 
tation roles are  less important. In the final analy- 
sis, the implementation of the recommended plan 
must proceed with the assistance and cooperation 
of all affected levels and units of government within 
the watershed. 

Conclusion 
Although the cost of adopting and implementing the 
recommended watershed plan may appear high, 
the cost of not doing so is even higher, not only'in 
monetary terms, but in terms of an irreversible 
deterioration of the resource base and decline in 
the quality of the watershed environment. Failure 
to act upon the plan recommendations in a timely 
manner will inevitably commit local units of gov- 
ernment within the watershed to the construction 
of channel improvements and eventually a diver- 
- -- 

'AS expanded by Chapter 614, Laws of Wisconsin, 
1965, to include water resources functions formerly 
held by the Wisconsin Public Service Comnission, the 
State Committee on Water Pollution, and the State 
Board of Health. 

sion channel at a monetary cost of many millions 
of dollars. If the floodways and flood plains of the 
perennial stream system are not protected from 
incompatible development a s  recommended in the 
plan, urban flood damages will continue to mount; 
and the construction of such extensive artificial 
floodways will be demanded. Experience else- 
where has shown that wherever extensive channel 
improvements are  undertaken, downstream flood 
peaks are increased and, in turn, channel improve- 
ments are  required in the downstream areas a s  
a self-protective measurement. Such progressive 
artificial channel widening, deepening, and lining 
in the Root River watershed would eventually 
require the diversion of floodwaters to Lake 
Michigan by a costly diversion channel in order 
to protect the Racine area. 

Channel improvements of this kind would destroy 
for all time the aesthetic and resource conserva- 
tion values of the riverine areas. The planning 
studies have clearly indicated that the primary 
value of the riverine areas of the watershed be in 
their use a s  an attractive aesthetic setting for 
high-value residential development and for rec- 
reational and conservancy purposes. Thus, imple- 
mentationof the land use and water control facility 
elements of the recommended plan is essential to 
development of the full potential of the resources 
of the watershed. Equally important to the devel- 
opment of the full potential of the resources of 
the watershed is implementation of the pollution 
abatement elements of the plan. Grossly polluted 
stream waters are not compatible with the proper 
use of the riverine areas of the watershed a s  
a setting for high-value residential development 
and for recreation. Consequently, if the pollution 
abatement elements of the plan are  not imple- 
mented, then the full residential development 
potential of the watershed will never be realized. 

Time i s  of the essence; for if the recommended 
plan i s  not implemented, urban development within 
the watershed will overwhelm the limited resource 
base and create severe developmental and envir- 
onmental problems which will be extremely ex- 
pensive to solve i f ,  indeed, solutions will be at 
all possible. 
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Appendix A 

TECHNICAL ADVISORY COMMITTEE ON NATURAL RESOURCES AND 
ENVIRONMENTAL DESIGN 

Benjamin F. Richason, Chairman Professor of Geography, Carroll College, Waukesha 

Ed Imhoff, Secretary Chief Natural Resources Planner, SEWRPC 

Kurt W. Bauer Executive Director, SEWRPC 

George F. Hanson State Geologist, Wisconsin Geological and Natural History Survey 

Charles L. R. Holt, Jr. District Geologist, U. S. Geological Survey, Ground Water Branch 

Walter K. Johnson 

Cyril Kabat 

Director, Planning Division, Wisconsin Department of 
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Appendix  C 

LAND USE IN THE HYDROGRAPHIC SUB-WATERSHEDS -- 1963 

T a b l e  C - l  

SUMMARY OF E X I S T I N G  LAND USE 

I N  THE NORTH BRANCH SUB- WATERSHED^ 
OF THE ROOT R I V E R  WATERSHED ( 1 9 6 3 )  

a Th i s  sub-;atershed comprises  t h e  d r a i n a g e  a r e a  above t h e  USGS water  s t a g e  r e c o r d e r  s t a t i o n ,  "Root R ive r  n e a r  
F rank l in ,  l o c a t e d  a t  W. Ryan Road (STH 100) i n  t h e  C i t y  of  F rank l in .  

s o u r c e  : SEWRPC . 
T a b l e  C - 2  

SUMMARY OF E X I S T I N G  LAND USE 

I N  T H E  M A I N  S T E M  SUB- WATERSHED^ 
OF THE ROOT R I V E R  WATERSHED ( 1 9 6 3 )  

Use C a t e g o r y  

R e s i d e n t i a l  D e n s i t y  
LOW. . . . . . . . . . . . . . . .  
Med i um . . . . . . . . . . . . . .  
H i g h  . . . . . . . . . . . . . . .  

S u b t o t a l  

Commerc ia l .  . . . . . . . . . . . . .  
I n d u s t r i a l .  . . . . . . . . . . . . .  
M i n i n g . . . . . . . . . . . . . . . .  
T r a n s p o r t a t i o n  and U t i l i t i e s .  . . . .  
G o v e r n m e n t a l  and I n s t i t u t i o n a l .  . . .  
R e c r e a t i o n a l .  . . . . . . . . . . . .  
A g r i c u l t u r a l .  . . . . . . . . . . . .  . . . .  Wate r ,  Woodland,  and W e t l a n d .  

T o t a l  

a Th i s  sub-watershed comprises  t h e  n e t  d r a i n a g e  a r e a  ob ta ined  by s u b t r a c t i n g  t h e  a r e a s  of  t h e  North Branc; and 
Root River  Canal sub-watersheds from t h e  t o t a l  d ra inage  a r e a  above t h e  USGS water s t a g e  r eco rde r  s t a t i o n ,  Root 
River a t  Racine," l o c a t e d  a t  STH 38 i n  t h e  Town of  Mount Pleasant .  

S q u a r e  M i l e s  

9 .76 
1.82 
0.00 

1 1 . 5 8  

0.56 
0. 13 
0.47 
5.48 
0.85 
3.29 

18.66 
8. t 4  

49.16 

A c r e s  

6,246 
1,163 

0 
7 ,409  

359  
8 5  

3 0  1 
3 ,506 

5 4 4  
2, 108 

11,940 
5,208 

31,460 

Use C a t e g o r y  

R e s i d e n t i a l  D e n s i t y  
Low. . . . . . . . . . . . . . . .  
Med i um . . . . . . . . . . . . . .  
H i g h  . . . . . . . . . . . . . . .  

S u b t o t a l  

Commerc ia l .  . . . . . . . . . . . . .  
I n d u s t r i a l .  . . . . . . . . . . . . .  
M i n i n g . . . . . . . . . . . . . . . .  

. . . .  T r a n s p o r t a t i o n  and U t i l i t i e s .  . . .  G o v e r n m e n t a l  and I n s t i t u t i o n a l .  
R e c r e a t i o n a l .  . . . . . . . . . . . .  
A g r i c u l t u r a l .  . . . . . . . . . . . .  . . . .  W a t e r ,  Woodland,  and W e t l a n d .  

T o t a l  

Source: SEWRPC. 

P e r c e n t  o f  
S u b - w a t e r s h e d  A r e a  

19.85 
3.70 
0.00 

2 3 . 5 5  

I. I 4  
0.26 
0 . 9 6  

11.15 
1.73 
6.69 

37.96 
16.56 

100.00 

P e r c e n t  o f  
S u b - w a t e r s h e d  A r e a  

4.29 
0.80 
0 .00  
5 . 0 9  

0 .10  
0. I I 
0 .34  
6.29 
0.27 
0.82 

75.  13 
11.85 

100.00 

A c r e s  

2 ,230 
417 

0 
2 , 6 4 7  

48 
5 8  

178 
3,273 

142 
43 1 

39,034 
6,  157 

51,968 

S q u a r e  M i l e s  

3.48 
0.65 
0.00 
4 . 1 3  

0.08 
0.09 
0.28 
5.11 
0.22 
0.67 

61.00 
9.62 

81.20 



i ' a b l e  C - 3  

SUMMARY OF E X I S T I N G  LAND USE 

I N  THE ROOT R I V E R  C A N A L  SUB- WATERSHED^ 
OF THE ROOT R I V E R  WATERSHED ( 1 9 6 3 )  

a Th is  sub-watershed comprises t h e  dra inage area above t h e  USGS water stage reco rde r  s t a t i o n ,  "Root R i v e r  Canal 
near F rank l i n , "  l o c a t e d  a t  CTH G i n  t h e  Town o f  Raymond. 

Source: SEWRPC. 

Use C a t e g o r y  

R e s i d e n t i a l  D e n s i t y  
Low. . . . . . . . . . . . . . . .  
Med i urn . . . . . . . . . . . . . .  
H i g h  . . . . . . . . . . . . . . .  

S u b t o t a l  

C o m m e r c i a l .  . . . . . . . . . . . . .  
I n d u s t r i a l .  . . . . . . . . . . . . .  
M i n i n g  . . . . . . . . . . . . . . . .  
T r a n s p o r t a t i o n  and U t i l i t i e s .  . . . .  . . .  G o v e r n m e n t a l  and I n s t i t u t i o n a l .  
R e c r e a t i o n a l .  . . . . . . . . . . . .  
A g r i c u l t u r a l .  . . . . . . . . . . . .  . . . .  W a t e r ,  Woodland,  and W e t l a n d .  

T o t a l  

T a b l e  C - 4  

SUMMARY OF E X I S T I N G  LAND USE 

I N  THE R A C I N E  SUB- WATERSHED^ 
OF THE ROOT R I V E R  WATERSHED ( 1 9 6 3 )  

A c r e s  

694  
100 

0 
794 

17 
I 9  

269 
1,419 

8 3 
147 

32,438 
2,467 

37,653 

a T h i s  sub-watershed compr ises t h e  d ra inage  a r e a  be low t h e  USGS water  s tage  r e c o r d e r  s t a t i o n ,  "Root R i v e r  a t  
Racine," l o c a t e d  a t  STH 38 i n  t h e  Town o f  Mount P leasan t .  

Source: SEWRPC. 

S q u a r e  M i l e s  

1.08 
0. 16 
0 .00  
1 . 2 4  

0.03 
0.03 
0 .42  
2.22 
0. 13 
0.23 

50.68 
3.85 

58.83 

Use C a t e g o r y  

R e s i d e n t i a l  D e n s i t y  
Low. . . . . . . . . . . . . . . .  
Med i um . . . . . . . . . . . . . .  
H i g h  . . . . . . . . . . . . . . .  

S u b t o t a l  

C o m m e r c i a l .  . . . . . . . . . . . . .  
I n d u s t r i a l .  . . . . . . . . . . . . .  
M i n i n g . .  . . . . . . . . . . . . . .  . . . .  T r a n s p o r t a t i o n  and U t i l i t i e s .  . . .  G o v e r n m e n t a l  and I n s t i t u t i o n a l .  
R e c r e a t i o n a l .  . . . . . . . . . . . .  
A g r i c u l t u r a l .  . . . . . . . . . . . .  . . . .  Wate r ,  Wood 1 and,  and Wet l and. 

T o t a l  

P e r c e n t  o f  
S u b - w a t e r s h e d  A r e a  

1.84 
0.27 
0.00 
2 . 1 1  

0.05 
0.05 
0.71 
3.77 
0 .22  
0 .39  

86.16 
6.54 

100.00 

S q u a r e  M i l e s  

0 .00  
0.20 
3.02 
3.22 

0.25 
0.25 
0 .00  
1.97 
0.62 
0.89 
0.49 
0.55 

8.24 

A c r e s  

0 
128 

1,937 
2 , 0 6 5  

160 
159 

0 
1,261 

395 
572  
3 13 
3 49 

5 ,274  

P e r c e n t  o f  
S u b - w a t e r s h e d  A r e a  

0 . 0 0  
2.43 

36.66 
3 9 . 0 9  

3.09 
3.03 
0.00 

23.91 
7 . 5 2  

10.80 
5.95 
6.67 

100.00 
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T a b l e  D - l  ( c o n t i n u e d )  

S E W R P C  S A M P L I N G  S T A T I O N  R T  5 ,  R O O T  R I V E R  AT N I C H O L S O N  ROAD 

I D a t e s  o f  S a m p l i n g  1 

I r o n . .  . .  
Manganese. . 

. .  C a l c i u m .  

Magnesium. . 
Sod ivrn . . .  
B i c a r b o n a t e .  

P a r a m e t e r  

m 
5 

0 3  Dec 69  30  J a n  6 4  

. . . . . . . . . . . . .  C a r b o n a t e .  

S u l f a t e .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  C h l o r i d e  

. . . . . . . . . . . . . .  N i t r i t e .  

N i t r a t e .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  D e t e r g e n t s  

D i s s o l v e d  S o l i d s  . . . . . . . . . .  
H a r d n e s s  . . . . . . . . . . . . . .  

0 6  J a n  65  

. . . . . . .  F N o n c a r b o n a t e  Hardness .  

. . . . . . . . . .  C a l c i u m  H a r d n e s s  

. . . . . . . . .  
. . . . . . . . . . .  

. . . . . . . .  
. . . . . . . . . . . .  H y d r o g e n - I o n  

. . . . . . . . . . . . . .  
. . . . . . . . . . . . .  

. . . . .  B i o c h e m i c a l  Oxygen Demand. 

O i s s o i v e d  Oxygen . . . . . . . . . .  
. .  Membrane F i l t e r  C o i i f o r m  c o u n t a .  

. . . . . . . . . . .  . . . .  T e m p e r a t u r e  O F  

0 3  Feb 65  I I 9  F e b  6 9  

a A l l  measurements in thousands. 

Source: Wisconsin Sta te  Laboratory of Hygiene; SEWRPC. 
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T a b l e  D - l  ( s u p p l e m e n t )  

THE ROUNDING OF NUMBERS O B T A I N E D  FROM THE RESULTS OF 

C H E M I C A L  W A T E R  A N A L Y S E S ~  

a  
The r e s u l t s  of t h e  water analyses run by t h e  Commission on the  28 parameters l i s t e d  above a r e  rounded t o  conform 
t o  the  leve l  of accuracy involved i n  t h e  ana ly t ica l  methods. 

Source: SEIARPC. 

P a r a m e t e r  

S i l i c a .  . . . . . . . . . . . . .  
I r o n .  . . . . . . . . . . . . . .  
Manganese . . . . . . . . . . . .  
C a l c i u m  . . . . . . . . . . . . .  
Magnesium . . . . . . . . . . . .  
Sodium. . . . . . . . . . . . . .  
B i c a r b o n a t e  . . . . . . . . . . .  
C a r b o n a t e  . . . . . . . . . . . .  
S u l f a t e  . . . . . . . . . . . . .  
C h l o r i d e .  . . . . . . . . . . . .  
N i t r i t e  . . . . . . . . . . . . .  
N i t r a t e  . . . . . . . . . . . . .  
D e t e r g e n t s .  . . . . . . . . . . .  

. . . . . . . .  D i s s o l v e d  S o l i d s .  

Hardness .  . . . . . . . . . . . .  
N o n c a r b o n a t e  Hardness  . . . . . .  
C a l c i u m  Hardness .  . . . . . . . .  

. . . . . . .  Magnesium Hardness.  

A l k a l i n i t y ,  p h e n o l p h t h a l e i n  ( P )  . 
A l k a l i n i t y ,  m e t h y l - o r a n g e  ( M )  . . 

. .  S p e c i f i c  Conduc tance  a t  25OC. 

. . . . . . . .  H y d r o g e n - I o n  (pH) 

. . . . . . . . . . . . . .  C o l o r  

. . . . . . . . . . . .  T u r b i d i t y  

. . . .  B i o c h e m i c a l  Oxygen Demand 

D i s s o l v e d  Oxygen. . . . . . . . .  
Membrane F i l t e r  C o l i f o r m  Coun t .  . 

. . . . . . . . . . .  T e m p e r a t u r e  

Round ing  O f  Numbers 

N e a r e s t  w h o l e  number 

N e a r e s t  1/1OO ppm 

N e a r e s t  1 /100  ppm 

N e a r e s t  w h o l e  number 

N e a r e s t  w h o l e  number 

N e a r e s t  5  ppm 

N e a r e s t  5  ppm 

N e a r e s t  5  ppm; 2 . 5  ppm i s  an e s t i m a t e  o n l y .  

N e a r e s t  w h o l e  number 

N e a r e s t  5  ppm 

N e a r e s t  1 /10  ppm 

N e a r e s t  1 / 1 0  ppm 

N e a r e s t  1 /10  ppm 

N e a r e s t  5  ppm; n e a r e s t  10 ppm a t  1,000 ppm and l a r g e r .  

N e a r e s t  w h o l e  number 

N e a r e s t  5  ppm 

N e a r e s t  w h o l e  number 

N e a r e s t  w h o l e  number 

N e a r e s t  2 . 5  pprn f o r  numbers b e l o w  5  ppm. N e a r e s t  5  PPm f o r  
c o n c e n t r a t i o n s  above  5  ppm. 

N e a r e s t  5  pprn 

N e a r e s t  even  number; n e a r e s t  10 ppm a t  1,000 ppm and l a r g e r .  

N e a r e s t  1 / 1 0  u n i t  o f  measurement  

N e a r e s t  w h o l e  number 

N e a r e s t  w h o l e  number 

N e a r e s t  1 /10  ppm 

N e a r e s t  1 / 1 0  P P m  

N e a r e s t  100 M F C C / I O O  m l  

N e a r e s t  w h o l e  d e g r e e  F a h r e n h e i t  



T a b l e  D - 2  

I N D E X  T O  A G E N C Y  S T U D I E S  O F  W A T E R  Q U A L I T Y  C O N D I T I O N S  

R O O T  R I V E R  W A T E R S H E D ,  ( 1 9 5 1 - 1 9 6 5 )  

Source: SE4RPC. 

