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Chapter |

INTRODUCTION

PURPOSE OF THE PLAN

Research shows that the health of a lake or stream is usually a direct reflection of the use and management of the
land within its watershed and that interventions are often necessary to maintain or improve the conditions of these
resources (see Figure 1). Located entirely within Waukesha County (Map 1), the Pewaukee River, together with
its tributaries and associated wetlands, provides a unique cold and warmwater system that struggles to maintain
good health as a result of significant urbanization in the watershed. The purpose of this plan is to provide a

framework to enable communities in the
area to work together with a common
goal: to protect and improve the land and
water resources of the Pewaukee River
watershed.

This watershed protection plan focuses
on what can be done to continue to protect
the existing high-quality resources from
human impacts and prevent future water
pollution or resource degradation from
occurring. This plan complements other
existing programs and ongoing man-
agement actions in the Pewaukee River
watershed and represents the continuing
commitments of government agencies,
municipalities, and citizens to diligent land
use planning and natural resource protec-
tion. This plan presents recommendations
for appropriate and feasible watershed
management measures for enhancing and
preserving the water quality of the
Pewaukee River and for providing the
public with opportunities for safe and
enjoyable recreation within the Pewaukee
River watershed.

Figure 1

WORKING TO RESTORE FISHERIES HABITAT
WITHIN THE PEWAUKEE RIVER: 2012

This photo shows members of the Pewaukee River Partnership (PRP), Lake Pewaukee
Sanitary District, and a group of Pewaukee School District students actively working to restore
a section of the Pewaukee River to a more appropriate stream width and depth, and “natural”
conditions. This is just one of several projects conducted by the PRP to protect the River and
its landscape. See Chapter V for more details on past and existing projects.

Source: Thomas Koepp, Lake Pewaukee Sanitary District, and SEWRPC.



Map 1 The Pewaukee River watershed Protection Plan is
L OCATION OF THE PEWAUKEE RIVER designed to assist State gnd -Iocal unlt-s of governme.njt,
WATERSHED STUDY AREA nongovernmental organizations, businesses, and citi-
zens in developing strategies that will benefit the
natural assets of the River system and protect
sensitive habitats within the watershed. By using the
strategies outlined in this plan, results will be
achieved that enrich and preserve the natural envi-
ronment. In addition, carefully planned urban devel-
opment can create and maintain open space, ground-
water recharge areas, and wildlife corridors for the
benefit of the Pewaukee River, the residents of the
watershed, and its visitors. This protection plan serves
as a practical guide for the management of water
quality within the Pewaukee River watershed and for
the management of the land surfaces that drain
directly and indirectly to the streams and lake in
the watershed.

BACKGROUND

In 1966, The Milwaukee Journal featured the
Pewaukee River in its Pulitzer Prize winning series
“The Spreading Menace”.! The first installment of
this three-part series featured the River, as shown in
Figure 2. Much like other watersheds throughout the
State, communities within the Pewaukee River water-
shed had inadequate sanitary sewerage facilities to
deal with expanding populations and increasing
urbanization. The resultant environmental conse-
qguences were highlighted in the Milwaukee Journal
series, which chronicled the inadequate treatment of
human waste or “a cascade of sewage,”” discharges of
untreated industrial effluents, major fish kills, massive
algal blooms, foaming rivers full of leftover deter-
gents, significant trash and debris accumulations, and public health impacts, all of which can be seen in the
photographs included in the Milwaukee River series. It is important to note that this series pre-dates the clean
water act amendments to the Federal Water Pollution Control Act and the numerous subsequent, significant
efforts to improve water quality in the Pewaukee River watershed, including the abandonment of the Village of
Pewaukee wastewater treatment plant and connection of the Pewaukee sanitary sewer service areas to the Fox
River Water Pollution Control Facility or the City of Waukesha wastewater treatment plant, consistent with the
recommendations of the 1979 Southeastern Wisconsin Regional Planning Commission (SEWRPC) regional water
quality management plan;® connection of certain areas in the western part of the watershed to the Delafield-

Source: SEWRPC.

The Milwaukee Journal, Sunday Picture Journal, “The Spreading Menace,” Sunday, April 17, 1966.
?Ibid., page 6.

3SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin—
2000, Volume Three, Recommended Plan, June 1979.



Figure 2 Hartland Water Pollution Control Commission waste-

water treatment plant; the issuance of discharge
permits to municipalities for control of stormwater
runoff in the watershed pursuant to the 1987 amend-
ment to the Federal Clean Water Act, the banning of
leaded gasoline, the promotion of phosphorus-free
detergents, and restrictions on the use of fertilizers
containing phosphorus. However, it was the original
1966 Milwaukee Journal series that helped place
water quality concerns on the legislative agenda and
contributed to the passage of more stringent point
source pollution controls in the State and for the
Pewaukee River watershed, as summarized in this
plan. Even at this stage in our state’s history, there
was a clear understanding of the potential loss of
recreational value both in terms of resources and cash
value to “a billion-dollar [in 1966 money] business in
the Badger state,” if no action was taken.*

THE MILWAUKEE JOURNAL ARTICLE

The Pewaukee River was featured on the cover of the
Milwaukee Journal series, as shown in Figure 2. The
article illustrated significant water quality impairments
due to excessive loading of human effluent, trash, and
debris. The Village of Pewaukee wastewater treatment
plant did not provide adequate treatment relative to the
assimilative capacity of the Pewaukee River. Signifi-
cant amounts of trash and debris were commonplace in
this River system and foaming detergents were com-
mon downstream of the treatment plant discharge
point. All of these impairments, which degraded water

quality in both the River and Pewaukee Lake, signifi-
The state of Wisconsin and the Nation as a whole were at an historic tipping

point in 1966 where water resources degradation provided clear evidence
that “our effluent society” has outstripped the ability of aquatic systems to
assimilate our wastes, resulting in a “septic tank suburbia” where “dilution

cantly affected human use and enjoyment of the water
resources. These major impairments have largely been
addressed through a number of planning efforts,

obviously is no longer a really adequate solution to pollution....Little wonder
then that conservationists call some rivers ‘open sewers’.”

legislative initiatives, and remedial programs at the

- - 5
Source: The Milwaukee Journal, Sunday, April 17, 1966, and SEWRPC. State, reglonal, county, and Iocal plannmg Ievels.

*Ibid., page 12.

*SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin—2000,
Volume Two, Alternative Plans, February 1979; SEWRPC Memorandum Report No. 93, A Regional Water Quality
Management Plan for Southeastern Wisconsin: An Update and Status Report, March 1995; Wisconsin Department of
Natural Resources Publication PUBL-WR-366-94, Nonpoint Source Control Plan for the Upper Fox River Priority
Watershed Project, June 1994; Lake Pewaukee Sanitary District, An Aquatic Plant Management Plan for Pewaukee
Lake, Wisconsin, January 1992; SEWRPC Community Assistance Planning Report No. 58, A Lake Management
Plan for Pewaukee Lake, Waukesha County, Wisconsin, March 1984 (1st Edition), May 2003 (2nd Edition);
SEWRPC Memorandum Report No. 56, A Lakefront Recreational Use and Waterway Protection Plan for the Village
of Pewaukee, Waukesha County, Wisconsin, March 1996; Wisconsin Department of Natural Resources, Pewaukee
Lake, Waukesha County: Long-Term Trend Lake, 1986, 1986; Wisconsin Department of Natural Resources,
Pewaukee Lake, Waukesha County: Long-Term Trend Lake,1987, 1987; E.R. Schumacher, Wisconsin Department of
Natural Resources Fish Management Report No. 131,Creel Survey on Pewaukee and Nagawicka Lakes, Waukesha
County, Summer 1982, February 1987; and, Wisconsin Department of Natural Resources, Pewaukee Lake Sensitive
Area Study, June 1994.



Local concern over the state of the Lake and River resulted in the provision of public sanitary sewer service to the
urban lands within the watershed, beginning in 1930 within what is now the Village of Pewaukee, and continuing
from 1976 through 1979 when all lakeshore properties were provided with public sanitary sewerage service. Provision
of sewerage services was aided by the formation, in 1944, of the Lake Pewaukee Sanitary District, under Section
60.70 of the Wisconsin Statutes.® Since its formation, the Lake Pewaukee Sanitary District had assumed powers to
protect and manage Pewaukee Lake. More recently, the Pewaukee River Partnership had been created in the year
2004 as a vehicle for improvement projects and public awareness throughout the watershed (see website for more
details at www.pewaukeeriver.blogspot.com). In 2005 the Pewaukee River Partnership registered as a not for profit
charitable organization under 501(c)(3) of the Federal Internal Revenue Code. This status has helped the Partnership
to be involved in numerous projects to preserve, protect, and improve water quality and recreation in the Pewaukee
River watershed.

Watershed Location and Current Status

The Pewaukee River and its tributaries are a unique water resource located in portions of the Cities of Delafield,
Pewaukee, and Waukesha, the Village of Pewaukee, portions of the Villages of Hartland and Sussex, and portions
of the Towns of Delafield, Lisbon, and Merton (see Map 2). The River system includes the 2,493-acre Pewaukee
Lake and several other tributaries, including Coco Creek, Meadowbrook Creek, Zion Creek, Audley Creek, as
well as numerous smaller unnamed tributaries. The system supports a variety of terrestrial and aquatic wildlife,
including seven State-listed threatened and endangered species and 13 species of special concern of mussels,
fishes, reptiles, amphibians, birds, and plants. The system is sustained by groundwater recharge, seepage from
wetlands and moraines, and precipitation runoff from a 38-square-mile watershed. The Pewaukee River is a
headwater tributary to the Fox River; the confluence of these rivers is located in the City of Waukesha. The Fox
River is a 199-mile-long tributary to the Illinois River within the Mississippi River basin in the States of
Wisconsin and Illinois.

The Pewaukee River watershed has been divided into two subwatersheds for this plan to assist in evaluating land
use, water quality, biological community, and instream habitat conditions: the Lake subwatershed and the River
subwatershed. The Lake subwatershed is comprised of Pewaukee Lake and all the lands that drain to it, as well as
all the lands that drain to that portion of the Pewaukee River that are located upstream of the Pewaukee Lake dam;
the River subwatershed is comprised of that portion of the Pewaukee River located downstream of the dam as
well as all the lands that drain to that portion. The Lake subwatershed is directly tributary to the main stem of the
Pewaukee River and is a significant component of the entire Pewaukee River watershed system. Map 2 also
shows the extent of the approximately 14 miles of stream that were surveyed under this study.