238 

Study  
Number 

I 

2 

3 

9  

5  

6  

7 

Agency 

U.S. 
G e o l o g i c a l  
Survey 

The S t a t e  o f  
W i s c o n s i n  
Commit tee on 
Water P o l l u t i o n  

The S t a t e  o f  
W i s c o n s i n  
Commit tee on 
Water P o l l u t i o n  

The S t a t e  of  
W i s c o n s i n  
Commit tee on 
Water P o l l u t i o n  

M e t r o p o l i t a n  
Sewerage 
Commission 
o f  t h e  County 
o f  M i lwaukee  

M e t r o p o l i t a n  
Sewerage 
Commission 
o f  t h e  County 
o f  M i lwaukee  

The S t a t e  o f  
W i s c o n s i n  
Commit tee on 
Water P o l l u t i o n  

Study 
P e r i o d  

1951 

1959- 
1954 

1954- 
1955 

Summer 
1962 

Summers 
of  1962- 
1964 

September 
i96U 

4 / 2 0 / 6 1  
t o  Da te  
( o n g o i n g  

p rogram)  

Oeograph ic  
Area o f  Coverage 

Root R i v e r  n e a r  
H a l e s  C o r n e r s  
and Oak Creek 

Root R i v e r  and 
t r i b u t a r i e s  
w i t h i n  Waukeaha 
and Mi lwaukee  
c o u n t i e s  

Root  R i v e r  and 
t r i b u t a r i e s  
w i t h i n  R a c i n e  
County 

Root  R i v e r  and 
t r i b u t a r i e s  

Root  R i v e r  and 
t r i b u t a r i e s  
above Ml lwaukee-  
Rac ine  County 
I i n e  

Root R i v e r  
t r i b u t a r i e s  
w i t h i n  C i t y  o f  
F r a n k l  I n  

Root  R i v e r  
a t  R a c i n e  

S tudy  S u b j e c t  a n d / o r  
P u b l i c a t i o n  T i t l e  

"Water  Resources  o f  
t h e  M i lwaukee  Area, 
Wiscons in , "  U.S. 
O e o l o g i c a l  Survey 
C i r c u l a r  2U7 

" R e p o r t  o f  
i n v e s t i g a t i o n s  o f  
P o l l u t i o n  o f  S u r f a c e  
Waters  i n  M i lwaukee  
County and T h a t  
P o r t i o n  o f  t h e  Root 
R i v e r  System D r a i n i n g  
From Waukesha Through  
Mi lwaukee  County '  

" R e p o r t  o f  
I n v e s t i g a t i o n s  o f  
P o l l u t i o n  o f  S u r f a c e  
Waters  i n  t h e  Fox 
( I l l . ) ,  Des P l a i n a s ,  
and Root R i v e r  
B a s i n s ,  and Lake 
M i c h i g a n  Waters,  
From Above Rac ine  
t o  t h e  W i s c o n s i n -  
I l l i n o i s  L i n e "  

" R e p o r t  on a  F i e l d  
I n v e s t i g a t i o n  o f  
S u r f a c e  Water  Q u a l i t y  
i n  S o u t h e a s t e r n  
W i s c o n s i n  Conducted 
i n  t h e  Summer o f  
1962" 

Water q u a l i t y  s t reams 
survey .  U n p u b l i s h e d  

Spot  s a m p l i n g  and 
t e s t i n g  program. 
U n p u b l i s h e d  

S t a t e  w a t e r  q u a l i t y  
m o n i t o r i n g  program. 
U n p u b l i s h e d  

Scope and C o n t e n t s  

Spo t  s a m p l i n g  and 
a n a l y s e s  t o  d e t e r m i n e  
c h e m i c a l  and p h y s i c a l  
c h a r a c t e r i s t i c s .  

A s t r e a m  s a m p l i n g  and 
t e s t i n g  p rogram wh ich  
i n v o l v e d  t h e  d e t e r m i n e -  
t i o n  o f  w a t e r  q u a l l t y  
c o n d i t i o n s  and t h e  
i d e n t i f i c a t i o n  o f  
p r o b a b l e  s o u r c e s  o f  
p o l l u t i o n .  

A  s t r e a m  s a m p l i n g  and 
t e s t i n g  p rogram w h i c h  
i n v o l v e d  t h e  d e t e r m i n a -  
t i o n  o f  w a t e r  q u a l i t y  
c o n d i t i o n s  and t h e  
i d e n t i f i c a t i o n  o f  
p r o b a b l e  s o u r c e s  o f  
p o l l u t i o n .  

A  s t r e a m  s a m p l i n g  and 
t e s t i n g  p rogram w h i c h  
i n v o l v e d  t h o s e  p a r a m e t e r s  
w h i c h  c o u l d  be observed  
o r  t e s t e d  i n  t h e  f i e l d ;  
v i z . ,  b i o t a ,  pH, ten. ,  
D.O., CI., and spec. 
cond. 

Program c o n s i s t s  o f  
week ly  w a t e r  s a m p l i n g  
and t e s t i n g  p rogram 
o f  s t a n d a r d  p a r a m e t e r s  
end o b s e r v a t i o n s  o f  
b i o t a .  

Samples were c o l l e c t e d  
i n  v i c i n i t y  of  
s u s p e c t e d  s o u r c e s  o f  
p o l l u t i o n  and t e s t s  
made f o r  t h o s e  
p a r a m e t e r s  w h i c h  
i n d i c a t e  p o l l u t i o n  
f r o m  human exc rement .  

Samples a r e  c o l l e c t e d  
m o n t h l y  a t  one s i t e  on 
t h e  Root R i v e r  w i t h i n  
t h e  C i t y  o f  R a c i n e  
( M a r q u e t t e  S t .  B r i d g e )  
and f i e l d  and 
l a b o r a t o r y  a n a l y s e s  
made o f  s t a n d a r d  
q u a l i t y  paramete rs ,  
i n c l u d i n g :  t o t a l  
o r g a n i c  n i t r o g e n ,  
f r e e  ammonia, and 
s o l u b l e  phosphdrus.  

R e s u l t s  a n d l o r  
C o n c l u s i o n s  

The a n a l y s e s  showed 
a  v e r y  h a r d  w a t e r  w i t h  
a  f a i r l y  h i g h  m i n e r a l  
c o n t e n t .  

S e v e r a l  s o u r c e s  o f  
u n t r e a t e d  and t r e a t e d  
was tes  were i d e n t i f i e d  
and d e s c r i b e d .  S t ream 
survey  d a t a  i n d i c a t e d  
" u n s a t i s f a c t o r y n  
c o n d i t i o n s  r e s u l t i n g  
f rom sewage f r o m  
r e s i d e n t l a l  deve lopments  
i n  t h e  C i t y  o f  New 
B e r l i n  and t h e  communi ty 
o f  Tess Corners .  

S e v e r a l  s o u r c e s  o f  
u n t r e a t e d  and t r e a t e d  
was tes  were i d e n t i f l e d  
and d e s c r i b e d .  S t ream 
s u r v e y  d a t a  i n d i c a t e d  
" u n s a t i s f a c t o r y w  
c o n d i t i o n s  i n  Roo t  
R i v e r  Canal  and i n  
t h e  Root R i v e r  w i t h i n  
t h e  C i t y  o f  Raclne.  

P o l l u t i o n  and 
" u n s a t i s f a c t o r y "  
c o n d i t i o n s  were 
I n d i c a t e d  on t h e  
Root R i v e r  Canal  
be low t h e  V i l l a g e  
o f  U n i o n  Grove. 

U n i n t e r p r e t e d ;  
q u a n t i t a t i v e  d a t a  
i s  a v a i l a b l e .  

U n i n t e r p r e t e d ;  
q u a n t i t a t i v e  d a t a  
i s  a v a i l a b l e .  

U n i n t e r p r e t e d ;  
q u a n t i t a t i v e  d a t a  
i s  a v a i l a b l e .  



Appendix E 

HIGH WATER AND STREAM BED PROFILES OF THE ROOT RIVER 

Figure E- l  

HIGH WATER AND STREAM BED PROFILES 
Or THE 

ROOT RIVER 
FROM ST& OtOO 10 ST& 2 0 + 0 0  

RACLCINE COUHTI. WISCONSIN 
SOUTHLASTERN I l fCOWLIN REO1ONbL PUANNlNG COMMISSION 

DRAW45 W L R .  M T F l  II JULY 19- 
CHECKED, l . W  B Or\TEi l l JULY 1986 

HYDRAULIC C U D E  LlNFI REPRFDENT PEA& DISCWLWbS CONDITIOHS 
WLVIII1NC Ul lDFl  1990 LAND USE CONDITIONS e2%, 



Figure E- I (continued) 
HIGH WATER AND STREAM BED PROFILES 

OF THE 

ROOT R I V E R  
FROM S T A . ~  2 0 0 t 0 0  TO  ST^. 540 + 0 0  

RACINE COUNTY. WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

DRAWN: H.A.R. DATE. I I JULY 1966 ~ - . . ~- 

CHECKED% K. W. 6. DATE. I I JULY 1966 
HYDRAULIC GRADE L INES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCURRING UNDER 1990 LAND USE CONOll lONS 





Figure E- l (continued) 

HIGH WATER AND STREAM BED PROFILES 
OF THE 

ROOT RIVER 
FROM STA. 8 8 0 + 0 0  TO STA 1 .220+00  

RACINE AND MILWAUKEE COUNTY, WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

DRAWN; H. A.R. DATE, I I JULY 1966 
CYFCIFO:  X W B DbTF: I I JULY 1466 . . . . . . . -. . . . . . . . . . . . . . . . . . . . . 

HYDRAULIC GRADE L INES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCURRING UNDER 1990 LAND USE CONDITIONS 

: sso 
u 

5 

L 
f 680 
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Figure E- I (continued) 

HIGH WATER AND STREAM BED PROFILES 
fir 7°C -. 

NORTH BRANCH; R O O T  RIVER 
FROM STA. 1 ,900 t00  TO STA. 2 .240+00  

MILWAUKEE COUNTY. WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

DRAWN- H. A.R. DATE: I I JULY 1966 
CHECKED- K. W. B. DATE; I 1  JULY 19% 

HYDRAULIC GRADE LINES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCURRING UNDER 1990 LAND USE CONOlTlONS 

NOTE: L ~ r n ~ l i o n ~ l  Great Lakes Doturn (19551 : Yeon Sea Level Datum 11929 (LdiurMen41-1.3 fee#. 
Milwaukae U. l r0~0l i lon Sewernge Commission Oafurn= Maon S.0 Level  DaNm I1929 Adjurlmen*)-580.560. 

Z m e ;  Mrro  Eopinrrrfng Comp+ny. SEWRPC. 



Figure E- l  (continued) 

HIGH WATER AND STREAM BED PROFILES 
"F 

DISTANCE IN THOUSIHDS OF FEET FROM YOUTH OF RIVER 





Figure E- I (continued) 
H I G H  WATER AND STREAM BED PROFILES 

OF TYF 

EAST BRANCH; k d o ~  RIVER C A N A L  
FROM STA. I . W S + W  TO STA. 1.900+00 

RACINE COUNTY. WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING W M M I S S I O N  

DRAWN, H. A.R. DATE, I I JULY 1966 
CHECKED: K .W R DATE. I 1  JULY I966  

HYDRAULIC GRADE LINES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCWRING UNDER 1990  LAND USE CONDITIONS 

DISTAICT IN THOUSANDL OF FEET FROM MOUTH Of RIVER 



Figure E- l (continued) 
HIGH WATER AND STREAM BED PROFILES 

OF THE 

EAST BRANCH; ROOT RIVER C A N A L  
FROM STA. 1.900H)O TO STA. 2.1 5 4 t 0 0  

RACINE COUNTY. WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

DRAWN: H. A. R. DATE: I I JULY 1966 
CHECKED, K. W. & DATE: I I JULY 1966 

HYDRAULIC GRADE LINES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCURRING UNDER 1 9 9 0  LAND USE CONDITIONS 

NOTE' IMernoliond Gnnt L o l o s  Ootum Il4551 : t4e.n 5.0 iwel Datum (1924 Adjustnenll-1.3 fen.  
M 
P 

Radna Civ Dalun = Heon Sea L a v d  Ootvn 11929 Adiu8fnentl- 580.710. 

0 zwm: "aro E n g ! m i m  Cw*""; * E m  



Figure E- I (continued) 

HIGH WATER AND STREAM BED PROFILES 
nc 7°C ". ,..L 

ROOT RIVER CANAL 
FROM STA. I L 5 5 + 0 0  TO STA. 1 . 6 W + 0 0  

RACINE AND MILWAUI<EE COUNTY. WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

DRAWN: H. A. R. DATE- 1 1  JULY 1966 
CHECKEDa K.W. 0. DATE* I I JULY 1965 

HYDRAULIC GRADE LINES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCURRING UNDER 1990 L A N 0  USE CONDITIONS 

NOTE: m m l l a a l  - L o l . ~  LMlrm llSSS1 a Weon la Level M u m  11929 AdldlustnnlL-1.3 lael.  
U l l v l r  Y.tr~oliton I.nrom tomi.r ion = m a n  Sea Lard  D o l u m  11929 Adjustm.nll-S80.580, 
(Lacln. City D0t.n 3 U s e l  Sea L0v.l DO?.rn 11929 AdjuStm.nl1- SB0.710. 

3- Has,  E-iig S E Y m .  



Figure E- I (continued) 
HIGH WATER AND STREAM BED PROFILES 

OF THE 

ROOT RIVER CANAL & WEST BRANCH; ROOT RIVER CANAL 
FROM STA 1.600+00 TO STA 1 . 8 6 O t 0 0  

RACINE COUNTY. WISCONSIN 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

DRAWN* H.A.R. DATE: I I JULY 19€6 
CHECKED, K.W 8. DATE: 1 l JULY 1956 

HYDRAULIC GRADE LINES REPRESENT PEAK DISCHARGE CONDITIONS 
OCCURRING UNDER 1990  LAND U S E  CONDITIONS 

NOTE. Innmotionol Great Lakes mlum ll95B = Heon $00 Level Doturn 11929Adjustm.nfl-1.3 f a e l  
to Room. Cltr Datum = Meon $ 0 0  Level Doturn l lO2P ld lu$ lmonl>-580 .710 .  
U 

-; Hmm En#nser/w Cmm).; SEWRPC 





F i g u r e  E - 2  

PROPOSED SEWER CONNECTION FROM CADDY VISTA 

TO MILWAUKEE METROPOLITAN SEWERAGE SYSTEM 

PROPOSED $8" METROPOL ITAN 
TRUNK SEWER 

PLAN 

S c a l e :  I  I n c h  = 2000 Fee t  

)STA. 52i80 STA. 26i40 *STA. 9 i00  

ELM RD. S. NICHOLSON RD. C & NW RR. 
I 

STA. 70i00 

'INVERT ELEV. 666.0+ 

INVERT ELEV. 659.0? . INVERT ELEV. 609.0+_ 

I I I 0  9  6 7  6 5  4 3 2  

D i s t a n c e  i n  Thousands o f  F e e t  f rom Y e t r o p o l i t a n  T r u n k  Sewer 

PROF I LE 

Sca le :  H o r i z o n t a l ,  I l n c h = 2 0 0 0  F e e t  

V e r t i c a l ,  I I n c h = 2 0  F e e t  

NOTE: I n  absence o f  s a n i t a r y  sewer sys tem p l a n :  p l a n  and p r o f i l e  a r e  i n t e n d e d  o n l y  t o  i n d i c a t e  f e a s i b i l y  

of c o n n e c t i o n  u s i n g  a v a i l a b l e  e x i s t i n g  r i g h t s - o f - w a y .  A c t u a l  c o n n e c t i o n  s h o u l d  be d e s i g n e d  as  an 

integral p a r t  o f  s a n i t a r y  sever sys tem p l a n  f o r  t h e  c i t y  o f  Oak Creek.  

I n t e r n a t i o n a l  G r e a t  Lakes Datum (1955 )  = Mean Sea L e v e l  Oatum (1929  A d j u s t m e n t )  - 1.3 f e e t .  

M i lwaukee  M e t r o p o l i t a n  Sewerage Commi r s i on  Datum = Mean Sea Leve l  Datum (1929  A d j u s t m e n t )  - 580.560. 

Rae ine  C i t y  Datum = Mean Sea Leve l  Datum ( I s 2 9  A d j u s t m e n t )  - 580.71u. 

SOURCE: H a r z a  Engzneerlng Cnmpeny; SEWRPC. 



F i g u r e  E - 3  

PROPOSED SEWER CONNECTION FROM THE FRANK PURE FOOD COMPANY PLANT 

TO THE C I T Y  OF R A C I N E  SEWER SYSTEM 

PLAN 
S c a l e :  I l n c h  = 2 0 0 0  F e e t  

I 1 I I 
STA. 31 i 5 0  STA. 0 + 0 0  
E X I S T I N G  S E T T L I N G  B A S I N S  STA. 2 5 4 0 0  

I 
. EXIST ING I . C M S T P b P R R .  

I I I & JUNCTlOl 
.I FT STATION 
1 OF KRAUT I 

, 7 3 0  730 C, 

BOTTOM ELEV. 722.0-t 
7 2 0  7 2 0  

a 

n 4 n - 4 

* 

7 1 0  710 

EXISTING L I F T  STATION 

2 -450  gpm PUMPS 
* - INVERT ELEV. 707.4 SUMP ELEV. 7 0 7 . 0 f  * e 

; 7 0 0  700 ; 

690 I I r I I 600 

'4 3  2  I 0  

D i s t a n c e  i n  Thousands o f  F e e t  f r o m  E x i s t i n g  L i f t  S t a t i o n  

PROF 1 LE 

S c a l e :  H a r l r a n t a l ,  I l n c h  = 2000 F e e t  

Y e r t t c a l ,  t l n c h  = 2 0  F e e t  

NOTE: I n t e r n a t i o n a l  G r e a t  L a k e s  D a t u m  ( 1 9 5 5 )  = Mean Sea L e v e l  D a t v n  ( 1 9 2 9  A d j u s t m e n t )  - 1 .3  f e e t .  

R a c l n e  C i t y  Datum = Mean S e e  L e v e l  D a t u m  ( 1 9 2 9  A d j u s t m e n t )  - 5 8 0 . 7 1 0 .  

S o u r c e :  Herza E n g z n e e r l n g  C o m p a n y ;  SEWRPC 



Appendix  F 

DERIVATION OF STAGE-AREA-DISCHARGE CURVES 

Use 
Curves relating r iver stage, cross-sectional area,  
and discharge a t  111 selected points in the peren- 
nial s tream channel system of the Root River 
watershed were prepared a s  a part of the hydro- 
logic and hydraulic analyses undertaken under the 
Root River study (see Figures 18 and 19for typical 
curves). These curves fulfill two functions: 1) they 
establish the channel conveyance and flood plain 
storage properties necessary for flood routing, 
and 2) they establish the water surface-discharge 
relationships necessary for the preparation of 
flood inundation maps. 

Sources of Basic Data 
The dimensions and elevations shown on the typical 
curves presented in Figures 18 and 19 a r e  based 
upon field surveys a t  the selected stations on the 
perennial stream channels and upon analyses of 
topographic maps covering the a rea  extending from 
the station halfway upstream and downstream 
toward adjacent stations. The field surveys estab- 
lished the shape, dimensions, and elevations of 
the channel cross  section, the roadway profile, 
and the waterway opening a t  the station. Complete 
measurements, including bottom of structure and 
roadway elevations, skewness, and normal direc- 
tion of flow, were obtained a t  all bridges. Topog- 
raphic maps were used to estimate representative 
overbank characteristics. A continuous profile of 
elevations from station to station along the stream 
course was constructed from field surveys and 
from a compilation of available horizontal and 
vertical control data. The field surveys also 
included an inspection of channel characteristics 
and vegetative growth for determination of n fac- 
tors to be applied in the Manning equation. 

In the representative cross  sections used for 
determination of channel conveyance, channel bot- 
toms a r e  presented a s  flat and level; and channel 
shapes a r e  generally presented a s  symmetrical. 
This method was considered to provide the best 
representation of channel conditions throughout 
the reach length, based on measured cross  sec- 
tions and field interpretation of conditions between 
measured sections. 

Derivation of the Stam-Area and Downstream 
Stage-Discharge Curves 
The Manning equation was used in constructing the 
stage -area curve of the station and the downstream 
stage-discharge curve. This equation was solved 
for selected stages in order to define accurately 
the shape of the area- and stage-discharge curves. 
The successive steps in derivation of the curves 
a r e  indicated by the calculations shown on Fig- 
ures  18 and 19. The following information pro- 
vides a guide to the calculations shown. 

Area-Discharge Curve: Area, A, is obtained from 
the representative cross  section of the waterway 
opening a s  the area of streamflow corresponding 
to each stage. In the sample calculations, shown 
on Figures 18 and 19, the cross-sectional a reas  
of channel and of overbank flow a r e  tabulated 
separately and must be summed before the stage- 
area  curve is plotted. 

Stage-Discharge Curve: 

1. Slope, s ,  of the energy gradeline in feet 
per foot is assumed to be equal to the aver- 
age slope of the channel bed in the reach 
immediately downstream from the desig- 
nated station. 

2. Selection of the friction factor, n, is based 
on summer conditions when vegetative 
growth is full, following the procedure out- 
lined in Table 14. 

3. All depths shown a r e  from the deepest 
point of the channel to the water surface. 

4. The wetted perimeter, W. P. , is the cross- 
sectional lengthof the channel bed and flood 
plain which is in contact with streamflow 
a t  the stage under consideration and is 
obtained by scaling the plotted cross  sec- 
tions. The W. P. of the overbank section, 
in the rather gentle slopes prevailing in 
the Root River flood plain, is assumed 
to be equal to the horizontal distance of 
inundation of the flood plain in the line of 
cross  section. 



5. The hydraulic radius o r  hydraulic mean 
depth, R, i s  equal to the cross-sectional 
area  of flow, A, a t  the stage under con- 
sideration divided by the wetted peri- 
meter, W. P. 

6 .  The Manning equation is then solved for 
channel flow, Qc, and overbank flow, Qo, 
which a r e  summed to derive the total 
flow, Qt, used in plotting the stage-dis- 
charge curve. 

Derivation of Discharge Curves Showing the Effects 
of Structures a t  the Station 
The head loss o r  backwater effect of the waterway 
opening was calculated both for open channel con- 
ditions when bridges and culverts flow partly full 
and for orifice conditions when waterway open- 
ings would be flowing full. These computations 
were used to develop the llupstreamll curve, which 
indicates the backwater effect caused by the struc- 
ture and conveyance capabilities of the waterway 
opening. Under open-channel flow conditions, two 
computational procedures were used: one for cul- 
verts  and one for  bridge openings. Culverts were 
defined a s  having a length parallel to the direction 
of flow greater than the span normal to the direc- 
tion of flow. 

Open-Channel Flow inculverts: The Manning equa- 
tion was used to determine open-channel flow 
quantities for waterway openings which function 
a s  culverts. For a selected discharge, a mid- 
culvert water surface elevation slightly higher 
than the downstream water surface elevation was 
assumed and the slope of the energy gradeline 
determined. This process was repeated until the 
assumed water surface elevation was verified. 
The procedure was applied for selected discharges 
until the culvert was flowing full, a t  which point 
orifice flow conditions exist and the Manning equa- 
tion is no longer applicable. 

Open-Channel Flow in Bridge Openings: The pro- 
cedure recommended by the U. S. Bureauof Public 
Roads in Hydraulic Design Series No. 1, Hydraulic 
of Bridge Waterways, was followed in the calcula- 
tion of head losses for bridges flowing partly full. 
The basic equation for determination of the back- 
water effect of such a bridge opening is: 

where: hl* = Total backwater in feet 

K = Total backwater coefficient =Kb + 
Kp + Ke + Ks 

Kb = Base coefficient (conveyance) 

Kp = Coefficient for piers 

Ke = Coefficient for eccentricity 

Ks = Coefficient for skew 

Vn2 = Average velocity in constriction 
of flow a t  downstream stage 

g = Acceleration of gravity = 32.2 f t /  
sec 2 

When the computations reached the stage where 
the bridge started to flow full, it was treated a s  
an  orifice. 

Orifice Flow: The general equation for the head 
loss, h, caused by orifice flow is: 

- 
where: Q = Discharge incubic feet per second; 

and: C = ~oefficienwof discharge a s  given 
in King's H4ndbook of Hydraulics; 
and 

A = Area of the submerged waterway 
opening in sq. ft. 

The orifice flow analysis is begun with routing 
through the orifice, a slightly larger discharge 
than the last discharge used in open-channel flow. 
Ah is  thus determined and i s  added to the down- 
stream water surface elevation to obtain the 
upstream water surface elevation. If the down- 
stream elevation, a s  determined by the down- 
stream rating curve, is less than the crown 
elevation of the waterway opening, the crown ele- 
vation is  used a s  the downstream elevation. This 
i s  a valid assumption because "Cl1 does not change 
greatly when the length of a waterway opening, 
which flows full, changes. When the upstream 



water surface becomes higher than the road sur- 
face elevation, the value of "C" i s  multiplied by 
0.8 to account for  the loss of available head by flow 
over the roadway embankment. 

Free Flow Over a Roadway o r  Embankment: 
Streamflow over a roadway i s  considered a s  flow 
over a broad crested weir, and the equation used 
to calculate flow was that for  trapezoidal broad 
crested weir: 

where: Q = Discharge in cubic feet per 
second. 

and: he = Difference in upstream water 
surface elevation and roadway 
elevation; 

T1 = Length of level section of road 

C = 0.80 to 0.90 for road and high- 
way fills; 

A & B = Horizontal component of road 
slope; and 

Using the field survey notes, the centerline pro- 
file of the roadway was drawn a s  approximating 
a trapezoidal section. A and B a r e  determined a s  
the horizontal components of the side slopes; and 
a separate rating curve was prepared for flow over 
roadways, a s  shown in Figures 18 and 19. 

Total Flow at  Station: The total flow at  the site of 
a structure, Ot', i s  then equal to the sum of free 
flow over the road, Qf, plus open channel flow, 
00 ,  o r  orifice flow, Qo'. The point of intersection 
of the Ot' curve with the Qt curve is  that stage at  
which the structures have little o r  no effect on 
streamflow and upstream stage equals downstream 
stage. In reference to Figures 18 and 19, it i s  to 
be noted that at  high water stages the backwater 
effect from the roadway embankment and the 
bridge structures becomes negligible. Conse- 
quently, above a certain stage the downstream 
stage-discharge curve also applies to discharges 
above the station; and, accordingly, the upper seg- 
ment of the stage-discharge curve i s  labeled a s  an 
"upstream and downstream" curve. 



Appendix G 

HYDRAULIC DATA SUMMARY FOR BRIDGES 
OVER THE ROOT RIVER 

T a b l e  G - I  

H Y D R A U L I C  A N A L Y S I S  S U M M A R Y  N O R T H  B R A N C H  R O O T  R I V E R  

1 0  YEAR RECURRENCE FLOOO. 1 9 9 0  C O N O I T I O W S '  

I n r t a n -  
taneous  

Peak 
O l rchargq  

(CFS) 

Overbank 
Oepth 
( f e e t )  

-5.8 
-7.5 
-5.8 
-9.0 
-8.7 
-1.6 

1.4 
1.5 
1.8 
3.3 
3.V 
4. I 
V.0 
V.0 
11.9 
5.3 
3.8 
5.5 
5.3 
2.1 

E x i s t i n g  
Waterway Opening 

1 0s.th on 

Replacement 
Waterway Opening 

Oepth on 

-5.9 
-5.0 
-3.3 

0. I -V.2 
0. I -3.9 

L o c a t l o n  

L i n c o l n  Avenue . . . . . . . . .  
Parkway Road . . . . . . . . . .  
W. C l e v e l a n d  Avenue. . . . . . .  
STH 1 5 .  . . . . . . . . . . . .  
S. 115 th  S t r e e t .  . . . . . . . .  
W. Morgan Avenue . . . . . . . .  
W. B e l o i t  Road . . . . . . . . .  
S T H I 0 0  . . . . . . . . . . . . .  
W. Co ld  S p r i n g  Road. . . . . . .  
W. L a y t o n  Avenue . . . . . . . .  . . . . .  W. F o r e s t  Home Avenue. 
S. 8Vth  S t r e e t  . . . . . . . . .  
W. Grange Avenue . . . . . . . .  
W. C o l l e g e  Avenue. . . . . . . .  
S. 7 5 t h  S t r e e t  . . . . . . . . .  
Parkway Road . . . . . . . . . .  
W. Loomls Road . . . . . . . . .  
W. Rawson Avenue . . . . . . . .  
W. Orexe l  Avenue . . . . . . . .  
S T H I 0 0  . . . . . . . . . . . . .  

Recommended 
Oaalgn 

Frequency 
S tandard  
( r e a r s )  

C o n s t r u c t i o n  
Oate o f  
E x l s t i n g  

B r i d g e  

1930 
1937 
1935 
1932 
1919 
1925 
1927 
1959 
1925 
1939 
1963 
1930 
1928 
1939 
193'4 
1890 
I933  
1957 
I 9 5 0  
193V 

Replacement 
Requ i red  by 
A p p l l c a t l o n  
o f  S tandard  

-- -- -- 
-- -- C - - - - -- - - 

Yes 
no 

Yes 
Yes 
l o  

Yes 
Yo 

Yes 
Yo 

Yes 
l o  

Elevation o f  
Upstream 

Water L e v e l .  
F e e t  Above 

Bank F u l l  
O lscharga  

(CFS) 

4,400 
5,200 
5.500 
3,850 
U, I 5 0  
2.300 
1,100 
1.250 
1.250 

150 
VBO 
180 
I 5 0  
220 
270 
I 3 0  
l I 0  
170 
I 5 0  
200 

5 0  YEAR RECURRENCE FLOOO, 1 9 9 0  COWOIT1OWSa 

I I 1 I 1 1 I 1 I E x i s t i n g  I Reolacament I 

C o n 8 t r u c t i o n  
Oate o f  
E x i s t i n g  

B r i d g e  

L l n c o l n  Avenue . . . .  
Parkway Road . . . . .  
W. C l e v e l a n d  Avenue. . 
STH 15 . . . . . . . .  
S. 115 th  S t r e e t .  . . .  
W. Morgan Avenue . . .  
W. B e l o i t  Road . . . .  
STH 100. . . . . . . .  
W. Co ld  S p r i n g  Road. . 
W. Lay ton  Avenue . . .  
W .  F o r e s t  Hone Lvenue. 
S. 8'4th S t r e e t  + . . .  
W. Grange Avenue . . .  
W. C o l l e g e  Avenue. . .  
S. 7 5 t h  S t r e e t  (CTH U) 
Parkway Road . . . . .  
W. Loomis Road . . . .  
W. Rawson Avenue . . .  
W. Orexe l  Avenue . . .  
STH 100. . . . . . . .  

10 C - - 
I 0  C -- 
50 -- c 
50 C -- 
I 0  e -- 
10 C - - 
50 C - - 
50 E - - 
50 C -- 
50 Yes 
50 l o  
50 Ye. 
50 Ye* 
10 Wo 
50 Yes 
I 0  no 
50 Yes 
50 no 
50 Yes 
50 W O  

E FLOOO. 1 9 9 0  C O W O I T I O N S '  1 0 0  YEAR RECURRENC 

L o c a t l o n  

L i n c o l n  Avenue . . . .  
Parkway Road . . . . .  
W. C l e v e l a n d  Avenue. . 
STH 1 5 .  . . . . . . .  
S. 115th S t r e e t .  . . .  
W. Morgan Avenue . . .  
W. B e l o i t  Road . . . .  
STH 100. . . . . . . .  
W. Co ld  S p r i n g  Road. . 
W. L a y t o n  Avenue . . .  
W. F o r e s t  Homs Avenue. 
S. 8 4 t h  S t r e e t  . . . .  
W. Orange Avenue . . .  
W. C o l l e g e  Avenue. . .  
S. 7 5 t h  S t r e e t  (CTH U) 
Parkway Road . . . . .  
W. L o o n i s  Road . . . .  
Y.  Rawson Avenue . . .  
W. D r e x a l  Avenue . . .  
STH 100. . . . . . . .  

10 C -- 
I 0  -- c 

50 C - - 
50 -- c 
10 C -- 
I 0  C -- 
50 - -  c 
50 E - - 
50 C -- 
50 Yes 
50 WO 

50 Yes 
50 Yes 
10 W O  
50 Yes 
I 0  no 
50 116 
50 No 
50 Yes 
50 W 0 



T a b l e  6 - 2  

H Y D R A U L I C  A N A L Y S I S  S U M M A R Y  R O O T  R I V E R  M A I N  S T E M  
1 0  YEAR RECURRENCE FLOOD, I 9 9 0  E O l D l T l O l S  

5 0  YEAR RECURRENCE FLOOD, I 9 9 0  COWDlTlOWS 

L o c a t  

W. County L i n e  ~0.d. . . . . . .  
S. V3rd S t r e e t  . . . . . . . . .  
W. c o u n t ?  L i n e  ~ o e d .  . . . . . .  
U S I Y I  . . . . . . . . . . . . .  
I H  94. . . . . . . . . . . . . .  
CTYV . . . . . . . . . . . . . .  . . . . .  C. M. St. P. k P. R.R. 
l o w e l l  Avenue ( S T I  38) . . . . .  
S. Wlcho laon  Road. . . . . . . .  
C. 1 I*. R.R.. . . . . . . . . .  
E. Seven M i l e  Road . . . . . . .  
E . S l x M i l e R o a d  . . . . . . . .  
E. F i v e  M l l s  Road. . . . . . . .  
E. Four  M l l e  Road. . . . . . . .  
Johnson Park  . . . . . . . . . .  
Johnssn Park  . . . . . . . . . .  
S T I  31 . . . . . . . . . . . . .  
STI  38 . . . . . . . . . . . . .  
Rac ine  Count ry  Club. . . . . . .  
Rae lne  Count ry  Club. . . . . . .  
Park  Br ldge :  . . . . . . . . . .  
S p r i n g  S t r e e t .  . . . . . . . . .  
L l b a r t y  S t r e e t  . . . . . . . . .  
Olsn S t r e e t .  . . . . . . . . . .  
P s r k r l e w  Bridge. . . . . . . . .  
Park  B r i d g e .  . . . . . . . . . .  . . . . . . . . . . .  6 t h  S t r e e t  

E x i s t l n g  

C o n s t r u c t i o n  
Da te  o f  

E x l s t i n g  
B r i d g e  

1910b 
l 9 l o b  
1910b 
(931 
I963  
1927 
I900  
1929 
1918 
1912 
1960 
1940b 
1950 
1950 
-- - - -- - - - - 
-- 

I939  
I 9 2 0  
I 9 0 5  
1916 
1925 
I905  
1928 

Waterway 

8 r i d a a  
Head Loss 

( f e e t )  

0.8 
0.1 
0. l 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.7 
0.3 
0.1 
0.8 
0.1 
0.5 
0.6 
0.1 
0.1 
0.6 
0. 1 
0.U 
0.8 
0.1 
0.1 

Raplecement 

Replacement 

Bank F u l l  
D l a c h a r g e  

(CFS) 

520 
1.210 

720 
720 
720 
530 
165 
270 
360 
750 
870 

1.020 
1,710 
4.360 

710 
1,090 
1.790 

20.000t 
1,390 

570 
2,3VO 
1.750 
1,550 
1,900 

600 
1.420 
7.500 

Opening 

Depth  on 
Road 

a t  B r i d g e  
( f e e t )  