Based upon the results of a recent recreational use survey developed as part of this planning process, this
combination of Lake and River establishes both the human connection and the unique mix of recreational values this
river system has to offer (see Figure 3). Despite a fairly high amount of urban development within the watershed,
the majority of the stream and adjacent riparian corridors continue to exhibit a rural character that provides
recreational opportunities within and adjacent to the River system. Utilized for fishing, hunting, boating, water
skiing, wading, canoeing, kayaking, wildlife watching, and scenic viewing, the River provides ecological and
recreational benefits for adjacent landowners and other users. Public recreational access opportunities are
provided through boating access sites on Pewaukee Lake and public parks and other facilities adjacent to the lake
and river system.

®Note: Wastewater from the Lake Pewaukee Sanitary District service area is treated at the Fox River Water
Pollution Control Center sewage-treatment facility in City of Brookfield and discharged to the Fox (lllinois)
River.



Map 2

CIVIL DIVISIONS WITHIN THE PEWAUKEE RIVER WATERSHED: 2012
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Figure 3

WHAT IS YOUR CONNECTION TO THE PEWAUKEE RIVER WATERSHED?

Iam a lake resident

I reside or live near a stream

I
|
T
1

I live in the watershed area )
I live outside the watershed |
I work in the Pewaukee River watershed )

I enjoy the Pewaukee River watershed for outdoor recreation

I canoe in the Pewaukee River

luse the recreational walking trails

| boat and/or fish in Pewaukee Lake

I swim at the Village of Pewaukee Beach |

Ifish, catch clams, and clean up trashin the river |3
lam a Water Action Volunteer monitor |

0.0 5.0 10.0 15.0 20.0

Percent of respondants

NOTE: The answers to this question were obtained from attendees of the public informational meeting as part of the formulation of the
Pewaukee River Watershed Protection Plan dated April 1, 2011.

Source: SEWRPC.

The Pewaukee River system also has significant aesthetic and ecological values and has the potential to be a more
diverse aquatic ecosystem within the urbanizing portion of the Southeastern Wisconsin Region within which the
River is located. The majority of the Pewaukee River system is generally classified as a warmwater fish com-
munity, but Coco Creek has been designated as a potential Class Il brown trout fishery for its entire length to its
confluence with Pewaukee Lake. Pewaukee Lake has a highly managed muskellunge fishery which is well known
and attracts anglers from both Wisconsin and Illinois.

The attributes that make the Pewaukee River and its watershed unique within the Southeastern Wisconsin Region
are the same attributes that attract new residents, businesses, and supporting infrastructure to the watershed. This
increasing urban development in recent years has led to conversion of agricultural and open lands to residential
lands with increased impervious area and volumes of stormwater runoff, increased demands for groundwater, and
increased demands on the recreational opportunities throughout the river system. Such demands have raised
concerns about the effects on the hydrologic and ecological integrity of this water system. These concerns,
combined with the need to protect and preserve the ecology and water quality of Pewaukee Lake, led to the
development of a second edition comprehensive lake management plan that set forth priority actions to protect
and preserve the ecology and water quality of Pewaukee Lake.” While these plans have led to the implementation
of actions by the Pewaukee Lake Sanitary District and municipalities that have addressed the immediate concerns
relating to the Lake itself, ongoing concern over the state of the River linking the Lake has remained. These
concerns led to the formation of the Pewaukee River Partnership as a means of focusing attention on the entire
hydrologic system.

'SEWRPC Community Assistance Planning Report No. 58, op. cit.; SEWRPC Community Assistance Planning
Report No. 58, 2nd Edition, A Lake Management Plan for Pewaukee Lake, Waukesha County, Wisconsin,
May 2003.



Figure 4

BREAKDOWN OF WORK GROUP MEMBERS
CONTRIBUTING TO THE FORMULATION OF THE
PEWAUKEE RIVER WATERSHED PROTECTION
PLAN: 2011 THROUGH 2012

The composition of the work group demonstrates that the
greatest assets to protect and improve the Pewaukee River
have been and continue to be the dedicated people
(individuals, organizations, and agency staff) that live and/or
work within the watershed.

Source: SEWRPC.

PLANNING PROCESS

The Pewaukee River Partnership received Wisconsin
Department of Natural Resources (WDNR) funding
through the Chapter NR 195 River Planning and
Management Grant Program, with additional finan-
cial support from Waukesha County, to complete a
Protection Plan for the Pewaukee River watershed.
This planning effort was conducted cooperatively and
involved the WDNR, Waukesha County, Pewaukee
Lake Sanitary District, City and Village of Pewau-
kee, City of Waukesha, Town of Brookfield, Town of
Delafield, Town of Lisbon, Town of Waukesha,
Village of Sussex, and SEWRPC.

SEWRPC has prepared this plan on behalf of the
Pewaukee River Partnership in cooperation with
representatives from the ad hoc Pewaukee River
Watershed Protection Plan Advisory Group. The
Advisory Group was comprised of self-nominated
individuals representing a range of stakeholders with
interests in the Pewaukee River watershed who
volunteered their time to meet and review portions of
the plan. The Advisory Group represents the diversity
of interests and perspectives that affect the water-
shed, including businesses, stream and lake residents,
and County and local government staff as shown in
Figure 4. During 2011 and 2012, participants in the
Advisory Group either attended one or more of the
several meetings or provided electronic mail corres-

pondence to define issues, develop goals, and establish recommendations that would help manage local
community growth while protecting the natural resources in the Pewaukee River watershed. It is important to note
that the plan goals, which were based upon the feedback provided by the Advisory Group, form the foundation for
generating and evaluating the alternative and recommended plans, and for establishing a sound framework within

which to implement the recommendations.

The Watershed Advisory Group developed the following general goals for the plan:

o Protect and improve wildlife, land, surface water, and groundwater resources;

° Minimize impacts of land development by controlling both nonpoint agricultural and urban runoff

pollution and flooding; and

o Build partnerships and inform the public to promote protection and safe recreational use of natural

resources.

This plan elaborates on each of these planning goals by outlining more specific objectives and action items
recommended to accomplish the goals. These objectives and management measures also benefited from
discussions with Advisory Group members throughout the planning process. Four major/key findings, seven
emerging threats/issues of concern, and five key opportunities were identified through this planning process and
listed below (no order of importance implied by position in the list).



Major Findings

Water quality in the River is dependent upon water quality in the Lake.

Water quantity in the River and Lake is dependent upon both surface runoff and groundwater
recharge.

Recreational uses of the Lake and River are linked and interrelated.

Volunteer water quality monitoring programs in the Lake and Stream were invaluable to our
understanding this system.

Emerging Threats

The River and Lake are highly vulnerable to drought, as experienced during the summer 2012
drought conditions, and illustrate the need to protect groundwater recharge areas throughout the
watershed for existing and planned land uses.

Riparian buffer lands adjacent to the waterways are necessary to protect water quality and wildlife,
but these buffer areas are most vulnerable within and among small headwater tributaries throughout
the watershed as well as along Pewaukee Lake.

Existing and planned urban growth can limit groundwater recharge in the absence of mitigation
measures, and could negatively impact both water quality and water quantity.

Agricultural land use practices could be improved to reduce nutrient and sediment loads to the River.

The amount of trash and debris within this river system degrades water quality, aesthetics, and recrea-
tional value.

Stream channelization and road crossings have limited the quality and quantity of instream fisheries
habitat.

Nonnative invasive species such as Eurasian Water Milfoil, zebra mussels, purple loosestrife, and
Phragmites threaten the biological integrity of this system.

Opportunities

To better integrate land-based and water-based recreation to improve access to and quality of recrea-
tional experiences;

To protect existing riparian buffer width and longitudinal connectivity—and expand them where
feasible—to improve water quality, minimize streambank erosion, and protect and enhance fish and
wildlife habitat;

To enhance groundwater recharge by protecting critical sites with high and very high groundwater
recharge potential® through appropriate zoning, purchase, and land management measures;

To implement mitigation measures to protect water quality and groundwater recharge through appli-
cation of green infrastructure, stormwater treatment practices, and community coordination
mechanisms; and

83uch sites are identified on Map 127 on page 716 of SEWRPC Planning Report No. 52, A Regional Water
Supply Plan for Southeastern Wisconsin, December 2010.



° To improve the fishery by enhancement of fish passage, protection of potential spawning areas in the
River, tributaries, and Lake, and protection of the land-water interface through preservation of surface
and groundwater linkages.

This plan forms a logical complement to the management actions that have been implemented on the land and
water resources throughout the Pewaukee River watershed, and represents an ongoing commitment by the
Pewaukee River Partnership, municipalities, and citizens to sound environmental planning. This plan is also
consistent with the implementation of the Waukesha County Land and Water Resource Management Plan goals of
protecting and improving the natural resources within the County by applying a watershed-based protection
planning approach.? This plan recognizes the important role that land use plays in affecting water quality and
fishery habitat, establishes priority areas, and projects to protect these resources. Continued coordination among
stakeholders is recommended to influence land use decisions, as well as information and educational
programming.*°

PLAN FORMAT AND ORGANIZATION

This document incorporates land, groundwater, and stream management data and analyses compiled from the
following sources: the WDNR Priority Watershed Project and State of the Basin Reports;** the SEWRPC regional
land use and water supply plans, various technical reports completed by engineering and scientific consulting
firms; and, County and local government Comprehensive Management Plans. This plan incorporates water
quality, physical habitat, biological data, and land use information obtained from various agencies and organiza-
tions that include: WDNR, U.S. Geological Survey (USGS), Wisconsin Geological and Natural History Survey
(WGNHS), Waukesha County Department of Parks and Land Use, and volunteer Lake and stream (Water Actions
Volunteer) monitors. In addition, SEWRPC staff conducted a comprehensive instream inventory of the physical
conditions, fish passage impediments, and navigation hazards within the Pewaukee River in the spring of

2012 as well as a riparian buffer analysis of lands directly adjacent to the River and its tributaries.

This report is divided into six chapters. Following this introductory chapter, the second chapter presents
information on the natural and human-made features of the watershed, including a description of the natural
resource base and environmentally sensitive areas, land use data, and population demographics. Chapter I11
briefly describes State and local plans, regulations, and programs related to this watershed protection plan.
Chapter IV summarizes the physical conditions of the stream system, existing surface water quality, and habitat
and biological conditions in the Pewaukee River watershed. Chapters V and VI include the goals, objectives,
alternative and recommended plan elements, and implementation steps to address the identified issues and
concerns of the watershed. These chapters contain recommendations regarding outreach and education, methods
of program performance review, and plan implementation.

*Waukesha County Department of Parks and Land Use-Land Resources Division, Waukesha County Land and
Water Resources Management Plan: 2006-2010, March 2006; Waukesha County, A Comprehensive Development
Plan for Waukesha County, February 2009.

%State of Minnesota, Department of Natural Resources, Section of Fisheries, Fish Habitat Plan: A Strategic
Guidance Document, 2013. http://files.dnr.state.mn.us/fish_wildlife/fisheries/habitat/2013_fishhabitatplan.pdf

1wisconsin Department of Natural Resources, Publication No. PUBL-WT-701-2002, The State of the Southeast
Fox River Basin, February 2002.
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Chapter 11

NATURAL AND CONSTRUCTED
FEATURES OF THE WATERSHED

INTRODUCTION

Information on the natural and constructed features of a study area is essential to sound planning for water quality,
stormwater, and floodland management. Natural features, such as watershed topography and local hydrology,
influence rates and volumes of runoff, affecting instream water quality, the composition of plant and fish
communities, and flooding conditions. Constructed (human-made) features also have significant impacts on a
river’s watershed. For example, streams and lakes can be highly susceptible to water quality degradation due to
human activities. This can interfere with desired water uses, and is often difficult and costly to correct.

LAND USE

Land uses and population levels in the watershed are
important considerations in stream and lake water
quality management. Soil erosion problems, water
pollution problems, and the risk of damage to the
environment, as well as the ultimate means for abate-
ment of these problems, are primarily a function of
human activities within a River’s watershed, and of
the ability of the underlying natural resource base to
sustain those activities. This becomes especially sig-
nificant in areas that are in close proximity to lakes,
wetlands, and streams where user conflicts can occur.

Civil Divisions

Civil divisions form the basic foundation of the public
decision making framework within which intergovern-
mental, environmental, and developmental problems
must be addressed. Superimposed on the watershed
boundary is a pattern of local political boundaries. As
shown on Map 1 in Chapter | of this report, nine civil

Figure 5

PROPORTION OF CITIES, VILLAGES, AND TOWNS
WITHIN THE PEWAUKEE RIVER WATERSHED: 2010
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2% Hartland Sussex 10%
3% 4%

Town of

Source: SEWRPC.

divisions lie wholly or partially within the Pewaukee River watershed, as shown on Map 2 in Chapter | of this
report and listed in Figure 5. The governmental units within the Pewaukee River watershed include the entire
Village of Pewaukee, portions of the Villages of Hartland and Sussex; portions of the Towns of Delafield, Lisbon,
and Merton; and portions of the Cities of Delafield, Pewaukee, and Waukesha. The City of Pewaukee and
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Town of Delafield, combined, comprise nearly 60 percent of the areal extent of Pewaukee River watershed, as
shown in Figure 5. The City of Waukesha, Town of Lisbon, and Village of Pewaukee each generally account for
about 10 percent of the watershed, or an additional combined 32 percent of the watershed. The remaining four
municipalities (City of Delafield, Town of Merton, and Villages of Hartland and Sussex) together comprise a little
less than 10 percent of the watershed.

Historical Urban Growth

The types, intensity, and spatial distribution of land uses within the Pewaukee River watershed are important
elements in natural resource management. In this regard, the current and planned future land use patterns, placed
in the context of the historical development of the area, are important considerations in developing and
implementing this plan. Historical urban growth within the Pewaukee River watershed is summarized on Map 3.
Much of the early growth (pre-1900) in the watershed centered on the downtown area of the Village of
Pewaukee.! Between 1900 and 1950, most of the growth was focused around the Pewaukee Lake shoreline.
Starting after 1950 and extending until 1980, a post-war housing boom occurred throughout the entire watershed,
probably spurred by the construction of IH 94 and STH 16. A lull in urban development occurred from 1980 to
1990, when urban growth dropped from about 2,200 acres in the preceding decade to less than half of that, or
about 1,050 acres. After that slow period, urban growth increased from 1990 to 2000 to the highest recorded, or
nearly 2,550 acres, which is consistent with the population and housing trends discussed below. Growth once
again decreased to about 1,340 acres in the most current period from 2000 to 2010. Despite these changes over
time, urban growth also showed two distinct patterns. First, the earliest growth that began around the perimeter of
Pewaukee Lake continues to emanate from the Lake and expand outward. Second, growth is expanding around
the perimeter of the watershed boundary from the outlying cities, towns, and villages.

More than 50 percent of the urban growth within the Pewaukee River watershed has occurred within the Lake
subwatershed (hereinafter PL subwatershed) compared to the Pewaukee River subwatershed (hereinafter PR
subwatershed). This is to be expected given the desirability of lake property and that the Lake subwatershed is
twice the size of the River subwatershed. Despite this urban growth, the Pewaukee River watershed still contains
a significant amount of rural land uses (see “Existing and Planned Land Use” subsection below for more details).

Population and Households

Growth in population and numbers of households from 1960 to 2010 in the Pewaukee River watershed is shown
in Figure 6. The resident population grew from about 11,400 to 33,725 individuals; the number of households
grew from about 2,900 to 13,760 from 1960 through 2010. During this period the PR subwatershed comprised
about 41 percent of both the population and number of households within the entire watershed. The greatest
increase in population occurred between 1990 and 2000, and was followed by the smallest increase between 2000
and 2010. The greatest household increases occurred between 1970 to 1980 and 1990 to 2000. It is also
interesting to note that rates of growth in the number of households within the PR subwatershed were greater than
in the PL subwatershed for every time period except for 2000 to 2010, which also was associated with a slight
decrease in population size for this area.

Based upon the adopted regional land use plan, the population in the Pewaukee River watershed is projected to

increase through the year 2035 by about 24 percent, while the number of resident households in the watershed is
projected to increase by about 21 percent.?

Information and resources on the history of Pewaukee is provided on the Pewaukee Areas Historical Society
website at http://www.pewaukeehistory.org/

2SEWRPC Planning Report No. 48, A Regional Land Use Plan for Southeastern Wisconsin: 2035, June 2006.
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HISTORICAL URBAN GROWTH WITHIN THE PEWAUKEE RIVER WATERSHED: 1850-2010
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Source: SEWRPC.
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Figure 6

POPULATION AND HOUSEHOLDS AMONG SUBWATERSHEDS
WITHIN THE PEWAUKEE RIVER WATERSHED: 1960-2010
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NOTE: Watershed areas approximated by whole U.S. Public Land Survey quarter sections.

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

Existing and Planned Land Use

This section characterizes existing land use conditions for the entire Pewaukee River watershed, as well as the PL
and PR subwatersheds, for the year 2010, and examines changes anticipated to occur through planned year 2035
conditions. More detailed breakdowns of the existing and planned land use for each subwatershed can be found in
Appendix A.

Urban Land Use

In 2010, as indicated in Table 1 and on Map 4, urban land uses—which include residential; commercial; indus-
trial; governmental and institutional; transportation, communication, utilities; and recreational lands—
encompassed nearly 49 percent of the total watershed area. Residential land uses comprised the largest urban land
use, covering about 6,207 acres, or about 25 percent, of the total watershed. As shown in Map 5 and Figure 7,
over three-fourths of the residential development is located within the PL subwatershed. In contrast, nearly all of
the industrial, commercial, and governmental and institutional lands are located within the PR subwatershed.
Transportation, communication, and utilities are nearly evenly split among each of the two subwatersheds at about
7 percent each, which comprises the second largest urban land use category in the entire watershed. In terms of
recreational lands, nearly 830 acres or about 4 percent of the total watershed area is comprised of golf courses,
parks with picnic areas and baseball diamonds, and trail systems (see Recreational Use section in Chapter IV of
this report for more details).

Under planned 2035 land use conditions, about 15,482 acres, or 64 percent, of the watershed, are anticipated to be
in urban land uses. Residential development is anticipated to comprise about 45 percent of the increase in urban
land use between 2010 and 2035 as shown in Table 1 and on Map 5. Twenty-seven percent of the increase in
urban land use is planned to occur in the PL subwatershed and 18 percent is anticipated to occur in the PR
subwatershed (see Appendix A). The remaining 55 percent of the increase in urban land between 2010 and 2035
is planned to be in commercial, industrial, governmental, transportation, or recreational uses. Map 5 shows the
future growth of these types of development is planned to occur primarily along IH 94 and STH 16. As indicated
in Table 1, a corresponding decrease of more than 3,500 acres of agricultural and open lands and 124 acres of
woodlands is planned to occur.
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Table 1

LAND USE IN THE PEWAUKEE RIVER WATERSHED: 2010-2035&b

2010 2035 Change: 2010-2035
Percent Percent
Category® Acres of Total Acres of Total Acres Percent
Urban
Residential ..........cccceeveveeiiiieeciieees 6,207 25.4 7,819 32.1 1,612 26.0
Commercial ......coueveeeeeeiiiiiieee e 623 2.6 973 4.0 350 56.2
Industrial........cccceevviveiiiie e 387 1.6 675 2.8 288 74.4
Governmental and Institutional .......... 476 1.9 770 3.2 294 61.8
Transportation, Communication

and Utilities .... 3,330 13.7 4,168 171 838 25.2

Extractive........... - - - - 9 <0.1 9 >100
Recreational ............ccccveeeeeeiicinieneennn. 828 3.4 1,068 4.4 240 29.0
Subtotal 11,851 48.6 15,482 63.6 3,631 30.6

Rural

Agricultural and Open Lands©............ 5,798 23.8 2,291 9.4 -3,507 -60.5
Wetlands® ..o 2,798 115 2,798 115 0 0.0
Woodlands ........ccceevveeeiiieeeiiee e 1,294 5.3 1,170 4.8 -124 -9.6

WaALET .....vviieeiiee e 2,639 10.8 2,639 10.7 0 0
Subtotal 12,529 51.4 8,898 36.4 -3,631 -29.0

Total 24,380 100.0 24,380 100.0 0 --

8As approximated by whole U.S. Public Land Survey one-quarter sections.

bas part of the regional land use inventory for the year 2000, the delineation of existing land use was referenced to real property boundary
information not available for prior inventories. This change, which is also reflected in the 2010 inventory, increases the precision of the land
use inventory and makes it more usable to public agencies and private interests throughout the Region. As a result of the change, however,
year 2000 and later land use inventory data are not strictly comparable with data from the 1990 and prior inventories. At the county and
regional level, the most significant effect of the change is to increase the transportation, communication, and utilities category, the result of the
use of narrower estimated right-of-ways in prior inventories. The treatment of streets and highways generally diminishes the area of adjacent
land uses traversed by those streets and highways in the 2000 land use inventory relative to prior inventories.

Coff-street parking of more than 10 spaces is included with the associated land use.

ditis important to note that farmed wetlands are included with the Agricultural and Open Lands category for the year 2010. However, if farmed
wetland is adjacent to Primary Environmental Corridor (PEC) lands, it is included with the PEC lands category for the year 2035 planned land
use, which would represent part of the reduction in the Agricultural and Open Lands category.