0.0 
1.5 
3.1 
1.6 - 9.0 
1.7 

-13.9 
1.2 
0.4 

-11.0 
- 1 . 6  - 3.6 

0.0 - 5.9 
6.0 
0.7 - 7.5 

-10.3 - 4.9 
I. I 
0. I - 0.4 - 0.3 - 0.7 

- 1. 1 - 7.2 - 3.9 

Waterway 

B r l d g e  
Mead Cors  

( f e e t )  

0.1 
0.1 
0.1 
0.1 -- 
0.1 -- 
0.1 
0.1 - - 
0.1 -- 
0.1 - - -- 
- - - - - - - - -- -- 

0.1 - - - - - - -- - - 

Overbank 
Depth 

( f e e t )  

8.8 
7.1 
5.0 
9.7 
9.7 
7.V 
8.7 
9.2 
9.8 
6.7 
7.8 
7.6 
7.1 
2.U 
9.4 
6.6 
6.6 

-5.8 
4.0 
V.3 
5.6 
6.2 
3.V 
2.9 
7.0 
3.5 
0.6 

E l e v a t i o n  o f  
U p s t r e a n  

Water L e v e l .  
Fee t  Above 

(.el)= 

683.7 
681.V 
6 7 9 . 0 ~  
678.8 
677.5 
673.6 
671.2 
670.5 
670.2 
667.7 
667. 1 
666.0 
668.6 
659.5 
652.4 
698.6 
661.6 
630.0 
611.7 
604.9 
595.4 
599.3 
592. If 
591.6f 
591.Vf 
5 9 1 . 0 ~  
590.7f 

Waterway 

B r t d g s  
Head Loss 

( f e e t )  

0.4 
0.3 
0.4 
1 . 1  
-- 

0.2 - - 
0.3 
0.4 -- 
0.3 
-- 

0.5 -- -- -- 
-- 
-- -- 
-- -- 

0.4 -- -- -- 
-- -- 

Recommended 
Oe8ipn 

Frequency 
S tandard  
( y e )  

50 
50 
50 
10 

100 
50 -- 
50  
50 -- 
50 
50 
50 
50 -- -- 
50 
50 - - 
-- 
-- 
50 
10 
-- - - 
10 
10 

Opening 

Oepth on 
Road 

a t  B r i d g e  
( f e a t )  

-2.7 
-2.8 
-2.V 

0.0 -- 
-2.3 -- 
-2.3 
-3. I -- 
- 5 . 4  -- 
-3.7 -- -- - - -- 
-- -- -- -- 

-3.8 
- - -- 
-- -- - - 

L o c a t i o n  

W. County Lone Road. . . . . . .  
S. V3rd S t r e e t  . . . . . . . . .  
W. County L l n s  Road. . . . . . .  
u s n  41  . . . . . . . . . . . . .  
I H 9 V .  . . . - . . . . . . . . .  
C T I V  a . . . . . . . . . . . . .  

C. M. St.  P. 6 P. R.R. . . . . .  
Howel l  Avenue ( S T I  38) . . . . .  
S. l ~ c h o l s o n  Road. . . . . . . .  
C. k I*. R.R.. . . . . . . . . .  
E. Seven M l I n  Road . . . . . . .  
E. S i x  W i l e  Road . . . . . . . .  
E. F i v e  M i l s  Road. . . . . . . .  
E. Four M i l e  Road. . . . . . . .  
Johnson Park  . . . . . . . . . .  
Johnson Park  . . . . . . . . . .  
STI 3 1  . . . . . . . . . . . . .  
S T W  38 . . . . . . . . . . . . .  
Rac ins  Count ry  Club. . . . . . .  
R a c ~ n e  Count ry  Club. . . . . . .  
Park B r l d g e .  . . . . . . . . . .  
S p r i n g  S t r e e t .  . . . . . . . . .  
L i b e r t y  S t r e e t  . . . . . . . . .  
8I.n S t r e e t .  . . . . . . . . . .  
Parkv lew B r i d g e .  . . . . . . . .  
Park  B r i d g e .  . . . . . . . . . .  
6 t h  S t r e e t  . . . . . . . . . . .  

Opanong 

Depth on 
Rosd 

a t  Bradge 
( f e e t )  

- 

-0.2 
-0. I 
-0. I 

3.8 -- 
-0.4 - - 

0.0 
-0.3 -- 
-2.9 -- 
-0.V -- -- 
-- -- 
-- -- 
-- 
-- 

-1.6 -- -- -- -- -- 

I n a t a n -  
taneour  

Peak 
Doncharge 

(CFS) 

V.200 
Y.200 
V,215 
V.215 
V,215 
4,260 
4,300 
4,130 
4.600 
4,590 
V.585 
4,570 
4.550 
4.525 
V.950 
'4.950 
4,930 
V,910 
9,910 
4.905 
4,900 
8,900 
2.450 
2,450 
2.450 
2,V50 
V.900 

Replacement 
Requ i red  by  
A p p l l c a t l o n  
o f  S tandard  

Yes 
Yes 
Yes 
Yes 

l o  
Yes - - 
Yes 
Yes -- 

l o d  
l o  

Yes 
W o -- -- 
No 
Wo 
-- - - 
-- 

Yea 
No -- - - 
Yo 
I o  

C o n s t r u c t i o n  
Da te  O f  

E x l a t l n g  
9 r 1 d g e  

l 9 l o b  
1910b 
1910b 
1931  
1963 
1927 
1900 
1929 
1918 
1912 
1960 
19Vob 
I950  
1950 -- -- -- -- -- -- 
1989 
1920 
I 9 0 5  
1946 
1925 
1905 
1926 

E x l s t l n g  

Recommended 
Des ign  

Frequency 
S tandard  
( y e a r s )  

50 
50 
50 
1 0  

100 
50 
-- 
50 
50 - - 
50 
50 
50 
50 -- 
-- 
50 
50 
-- 
-- -- 
50 
I 0  -- 
- - 
I 0  
10 

Waterway 

B r l d g e  
Head Loss 

( f e e t )  

0.9 
0.1 
0.1 
0. I 
0.1 
0.1 
0.5 
0.1 
0.1 
0.1 
0. 1 
0 .4  
0.1 
1.1 
0.1 
0.1 
0.1 
0.8 
1.7 
0.1 
0.1 
1. 1 
0.1 
0.3 
1.0 
0.8 
0.1 

Elevation o f  
Up8tream 

Water L e v e l ,  
Fee t  Above 

681.6 
676.7 
675.wf 
675.0 
67Y.7 
671.7 
669.1 
668.2 
667.V 
666.0 
66V.6 
663.4 
662.0 
656.4 
650.0 

- 6V7.4 
638.5 
628.0 
609.U 
602.V 
593.4 
591.8 
5 8 9 . ~ ~  
588.af 
588.6 
5 8 8 . 0 ~  
587.7f 

Bank F u l l  
D ischarge  

(CFS) 

520 
1,210 

720 
720 
720 
530 
I65  
270 
360 
750 
870 

1,020 
1.710 
V.350 

710 
1,090 
1.790 

20,000+ 
1.390 

570 
2,340 
1,750 
1,550 
1,900 

600 
l ,V20 
7.500 

Replacement 
R a q u ~ r e d  by 
Application 
o f s t a n d a r d  

Yes 
Yes 
Yes 
Yes 

Wo 
Yes 
- - 

Yes 
Yea 
-- 
Hod 
l o  

Yes 
No - - 
- - 
Wo 
I o  - - - - 
- - 

Yes 
l o  -- 
-- 
No 
l o  

Opening 

Depth on 
Rosd 

a t  B r i d g e  
( f e e t )  

2.1 
3.9 
5.0 
4.3 - 6.3 
3.4 

-11.8 
3.2 
2.8 - 9.3 
0.6 

- 1 . 0  
2.1 - 2.8 
8.4 
1.9 - 4.4 - 8.3 - 2.6 
3.0 
2.1 
2.1 
1.3 
1.2 
1.3 - 11.8 - 1.1 

Overbsnk 
Depth 

( f e e t )  

6.8 
V.7 
3. l 
7.0 
7.0 
5.7 
6.9 
7.2 
7.4 
5.0 
5.6 
5.4 
4.3 
0.1 
7.0 
V.8 
3.5 

-7.5 
2.8 
2.V 
3.4 
V.2 
1.8 
0.9 
V.8 
1.8 

-2.2 

I n s t a n -  
taneous  

Peak 
Discharge 

(CFS) 

7.230 
7.230 
7,200 
7,200 
7.200 
7.330 
7,380 
7,650 
7,810 
7,830 
7,830 
7,820 
7,760 
7,700 
8,900 
8,UOO 
8.380 
8.350 
8.340 
8.3VO 
8,330 
8.330 
V.000 
9,330 
9.000 
4,330 
8.330 









Appendix H 

HYDROLOGIC GROUPING OF SOILS OF THE 
ROOT RIVER WATERSHED 

T a b l e  H - l  

I N F I L T R A T I O N  C L A S S I F I C A T I O N  OF ROOT R I V E R  WATERSHED S O I L S  

H y d r o l o g i c  Group  A 

S o i l  
H a p p i n g  
Number S o i l  Type ( W i s c o n s i n )  

5  
12 
16 
18 
19 
2  1 
21Y 
22 
24 
3  1 
3  3  
332 
3  4  
352 
U  I 
U  2  
49 
5U 
59 
7  0  
70V 
70Y 
7  2  
72R 
72Y 
722 
7  3  
73v 
73 Y 
732 
7 6  
8  2  

106 
106Z 
1 10 
I I O Y  
I IOZ 
119Y 
I19Z 
120 
120Y 
122 
123 
126Y 

S p i n k s  F i n e  Sand 
S p i n k s  Loamy F i n e  Sand 
Beach Sand 

H y d r o l o g i c  Group B  

H u n t s v i l l e  S i l t  Loam 
Wea S  i l t Loam 
Rome S i  It Loam 
T u s c o l a  S i l t  Loam 
T u s c o l a  F i n e  Sandy Loam 
Hebron Loam 
Hebron Loam 
Hebron  Sandy Loam 
Hebron  S i  I t  Loam 
Rome Loam 
S a l t e r  F i n e  Sandy Loam 
Hebron Sandy Loam 
S a l t e r  S i l t  Loam 
Mosel  Sandy Loam 
T i c h i g a n  S i l t  Loam 
Hahns S i l t  Loam 
J e r i c h o  S i l t  Loam 
Lawson S i  1  t Loam 
Wasepi Sandy Loam 
Fox Sandy Loam 
S i s s o n  Sandy Loam 
Hebron Sandy Loam 
Fox Loam 
Fox Loam, B e d r o c k  S u b s t r a t u m  
Fox Loam, Loamy S u b s t r a t u m  
Hebron Loam 
Fox S i l t Loam 
S i s s o n  S i l t  Loam 
Fox S i l t  Loam, Loamy S u b s t r a t u m  
Hebron  S i l t  Loam 
W i l l  S i l t  Loam 
Juneau S  i l t Loam 
L o r e n z o  S i l t  Loam 
Rome Loam 
L o r e n z o  Loam 
Rome Loam 
Rome Loam 
Warsaw S i l t  Loam, Loamy S u b s t r a t u m  
Warsaw S i l t  Loam, C l a y e y  S u b s t r a t u m  
Warsaw Loam 
Warsaw S i l t  Loam, Loamy S u b s t r a t u m  
L o r e n z o  Sandy Loam 
T i p p i c a n o e  S i l t  Loam 
E h l e r  S i l t  Loam 

H y d r o l o g i c  Group B  ( c o n t i n u e d )  

S o i l  
Mapp i ng 
Number S o i l  Type ( W i s c o n s i n )  

Oshkosh S i l t  Loam 
Dodge S  i l t Loam 
Casco Sandy Loam 
Casco Sandy Loam, Loamy S u b s t r a t u m  
Casco Sandy Loam, C l a y e y  S u b s t r a t u m  
Casco Loam 
S i s s o n  S i l t  Loam 
Boyer  Sandy Loam 
Casco S  i l t Loam 
Casco S i l t  Loam, C l a y e y  S u b s t r a t u m  
P a r r  Loam and S i l t  Loam 

( s h a l l o w  phase)  
Knowles S i l t  Loam, S h a l l o w  V a r i e t y  
Knowles S i l t  Loam, S h a l l o w  V a r i e t y  
E h l e r  S i l t  Loam 
E h l e r  S i l t  Loam 
Calamus S i l t  Loam 
S i s s o n  S i l t  Loam 
S i s s o n  Sandy Loam 
Warsaw Sandy Loam 
H a c k e t t  Sandy Loam ( d a r k  s u r f a c e )  
Boyer  Sandy Loam 
Boyer  Sandy Loam 
Boyer  Sandy Loam ( d a r k  s u r f a c e )  

Loamy S u b s t r a t u m  
Boyer  Sandy Loam ( d a r k  s u r f a c e )  

C l a y e y  S u b s t r a t u m  
Clyman S i l t  Loam 
Casco-Rodman Loams Complex 
H a c k e t t  Loamy Sand 
H a c k e t t  Sandy Loam 
Knowles S i l t  Loam 
Boyer  Loamy Sand 
Boyer  Sandy Loam ( d a r k  s u r f a c e )  
l o n i a  Sandy Loam 
Varna  S i l t  Loam 
E l l i o t t  S i l t  Loam 
W a l k i l l  S i l t  Loam 
M a r k h a m - E l l i o t t  S i l t  Loam 
Kane S i  l t Loam 
Kane S i  I t  Loam 
E a g l e  S i l t  Loam 
E a g l e  S i l t  Loam 
Rome S i l t  Loam 
E a g l e  Loam 
l o n i a  S i l t  Loam 
l o n i a  S i l t  Loam 
Markham S i l t  Loam 
Nenno S i l t  Loam 



T a b l e  H - l  ( c o n t i n u e d )  

H y d r o l o g i c  Group  B ( c o n t i n u e d )  H y d r o l o g i c  G r o u p  C  ( c o n t i n u e d )  
S o i  l S o i  1  

M a p p i n g  M a p p i n g  
Number S o i l  Type  ( W i s c o n s i n )  Number S o i l  Type  ( W i s c o n s i n )  

360  H o c h h e i m S i l t  Loam 233V K i b b i e  S i l t  Loam 
362  T h e r e s a  S i l t  Loam 2 3 3 1  M a t h e r t o n  Loam 
364  L a m e r t i n e  S i l t  Loam 2332 M a t h e r t o n  Loam, C l a y e y  S u b s t r a t u m  
369  M o s e l  S i  I t  Loam 234 M a t h e r t o n  Sandy Loam 
370  M o s e l  Sandy Loam 284  R i m e r  Sandy Loam 
371  M o s e l  Loam 295 M o r l e y - B e e c h e r  S i l t  Loam Complex 
380  B o y e r  Loamy Sand ( p r a i r i e )  297 M o r l e y  S i  I t  Loam 
3802  T u s t  i n  Sandy Loam 299 B l o u n t  S i l t  Loam 
450 H o u g h t o n  Muck 3  1 1 Manawa Loam 
451 H o u g h t o n  Mucky P e a t  324  l o n i a  Loam 

4 5 2  A d r i a n  Muck 324Y l o n i a  Loam 

454  Pa lms  Muck 3242  l o n i a  Loam, C l a y e y  S u b s t r a t u m  
455 Pa lms  Mucky P e a t  328 P i s t a k e e S i l t L o a m  

456 W i l l e t t e  Muck (Ogden)  3352  l o n i a  Loam, C l a y e y  S u b s t r a t u m  
457 W i l l e t t e  Mucky P e a t  (Ogden)  3361  B e e c h e r  S i l t  Loam 
458 Edwards  Muck 346  Kane Loam 

459 E d w a r d s  Muck 346Y Kane Loam 

461 Muck 363 M a y v i l l e  S i l t  Loam 
366  H o c h h e i m - T h e r e s a  Loam Complex 

H y d r o l o g i c  Group  C  397 M o r l e y  ( p i n k )  S i l t  Loam 

7W O r i o n  S i l t  Loam 
399 B l o u n t  ( p i n k )  S i l t  Loam 

I I  A l l u v i a l  Lands  H y d r o l o g i c  Group  D 
I I W  A l l u v i a l  Lands  
26 K i b b i e  F i n e  Sandy Loam P M a r s h  

( d a r k  s u r f a c e )  5W O t t e r  S i l t  Loam 
27  K i b b i e  S i l t  Loam ( d a r k  s u r f a c e )  28 Co lwood  F i n e  Sandy Loam 
35 S h i o c t o n  S i l t  Loam 29  C o l w o o d S i l t  Loam 
37  K i b b i e F i n e S a n d y  Loam 49 Keowns F i n e  Sandy Loam 
38  K i b b i e  S i l t  Loam 49Y Keowns F i n e  Sandy Loam 
39  S a y l e s v i l l e L o a m  63 Kokomo S i  1  t Loam 
40 S a y l e s v i l l e  S i l t  Loam 76V Co lwood  S i  l t Loam 
42Y Hahns S i l t  Loam, Loamy S u b s t r a t u m  76Y Navan S i  I t  Loam 
46 S h i o c t o n S i l t  Loam 7 6 2  W i l l  S i l t  Loam, C l a y e y  S u b s t r a t u m  
51 A z t a l a n  Loam 8 0  W i  l l Loam 

5 2  A z t a l a n  Sandy Loam 80Y W i l l  Loam 

53 A z t a l a n  S i l t  Loam 802  W i l l  S i l t  Loam, C l a y e y  S u b s t r a t u m  
7 8  Wasepi  Loam 126 West l a n d  S i  I t  Loam 
78V K i b b i e  S i l t  Loam 1762 Navan Loam 

78Y Wasep i Loam 181 Mussey S i l t  Loam 
109 F a b i u s  Loam ( d a r k  p h a s e )  l 8 l Y  Mussey S i l t  Loam 
109V F a b i u s  Loam ( d a r k  p h a s e )  1812 Navan S i l t  Loam 