€As part of the Wisconsin Department of Natural Resources Wisconsin Wetland Inventory (WWI) beginning in the year 2005, the wetlands
were mapped to a much finer scale and greater level of detail (more wetland categories) than prior inventories. This change increased the
accuracy and precision of wetland mapping throughout the Region. As a result of the change, however, year 2010 wetland inventory data are
not comparable with data from the year 2000 and prior inventories. At the county and Regional level, the most significant effect of the change
is that more, smaller wetlands were able to be delineated, which led to an overall increase in the number and total acreage of wetlands. At the
local scale of this study, the most significant wetland area increases were due to an increase in the number of wetlands, farmed wetlands
reverting back to wetlands due to inactivity/abandonment of agricultural cultivation activities, and expansion of boundaries within pre-existing
wetland areas. However, there was also significant loss of wetland due to urban development, primarily related to residential housing and
roadway construction.

Source: SEWRPC.

Adopted sanitary sewer service areas are shown on Map 6. These sewer service areas have been delineated
through a local sewer service area planning process. As part of this process, the community concerned, assisted by
SEWRPC, determines a precise sewer service area boundary consistent with local land use plans and development
objectives. Sewer service area plans include detailed maps of environmentally significant areas within the sewer
service area. Following adoption of the plan by the designated management agency for the wastewater treatment
plant, local sewer service area plans are considered for adoption by SEWRPC as a formal amendment to the
regional water quality management plan. The Commission then forwards the plans to the WDNR for approval.
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Map 4

EXISTING LAND USE WITHIN THE PEWAUKEE RIVER WATERSHED: 2010
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Map 5

PLANNED LAND USE WITHIN THE PEWAUKEE RIVER WATERSHED: 2035
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Figure 7

PROPORTION OF LAND USE AMONG THE PEWAUKEE RIVER (PR)
AND PEWAUKEE LAKE (PL) SUBWATERSHEDS WITHIN THE

PEWAUKEE RIVER WATERSHED: 2010

There are no wastewater treatment plants
within the Pewaukee River watershed.
The closest sewage treatment plant is
located outside of the watershed in the
Village of Sussex. Sewer service areas

ﬁﬁjﬁ e —— have been adopted for most of the water-
10 shed area except for parts of the Towns of
Bides ] —————— Delafield, Lisbon and Merton and a
5 Al R —— portion of the City of Pewaukee.
80 -
60 ¢ Rural Land Use
40 47 As shown in Tablel, in 2010, rural
ﬁg Al A IR AR R lands—consisting of woodlands, wet-
' > > lands, surface water, agricultural crop-
f eﬁ’\yz\ f ’?&ﬂe (f;"‘ \?‘& _‘@I’P f 4‘*‘} lands and other open lands—comprised
“ o about 51 percent of the total land area of
& & . .
o & the Pewaukee River watershed. Agricul-
« #FR Subwatarshed tural, unused and other open land uses
L S were the largest rural land use in the

Categary watershed, encompassing nearly 24 per-

cent of the total land area. Agricultural
land use is comprised of active cropland
and other open lands, which includes farm buildings, pastures, grasslands that have not succeeded to wetland or
woodland communities, and lands adjacent to cropland, such as treelines and hedgerows. For the agricultural and
open lands present within the watershed during 2010, approximately 5,190 acres or 90 percent of the soils are
considered most suitable for agricultural uses (i.e., “prime” agricultural lands or “soils of statewide importance”
as shown on Map 7). The category of agricultural land that meets the U.S. Department of Agriculture Natural
Resources Conservation Service (NRCS) definition of “prime” agricultural soils includes those lands that would
meet the prime classification if artificially drained or protected from flooding. These lands include approximately
3,800 acres, or 66 percent of the watershed. A second category includes agricultural land that does not meet the
Federal definition of prime agricultural soils, but is classified by the State as being “soils of statewide
importance.” These lands include 1,391 acres, or 24 percent of the watershed land area.® The third category,
shown on Map 7, includes other lands that do not meet either the State or Federal definitions, and primarily
includes fields with slopes greater than 12 percent. This category contains 607 acres, or 10 percent of the
remaining agricultural and other lands. In summary, the PL subwatershed contains nearly twice the amount of
agricultural and open lands and the majority of the highest soils for agriculture purposes compared to the PR
subwatershed.

Source: SEWRPC.

Historically, before European settlement in the mid 1800s, the landscape within the Pewaukee River watershed
consisted largely of oak savanna (oak opening), a transitional habitat between forest and grassland containing
prairie grasses and forbs beneath widely spaced trees, primarily Bur oaks. Other natural habitats in the watershed
included oak forest, open wetlands, maple-basswood forest, lowland hardwoods, and conifer swamp. The extent
of these natural habitat types in the Pewaukee River watershed, derived from the original land survey records, is
shown on Map 8.

®In the Pewaukee River watershed, the agricultural lands placed in the second category do not meet the Federal
definition primarily because of steep slopes (6 to 12 percent) and poor drainage (water table at zero to three foot
depth). However, with the application of soil conservation or drainage practices, these soils have proven to be
very productive in Wisconsin.
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Map 6

ADOPTED SANITARY SEWER SERVICE AREAS WITHIN THE PEWAUKEE RIVER WATERSHED: 2009
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Map 7

FEDERAL AND STATE SOIL CLASSIFICATIONS FOR AGRICULTURAL AND OPEN LAND USES
WITHIN THE PEWAUKEE RIVER WATERSHED: 2010
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Map 8

PRE-SETTLEMENT VEGETATION WITHIN THE PEWAUKEE RIVER WATERSHED: 1836
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Following European settlement, large portions of the landscape were converted to agricultural use. Natural
vegetation was cleared to make way for crops. Efforts were made to open up wetlands to cultivation through
ditching and draining of wet soils. Steeply sloped lands that were spared the plow were often opened up to
grazing by livestock. This land conversion had significant consequences on water quality, water quantity, and
wildlife habitat. For example, water quality has been compromised through increases in erosion leading to
siltation of surface waters. Natural waterways have been dredged and straightened to facilitate rapid runoff
bypassing natural functions of adjacent wetlands including absorbing flood waters.

By 1940, agricultural land was the most dominant land use and comprised more than 70 percent of the total
watershed area, based on the historical urban growth data and historical aerial photographs. Comparing this to the
area of agricultural land in the year 2010, there has been a loss of nearly 11,300 acres. This agricultural land has
been largely converted into urban land uses, primarily residential, but also transportation. The construction of
IH 94 and of STH 16 subsequent to 1950 contributed to the development of residential land uses in the watershed.
This second major phase of land conversion has led to other water quality and quantity issues For instance, the
substantial increase in impervious surfaces has altered the infiltration rates throughout the watershed. However,
comparison of 1941 aerial photographs to the year 2010 aerial photographs shows that a significant portion of the
agricultural land has reverted back to woodland and wetland throughout large areas of the watershed. This
reversion is especially evident along the riverine corridors, as shown in Figures 8, 9, and 10 (see also Riparian
Management Practices subsection below). This has served to de-fragment and expand the environmental corridors
that are currently present, and substantiating the ability of the landscape to shift from a “disturbed” condition to a
more “natural” condition.

Between 2010 and 2035, rural land uses in the watershed are anticipated to continue to decrease by more than
60 percent, or 3,500 acres, as indicated in Table 1. The majority of this loss is anticipated to be from the
conversion of agricultural croplands and other open lands to urban lands for residential, commercial, and
industrial uses. Woodlands also are anticipated to experience a loss of about 124 acres during this period due to
planned urban development as suggested by the current zoning ordinances within the watershed (see Table 1).
Wetlands and woodlands are primarily located adjacent to the Pewaukee River, Coco Creek, Meadowbrook
Creek, Zion Creek, Audley Creek, and the tributaries associated with these streams. These lands are considered to
be largely Class | and Il wildlife habitat areas. In addition, the majority of this wildlife habitat is located within
the primary and secondary environmental corridors adjacent to the river system. Other significant portions of
wildlife habitat are located within isolated natural resource areas located throughout the basin. For more details on
habitat, see the Natural Resource Base-Related Elements section below.

CLIMATE

“Wisconsin’s climate is changing,* and our water resources are changing, too. Many aspects of our water
resources respond to climate and can serve as indicators of climate change at various temporal and spatial
scales. Analysis of historical data shows that water resources are intimately linked to local and regional climate
conditions. Long-term records of lake water levels, lake ice duration, groundwater levels, and stream baseflow
are correlated with long-term trends in atmospheric temperature and precipitation.”

4C.J. Kucharik, S.P. Serbin, S. Vavrus, E.J. Hopkins, and M.M. Motew, “Patterns of climate change across
Wisconsin from 1950 to 2006,” Physical Geography, Vol. 31, No. 1, 2010.

*Wisconsin Initiative on Climate Change Impacts (WICCI), Wisconsin’s Changing Climate: Impacts and

Adaptation, Nelson Institute for Environmental Studies, University of Wisconsin-Madison, and Wisconsin
Department of Natural Resources, February 2011.
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Figure 8

COMPARISON OF LAND USE NEAR PEWAUKEE RIVER IN 1941 VERSUS 2010
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Figure 8 (continued)

Source: SEWRPC.
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Source: SEWRPC.

Figure 9

COMPARISON OF LAND USE NEAR THE PEWAUKEE RIVER
UPSTREAM OF PEWAUKEE LAKE WITHIN COCO CREEK 1941 VERSUS 2010
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Figure 10

COMPARISON OF LAND USE NEAR THE PEWAUKEE RIVER
UPSTREAM OF PEWAUKEE LAKE WITHIN MEADOWBROOK CREEK 1941 VERSUS 2010

Source: SEWRPC.



Figure 11

RIVER BASEFLOW TRENDS AND PRECIPITATION
CHANGE IN WISCONSIN: 1950-2006

From 1950-2006, Wisconsin as a whole has become wetter, with an
increase in annual precipitation of 3.1 inches. This observed
increase in annual precipitation has primarily occurred in southern
and western Wisconsin, while northern Wisconsin has experienced
some drying. The southern and western regions of the State show
increases in baseflow, corresponding to the areas with greatest
precipitation increases.

Source: Wisconsin Initiative on Climate Change Impacts Water
Resources Working Group and SEWRPC.

Figure 12

HYDROLOGIC CYCLE OF WATER MOVEMENT

These schematic shows how human processes associated with
land use development affect the natural processes of how water
moves through its different states of the hydrologic cycle. Water
returns to the atmosphere through evaporation (process by which
water is changed from liquid to vapor), sublimation (direct
evaporation by snow and ice), and transpiration (process by which

plants give off water vapor through their leaves).

Source: Wisconsin Initiative on Climate Change Impacts Water
Resources Working Group and SEWRPC.

The Wisconsin Initiative on Climate Change Impacts (WICCI) has concluded that future climate projections will
affect the State of Wisconsin’s water resources in both quantity and quality.® However, WICCI also found clear
evidence from analysis of past trends and probable future climate projections that there will be different
hydrologic responses to climate change in different geographic regions of the State (see Figure 11). The
differences reflect local variations in land use, soil type and surface deposits, groundwater characteristics, and
runoff and seepage responses to precipitation, which illustrates the importance of including the existing and future
conditions of these characteristics as part of the watershed protection plan strategy. Climate change seems to be
altering the availability of water (volume), the distribution of rainfall over time, and whether precipitation falls as
rain or snow, each of which affects water’s movement through a water cycle. As shown in Figure 12, most of the
water entering the landscape arrives as precipitation (rain and snowfall) that falls directly on waterbodies, runs off
the land surface and enters streams, rivers, wetlands, and lakes, or percolates through the soil, recharging
groundwater that flows underground and re-emerges as springs into lakes, wetlands, and streams. Even in the
absence of climate change, when one part of the system is affected, all other parts are affected. For example,
overdrafting the shallow groundwater for agricultural crops can lead to a reduction or complete loss in discharge
of a local stream (see the Groundwater Resources subsection below). More important, climate change exposes the
vulnerabilities of water available within a given community, and this vulnerability is proportional to how much
humans have altered how water moves through the water cycle. This vulnerability becomes particularly evident
during periods of prolonged drought conditions.

The WICCI Water Resources Working Group (WRWG) incorporated WICCI’s 1980-2055 projections for
temperature, precipitation (including occurrence of events), and changes in snowfall to guide their evaluation of

®Wisconsin Initiative on Climate Change Impacts (WICCI), 2011.
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potential impacts to hydrologic processes and resources.” This team of experts prioritized the highest potential
climate change impacts on water resources and proposed adaptation strategies to address impacts across the State
of Wisconsin (see below). It is important to note that the WRWG developed several goals that guided the
development of the adaptation strategies for local communities as well:®

Minimize threats to public health and safety by anticipating and managing for extreme events—floods
and droughts.

We cannot know when and where the next flooding event will occur or be able to forecast drought
conditions beyond a few months, but we do know that these extreme events may become more frequent in
Wisconsin in the face of climate change. More effective planning and preparing for extreme events is an
adaptation priority.

Increase resiliency of aquatic ecosystems to buffer the impacts of future climate changes by restoring
or simulating natural processes, ensuring adequate habitat availability, and limiting human impacts on
resources.

A more extreme and variable climate (both in temperature and precipitation) may mean a shift in how we
manage aquatic ecosystems. We need to try to adapt to the changes rather than try to resist them.
Examples include managing water levels to mimic pre-development conditions at dams and other water
level structures, limiting groundwater and surface water withdrawals, restoring or reconnecting
floodplains and wetlands, and maintaining or providing migration corridors for fish and other aquatic
organisms.

Stabilize future variations in water quantity and availability by managing water as an integrated
resource, keeping water “local”” and supporting sustainable and efficient water use.

Many of our water management decisions are made under separate rules, statutory authorities,
administrative frameworks, and even different government entities. This can lead to conflicting and
inconsistent outcomes. In the face of climate change, the more we can do to integrate these decisions at
the appropriate geographic scale, the better adapted and ready for change we will be. In addition,
treating our water as a finite resource and knowing that supply will not always match demand will allow
for more sustainable water use in the future.

Maintain, improve, or restore water quality under a changing climate regime by promoting actions to
reduce nutrient and sediment loading.

Water quality initiatives will need to be redoubled under a changing climate in order to minimize worse-
case scenarios such as fish kills, harmful blue-green algae blooms, or mobilization of sediments and
nutrients and to prevent exacerbation of existing problems.

Local Climate Changes

In an effort to determine actual temperature and precipitation conditions for the project area, long-term average
annual and seasonal air temperature and total precipitation values were derived from official National Oceanic and
Atmospheric Administration (NOAA) records for the weather recording station at Waukesha, Wisconsin. Due to its
relative proximity to the project area, the records of this station may be considered typical of the entire watershed.

"The Water Resources Working Group (WRWG) included 25 members representing the Federal government, State
government, the University of Wisconsin System, the Great Lakes Indian Fish and Wildlife Commission, and the
Wisconsin Wetlands Association. Members were considered experts in the fields of aquatic biology, hydrology,
hydrogeology, limnology, engineering, and wetland ecology in Wisconsin. Over the course of a year, the group
convened to discuss current climate-related water resources research, potential climate change impacts, possible
adaptation strategies, and future research and monitoring needs across the entire State of Wisconsin. For more
details on climate change, impacts, adaptation, and resources visit http://www.wicci.wisc.edu/water-resources-
working-group.php.

8Wisconsin Initiative on Climate Change Impacts, February 2011, op. cit.
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The Wisconsin State Climatology Office calculated a long-term annual average temperature of 46.5 degrees
Fahrenheit (°F) and total precipitation of 31.79 inches from years 1895-2007 for the Southeast Wisconsin climate
division, which was a composite of multiple stations in this region of the State. A climate division has been
defined by the National Climatic Data Center to be an area of the State that has relatively uniform climate
characteristics using data from stations that record both temperature and precipitation. These regions, which were
created in 1950, correspond to the Crop Reporting Districts of the U.S. Department of Agriculture and typically
have boundaries corresponding to county and State boundaries, except in mountainous states where topographic
features are used to determine the boundaries. The Southeast climate division is one of nine separate divisions in
the State of Wisconsin.

The Wisconsin State Climatology Office further determined the long-term total precipitation and average
temperatures for each season for southeastern Wisconsin for available data from 1985 to present. Seasonal total
precipitation values include: Spring (March through May) 8.47 inches from 1895-2008; summer (June through
August) 10.78 inches from 1895-2008; fall (September through November) 8.0 inches from 1895-2009; and 4.57
inches for winter (begins in December of previous year through February) from 1895-2005. Average temperatures
for each season for Southeast Wisconsin were determined as follows: Spring (March through May) 44.7 F from
1895-2008; summer (June through August) 69.1 F from 1895-2008; fall (September through November) 50.0 F
from 1895-2010; and 22.4 F in winter (begins in December of previous year through February) from 1895-2005.

Seasonal average temperature and total precipitation were calculated for the Waukesha station (station closest to
the Pewaukee River watershed) for the period of record from 1950 through 2012 in the same seasonal breakdowns
as discussed above for southeastern Wisconsin. The seasonal average temperatures of the Waukesha station were
subtracted from the Southeast Wisconsin seasonal derived long-term average temperature and total precipitation
in order to obtain departures from normal for this one station.

Normal conditions for the Waukesha station for average temperature and total precipitation were defined as being
within an additional plus or minus 2°F and two inches of total precipitation for each seasonal total precipitation
and average temperature, respectively. For example, any total precipitations in the spring season ranging from
6.47 to 10.47 inches were considered normal and replaced by a zero to indicate normal spring season precipitation
conditions to simplify the graph as shown in Figure 13. Similarly, average temperatures for the spring season
ranging from 42.7 to 46.7°F were considered normal and replaced by a zero to indicate normal spring season
temperature conditions for purposes of graphing.

Pre- vs. Post-1980

For purposes of this analysis, the 1950-1980 record was considered a base time period to compare with more
recent changes in temperature and precipitation in this study between the years 1981-2012. This base period is
consistent with previous studies at regional, national, and world scales.®

The mean annual air temperature and total precipitation at Waukesha increased from 46.6 to 47.5°F and from 32.0
to 34.1 inches between pre-1980 and post-1980 years, respectively. Figure 13 shows that variability in average
temperature and total precipitation is unpredictably high from season to season and year to year. Figure 13
distinguishes warm versus cold, as well as wet versus dry seasons among years, based upon the derived departures
from normal. Based upon the resulting classifications, it is easy to see that there was a much higher proportion of
warmer seasons among years post-1980, indicating that the past 32 years have been relatively warmer than the
preceding years in the 63-year period of record. For example, 42 of the seasons between 1980 and

9James Hansena, Makiko Satoa, and Reto Ruedy, “Perception of climate change,”” Proceedings of the National
Academy of Sciences, Vol. 109 No. 37, E2415-E2423, September, 2012. www.pnas.org/cgi/doi/10.1073/
pnas.1205276109.
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Figure 13

CALCULATED DEPARTURES FROM NORMAL IN AVERAGE TEMPERATURE
AND TOTAL PRECIPITATION IN WAUKESHA COUNTY, WISCONSIN: 1950-2012
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Shaded gray areas indicate where temperature and precipitation values overlap. Data courtesy of NOAA National Climate Data Center for the Waukesha station in southeast
Wisconsin. Data for the most recent year only includes up to spring season of 2012. Winter season begins in December of year indicated. Shaded grey areas indicate overlay between

temperature and precipitation.

Wisconsin State Climatology Office is affiliated with the Department of Atmospheric and Oceanic Sciences at the University of Wisconsin-Madison, 1225 W. Dayton St., Madison, WI
53706, URL is http://www.aos.wisc.edu/~sco/; National Oceanic Atmospheric Association (2012), National Climatic Data Center, National Weather Service Milwaukee/Sullivan
Wisconsin, Annual Climatological Data Publications, URL is http://www.ncdc.noaa.gov/land-based-station-data/data-publications; and, SEWRPC.



2008, or about 33 percent of the period, were classified as hot to very hot compared to 16 of the seasons between
1950 and 1980, or about 13 percent of this period of record. Similarly, there was a higher proportion of wet
seasons in the post-1980 period when about 28 percent were classified as wet to very wet. Each of the four
seasons changes in temperature and precipitation pre- versus post- 1980 were further summarized in Appendix B.
Similar to Figure 13, Appendix B shows that each season, except fall, is much warmer (i.e., contains a higher
proportion of warmer categories) post-1980 compared to pre-1980. In contrast, total precipitation increases post-
1980 seem to mostly be occurring in the fall and winter seasons, with only slight increases in the spring and
summer seasons. This demonstrates that the Pewaukee River watershed is experiencing the same general shift to
wetter and warmer conditions over the period of record as observed in other areas of the State of Wisconsin.*°

Hence, these climatic conditions are drivers of water quality conditions within the Pewaukee River system and are
important considerations for the protection of surface water and groundwater quality as future development occurs
in this watershed. For example, higher air temperatures, which warm water and land surfaces, when combined
with periods of decreased precipitation during the summer, can negatively affect surface water dissolved oxygen
concentrations (see the “Effects of Urbanization and Agriculture on Instream Biological Communities” subsection
below). Low dissolved oxygen concentrations are a major concern during the summer months for this watershed.
Even short periods during which dissolved oxygen concentrations fall below 5.0 mg/l can cause significant
decreases in the abundance and diversity of the aquatic organisms in streams. In addition, warmer and wetter
winter seasons also can affect aquatic health and recreation. Winter temperatures are a major determinant of
nonnative aquatic plant growth in lakes and streams in the Midwest. Warmer winters can provide advantages to
nonnative species. For example, continued growth of Eurasian water milfoil (Myriophyllum spicatum) under the
ice or early emergence following spring ice-out contributes to the degradation of the native aquatic plant
community, impairment of water uses, and increased management costs and/or user conflicts. Warmer winters
also may provide opportunities for colonization by other nonnative plant species, such as Hydrilla (Hydrilla
verticillata) and fishes, among others (see Nonnative/Invasive Species section in Chapter IV of this report).
Warmer winters also may result in decreased winter recreational opportunities, limiting ice fishing and
snowmobiling due to unsafe or variable ice conditions, and/or increased flooding.