109Y F a b i u s  Loam ( d a r k  p h a s e )  213 E l b a S i l t L o a m  
109Z F a b i u s  Loam ( d a r k  s u r f a c e )  214  E l b a  S i l t y  C l a y  Loam 

C l a y e y  S u b s t r a t u m  217 Bono S i l t y  C l a y  Loam 
174 F a b i u s L o a m  218 Bono S i l t y  C l a y  
174R F a b i u s  Loam, B e d r o c k  S u b s t r a t u m  231 B r o c k s t o n  S i l t  Loam 
1742 F a b i u s  Loam, C l a y e y  S u b s t r a t u m  298 Ashkum S i l t y  C l a y  Loam 
175 Fab i us Sandy Loam 300  Ashkum-Beecher  S i l t  Loam Complex 
182 F a b i u s S i l t  Loam 326 A b i n g t o n  S i l t  Loam 
1822 Mose l  S i l t  Loam 3262  E l  b a  S i l t  Loam 
203 M a t h e r t o n  Loam 330  Navan Loam 

203V K i b b i e  S i l t  Loam 338 P e o t o n e  S i l t y  C l a y  Loam 
203Y Mat  h e r t o n  Loam 339 A b i n g t o n  S i l t y  C l a y  Loam 
2032 M a t h e r t o n  Loam, C l a y e y  S u b s t r a t u m  340  Navan S i l t  Loam 
204  K n o w l e s  Loam 3402  Navan S i  I t  Loam 
233 M a t h e r t o n  Loam 398 A s h k u m S i l t  Loam 

Source: USDA, Soil Conservation Service Surveys and Data. 
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F i g u r e  1-6 

COEFFICIENT OF RUNOFF CURVES 
FOR HYDROLOGIC SO1 L GROUPS 

UlDROLMlC SOIL OROUP "0" 

mcaOLOBlc SOlL (UWP .C" UIDROLOGIC SOlL SROUP "0' 
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Appendix J 

FLOOD DAMAGE SURVEY FORMS 

FOR* 3 

111EEr9 ""0 w j e n w r r r  

8 i w e r  ~ e r i o d  of f l o o d  oat. of  cr..t I .  n n f ~ ~ d p . .  n i r m r  r e c t o r  o t  F ~ O D I  0.t. .t c r e s t  I.I. s f  ~ t r a . t l ~ i ~ h , , . ~  

C o u n t r  0 6  C i t y  Fleod Zen. F l o o d  Cra.1 Count, or C l t Y  F lood lone Flood C r e s t  

f t .  on ..I. S o c t i o n  f r o m  Jt.1. or U. S. l o u t .  " 0 .  
f t .  0" 

L D n g t h  o f  s.et,on 
I.I. 

I... a t  l u b l l o  Agency Person IniaruieW*d 

Addre.. .t rr ..a. t, .p...i..d 
t o  

L a n p t h  3ubmarg.d O t h e r  Zone. I m p o r t a d  Depth Submar(td 

* c a s t  L.t,..t.. 
S u b - t o t a l  

f t .  
T0t.I - - c o s t  r . t ,mates 

Olr.st 
S u b - t o t a l  T o t a l  

lulldlng: 
I...,*. 

Found.tlon $- Roadwar: 
Supsr. t?usture fmb.nk.ent 
I.erors..nt. Shou1d.r. 

I- 

Iecor.tion. Roadbed 
Other____ - P.r.nont O t h e r  Surf... 

c o n t e n t , :  
F","i.h,".. 
E P Y ~ P . ~ " ~  

OUPtli.. I.rord.. . to .  

* I l r . l l .n .~u.:  
Y l n o r  8 l d g s . .  Contents - 
0th.T 1.pror.m.nt. - 

6 r w n d s  Parks L Pl.ygraund. - 
C .... True*.. . t o .  - 

rot.1 D,. .Ct : 
I"dl,.Ct 

-of E.rn,np. b, 
Employee. $- 

Indir.rt T e l @ o r l r y  R ~ p a m r .  (Mat Cost)  I- 

I l o r o u t , n g  T r l f f l r  

Hipl.., 0.pt. P.t.0,. - 
Cost a* Flaod Fl.ht8". - 

Tot., l n d i . l r t  t- 
j r u r  r o t . ~  I- 

cv.1 .' F 1 . d  F i g h t , " .  - 
Er.eu.t,an L I . .ceu. l t ,~n - 

O t h e r  

Tet.1 I n d i r e c t  I- 

Brand T.,., I- 

Po,.r.nt Oats 
Number vf  0.7. Lowest somnt o f  T h i a  Iert>on Was Submerqed 
lumbar o f  0.1. Traffic X I .  I n t e r r u p t e d  
L e n g t h  Of "ighx., O.rn.l.d 
Type Of S u r f a c e  Y l d t h  o f  Surface 
C o n d l t l o n  0' Surf.re I.fO.. F l o o d O . . d F . r r o . r  
I r o r a g e  D . i l )  T r a f f l s  I e f o r o  F l o o d C a r s l u s ~ s  and T r u c k s  
l o u t .  of o e t * u r  

Il.,.".", Bat. 
Valua of B u i l d l n g Y . l u e  of  E o n t e n t r l o .  o t  Person. Dirruptsd f r o m  Work- 

-- 
S , z e  o f  B l d ~ . ~ f t .  No.  of Floors-Mar. I t .  of  *.tor f r o m  #round a t  B l d p . f t .  
Condlilon of l l d g .  Good F.8, P o w  

Incr...cd Ol r t lncL  0' Detour 
Lmssas Prevented br Enerpensy P r t p a r a t l o n  

Y l l D S  

l o .  of Dars Water 8n I a s e m e n t o n  F3r.t F l ~ o r o n  Iesood Floor- Intanplb2.8  ( E f f e c t  on Fire P r o t ~ c t 8 . n .  Imbulanre and School Bus S S ~ V I C E .  e t ~ . ) ~  

: : r ' F ' ~ "  ' B , ? 9 
P.rCent.le af Value o t  Contents b y  Floor.  0 - 1 2 - S  
P G r c s " t l 9 .  of T o t a l  Lo...% t o  &Id.. and Contents b r  Floors 8 4 % - I -  

FORM 2 

l I l l l O l D I  

$ 0  f t .  
c o s t  Es,,..,.. 

Il...t 
Sub-t0t . l  Te1.I --  Ie..rl. 

Il0.dr.y: 
Roadbed o r  E.b.nk.cnt I- 
,r.ot T l . . t r l ~  Po*., L , " .  - 
cu,r.rt. Sl.n.1 s,.ten 

Iwltrhlnp Syrte .  
Other_____ - 

" # n o r  I l d p . . .  c o n t e n t r .  

I r o u n d .  It.. 

LO.. o f  Pro',,. 1. I.I. , 
Sh8W.r b I  , n t o r r u p t , . n  0' 
l".!"... 

LO.. O f  E.rnln.. b" E..lo"..r- 

S U R Y l "  or 
FOR" Y 

FLOOD O I Y h 6 E  B I I IDGLS 
l o r l a ,  ""rnb.. 

I,".. P.r,od of Flood Bat. o f  c res t  0-n.r 

c o s t  L r t l n l t c .  
s 

Olr.rt 
D...ps fu)-t.t.l TO,., 

P i e r *  l Lbutmont .  
su.e..truotur. 

I- 
LPP~...~.. 
U t l l i t l ~ ,  
0th.r- 

TO,., 0,rert t- 
n d l r e o ,  k ,.., s<,..t.,. 0. 

Rep.lr. ( n e t  i..,) :- 
E x t r a  Cost  o t  EmtlrlBncY 
11.11 s e r v i r a  

I c r o u t i n p :  
Hlphmay Dept .  P a t r o l .  
T r u c k l n p  Eomp.nl.r or 

R.ilr0.d' 
s h m o p v .  by   rusk o r  R.,I  
o t h t r  ,r.rr,er. 

Lo-. *f Earning. b l  T'.".- 
portation E . P I O Y C ~ .  

C0.t o f  Flood F l l h t l n s  - 
Tot,, I n d t r e r t  I- 
B,."d T*,., t- 

c o s t  o f  F l o o d  T , p h t , " g  - Typo of I t r u c t u r a  
I g .  ef S t r u s t u r . " . . r r  c .nd, t ,on 0' I t r u c t u r .  G.od-F.ir-Poor- 

rr.ou.tion L R.o. rup. t ,~"  - O , i l i " . ,  C0.t 0' S t r U c t U r D  I 
c.timat.d ~ l ~ . . ~ n , n g  u s e f u l   if. ~ u . t  r r lor  t o  F l o o d Y s a r S  

Oth., *umber of  I w r s  Xarntng of F l ~ o d  S t w e  
L..... ..... " t r .  L" r.....nc. Pr...r.tlon 

6r.nd T o t a l  I- 
Iel.r.nt D.1. 

*u.ber of 0.1. Track lubmer..d a t  Lowas1 P e i n t l u m b a r  ef 0.1. Oer r l re  Suspended- 
Rumbsr o f  I a ra l l . 8  Track. Incre...d Dis1ancs of D e t r u r Y l t o .  

Av~r .g .  h l y  T r a f f i c  C o u n t  Before f l o d C . r l 8 u l e l  L Trucks 
~ ~ t ~ ~ ~ ~ a l ~ .  ( itt lct  on fir. r ro tao t lon .  Inrul.nca and school  8us s e r r l c e .  air.)-  

0.t. c o ~ ~ ~ o t ~ r l s u r m ~ t t . r  a r :  T S I ~ S  Date oat. ce~lrcter/sua.itt .r  a,: ~ i t ~ a  ~ . t e  

Ilgn.tur. SI~".,".. 

I I Y T I L I S T E R I  I I S C P U S I N  R l 1 l O 1 1 L  P 1 1 1 H l 1  CONMl1S101 30UfHEhSTCl& MISCO#llN R L 6 I O W L  PLAIHl&B COMMISSION 



F ioure  J - l  (continued) 

SURlE"  or 
FORM 6 

FLOOD DAYABE Y T l l l T l E S  AND C O M M U I I L A T I O I I  
S e r i a l  lumbar 

0.n.r or I.."." I.),..."t.d by Flood zoo. 

0th.r Zone. 8.port.d On Flood Cr..t s t  D e p t h  Sub..rg.d 

L .  on d f t .  

D... . C*',  E.til.tL. 

O,r.ct 1, ..,I. 
TO,., sub- tot . ,  I...,l. 

PI.",  t 
Oth., Bld.. . ' C.",.",. 

Lo.. 0' Record. 

E . " l ~ l . " t  ( .P.F~'")  - 
Ll".. o r  Y.4". ( ' 1 . )  - 
0th.. 

19t.I D , r . c t  $- 

I n d l r e r t  
-Ti;;i.n.r Rap.,,. , J.7- 

v i c s r  ( . r r ~ t , ~ n . ~  ~..t)$- 

LO., P r o d u . t , o n  

LO., Pref  8 ,  

Loss o f  *.I** t o  I.plo*... 

to.* 0' Flood T , . D t , " g  or 
EI....".~ P r L r . u t , o n ,  

r r l r u . t l o n  6 I.occu..t,on 

Other 

T o t a l  Indmrert  $- 

er.nd TO,., $- 

Ilcclermnt D a t a  
"umber Of 0.YI Int . . ruot ,on t o  "or.., s . r r , r .  
P a r t s  01 U t i l i t y  D..aped 1eY016 I ILpalr  

A, ,  S . . " I ~ L  

A I '  "f ?art!".", , tr . .  
C o n d l t l o n  o f  Pertmnant  Iten. 
Ori9ln.l c o s t .  of P . r t , n e n t  , ten.  
Tallmated Ranalninp Useful Life Prior l o  Flaod 
Xulbar l ~ u r s  X a r n l n p  o f  F l e d  I t a p e  

v..r. 

E,,erlonrY Pr . r .ut ,onl  T1k.n 
L-8.e. P r s r e n t e d  b y  Emergenel Prcr.utsons 

oat. c o ~ ~ e o t e r l r u a ~ ~ t t ~ d  a,: ~ l t l .  ~ a t r  

F O l Y  6 

Iullvr" OF 
FLOOD I A Y l b l  

nrtfrr I M D  "rhlrn T X ~ C ~ I T Y R F S  
1" PUBLIC A6E"CIES 

sori., *".bar 

I l r s r  Period o f  F l o o d  Flood Zane 

R el... n t  D.,. 
Siekn... .nd I n j u r y  Incident tQ Flood. I n c l u d i n q  Dr.*ninas 

*.tor. of sick".,. 
or I",",, lumbar c.... "..bar ,.re.", 

I.cl)r.r.d ".sor.r.d b..th. 

I,"., ,..sol at  Flood 0.1. 0' cr.., 
OW".* 

T0 t . l  I.,.... 
Calt i r .1 .d  

It.,. count ,  ro*n.ll>. 
It...,. rl00r.e 

Flood l o w  Ocsuwnt k n s r  
C u l t b r s t e d  0th.. 

I... FlOOd $,.I. 

~~ - - .. 
O...ae Sub-tot., T o t a l  Re..rk. 

?%w # n  Ground 
Stored Crop. 

$- 

F..d L Su~vl8.i 
L,r..tar, 
i~.;.tic* rroduat. 

-- 

Far. Y..h,".., ' E,"lP.."t - 
C.... rrueli.. "..on.. . t c .  - 

Land by: 
I."k Lro.40" 
Ih.., Ern. ion 
,"'.,ti,. O..O.lti." - 

O t h e r  

Tot., 0ir.rt $- 

It*. I*. It.. I...I.d crop.  

A c t u a l  Crop Dam.9. 
I ..r..g. D...l.d 

2 St.0. o t  Y . t u r i t ,  P.rc.nt 

a r.pender r s a l d  re? r a r e  (b..ed on 
svar.ga 0 . 0 - f l e d  m a r ;  slate u n l t l  __ __ - - 

5 " " 8 ,  Y.,". .t c v r r e n t  Pr ice.  $ $ $ $ I -  

I O8ro. t  crop Lo.. If " 0  Rep,.", I. 
P o s % i b l e  ( l i e .  1 x 3 r 1) $ $ $ I $ -  

6 Unerp.oted Cash Expan... (eu3-  
t i r . t i n g .  n.rrL.tinr, o t r . 1  0' 
o...wa c r o v  o n  ~ 0 t . 1   or..^. t $ $  - 

t.,ar.nt 011. 

F.r. Il..id.noe C ..e rs8.l Yanuf . r turbna 
l i v e r  P ot1DitC.f~. no.-o*-Btdg.. 

C i t y  8t.t. r l o d  Zone Flood St.go 

Ldd..., 
11 .  on ..e; 

"..* -,f awn., 

I... of OCC"V."t Ldd.... 

,,PC O f  a",,"... 

3 
3 

Sub- tot . ,  Tot., - - "...,k. 
Dl..*, 
m 4 , s . :  

F.."..ti.. 
liu..r.tructu.. 

I- 
,.pro"...",. 
D...r.ti.n. 
0 t h ~ .  

c.nt.nt.: 
rurn,.hing. 
P.r.0o.l E f f .C t .  
I." ,w.ont 
stock 
I.. *.t.,l.l. o, S"PP1L.. - 
Fl"8.h.d P r o d u c l  
I.eord. 

11...11.1.01.: 
Minor 1 1 6 1 s . .  Conteoi. - 
c.,.. Truck.. a t= .  
6round' i I m p r o v e r n l .  - 

c o s t  O f  F lood F i g h t i n s  - 

E...".ti.". ' I.o..u,.tion - 
Oth., (.... if"]- - 

TO,., I " d i , . ~ t  $- 

I.."l Tot., $- 



Appendix K 

FLOOD DAMAGE AND FLOOD DAMAGE DERIVATION DATA 

T a b l e  K - l  

H I S T O R I C A L  FLOOD L O S S E S  

P U B L I C  SECTOR 

. . 

a Calculated by  IIaTUL Engineering C- frm road clusure. detour, and vehicle density i n f o r a t i o n .  

This i s  not included i n  the U c i w  Publ ic Sector t o t a l  because i t  has been taken i n t o  account under evacuation casts i n  the  R i v a t e  Sector. 

sollrce: -. 

Agency 

Milwaukss County 
Park  Commission 

Milwaukee County 
Highway Department 

Rac ine  County 
Highway Department 

F r a n k l i n .  C i t y  o f  

Breendale. V i l l a g e  of 

B r a e n f i e l d .  C i t y  o f  

Hales Corners, V i l l a g e  o f  

Oak Creek, C i t y  o f  

Raclne. C i t y  of 

West A l l i s .  C i t y  o f  

Caledonia. Town o f  

Mount P leasant ,  Town of 

Raymond. Town o f  

Y o r k v i l l e ,  Town o f  

Wiscons in  Highway Commission 
MIIwaukee D i s t r i c t  

Wiscons ln  Highway Commission 
Rac lns  D i s t l c t  

Wiscons in  Motor  V e h i c l e  Department 
( Highway P a t r o l )  

Wiscons in  N a t i o n a l  Buard 

M l s c o n s l n  P u b l i c  S e r v l c a  Commission 

American Red Cross 

U.S. Coast Buard 

Chicago and Worthweatern ~ a ~ l u a y  co. 

Wiscons in  Telephone Company 

Wiscons in  E l e c t r i c  Power Company 

I n d i v a d u a l  R e p o r t i n g  

Rober t  M i k u l s ,  County 
Landscape A r c h i t e c t  

S.I. Br ickhouse,  C h i e f  
of P l a n n i n g  S e c t i o n  

James Lav in ,  A c t i n g  County 
Highway Eng ineer  

Frank  W e l l s t e i n ,  C i t y  Eng ineer  

P h i l i p  D inauer .  V i l l a g e  Engineer 

H.C. Webster. C o n s u l t i n g  Eng ineer  
Wal te r  S teussar ,  C i t y  Super in tendent  
of S t r e e t s  

Paul C. S t e l n e r t ,  V l l i a g e  Manager 
Elmer Faehrman, Super in tendent  
o f  S t r e e t s  

R i c h a r d  Hay, C i t y  Eng ineer  
Edgar Boers, C i t y  Super in tendent  
o f  S t r e e t s  

W i l l i a m  Chadwick. C i t y  Engineer 
Fred Larson, C i t y  D i r e c t o r  o f  
P u b l i c  Works 

P e t e r  Burbach, C i t y  Eng lnsar  
R.E. Hahn, C i t y  Super in tendent  o f  
P u b l i c  Works 

V i r g i n i a  Heaiy, Town C l e r k  

K e r m i t  Haason, Town C l e r k  

Leo Jorgensen, Chalrman o f  Town Board 

W i l l a r d  Savage, Chairman o f  Town Board 

Thomas A. Winkel,  D l s t r l c t  
Urban P l a n n i n g  Supervisor 

Roy Love joy ,  D i s t r i c t  C h i e f  
Maintenance Eng ineer  

Dah F. Schutz. D l r e c t a t  

Ma jor  Benera l  Ra lph  J. Olson 

R.E. Purucker ,  Ch ie f  Engineer 

Rober t  B. Wick, E x e c u t i v e  D ~ r e c t o r ,  
Milwaukee-Waukeshs Chapter 

Roger D. B ~ l l i v s r ,  Of f i cer - In -Charge 

O.W. Smith. D i v i s i o n  E n g ~ n e e r  

- - 
-- 

Time o f  Damaging F lood 

-- 

Spr ing ,  1960 

- - 

Annual 

Annual 

Spr lng ,  I960 

-- 

Spr ing ,  1959 
Spr ing ,  I960 
Spr ing ,  1961 

Spr ing ,  1960 
Spr ing .  1962 

J u l y ,  1955 
March-Apr i l ,  1960 
August, I960 
J u l y  17-18, 1964 
J u l y  25, 1964 

Spr lng ,  1960 

-- 
-- 
-- 

Spr ing .  1960 

Spr ing ,  1960 

-- 

-- 
-- 

Spr lng ,  1960 

-- 
Spring, I960 

-- 
-- 

Reason f o r  E x p e n d i t u r e  

-- 

Road Repa i r  

-- 

Road Repa l r  

T r a f f i c  C o n t r o l  

Pumping o f  Flooded 
Basements 

-- 

B a r r i c k d i n g  Flooded 
S t r e e t s  

I. Basement Pumplng 
2. Dynamiting o f  

I c e  Jams 
8. Clean Up 

I. Basement Pumping 
2. Clean Up 
3. Road Repa i r  

I. Basement Pumping 
2. Rep lac ing  B r a v a l  

- - 
-- 
-- 

B r i d g e  and Road Repa i r  

I. T r a f f i c  C o n t r o l  and 
Road Repa l r  

2. Road User Detour  
c o s t s  

-- 

-- 
- - 

Rel i e f  and 
Wealth S e r v i c e s  

-- 
Track  Repa l r  and 
T r a i n  R e r o u t i n g  

-- 
-- 

c o s t s  Of 

( ~ n  

D i r e c t  

-- 

500 

-- 

200 

l o n e  

425 

-- 

l o n e  
l o n e  
l o n e  

5,000 
1,500 

4.000 
U.000 
4.000 
U.000 
2,000 

2,500 

-- 
-- 
-- 

6,237.31 

7.000 

-- 

-- 
-- 

l o n e  

-- 
200 

-- 
-- 

Damage 
d o l l a r s )  

l n d l r e c t  

-- 

l o n e  

-- 

l o n e  

ID0 

l o n e  

-- 

200 
200 
200 

1.000 
1.000 

l o n e  
l o n e  
l o n e  
l o n e  
l o n e  

l o n e  

-- 
-- 
-- 

Hone 

6 5 . 0 0 0 ~  

-- 

-- 
-- 

4.956.5Ub 

-- 
800 

-- 
-- 
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T a b l e  K - 2  ( c o n t i n u e d )  

NOTE: A l l  i n f o r m a t i o n  p e r t a i n i n g  t o  p r o p e r t i e s  v a l u e d  a t  l e s s  t h a n  $16,000 was p r o v i d e d  by t h e  
D i v i s i o n  O f f i c e ,  Army C o r p s  o f  E n g i n e e r s ,  Omaha, Nebraska .  

F o u n d a t i o n  Damage 

Source:. USDA. 

T a b l e  K - 3  

CURRENT A G R I C U L T U R A L  CROP P R I C E S  

I - S i d e  
F a i l u r e  

$480  
500 
520  
550  
580  
600 
6 20 
650 
680  
7 0 0  
7 2 0  
7 5 0  

House 
V a l u e  

$19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

Source: USDA. 

2 - S i d e  
F a i l u r e \  

$ 7 2 0  
7 6 0  
800  
8 40 
8 7 0  
9 1 0  
9 5 0  
9 9 0  

1,030 
1,060 
1,100 
1,140 

Commod i t y 

F i e l d  Crops :  
Hay ( a 1  1 ). . . . . . . . . . . . .  
O a t s  . . . . . . . . . . . . . . .  
C o r n  ( g r a i n )  . . . . . . . . . . .  
Soybeans ( f o r  b e a n s )  . . . . . . .  
Wheat ( a l l ) .  . . . . . . . . . . .  
B a r l e y . . . . . . . . . . . . . .  

T r u c k :  
Cabbage ( a l l ) .  . . . . . . . . . .  
P o t a t o e s  . . . . . . . . . . . . .  

T a b l e  K - 5  

A G R I C U L T U R A L  CROP Y I E L D S  FOR R A C I N E  COUNTY 

House 
Va l  ue 

$ 7 , 0 0 0  
8 ,000  
9,000 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 

2 - S i d e  
F a i  1 u r e  

$ 9 5  
120 
150 
180 
220 
2 40 
265 
285 
3 1 0  
330  
3 45 
3 6 0  

House 
V a l u e  

$1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4, 0 0 0  
4,500 
5,000 
5,500 
6,000 
6,500 

I - S i d e  
F a i  1 u r e  

$ 6 5  
8 0 

100 
120 
1 +5 
160 
175 
190 
20 5 
220 
230 
2qO 

U n i t  

t o n  
bu. 
bu. 
bu. 
bu. 
bu. 

c w t  
c w t  

Source: U n i v e r s i t y  o f  Wisconsin Cooperative Extens ion Service. 

I - S i d e  
F a i  1 u r e  

$250  
270 
280 
300  
3 15 
3 3 0  
345  
365  
3 8 0  
400  
U20 
450  

2 - S i d e  
F a i  1 u r e  

$375 
40 5 
420 
4 5 0  
475 
49 5 
5 20 
550  
570  
610 
650 
680 

P r i c e  

$18.90 
0.67 
1 .  13 
2.41 
1.85 
0.99 

$ 1.85 
2. 19 

Remarks 

1960-1964 T e s t  Y i e l d  A v e r a g e  
1960-1964 T e s t  Y i e l d  A v e r a g e  
1960-1964 T e s t  Y i e l d  Average  
1960-1963 T e s t  Y i e l d  A v e r a g e  
1960-1963 W e i g h t e d  V a l u e s  o f  

T e s t  Y i e l d  A v e r a g e  
1960-1964 T e s t  Y i e l d  A v e r a g e  

1960-1964 T e s t  Y i e l d  A v e r a g e  
1960-1964 T e s t  Y i e l d  A v e r a g e  

Remarks 

1963 C a l e n d a r  Year  A v e r a g e  
1963 C a l e n d a r  Year  A v e r a g e  
1963 C a l e n d a r  Year  A v e r a g e  
1963 C a l e n d a r  Year  A v e r a g e  
1963 C a l e n d a r  Year  A v e r a g e  
1963 C a l e n d a r  Year  A v e r a g e  

1962 Season A v e r a g e  
1963 C a l e n d a r  Year  A v e r a g e  

Y i e l d  

3.0 
9 0  
8 5 
3 0 
4 5 

6 0  

360  
300  

C r o p  

F i e l d  Crops :  
Hay ( a l l ) .  . . . . . . . . . . . .  
O a t s  . . . . . . . . . . . . . . .  
C o r n  ( g r a i n )  . . . . . . . . . . .  
Soybeans ( f o r  b e a n s )  . . . . . . .  
Wheat ( a 1  1 ) .  . . . . . . . . . . .  
B a r l e y . . . . . . . . . . . . . .  

T r u c k :  
Cabbage ( a l l ) .  . . . . . . . . . .  
P o t a t o e s  . . . . . . . . . . . . .  

U n i t  

t o n  
bu. 
bu. 
bu. 
bu. 

bu. 

c w t  
c w t  



F i g u r e  K-l 
STAGE-DAMAGE RELATIONSHIPS FOR R E S I D E N T I A L  PROPERTY 

I N  THE ROOT R I V E R  WATERSHED ( 1 9 6 5 )  

F l o o d  Damage i n  T h o u s a n d s  o f  D o l l a r s  

N O T E :  I n c l u d e s  Basement  and  Lawn Damages. 

Source: SEWRPC. 



Appendix L 

MODEL LAND USE CONTROL REGULATIONS FOR 
FLOOD PLAINS AND ENVIRONMENTAL CORRIDORS 

Appendix L-I 

EXCERPTS FROM REVISED "MODEL LAND DIVISION ORDINANCE" 
APPENDIX A, LAND DEVELOPMENT GUIDE, SEWRPC, 1963 

SECTION 2.6 Land S u i t a b i l i t y  
No land s h a l l  be subdivided f o r  any use where t h e  Vi l l age  
P lan  ~ o m i s s i o n l  f i n d s  t h a t  t h e  l and  has  s e v e r e  o r  ve ry  
s e v e r e  l i m i t a t i o n s  f o r  such use  by reason  of f lood ing .  
concen t ra t ed  r u n o f f ,  i nadequa te  d r a i n a g e ,  a d v e r s e  s o i l  
o r  rock fo rmat ion ,  un favorab le  topography,  low b e a r i n g  
s t r e n g t h ,  s low pe rmeab i l i ty ,  e ros ion  s u s c e p t i b i l i t y ,  o r  
any o t h e r  f e a t u r e  l i k e l y  t o  be harmful  t o  t h e  h e a l t h .  
s a f e t y ,  p r o s p e r i t y ,  a e s t h e t i c s ,  and g e n e r a l  w e l f a r e  of 
t h i s  community. 

The V i l l a g e  P l a n  Conmission, i n  a p p l y i n g  t h e  P rov i -  
s i o n s  o f  t h i s  s e c t i o n ,  s h a l l  i n  w r i t i n g  r e c i t e  t h e  pa r -  
t i c u l a r  f a c t s  upon which it b a s e s  its c o n c l u s i o n s  t h a t  
t h e  land is not  s u i t a b l e  f o r  c e r t a i n  uses.  

Lands Lying wi th in  o r  a t  l e s s  t h a n  two (2)  f e e t  above 
t h e  one hundred  (100) - y e a r  r e c u r r e n c e  i n t e r v a l  f l o o d  
s h a l l  not  be subdivided f o r  r e s i d e n t i a l ,  commercial, o r  
i n d u s t r i a l  use. 

The V i l l a d e  P l a n  Commission may r e q u e s t  t h e  County 

S o i l  and Water Conse rva t ion  D i s t r i c t  t o  p rov ide  e x p e r t  
a s s i s t a n c e  from r e g i o n a l ,  s t a t e ,  o r  f e d e r a l  a g e n c i e s  
which a r e  a s s i s t i n g  t h e  D i s t r i c t  under  a  "Memorandum 
of  Understanding." 

SECTION 4.2 Overflow Area Boundar ie s  f o r  a  one hundred (100) -yea r  
recurrence i n t e r v a l  f lood  based upon hydrau l i c  and hydro- 
l o g i c  engineering s t u d i e s .  

SECTION 7.1 Eleva t ions  of s t r e e t s  pass ing  th rough  f lood  a r e a s  s h a l l  
he a t  l e a s t  two (2) f e e t  above t h e  one hundred (100)-year 
r e c u r r e n c e  i n t e r v a l  f l o o d  l e v e l  and s h a l l  b e  des igned  
s o  a s  t o  have  minimum a d v e r s e  e f f e c t  on f l o o d  f l o w s  
o r  v e l o c i t i e s .  

The Applicant s h a l l  have a n  o p p o r t u n i t y  t o  p r e s e n t  - 
evidence con tes t ing  such f ind ing  i f  he s o  d e s i r e s .  There- 
a f t e r  t h e  Vil lage P lan  Commission may a f f i r m ,  modify, o r  

Words, t e rms ,  o r  numbers appea r ing  i n  i t a l i c s  a r e  p rov ided  a s  
examples only and may be changed o r  omi t t ed  t o  b e s t  meet t h e  d e s i r e s  

withdraw its f inding.  and needs  o f  i n d i v i d u a l  communities. 

Appendix L-2 

EXCERPTS FROM REVISED "MODEL ZONING ORDINANCE" 
APPENDIX A, ZONING GUIDE, SEWRPC, 1964 

SECTICH 3.3 Res iden t i a l  D i s t r i c t s  

R-I  Single-Family Res iden t i a l  ~ i s t r i c t '  

P r i n c i p a l  Uses One-family dwell ings 

Cond i t iona l  Uses See Sec t ion  4.4. 

Lot  - Width Minimum 120 f t .  
Area Minimum 40,000 sq. f t .  

Building Area Minimum 2,000 sq. f t .  
Height  Maximum 35  f t .  

Y i  S t r e e t  Minimum 50 f t .  
Rear Minimum 50 f t .  
S ide  Minimum 20 f t .  

R-2 S i n g l e - F a d l y  Res iden t i a l  D i s t r i c t  

P r i n c i p a l  Uses One-family dwell ings 

Condit ional  Uses See Sec t ions  4.4 and 4.5. 

Lot Width Minimum 70 f t .  
Area Minimum 10.000 sq. f t .  

Bu i ld ing  Area Minimum 1,200 sq. f t .  
Height Maximum 35 f t .  

Y e  S t r e e t  Minimum 25 f t .  
Rear Min imum40f t .  
S ide  Minimum 10 f t .  

R-3 Mu1 t i -Family Res iden t i a l  D i s t r i c t  

P r i n c i p a l  Uses Multi-family dwell ings 

Cond i t iona l  uses  See Sec t ions  4.4 and 4.5, 

L o t  Width Minimum 120 f t .  
Area Minimum 15,000 sq. f t .  w i th  no l e s s  

than  2.000 sq. f t .  per e f f i c i ency ;  
2,500 sq. f t .  per  one-bedroom u n i t ;  
3 ,000 sq. f t .  per  two-bedroom un i t .  

Building Area Minimum 500 sq. f t .  per family. 
Height  Maximum 35  f t .  

Y a r d s  S t r e e t  Minimum 35 f t .  
Rear Minimum 50 f t .  
S i d e  Minimum 20 f t .  

SECTION 3.6 A g r i c u l t u r a l  D i s t r i c t  

P r i n c i p a l  Uses A p i c u l t u r e ,  d a i r y i n g ,  f l o r i c u l -  
t u r e ,  f o r e s t r y ,  g e n e r a l  farming.  

g raz ing ,  greenhouses, h a t c h e r i e s ,  h o r t i c u l t u r e ,  l i v e -  
s t o c k  r a i s i n g ,  n u r s e r i e s ,  o rcha rds ,  paddocks, pas tu r -  
age,  pou l t ry  r a i s i n g ,  s t a b l e s ,  t r u c k  farming, and v i t i -  
c u l t u r e .  Farm dwell ings f o r  those  r e s i d e n t  owners and 
l a b o r e r s  a c t u a l l y  engaged i n  t h e  p r i n c i p a l  permit ted 
uses  a r e  accessory uses  and s h a l l  comply wi th  a l l  t h e  
p rov i s ions  of t h e  R-2 R e s ~ d e n t i a l  D i s t r i c t .  

Cond i t iona l  Uses See Sec t ions  4.4 and 4.7. 

Farm Frontage Minimum 200 f t .  
Area Minimum 10 ac res .  

S t r u c t u r e  Height  Maximum 50 f t .  

Y s  S t r e e t  Minimum 80 f t .  
Rear Minimum 50 f t .  
S ide  Minimum 50 f t .  

SECTION 3.7 Conservancy D i s t r i c t  

C-1 Conservancy D i s t r i c t  

P r i n c i p a l  Uses F i sh ing ;  hunting;  p rese rva t ion  of 
s c e n i c ,  h i s t o r i c ,  and s c i e n t i f i c  

a r e a s ;  pub l i c  f i s h  h a t c h e r i e s ;  s o i l  and water con- 
s e r v a t i o n ;  s u s t a i n e d  y i e l d  f o r e s t r y ;  s t r eam bank and 
l ake  shore p r o t e c t i o n ;  wa te r  r e t e n t i o n ;  and w i l d l i f e  
preserves.  



Appendix L-2 (continued) 

SECTION 3.7 Conservancy D i s t r i c t  (continued) 

Conditional Uses Drainage;  water measurement and 
water control  f a c i l i t i e s ;  grazing; 

accessory s t ruc tures ,  such asbunt ingor  f i sh ing  lodges; 
orchards; truck farming; u t i l i t i e s ;  and wildcrop bar- 
vesting. The above uses s h a l l  not involve the  dumping, 
f i l l i n g ,  cu l t iva t ion ,  mineral, s o i l  or peat removal o r  
any other use t h a t  would d i s t u r b  t h e  natural  fauna, 
f l o r a ,  watercourses, water regimen, or topography. 

S t ruc tures  None permitted except accessory t o  
t h e  principal  o r  condit ional  uses. 