In addition to these changes, a couple of interesting changes in precipitation seem to be occurring in the post-1980
versus the pre-1980 time period. Specifically, as shown in Figure 14, there is a much stronger relationship
between post-1980 annual precipitation in the summer and fall seasons than existed prior to 1980. This seems to
indicate that total precipitation within a particular year is largely determined by the amounts of precipitation in the
spring season. In other words, if the total amount of precipitation in the spring is lower than normal, it is very
likely that total precipitation for that particular year will also be lower than normal. A second pattern also seems
to have developed between summer and fall precipitation. As for the first relationship above, there is no
statistically significant relationship between summer and fall precipitation prior to 1980. However, post-1980
there is a strong inverse relationship in precipitation between the summer and fall seasons, which indicates that
when summers are dryer than normal, the following fall will tend to be wetter than normal. This relationship may
prove to be a helpful tool in terms of planning for future projects, assuming that this relationship will continue to
be a strong one in the future.

In general, the years 2011 and 2012, during which this project was conducted, were characterized by normal to
below-average precipitation levels and above-normal temperatures. Most of the year in 2011, namely spring,
summer, and fall, was characterized as within normal levels of total precipitation and average temperatures. In
contrast, the winter of 2011 to 2012 had temperatures well above normal by 5.43°F and although this winter was
also considered to have normal total precipitation, there were well below normal levels of precipitation

Owisconsin Academy of Sciences, Arts and Letters (WASAL), Waters of Wisconsin: The Future of Our Aquatic
Ecosystems and Resources, Madison, Wisconsin, January 2003.
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Figure 14

PRE- VERSUS POST-1980 CHANGES IN SEASONAL TOTAL PRECIPITATION
AT THE NOAA WAUKESHA WEATHER RECORDING STATION: 1950-2012
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as snowfall. That winter was followed by the warmest March on record for the U.S. and State of Wisconsin.™
Wisconsin temperatures rose 15 to 30°F above normal on most of the days between March 6 and 28. Maximum
air temperatures during the month peaked in the lower to mid-80s on March 20 and 21 across the southern two-
thirds of the State. This increase had a significant impact on water temperatures both locally throughout the
Pewaukee River and Fox River as well as the Great Lakes region as shown in Figure 15. The surface water
temperature of each of the Great Lakes increased above average conditions by about 3 to 5 degrees Celsius (°C),
(6.4 to 9.0°F) within a period of about 14 days, which is incredible given the huge volumes of water each lake
contains. Snowfall was well below normal, and there was no snow in southern Wisconsin after March 8. Trees,
flowers, shrubs, bushes, and fruit orchards bloomed early and this period of unseasonably high temperatures also
favored excessive growth of Eurasian Water Milfoil, an invasive aquatic plant, in lakes throughout southeastern
Wisconsin. Overall, the average monthly temperatures were 13 to 16°F above normal. This early warm-up was
then followed up with a very hot July that was tied for the fourth warmest on record in Wisconsin, which was then
followed by a summer-fall drought which ended in mid-October.*” This caused streamflow levels within the
Pewaukee River system to be well below normal during the period of this study. Hence, this early seasonal time
series of air and water temperatures demonstrates how extreme temperature events can affect waterways at local,
regional, and national scales. In addition, this hotter and dryer than normal year also had important implications
concerning the water quality and biological assessments that were summarized in Chapter IV of this report.

GEOLOGY AND PHYSIOGRAPHY

The topographic elevations in the Pewaukee River watershed shown on Map 9 range from approximately 750 feet
above National Geodetic Vertical Datum, 1929 adjustment (NGVD 29) along the lower two-thirds of the
Pewaukee River and near the confluence of Pewaukee River with the Fox River in the southeastern portion of the
watershed, up to over 1,125 feet above NGVD 29 in the northern and southwestern portions of the watershed—a
variation of about 375 feet. Most of the high points in the watershed are part of the Inter-Lobate Kettle Moraine
along the northern, western, and southern edges of the watershed surrounding Pewaukee Lake. The Inter-Lobate
Kettle Moraine is one of the major physiographic and topographic features in the watershed and is part of much
larger glacial landform features that were formed more than 10,000 years ago.*®

Land slopes within the watershed range from less than 1 percent to greater than 20 percent. However, significant
portions of the Pewaukee River watershed contain slopes exceeding 12 percent, with many such areas being
located along the Kettle Moraine. About 2 percent of the total land area of the watershed has slopes of 20 percent
or greater. About 7 percent of the total land area has slopes of between 13 and 19 percent. Poorly planned hillside
development in these areas can lead to severe construction and post-construction erosion problems, and high
maintenance costs associated with public infrastructure. Steeply sloped agricultural lands may make the operation
of agricultural equipment difficult or even hazardous, while development or cultivation of steeply sloped lands is
likely to result in erosion and sedimentation that negatively impact surface water quality. However, about three-
fourths of the watershed has slopes of less than 6 percent.

“National Weather Service, 2012 Wisconsin Yearly Weather Summary, National and Oceanic Atmospheric
Association.

2A drought emergency was declared for Waukesha County during the summer of 2012, News Release No.
0250.12; July 25, 2012, http://usda.gov, http://droughtmonitor.unl.edu/archive.html; U.S. Drought Monitor
Archives, http://water.weather.gov/precip/; NOAA Advanced Hydrologic Prediction Service website.

3Waukesha County Department of Parks and Land Use-Land Resources Division, Waukesha County Land and
Water Resources Management Plan: 2006-2010, March 2006.
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Figure 15

AVERAGE DAILY AIR AND WATER TEMPERATURES IN THE MIDWEST, GREAT LAKES, UPPER FOX RIVER, AND PEWAUKEE RIVER WATERSHED: 2012

The March early warming signature was observed across
multiples scales throughout the Great Lakes region with
nearly every waterbody peaking simultaneously on March 22

NOTE: 2012 was the warmest year ever recorded in the contiguous lower 48 states since 1895, according to NOAA.

Source: Midwestern Regional Climate Center, lllinois State Water Survey, Prairie Research Institute, University of lllinois at Urbana-Champaign, Great Lakes Environmental Research
Laboratory (GLERL) http://coastwatch.glerl.noaa.gov/statistic/statistic.html, NOAA, and SEWRPC.



Map 9

TOPOGRAPHIC AND PHYSIOGRAPHIC CHARACTERISTICS WITHIN THE PEWAUKEE RIVER WATERSHED
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Bedrock Geology

The bedrock and surface deposits overlying the bedrock directly and indirectly affect the quantity and quality of
surface water and groundwater in the Pewaukee River watershed, which is underlain by Niagara limestone
(dolomite bedrock) that typically is located between 25 and 50 feet below the ground surface. However, there are
some areas in the watershed where the bedrock is at the ground surface and visible as bedrock outcrops. The
northeastern portion of the Pewaukee River watershed in the Village of Sussex and a portion of the Town of
Lisbon has the shallowest bedrock at between 0 and 25 feet depth below the ground surface. Rock outcrops are
most prevalent in this area, but can also be found in other portions of the watershed where the bedrock occurs at
between 25 and 50 feet depth below the ground surface. Hence, there are three limestone quarries within or
adjacent to the Pewaukee River watershed that include both the Vulcan Materials and Halquist Stone Companies
in Sussex in the northeast and the Waukesha Lime & Stone Company just outside the southeast portion of the
watershed along the Fox River.

The northern, western, and southern portions of the watershed contain the southern unit of the Inter-Lobate Kettle
Moraine, which forms one of the dominant topographic features of the watershed as well as the watershed
boundary. The depth to bedrock roughly corresponds to the increases in elevation in these areas. The Kettle
Moraine, which is oriented in a generally northeast-southwest direction across western Washington, Waukesha,
and Walworth Counties, is a complex system of kames (or crudely stratified conical hills); kettle holes (formed by
glacial ice blocks that became separated from the ice mass, creating depressions and small lakes as the meltwater
deposited material around the ice blocks); and eskers (long, narrow ridges of drift deposited in abandoned
drainageways). The remainder of the watershed is covered by a variety of glacial landforms and features,
including various types of moraines, drumlins, and outwash plains. The water from within the glacial sand and
gravel deposits that characterize this landscape supplies the shallow wells and springs that occur within the
watershed.

Fissures in the Niagara dolomite create water storages that are frequently tapped by moderately deep wells for
water supply purposes. Underlying the Niagara dolomite is a relatively impervious layer of Maquoketa shale. In
some pre-Pleistocene valleys in the western portions of Waukesha County, however, the Niagara dolomite is
absent and the uppermost bedrock unit is the Maguoketa shale. Beneath the Maqguoketa shale are dolomite and
sandstone formations that constitute the “deep sandstone aquifer.” This aquifer, however, is relatively
unimportant in terms of its influence on the surface water resources of the County, since it does not intersect the
surface drainage pattern (see the Groundwater Resources subsection below for more information). The general
orientation of the aquifers within southeastern Wisconsin is shown in Figure 16.%*

SOILS

The glaciers deposited a wide variety of soil-forming materials and sculpted many different landforms that
influence soil type and stream hydrology in the Southeastern Wisconsin Region. Soil type, along with land slope,
land use, and vegetative cover, are important factors determining the rate, amount, and quality of stormwater
runoff and, consequently, stream and lake water quality. Soil texture and soil particle structure influence the
permeability, infiltration rate, and erodibility of soils. Land slopes are important determinants of stormwater
runoff velocities and therefore significantly influence the susceptibility of soils to erosion. The erosivity of the
runoff can be moderated or modified by vegetation.

¥SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002.
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Figure 16

HYDROGEOLOGIC SECTION THROUGH SOUTHEASTERN WISCONSIN
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There is only one main type of soil classification that constitutes the soil mantle within the Pewaukee River
watershed: It is glacial in origin. This soil type can be further classified into four soil associations based upon the
NRCS detailed soil survey of the region in 1971 that are summarized below:*®

Hochheim-Theresa association is comprised of well-drained soils that have a subsoil of clay loam and
silty clay loam that was formed in thin loess and loam glacial till, on ground moraines.

. Pella, moderately shallow variant-Knowles association is comprised of poorly drained and well-
drained soils that have a subsoil of silty clay loam or clay loam that is moderately shallow over
dolomite bedrock.

° Fox-Casco association is comprised of well-drained soils that have a subsoil of clay loam. This
association is moderately deep over sand and gravel and can be found on outwash plains and stream
terraces.