SECTION 3.9 Park D i s t r i c t  

P-1 Park District 

Pr inc ipa l  Uses Parks ,  arboretums, playgrounds. 
f i sh ing ,  wading, swimming, beaches, 

skating.  sledding, sustained y ie ld  fores t ry ,  wi ld l i fe  
preserves. s o i l  and water conservation, water measure- 
ment. and water cont ro l  f a c i l i t i e s .  

Conditional Uses A l l  s t r u c t u r e s ;  s e e  Sec t ions  4.4 
and 4.9. - ' words, terms, o r  numbers appearing i n  i t a l i c s  a r e  provided a s  

examples only and may be changed o r  omitted t o  best  meet t h e  d e s i r e s  
and needs of individual  communities. 

Appendix L-3 

EXCERPTS FROM REVISED "MODEL ZONING ORDINANCE" 
APPENDIX A, ZONING GUIDE, SEWRPC, 1964 

SECTION 4.0 

SECTION 4.1 Permit 
The Village Plan conmission' may authorize the  Zoning In- 
spector t o  issue a condit ional  use permit for  condit ional  
uses a f t e r  review and a publ ic  hear ing ,  provided t h a t  
such condi t iona l  uses and s t r u c t u r e s  a r e  i n  accordance 
with t h e  purpose and i n t e n t  of t h i s  Ordinance and a r e  
found t o  be not hazardous, harmful, offensive,  o r  other-  
wise a d v e r s e  t o  t h e  environment o r  t h e  v a l u e  o f  t h e  
neighborhood or the  community. 

SECTION 4.2 Application 
Applications f o r  condit ional  use permits s h a l l  be made i n  
dupl ica te  t o  t h e  Zoning Inspector on forms furnished by 
t h e  Zoning Inspettor and s h a l l  inc lude  t h e  following: 

Names and Addresses of t h e  a p p l i c a n t ,  owner of t h e  
s i t e ,  a r c h i t e c t .  p rofess iona l  engineer, cont rac tor ,  and 
a l l  o p p o s i t e  and a b u t t i n g  p r o p e r t y  owners of record .  

Descr ip t ion  of t h e  Subject  S i t e  by l o t .  block,  and 
recorded subdiv is ion  o r  by metes and bounds; address of 
t h e  subjec t  s i t e ;  type of s t ruc ture ;  proposed operation 
o r  use of t h e  s t ruc ture  or s i t e ;  number of employees; and 
t h e  zoning d i s t r i c t  wi th in  which the  subjec t  s i t e  l i e s .  

P l a t  of  Survey prepared  by a r e g i s t e r e d  land s u r -  
veyor  showing a l l  of  t h e  in format ion  r e q u i r e d  under 
S e c t i o n  2.3 f o r  a Zoning Permit and e x i s t i n g  and pro- 
posed landscaping. 

Addit ional  Information a s  may be required by the  Vil- 
lage Plan Commission; Village Engineer; Zoning. Build- 
ing, Plumbing, or Health Inspectors. 

Fee Receipt from t h e  Village Treasurer i n  t h e  amount 
of Twenty-Five Dollars ($25). 

SECTION 4.2 Review and Approval 
The Village Plan Conmission s h a l l  review t h e  s i t e .  e x i s t -  
ing and proposed s t r u c t u r e s ,  a r c h i t e c t u r a l  plans. neigh- 
boring uses,  parking a r e a s ,  driveway loca t ions ,  highway 
access ,  t r a f f i c  genera t ion  and c i r c u l a t i o n ,  d ra inage .  
sewerage and water systems. and t h e  proposed operation.  

Any Development within five hundred (500) f e e t  of t h e  
e x i s t i n g  or proposed rights-of-way of freeways, express- 
ways, i n t e r s t a t e  and cont ro l led  access  t ra f f icways  and 
within fifteen hundred (1.500) f e e t  of t h e i r  e x i s t i n g  o r  
proposed interchange o r  turning lane rights-of-way s h a l l  
be s p e c i f i c a l l y  reviewed by t h e  highway agency t h a t  has 
j u r i s d i c t i o n  over t h e  trafficway. The Village Plan C o m  
mission s b a l l  request  such review and await  t h e  Highway 
Agency's recommendations f o r  a p e r i o d  not  t o  exceed  
sixty (60) days before taking f i n a l  action.  

Within t h e  Flood P la in  a l l  s t r u c t u r e s  and permanent 
improvements s h a l l  r e q u i r e  review, publ ic  hearing,  and 
approval by the  Village Plan Conmission. Approval s h a l l  
not  be granted unless  t h e  appl ican t  can show t h a t  such 
s t r u c t u r e  o r  improvement w i l l  not  impede dra inage  and 
w i l l  not s u b s t a n t i a l l y  reduce t h e  floodwater s to rage  ca- 
pacity of t h e  flood plain. 

Within t h e  Floodway a l l  uses and s t r u c t u r e s  s h a l l  re -  
quire review, public hearing, and approval by t h e  Village 
P l m  C-ission. Approval s h a l l  not be granted unless t h e  
a p p l i c a n t  c a n  show t h a t  such  use  o r  s t r u c t u r e  w i l l  
n o t  o b s t r u c t  t h e  floodway, i n c r e a s e  f lood  flow ve loc-  
i t i e s ,  increase  t h e  flood s tage ,  o r  r e t a r d  t h e  movement 
of floodwaters. 

Conditions, such a s  landscaping, a rch i tec tura l  design. 
type of construction,  construction commencement and com- 
p l e t i o n  d a t e s ,  s u r e t i e s ,  l i g h t  ing ,  fenc ing ,  p l a n t  ing  
s c r e e n s ,  o p e r a t i o n a l  c o n t r o l ,  hours of opera t ion .  i m -  
proved t r a f f i c  c i r c u l a t i o n .  f loodproofing.  s p e c i a l  an- 
chorages, deed r e s t r i c t i o n s .  highway access r e s t r i c t i o n s ,  
increased yards,  o r  parking requirements, may he required 
by t h e  Village Plan Commission upon i t s  f i n d i n g  t h a t  
t h e s e  a r e  necessary  t o  f u l f i l l  t h e  purpose and i n t e n t  
of t h i s  Ordinance. 

Compliance with a l l  o t h e r  provis ions  of t h i s  Drdi- 
nance, such a s  l o t  width and area.  yards. height,  park- 
ing, loading,  t r a f f i c ,  highway access.  and performance 
s t a n d a r d s ,  s h a l l  he requi red  of a l l  c o n d i t i o n a l  uses. 
Var iances  s h a l l  on ly  be  g r a n t e d  a s  provided  i n  Sec- 
t i o n  11.0. 

SECTION 4.4 Public and Semipublic Uses 
The following public and semipublic uses s h a l l  be condi- 
t i m a l  uses and may be permitted a s  specified:  

Airports ,  a i r s t r i p s ,  and landing f i e l d s  i n  t h e  M-1 and 
M-2 Industrial Districts, A-I Agricultural District, and 
P-I Perk district,, provided t h e  s i t e  a r e a  is not l e s s  
than twenty (20) acres.  

Governmental and Cul tura l  Uses, such a s  f i r e  and po- 
l i c e  s t a t i o n s ,  community centers,  l i b r a r i e s .  public emer- 
gency s h e l t e r s ,  parks,  playgrounds, and museums, i n  all 
residential and business districts; M-1 and M-2 Indus- 
trial Districts, and P-1 Park District. 

U t i l i t i e s  i n  a l l  d i s t r i c t s  provided a l l  p r i n c i p a l  
s t r u c t u r e s  and uses a r e  no t  l e s s  than  fifty (50) f e e t  
f r m  any res ident ia l  d i s t r i c t  l o t  l ine .  

Publ ic  Passenger Transpor ta t ion  Terminals,  such a s  
h e l i p o r t s ,  bus and r a i l  depots ,  except a i r p o r t s ,  a i r -  
s t r i p s ,  and landing f i e l d s ,  i n  a l l  Business Districts and 
the  Y-1 and Y-2 Industrial Districts provided a l l  princi-  
p a l  s t r u c t u r e s  and uses  a r e  not l e s s  than  one hundred 
(100) fee t  from any res ident ia l  d i s t r i c t  boundary. 

Public,  Parochial ,  and Pr iva te  Elementary and secon- 
dary schools and churches i n  the  R-2 and R - 3  Residential 
Districts and P-1 Park District provided t h e  l o t  a rea  is 
not l e s s  than  two (2) a c r e s  and a l l  p r inc ipa l  s t r u c t u r e s  
and u s e s  a r e  n o t  l e s s  t h a n  fifty (50) f e e t  from any 
l o t  l ine.  

Colleges; Universi t ies;  Hospitals;  sanitariums; r e l i -  
gious,  c h a r i t a b l e ,  penal and cor rec t iona l  i n s t i t u t i o n s ;  
cemeteries and crematories i n  t h e  1-1 Agricultural Dis- 
trict and P - 1  Park District provided  a l l  p r i n c i p a l  
s t r u c t u r e s  and u s e s  a r e  no t  l e s s  t h a n  fifty (50) f e e t  
from any l o t  l ine.  



Appendix L-3 (continued) 

SECTION 4.5 Residential  Uses 
The fo l lowing  r e s i d e n t i a l  and q u a s i - r e s i d e n t i a l  uses  
s h a l l  be c o n d i t i o n a l  u s e s  and may be p e r m i t t e d  a s  
specified:  

Planned f i e s i d e n t i a l  Developments, such a s  c l u s t e r  
developments i n  t h e  R-2 Residential Dis trlct and garden 
awrtments,rowhousing and group housing i n  t h e  R-3 Resl- 
dential District. The D i s t r i c t  regula t ions  may be varied 
provided t h a t  adequate open space s h a l l  b e  provided s o  
tha t  t h e  average i n t e n s i t y  and dens i ty  of land use s b a l l  
be no grea tek  t h a n  t h a t  permitted f o r  t h e  d i s t r i c t  i n  
which it is located.  The proper preservation.  care ,  and 
maintenance by t h e  o r i g i n a l  and a l l  subsequent owners of 
t h e  e x t e r i o r  design; a l l  common s t r u c t u r e s ,  f a c i l i t i e s .  
u t i l i t i e s ,  access  and open spaces s h a l l  be assur red  by 
deed r e s t r i c t i o n s  enforceable by t h e  Village. The f o l -  
lowing provisions s h a l l  be complied with: 

Developeent Minimum 10 acres. 

Lot - Area Minimum of 2/3 of t h e  minimum l o t  
a rea  for  the  d i s t r i c t  i n  which lo- 

SECTION 4.7 Industrial  and Agricultural  Uses 
The following i n d u s t r i a l  and a g r i c u l t u r a l  uses s h a l l  be 
c o n d i t i o n a l  u s e s  and may be permi t ted  a s  s p e c i f i e d :  

Animal Hospitals  i n  the  A-1 Agricultural, M-1 and M-2 
Industrial Districts provided t h e  l o t  a r e a  i s  not  l e s s  
than  three (3) a c r e s ,  and a l l  p r i n c i p a l  s t r u c t u r e s  and 
uses a r e  not l e s s  than  one hundred (100) f e e t  from any 
res ident ia l  d i s t r i c t .  

Dumps, Disposal Areas, Inc inera tors ,  and sewage d i s -  
posal p lan ts  i n  t h e  A-1 Agricultural and t h e  M-1  and 1-2 
Industrial Districts. Municipal e a r t h  and s a n i t a r y  land 
f i l l  operations may be permitted i n  any d i s t r i c t ,  except 
within a floodway or flood plain. 

Commercial Raising, propagat ion, hoarding, or butcher- 
ing  of an imals .  s u c h  a s  dogs,  mink, r a b b i t s .  foxes .  
goats,  and pigs;  t h e  commercial production of eggs; and 
t h e  hatching, r a i s i n g ,  fa t ten ing ,  o r  butchering of fowl 
in  t h e  A-1 Agricultural District. Pea v i n e r i e s ,  cream- 
e r i e s ,  and condenseries i n  t h e  A-1 Agricultural or  M-1 
and M-2 Industrial Districts. 

cated.  Minimum 3,000 sq. f t .  f o r  
row houses. SEIX'ION 4.9 Recreational Uses 

Width Minimum of 2/3 of t h e  minimum l o t  The following publ ic  r e c r e a t i o n a l  f a c i l i t i e s  s h a l l  be 
width f o r  t h e  d i s t r i c t  i n  which condit ional  uses and may be permitted a s  specified:  arch- 
located.  Minimum 20 f t .  f o r  row ery  ranges ,  bathhouses,  beaches, boa t ing ,  camps, con- 
houses. s e r v a t o r i e s ,  d r i v i n g  r a n g e s ,  f i r e a r m  r a n g e s ,  g o l f  

Building Area Minimum building a rea  f o r  the  d i s -  
t r i c t  in  which located. 

Height Maximum 35 f t .  
Rooms A l l  l i v i n g  rooms s h a l l  have win- 

dows opening onto  a yard. 

Yards S t r e e t  Minimum 20 f t .  
Rear Minimum 50 f t .  
S ide  Minimum 20 f t .  from s t r e e t  r igh ts -  

of-way, e x t e r i o r  p roper ty  l ines  
o f  t h e  development,  and other 
b u i l d i n g s .  

Clubs. f r a t e r n i t i e s ,  lodges, and meeting p laces  of a 
noncommercial nature i n  the  R-3 Residential District pro- 
vided a l l  p r inc ipa l  s t ruc tures  and uses a r e  not l e s s  than 
twenty- five (25) f e e t  from any l o t  l ine .  

Rest Homes, nursing bomes, bomes f o r  t h e  aged, c l i n -  
i c s ,  and ch i ldrens  nurser ies  i n  t h e  R - 2  o r  R-3 Residen- 

courses, gymnasiums, hunting, i ce  boating. marinas. music 
h a l l s ,  po lo  f i e l d s ,  pools ,  r i d i n g  academies,  s k a t i n g  
r inks ,  spor t  f i e l d s ,  stadiums, swimming pools, and zoo- 
log ica l  and botan ica l  gardens i n  t h e  P-1 Park District 
provided t h a t  t h e  l q t  a r e a  is not l e s s  than  three (3) 
a c r e s  and a l l  s t r u c t u r e s  a r e  not  l e s s  t h a n  fifty (50) 
feet  from any d i s t r i c t  boundary. 

Commercial Recrea t ion  F a c i l i t i e s ,  such a s  a rcades .  
bowling a l l e y s ,  clubs,  dance h a l l s ,  d r iv ing  ranges, gym- 
nasiums, lodges, miniature go l f ,  physical  c u l t u r e ,  pool 
and b i l l i a r d  h a l l s .  racetracks,  r i f l e  ranges ,  t u r k i s b  
baths, ska t ing  r inks ,  and t h e a t e r s  a r e  condi t iona l  uses 
and may be p e r m i t t e d  i n  t h e  B-2. 8 - 3 ,  o r  B-4 Busi- 
ness Districts. 

tial Districts provided a l l  principal  s t ruc tures  and uses 
a r e  no t  l e s s  t h a n  fifty (50) f e e t  from any l o t  l i n e .  

Home Occupations and professional  o f f i c e s  i n  t h e  R-2 
' words, terms,  o r  numbers appearing i n  i t a l i c s  a r e  provided a s  

examples only and may be changed or  omitted t o  best  meet the  des i res  
or R - 3  Residential Districts. and needs of individual  communities. 
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EXCERPTS FROM REVISED "MODEL ZONING ORDINANCE" 
APPENDIX A, ZONING GUIDE, SEWRPC, 1964 

SECTION 2.3 Zoning Permit 
P l a t  of Survey prepared by a reg is te red  land surveyor 

showing the location. boundaries, dimensions, elevations,  
uses. and s i z e  of t h e  following: subjec t  s i t e ;  e x i s t i n g  
and proposed s t ruc tures ;  ex is t ing  and proposed easements. 
s t r e e t s .  and other public ways; o f f - s t ree t  parking, load- 
ing a reas  and driveways; ex is t ing  highway access r e s t r i c -  
t ions ;  ex is t ing  and proposed s t r e e t ,  s ide  and rear  yards; 
channel. floodway and flood plainbonndaries. In addit ion.  
t h e  p la t  of survey s h a l l  show t h e  loca t ion ,  e l e v a t i o n ,  
and use of any a b u t t i n g  l a n d s  and t h e i r  s t r u c t u r e s  
within forty (40)' f e e t  of t h e  subject s i t e .  

SECTION 2.6 F- 
In  addit ion t o  t h e  use and s i t e  r e s t r i c t i o n s  aPDlicable 
t o  a D i s t r i c t ,  t h e  following r e s t r i c t i o n s  and regulations 
s h a l l  apply t o  f l o o d  p l a i n s ,  floodways, and channels :  

Within t h e  Flood P la ins .  dumping, f i l l i n g ,  res iden-  
t i a l  uses, and t h e  s h e l t e r i n g  and confining of animals 
a r e  prohibited. 

Within t h e  Floodways dumping. f i l l i n g ,  r e s i d e n t i a l  
uses. and t h e  s h e l t e r i n g  and conf in ing  of an imals  a r e  

prohibited. All  s t r u c t u r e s  a r e  prohibited except naviga- 
t ional  s t r u c t u r e s ,  pub1 i c  water  measur ing  and w a t e r  
control  f a c i l i t i e s ,  bridges, and u t i l i t i e s .  

Within the  Channel. In addit ion t o  t h e  above r e s t r i c -  
t ions ,  a l l  s t r u c t u r e s  i n  t h e  channel r e q u i r e  a permit  
from the  Public Serv ice  Commission pursuant t o  S e c t i o n  
30.12(2) of t h e  Wisconsin S t a t u t e s ;  and any bulkheads. 
wharves, or p i e r s  s b a l l  comply with bulkhead or pierhead 
l i n e s  es tab l i shed  by t h e  V i l l a g e  pursuant t o  S e c t i o n s  
30.12(2) of the  Wisconsin S t a t u t e s ;  and any bulkheads, 
wharves, or p i e r s  s h a l l  comply with bulkhead or pierbead 
l i n e s  es tab l i shed  by t h e  Village pursuant t o  S e c t i o n s  
30.11 o r  30.13 of the  Wisconsin Statutes.  

All S t ruc tures  and permanent improvements a r e  condi- 
t ional uses requiring review, public hearing, and approval 
by the  Village Plan Commission i n  accordance wi th  Sec- 
t i o n  4.0. Such s t r u c t u r e s  s h a l l  not involve t h e  s t o r a g e  
of materials  t h a t  a r e  buoyant, flammable, explosive,  o r  
injurious t o  human, animal, or plant  l i f e .  All  bu i ld ings  
s h a l l  have t h e i r  loasest f loor constructed a t  an elevation 
of no l e s s  than two (2) f e e t  above t h e  l e v e l  of t h e  one 
hundred (100)-year recurrence in te rva l  flood. 



Appendix L-4 (continued) 

SECTION 13.0 Definit ions 
Channel i s  t h a t  port ion of a watercourse normally oc- 

cupied by the  stream under average annual flowconditions. 
Floodway is t h a t  area including the  channel of a water- 

course required t o  e f fec t ive ly  carry and discharge flood- 

hundred (100)-year recurrence i n t e r v a l  f lood and, where 
such data is not ava i lab le .  t h e  maximum flood of record. 

waters and delineated a s  t h e  a r e a  covered  by t h e  t e n  
(10)-year recurrence interval  flood. 

Flood Plain is t h a t  r e l a t i v e l y  f l a t  a r e a  or  lowland ' words, terms, o r  numbers appearing i n  i t a l i c s  a r e  provided a s  
examples only and may he changed or  omitted t o  best  meet t h e  des i res  

a rea  excluding the  floodway t h a t  is inundated by the  one and needs of individual  communities. 

Appendix L-5 

EXCERPTS FROM REVISED "MODEL ZONING ORDINANCE" 
APPENDIX A, ZONING GUIDE, SEWRPC, 1964 

SECTION 8.1 Exist ing Nonconforming Uses 
The lawfulnonconforminguse o f a s t r u c t u r e ,  land, o r  water 
e x i s t i n g  a t  t h e  t ime  of t h e  adopt ion  or  amendment of 
t h i s  Ordinance may he continued although the  use does not 
conform with the  provisions of t h i s  Ordinance; however: 

Only That Port ion of t h e  land or water i n  a c t u a l  use 
may be s o  continued a n d t h e s t r u c t u r e  may not he exceeded, 
enlarged, reconstructed, subs t i tu ted ,  moved, or s t r u c t u r -  
a l l y  a l te red  except when required t o  do so  by law or order 
or s o  a s  t o  comply with the  provisions of t h i s  Ordinance. 

Total  Lifetime St ruc tura l  Repairs or a l t e r a t i o n s  s h a l l  
no t  exceed f i f t y  (50) percent of the  Village'slassessed 
value of the s t ruc ture  a t  t h e  time of i t s  becoming a non- 
conforming use unless it i s  permanently changed t o  con- 
form t o  the  use provisions of t h i s  Ordinance. 

Subs t i tu t ion  of New Equipment may he permitted hy t h e  
Board of Zoning Appeals i f  such equipment w i l l  reduce the  
incompatibil i ty of t h e  nonconforming use with t h e  neigh- 
boring uses. 

SECTION 8.2 Abolishment or Replacement 
I f  such nonconforming use i s  discontinued or  terminated 
f o r  a period of twelve (12) months, any fu ture  use of t h e  
s t ruc ture ,  land, or water s h a l l  conform t o  the  provisions 
of t h i s  Ordinance. When a nonconforming use or  s t ruc ture  
i s  damaged by f i r e ,  explosion,  flood, t h e  puhlic enemy, 
or  other calamity, t o  t h e  extent  of more than  f i f t y  (50) 

A Current  F i l e  of a l l  nonconforming uses  s h a l l  he 
maintained by the  Zoning Inspector l i s t i n g  t h e  following: 
owner's name and address; use of the  s t ruc ture ,  land. o r  
water; and assessed value a t  t h e  time of its becoming a 
nonconforming use. 

SECTION 8.3 Exist ing Nonconforming Structures 
The lawful nonconforming s t r u c t u r e  e x i s t i n g  a t  t h e  time 
of t h e  adoption o r  amendment of t h i s  Ordinance may be 
continued although i t s  s i z e  or location does not conform 
with the  l o t  width, l o t  a rea ,  yard, height,  parking and 
loading, and access  provis ions  of t h i s  Ordinance; how- 
ever, it s h a l l  not he extended, enlarged, reconstructed,  
moved, or structura. l ly a l t e r e d  except when required t o  do 
so  by law or order or so  a s  t o  comply with the  provisions 
of t h i s  Ordinance. 

SECTION 8.4 Changes and Substi tut ions 
Once a nonconforming use or  s t r u c t u r e  has been changed 
t o  conform, it s h a l l  not rever t  hack t o  a nonconforming 
use or  s t ruc ture .  Once t h e  Board o f  Zoning Appeals has 
permitted t h e  s u b s t i t u t i o n  of a more r e s t r i c t i v e  non- 
conforming use f o r  an e x i s t i n g  nonconforming use,  t h e  
substi tuted use s h a l l  lose i t s  s t a t u s  a s  a legal  conform- 
ing use and become subject  t o  a l l  the  conditions required 
by the  Board of Zoning Appeals. 

Percent of i t s  cur ren t  assessed  value,  it s h a l l  not he ' Words, terms, o r  numbers appearing i n  i t a l i c s  a r e  provided a s  
restored except s o  a s  t o  comply with t h e  use provisions examples only and may he changed o r  omitted t o  best  meet the  des i res  
of t h i s  Ordinance. and needs of individual  communities. 

Appendix L-6 

SUGGESTED FLQODWAY AND FLOOD PLAIN DISTRICTS 

SECTICN 3.1 Establishment 

Boundaries of ~ h e s e D i s t r i c t s  a r e  hereby established as 
shown on a map e n t i t l e d  "Zoning Map, Village of'p, 
Wisconsin," dated , which accompanies and i s  a 
par t  of t h i s  ordinance. Such boundar ies  s h a l l  he con- 
s t rued  t o  follow: corporate l imi t s ;  U.S. Public Land Sur- 
vey l i n e s ;  l o t  o r  property l ines ;  centerl ines of s t r e e t s ,  
highways. a l leys ,  easements. and ra i l road  rights-of-way o r  
such l i n e s  extended; and the  l i m i t s  of floodwaters occur- 
r ing  dur ing the ten  (10)- o r  one hundred (100)-year recur- 
rence in te rva ls  unless otherwise noted on the  Zoning Map. 

3.8 F-1 Floodway D i s t r i c t  

h ' inc ipa l  uses Drainage, movement of floodwater, 
navigation, streamhankprotection,  

hunting, f ishing,  wi ld l i fepreserves ,  puhlic water meas- 
urement and water control  f a c i l i t i e s ;  agr icu l tura luses  
such a s  grazing, general farming, hor t icu l ture ,  outdoor 
Plant  nurseries.  pasturage, sod farming, truck farming. 
v i t i c u l t u r e .  and wildcrop harvesting. except the  shel-  
t e r ing  and confining of animals. 

Conditional Uses U t i l i t i e s ;  open uses, suchas  arch- 
ery and firearm ranges, hoat launch- 

ing f a c i l i t i e s ,  parks, sport  f i e lds ,  beaches, camping. 
playgrounds, skating rinks,  golf courses, driving ranges. 

open markets and t rans ien t  amusementuses; a l lpermi t ted  
s t ruc tures ;  dumping or  f i l l i n g  accessory t o  the  ahove 
pr inc ipa l  and condit ional  usesprovided t h a t  the  appli-  
cant shows t h a t  such dumping and f i l l i n g  w i l l  not oh- 
s t r u c t  the  floodway, increase  f lood flow v e l o c i t i e s .  
r e t a r d  the movement of f loodwaters ,  o r  i n c r e a s e  t h e  
flood stage.  

S t ruc tures  None permi t ted  except navigation 
s t ruc tures ,  puhlic water measure- 

ment and water cont ro l  f a c i l i t i e s ,  hoat launchingramps. 
bridges, accessory uses and u t i l i t i e s .  In  addi t ion ,  
s t ruc tures  in  the  channel r e q u i r e  a permit  from t h e  
Public Service Como~ission pursuant t o  Section 3012(2) 
of the  Wisconsin S ta tu tes ;  and any bulkheads. wharves. 
o r  p i e r s  s h a l l  comply with bulkhead and pierhead l i n e s  
established by the  Village pursuant t o  Sections 30.11 
and 30.13 of the Wisconsin S ta tu tes .  Accessory s t ruc-  
t u r e s  t o  the  ahove pr inc ipa l  and condi t iona l  uses a r e  
permitted provided t h a t  t h e  applicant shows the  neces- 
s i t y  for  such accessory s t r u c t u r e s  and f u r t h e r  shows 
t h a t  such accessory s t r u c t u r e s  w i l l  not obs t ruc t  t h e  
floodway. impede draining,  increase f lood flow veloc- 
i t i e s ,  r e t a r d  the  movement of floodwaters or  increase 
the  flood stage.  Accessory buildings s h a l l  not exceed 
f i f t e e n  (15) f e e t  i n  height nor f ive  hundred(500)square 
f e e t  in  f loor  area. 



Appendix L-6 (continued) 

SECTION 3.8 F-2 Flood P l a i n  D i s t r i c t  

P r i n c i p a l  Uses A l l  p r i n c i p a l  u s e s  p e r m i t t e d  i n  
t h e  F-1 Floodway D i s t r i c t ,  impound- 

ments, sus ta ined  y i e l d  f o r e s t r y  and f i s h  h a t c h e r i e s .  
A l l  o t h e r  p r i n c i p a l  uses  permit ted i n  t h e  A-1 Agricul-  
t u r a l  D i s t r i c t  except  r e s i d e n t i a l  and t h e  s h e l t e r i n g  
and confining of animals  provided such uses a r e  ad ja -  
cen t  t o  an Agr icu l tu ra l  D i s t r i c t .  These uses  s h a l l  not  
involve dumping o r  f i l l i n g  and s h a l l  n o t  i n c l u d e  t h e  
s t o r a g e  of  m a t e r i a l s  t h a t  a r e  buoyant, flammable, ex- 
p los ive ,  o r  i n j u r i o u s  t o  human, animal ,  o r  p l a n t  l i f e  
nor  s u b s t a n t i a l l y  reduce t h e  floodwater s to rage  capa- 
c i t y  of t h e  f lood  p la in .  

Condit ional  Uses A l l  c o n d i t i o n a l  uses  pe rmi t t ed  i n  
t h e  F-1 Floodway D i s t r i c t ,  and a l l  

u ses  permit ted i n  t h e  P-1 P a r k  D i s t r i c t  e x c e p t  t h e  
s h e l t e r i n g  and c o n f i n i n g  of  an imal s ;  a l l  s t r u c t u r e s ;  
parking;  warehousing, s t o r a g e  and load ing  a r e a s  when 

such u s e s  a r e  a d j a c e n t  t o  a  B u s i n e s s  o r  ~ n d u s t r i a l  
D i s t r i c t .  These u s e s  s h a l l  not  include t h e  s to rage  of 
m a t e r i a l s  t h a t  a r e  buoyant ,  flammable, e x p l o s i v e ,  o r  
i n j u r i o u s  t o  human, animal, o r  p l a n t  l i f e  nor substan-  
t i a l l y  reduce t h e  f loodwate r  s t o r a g e  c a p a c i t y  o f  t h e  
f lood p la in .  Dumping o r  f i l l i n g  accessory t o  t h e  above 
p r i n c i p a l  and cond i t iona l  usesprov ided  t h a t  the  a p p l i -  
can t  shows t h a t  such dumping and f i l l i n g  would not  i m -  
pede drainage,  nor  s u b s t a n t i a l l y  reduce t h e  floodwater 
s to rage  capac i ty  o f  t h e  f lood  p la in .  

s t r u c t u r e s  A l l  b u i l d i n g s  s h a l l  have t h e i r  
l o w e s t  f l o o r s  c o n s t r u c t e d  a t  an 

e l eva t ion  no l e s s  than  two (2)  f e e t  above t h e  l eve l  of 
t h e  one hundred (100)-year  r ecur rence  i n t e r v a l  f lood.  

'Words, t e rms ,  o r  numbers appea r ing  i n  i t a l i c s  a r e  p rov ided  a s  
examples only and may he changed o r  omit ted t o  b e s t  meet t h e  d e s i r e s  
and needs of  i n d i v i d u a l  communities. 



Appendix M 

DERIVATION OF MONETARY BENEFITS ACCRUING 
FROM PLEASURE DRIVING AND PICNICKING 

Monetary benefits accruing from pleasure driving 
and picnicking may be estimated by establishing 
present and future user levels and applying unit 
benefits to these levels to obtain total benefits. 
The forecast of pleasure driving activity prepared 
for the Root River watershed study was based on 
projections of such driving activity prepared by 
the State Highway Commission of Wisconsin and 
reported in Wisconsin Scenic Roads and Parkways 
Study, January 1965. The present utilization of the 
existing 7.9 miles of Root River Parkway in Mil- 
waukee County was established by field surveys 
and projected to 1990 when an additional 14.8 miles 
of parkway will have been completed if the plan 
recommendations a r e  fully implemented. The 
present and forecast future average daily traffic 
on the Milwaukee County portion of the Root River 
Parkway was estimated by the State Highway Com- 
mission as:  

Year 1962 1,250 vehicle trips 
Year 1975 2,500 vehicle trips 
Year 1990 4,500 vehicle trips 
Post 1990 4,500 vehicle tr ips 

It is assumed that 70 percent of the total trips a r e  
made for social and recreational purposes. On 
the basis of these data, parkway utilization for 
pleasure driving was projected to 1990 by straight 
line - interpolation. 

Presently (1966), the completed portion of the Root 
River Parkway has an average of about 50 picnic 
tables per mile. It was assumed that the future 
parkway would average 40 tables per mile. Field 
surveys have shown that the average picnic table 
utilization in Whitnall Park in 1964 was 690 people 
per table per year. Picnic facilities on the park- 
way probably would be less elaborate; therefore, 
the average use rate of parkway picnic tables was 
assumed a t  350 people per table per year. The 
park to be developed along Hoods Creek would 
have approximately 60 picnic tables, each of which 
would have a visitation of 350 persons per year. 

Monetary benefits attributable to pleasure driving 
were established by applying a unit monetary value 
of $1.00 per vehicle trip, based on an assumption 
of $0.25 value to each of four persons comprising 
the average pleasure driving trip load. The selec- 
tion of these unit values and tr ip load factors was 
based upon field survey data compiled by the 
U. S. Bureau of Outdoor Recreation and recom- 
mended units published in U. S. Senate Document 
No. 97, Supplement No. 1. Monetary benefits at- 
tributable to picnicking were established by apply- 
ing a unit monetary value of $1.00 per person per 
use r  day, consistent with current practices of the 
Wisconsin Conservation Commission and other 
agencies concerned with such usage. 



Appendix N 

FLOOD HAZARD MAPS 

While a watershed plan setting forth the general 
location and characteristics of areas subject to 
inundation and of proposed water control facilities 
is necessary as  a statement of how best to achieve 
agreed-upon long-range development objectives, 
it is, however, quite ineffective a s  a sound basis 
for plan implementation through advance reserva- 
tion and acquisitionof land and for the extension of 
technical assistance and advice to local units and 
agencies of government. It was, therefore, pointed 
out in the original Root River Watershed Planning 
Program Prospectus that the advance reservation 
of right-of-way and the proper extensionof techni- 
cal assistance, as  well as  the staged construction 
of water control facilities, required the prepara- 
tion of more precise and definitive plans setting 
forth the ultimate development of certain reaches 
of the riverine areas of the Root River watershed. 
In the case of areas subject to inundation, such 
plans should show the precise and accurate loca- 
tion of the 100-year and 10-year recurrence inter- 
val flood inundation lines, while, with respect to 
water control facilities, such plans should set 
forth proposals a s  to centerline location and ulti- 
mate right-of -way required. The preparation of 
such precise plans requires large-scale topo- 
graphic maps for those reaches of the riverine 
areas affected. 

Consequently, precise planning base maps were 
prepared under the Root River Study for about 
14.5 square miles of riverine area. These maps 
consist of 1" = 200' scale, four foot-two foot con- 
tour interval maps, based upon a monumented con- 

trol survey network which relates the U. S. Public 
Land Survey system to the State Plane Coordinate 
System, thus permitting the accurate correlation 
of topographic and cadastral (property boundary 
line) data and, more importantly, the accurate 
reproduction in the field of lines shown on the 
maps. These maps were prepared for those riv- 
erine areas expected to experience the most rapid 
urbanization within the next decade, a s  well as  
for the major area of recommended public works 
construction, namely, the Oakwood Lake Reservoir 
area (see Index, Map N-1), and show the 100-year 
and 10-year recurrence interval flood inundation 
lines which may be expected under the land use and 
water control facility development recommended 
in the watershed plan. 

The precise planning base maps were prepared 
to meet recommended specifications for official 
mapping set forth in SEWRPC Planning Guide 
No. 2, Official Mapping Guide, and provide a sound 
basis for the preparationof detailed local develop- 
ment plans and plan implementation devices, with 
particular emphasis upon the reservation of land 
for the ultimate construction of the recommended 
reservoir and the protection of the flodways and 
flood plains through locally enacted and admin- 
istered land use controls. A sample map is shown 
as  Map N-2. 

Copies of the precise planning base maps may be 
obtained from the Southeastern Wisconsin Regional 
Planning Commission, together with attendant 
horizontal and vertical control survey data. 
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