. Rodman-Casco association is comprised of excessively- to well-drained soils that have a subsoil of
clay loam and gravelly sandy loam. This association is shallow over gravel and sand.

1SSEWRPC Planning Report No. 8, Soils of Southeastern Wisconsin, June 1966; see also U.S. Department of
Agriculture Soil Conservation Service, Soil Survey of Milwaukee and Waukesha Counties, Wisconsin, July 1971.
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These soils generally range from poorly drained, organic soils to well drained, mineral soils. More specifically,
the Hochheim-Theresa Association blankets 93.9 percent of the watershed, whereas the Pella, moderately shallow
variant-Knowles Association covers 5.4 percent of the watershed. The Pella-Knowles association occurs where
the bedrock is shallow in the northeastern portion of the watershed, and also in a small area associated with Zion
Creek in the southwestern portion of the watershed. Minor portions of Rodman-Casco Association and of Fox-
Casco Association cover 0.6 percent and 0.1 percent of the watershed, respectively.

Using the regional soil survey, these soils can be further subdivided into four main hydrologic groups; well-
drained soils, moderately-drained soils, poorly-drained soils, and very poorly-drained soils. Due to the large
proportion of the Pewaukee River watershed being comprised of the well-drained Hochheim-Theresa soil
association, it is not surprising that this watershed contains about 68 percent moderately drained to well-drained
soils. This result is consistent with the high to very high permeability along with moderate to very high
groundwater recharge potential rankings of soils within this watershed.*®

WATER RESOURCES

The Pewaukee River watershed covers about 38 square miles (about 24,380 acres). It is one of several
subwatersheds that comprise the Upper Fox River watershed and it represents about 4 percent of the land area of
that basin. The problems or threats facing the water resources of the Pewaukee River watershed are similar to
those facing the Fox River; namely, potential excessive nutrient input, runoff from croplands and urban lands,
introductions of pesticides and herbicides, filling of wetlands, extreme fluctuations of stream flow or low flow,
temperature extremes, low dissolved oxygen, loss of fish and macroinvertebrate habitat, and barriers to fish and
aquatic organism migration.*’

Surface Water Resources

The Pewaukee River is approximately 11 miles in length, extending from its headwaters in the Village of Sussex
to its confluence with the Fox River in the City of Pewaukee (see Map 2 in Chapter | of this report). The
Pewaukee River watershed contains several perennial tributaries, the longest being Coco Creek at about five miles
in length. The other perennial tributaries include Meadow Brook, Zion Creek, and Audley Creek. Pewaukee Lake
and its associated subwatershed area is technically and functionally a tributary to the Pewaukee River. The
mainstem of the Pewaukee River provides a wealth of opportunity for canoeing, kayaking, fishing, and bird
watching, as well as scientific study among other uses. Coco Creek is a Class 1l trout stream.

The only lake within the Pewaukee River watershed is Pewaukee Lake, an impounded lake which is 2,446 acres
in area and is the largest lake within Waukesha County. Hence, Pewaukee Lake provides some of the highest-
quality boating and other lake-related recreation in the Southeastern Wisconsin Region, including a quality musky
fishery. This mixture of high-quality lake and stream systems and associated recreational benefits has provided
the unique framework from which the local communities have grown and thrived within the Pewaukee River
watershed.

Runoff from Urban Development and Impervious Surfaces

As indicated above, urban land use in the Pewaukee River watershed is expected to continue to increase at least
through 2035. In the absence of planning, such urbanization can create negative impacts on streams and lakes.
Urbanization itself is not the main factor driving the degradation of the local waterbodies. Lakes and streams can
survive and even flourish in urban settings with appropriate measures to control the impacts of urbanization. The

8 SEWRPC Technical Report No. 47, Groundwater Recharge in Southeastern Wisconsin Estimated by a GIS-
Based Water Balance Model, July 2008.

Wisconsin Department of Natural Resources, Publication No. PUBL-WT-701-2002, The State of the Southeast
Fox River Basin, February 2002.
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Table 2 main factors leading to the degradation of urban
APPROXIMATE PERCENTAGE OF waterbct)dclje§ |ncIUQe. the fcreatlt?[rrl olf Isrgi a(ljfeas ct)f
CONNECTED IMPERVIOUS SURFACES connected impervious surfaces, the lack of adequate
CREATED BY URBAN DEVELOPMENT stormwater management facilities to control the quan-
tity and quality of runoff, the proximity of develop-

Impervious Surface ment  to Waterbodle_s, Io_ss of _natural areas, and
Type of Urban Development (percent) inadequate construction site erosion controls. These
Suburban-Density Residential........... 10-15 factors increase the potential for the occurrence of the
Low-Density Residential.................... 20-25 negative water quality/quantity effects associated with
Medium-Density Residential .............. 25-30 urbanization. Good land use planning, creative site
High-Density Residential.................... 30-50 . ..
Governmental and Institutional .......... 40-75 deS'Q_ny and the appll_catlor} of be_St management
INAUSTIAL. ... 70-80 practices for construction site erosion control and
commercial.........ccoeeeiieeiiiieeeieeees 85-95 pOSt-COﬂStI’UCtiOﬂ stormwater management can greatly
Source: Natural Resources Conservation Service and SEWRPC. reduce the pOtentlaI for urban development to nega-

tively affect the surrounding environment.

Industrial and commercial land uses generally have significantly more impervious area than residential land uses,
while smaller residential lots generally have proportionately more impervious surface than larger residential lots.
Table 2 lists the approximate amounts of impervious surface created by residential, industrial, and commercial
development. Although commercial and industrial developments generally have a larger percentage of impervious
surface, lawns—which are the single largest use of the land area in residential developments—show some
similarities to impervious surfaces. When lawns are compared to woodlands and cropland, they are found to
contain less soil pore space (up to 15 percent less than cropland and 24 percent less than woodland), reducing
their ability to infiltrate water. In many instances, considerable soil compaction occurs during grading of home
sites, significantly reducing the perviousness of lawns. Compared to turf grass, native grasses, forbs, and sedges
have significantly deeper root systems, which loosen the soil and create flow channels that increase infiltration
capacity. Also, owing to excessive application of fertilizers and pesticides, urban lawns typically produce higher
unit loads of nutrients and pesticide than do croplands.*® **When new commercial or residential developments are
built near streams, the area of driveways, rooftops, sidewalks, and lawns increases; the area of native plant
growths and undisturbed soils decrease; and, the ability of the shoreland area to perform its natural functions
(flood control, pollutant removal, wildlife habitat, and aesthetic beauty) is diminished. In the absence of
mitigating measures, urbanization impacts the watershed not only by altering the ratio between stormwater runoff
and groundwater recharge, but also through changing stream hydrology (i.e., increasing stormwater runoff
volumes and peak flows and altering the baseflow regime). These changes are exacerbated by altering the
seasonal thermal regimes in these flowing water systems and changing other characteristics of the streams, such
as channel morphology, water quality/quantity, and biological diversity.

When urban development increases, the ratio of impervious surface area in a watershed to water surface area
increases, which leads to a decrease in the amount of pervious surface area. For this reason alone, many
researchers throughout the United States, including researchers at the WDNR, report that the amount of connected
impervious surface is the best indicator of the level of urbanization in a watershed.?® Connected impervious

8Center for Watershed Protection, Impacts of Impervious Cover on Aquatic Systems, Watershed Protection
Research Monograph No. 1, March 2003, p. 7.

192009 Wisconsin Act 9 created Section 94.643 of the Wisconsin Statutes which places restrictions on the use and
sale of fertilizer containing phosphorus as well as on the use and sale of other turf fertilizers. Over time, it is
anticipated that these restrictions on phosphorus in fertilizer will result in reduced loads of phosphorus in runoff
from lawns.

20 Wang, J. Lyons, P. Kanehl, and R. Bannerman, ““Impacts of Urbanization on Stream Habitat and Fish across
Multiple Spatial Scales,”” Environmental Management, Vol. 28, 2001, pp. 255-266.
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surfaces have a direct hydraulic connection to a stormwater drainage system, and, ultimately, to a stream. The
studies mentioned above have found that relatively low levels of urbanization, 8 to 12 percent connected
impervious surface, can cause subtle changes in physical (increased temperature and turbidity) and chemical
(reduced dissolved oxygen and increased pollutant levels) properties of a stream, leading to a decline in the
biological integrity of the stream. For example, each 1 percent increase in watershed imperviousness can lead to
an increase in water temperature of nearly 2.5°F.** While this temperature increase may appear to be small in
magnitude, this small increase can have significant impacts on fish, such as trout and other biological
communities that have a low tolerance to temperature fluctuations or require specific thermal ranges.

In the absence of mitigating measures, one of the consequences of urban development is the increase in the
amount of stormwater that runs off the land surface rather than infiltrating into the groundwater system. A parking
lot or driveway produces much more runoff than an undisturbed prairie or agricultural hay field. Furthermore,
runoff traveling over the surface of a parking lot or driveway will pick up heavy metals, bacteria, pathogens, and
other pollutants which otherwise might be removed as the stormwater is filtered through vegetation or infiltrated
into the surface aquifer. Runoff traveling over such impervious surfaces bypasses the filtering action of the soil
particles, soil microbes, and vegetation present above (stems and leaves) and below (roots) the soil surface. In
addition, the location of the impervious surfaces determines the degree of direct impact they will have on a
stream. There is a greater impact from impervious surfaces located close to streams—due to the fact that less time
and distance exists wherein the polluted runoff can be naturally treated before entering into a stream. A study of
47 watersheds in southeastern Wisconsin indicated that one acre of impervious surface located near a stream
could have the same negative effect on aquatic communities as 10 acres of impervious surface located farther
away from the stream.?

Because urban lands located adjacent to streams have a greater impact on the biological community, an assump-
tion might be made that riparian buffer strips located along the streambank could absorb some of the negative
runoff effects attributed to urbanization. While riparian buffers do have a mitigating effect, streambank buffers
may not be the complete answer to urban stormwater impacts within the watershed since most urban stormwater
is delivered directly to the stream via storm sewers or engineered channels and enters the stream without passing
through the buffer zone. Riparian buffers need to be combined with other management practices, such as
infiltration facilities, detention basins, and grass swales, in order to adequately mitigate the effects of urban
stormwater runoff. Combining practices into such a “treatment train” can provide a much higher level of pollutant
removal, than single, stand-alone practices could achieve. In this regard, it is important to note that stormwater
and erosion control treatment practices vary in their function, which in turn influences their level of effectiveness.
Their location on the landscape, as well as their construction and maintenance, greatly influences their level of
pollutant removal.

Researchers who evaluated 134 sites on 103 streams throughout the State of Wisconsin found that the amount of

urban land use upstream of their sample sites had a negative relationship with the biotic integrity scores at the
sites.”® There appeared to be a threshold of about 10 percent directly connected impervious cover in the areas

2L, wang, J. Lyons, and P. Kanehl, “Impacts of Urban Land Cover on Trout Streams in Wisconsin and
Minnesota, Transactions of the American Fisheries Society, Vol. 132, 2003, pp. 825-839.

2 Wang., J. Lyons, P. Kanehl, and R. Bannerman, “Impacts of Urbanization on Stream Habitat and Fish across
Multiple Spatial Scales,”” Environmental Management, Vol. 28, 2001, pp. 255-266.

%L, Wang, J. Lyons, P. Kanehl, and R. Gatti, “Influences of Watershed Land Use on Habitat Quality and Biotic
Integrity in Wisconsin Streams,”” Fisheries, Volume 22, 1997.
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Figure 17 tributary to the streams, beyond which Index of Biotic
Integrity (IBI) scores declined dramatically.* The IBI

TSTORUETAQBSI';%AHSEEES é%%“ég;‘;‘?hsﬂF?EFva'\c‘)%%R is a measure of the quality of the fishery community
SURFACES AMONG COLDWATER STREAM and comblnes.elements, sgch as abundance, _d_lversny
WATERSHEDS WITHIN WISCONSIN (number of different SpeCIeS), tolerance (ablllty of a
100 species to tolerate pollution), feeding or trophic
Watersheds with >6% imperviousness classifications (e.g., top carnivores, or fish that feed
. were found to contain consistently poor on other fish, vertebrates, or large aquatic insects),
L e N B LR and healthy appearance (e.g., no deformities, eroded
£ o ¢ fins, or lesions). Fish IBI scores were found to be
8 S . good to excellent below this threshold, but were con-
g’ s | T e sistently rated as poor to fair above_ this threshold.
é ae imperviousness were found to The researchers glso fOL_md that habltgt scores were
° [CteLRpoitols not closely associated with degraded fish community
attributes in the studied streams. Wisconsin research-
ers also found that the number of trout per 100 meters
in coldwater streams dramatically decreased at a
threshold of 6 percent imperviousness, and that no
_ trout were observed in coldwater streams in water-
(TP ISTEES (R sheds with greater than 11 percent imperviousness

Source: Wisconsin Department of Natural Resources. (see Figure 17).25

A WDNR study examined 47 small streams in 43 watersheds in southeastern Wisconsin to retrospectively analyze
fisheries and land use data acquired between 1970 and 1990.%° Historical changes in land uses were determined
from data provided by SEWRPC and the changes in the fishery were evaluated over the two decades. Streams that
were already extensively urbanized as of 1970 had fish communities characterized as highly tolerant with low
species richness.?” As these areas urbanized even further, the fish communities changed little, as they were
already considered to be degraded. In contrast, stream sites that had little urbanization (characterized by
connected imperviousness) in 1970, but which were urbanizing by 1990, showed decreases in the quality of the
fish community. This study further supported the finding that major differences occurred in the fisheries at the
10 percent connected impervious cover threshold, with poorer fisheries quality generally being reported for
stream sites above this threshold. In addition, other studies in different eco-regions and using various techniques
have supported these findings, suggesting that, as watersheds become highly urban, aquatic diversity becomes
degraded.?® In addition to increases in the amount of impervious land cover that are associated with urbanization,

#Directly connected impervious area is area that discharges directly to the stormwater drainage system without
the potential for infiltration through discharge to pervious surfaces or facilities specifically designed to
infiltrate runoff.

®personal communication, L. Wang, Wisconsin Department of Natural Resources.

. Wang, J. Lyons, P. Kanehl, R. Bannerman, and E. Emmons, “Watershed Urbanization and Changes In Fish
Communities In Southeastern Wisconsin Streams,” Journal of the American Water Resources Association,
Volume 36, No. 5, 2000.

#’Highly tolerant fishes can survive under degraded conditions, particularly low dissolved oxygen and high
temperatures. More detail on tolerance and characterization of the fishery community in this watershed is
provided in Chapter 1V of this report.

#Center for Watershed Protection, op. cit.
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Figure 18 urban development has often been accompanied by
the alteration or loss of wetlands; disturbance or

TEMPERA%@@ZXNSQI'ELJCVE/QI'IESPERVIOUS reduction in the size of riparian corridors; stream
SURFACES AMONG COLDWATER STREAM c_hefmnel _modlflcatlon, mcludmg_ stralgh_tenlng and
WATERSHEDS WITHIN WISCONSIN lining with concrete; and occasional spills of haz-
40 ardous materials. All of these factors contribute to
degradation of fish communities and of aquatic

diversity.

A further important concern related to urban develop-
ment is thermal pollution. Thermal pollution results
when stormwater flows over heated surfaces, such as
roads, rooftops, and parking lots, before entering
streams. The main consequence of thermal pollution is
oxygen depletion, because warm water cannot hold as
much oxygen as cold water. As these oxygen-deficit
. : : : events increase, the aquatic organisms living in the

0 10 20 30 40  Stream become more stressed, leading to decreased
growth and reproduction, migration out of the system,
and, in extreme cases, death of the aquatic organisms.
Source: Wisconsin Department of Natural Resources. Rainfall events that occur during the warmer summer
months are more stressful to fish and other water
dwelling organisms than rainfall at other times of the

10 1

Maximum Daily Mean (Degrees Celsius)

Imperviousness (percent)

Table 3 year, due to runoff being heated as it flows over sun-
OVERALL ESTIMATED PERCENT V\;]armfed |f[1prervu;us c?urfacljce_zs.f _\lNhgn coupkl)ed \f/\lnth the
CONNECTED IMPERVIOUS SURFACE FOR chronic affects of reduced infiltration on baseflows to

THE PEWAUKEE RIVER WATERSHED streams, these events can lead to significantly elevated
temperatures in the flowing water systems. There is a
direct relation between a coldwater stream’s maximum

Watershed 2010 2035 .
: daily water temperatures and the percentage of
Pewaukee River Subwatershed 19.3 26.4 impervious surface (i.e., urban development) in the
Pewaukee Lake Subwatershed 9.1 12.6 watershed (see Figure 18). Coldwater fish, such as
Total Watershed 12.7 17.4 brown trout, survive best in water temperatures less
than 20°C. Temperatures a few degrees below the
Source: SEWRPC. lethal limit of 25°C can still cause significant stress,

eventually leading to illness, infection, and death.*

As noted above, the amount of imperviousness in a watershed that is directly connected to the stormwater
drainage system can be used as a surrogate for evaluating the combined impacts of urbanization in the absence of
mitigation. The Pewaukee River watershed overall had about 49 percent urban land use in 2010, which
corresponds to approximately 12.7 percent directly connected imperviousness in the watershed; this is anticipated
to increase to more than 17 percent by the year 2035 (see Table 3). That level of imperviousness is significantly
above the threshold level of 6 to 11 percent at which negative biological impacts can be expected to occur in
coldwater streams (see Figures 17 and 18). The PL subwatershed had about 29.4 percent urban land use in 2010,
which corresponds to 9.1 percent directly connected imperviousness in the watershed. This is well within the
threshold level at which negative biological impacts could be expected to occur. The planned 2035 development
in the PL subwatershed is expected to exceed that threshold, with an estimated 12.6 percent connected impervious
surface area. In contrast, the PR subwatershed has already greatly exceeded the 11 percent threshold at which
negative biological impacts could be expected to occur. The PR subwatershed is currently estimated to contain

2G.S. Becker, Fishes of Wisconsin, University of Wisconsin Press, 1983.
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19.3 percent directly connected impervious surface in 2010 and is planned to exceed 26 percent by year 2035 (see
Table 3). This amount of development has often been associated with significant degradation of aquatic resources
in other streams within southeastern Wisconsin.*

The data regarding the effects of runoff from urban development and impervious surfaces would suggest that the
Pewaukee River subwatershed may exceed the threshold of being able to support a high-quality warmwater fish
community and that the PL subwatershed, which currently supports a Class Il trout stream (Coco Creek), may
exceed the threshold of being able to support a coldwater trout community. Local stormwater management
practices affecting runoff volume and quality are key to mitigating the consequences of development, one of
which is the preservation of substantial riparian buffers (see Riparian Management Practices subsection below).

Runoff from Agricultural Development

In addition to the urban impacts discussed above, certain types of rural land use can also have negative impacts on
riverine systems. For example, researchers in Wisconsin have found that the amount of agricultural land use
upstream of sample sites had a negative relationship with biotic integrity scores. There appeared to be a threshold
of about 50 percent agricultural land use, above which IBI scores declined dramatically.®* A separate study
looking at the effects of multi-scale environmental characteristics on the biota in agricultural streams in eastern
Wisconsin demonstrated a strong negative correlation between fisheries IBI scores and increased proportions of
agricultural land, ranging from 0 to 80 percent of the land surface within the studied watersheds, which indicates
that, as th3e2 percentage of agricultural land increases, the resultant fishery community decreases in abundance and
diversity.

More than 70 percent of the Pewaukee River watershed was estimated to be in agricultural land use in 1950. As of
2010, agricultural land comprised about 24 percent of the land surface area within the watershed. The decline has
been principally due to the conversion of agricultural land into residential subdivisions. The history of high
agricultural land use combined with channel straightening or channelization that occurred in many creeks and
streams throughout the Pewaukee River watershed has likely caused declines in fishery abundance and diversity
as a result (see Stream Reaches and Habitat Conditions sections in Chapter 1V of this report for more details). It is
important to note that although the amount of agricultural land use has been reduced, there are still significant
concerns related to sediment and nutrient loading into the waterways of the Pewaukee River system from
agricultural practices (see below).

Riparian Management Practices

Studies of the effects of agricultural land use on biotic integrity scores have indicated a positive relationship
between the fisheries IBI and increased agricultural riparian buffer vegetation width. This implies that, by
analogy, the impacts of increased agricultural land use may also be mitigated by an increased width of riparian
buffer, which, in turn, will act to protect the stream aquatic biota. A follow-up study investigating the influence of
watershed, riparian corridor, and stream reach-scale characteristics on aquatic biota in agricultural watersheds
found that the type(s) of land use within the watershed, the presence of riparian corridors, and the degree of
fragmentation of vegetation were the most important variables influencing fish and macroinvertebrate abundance

39SEWRPC Technical Report No. 39, Water Quality Conditions and Sources of Pollution in the Greater
Milwaukee Watersheds, November 2007.

3. Wang, J. Lyons, P. Kanehl, and R. Gatti, “Influences of Watershed Land Use on Habitat Quality and Biotic
Integrity in Wisconsin Streams,” op cit.

32F, Fitzpatrick, B. Scudder, B. Lenz, and D. Sullivan, “Effects of Multi-Scale Environmental Characteristics on

Agricultural Stream Biota in Eastern Wisconsin,” Journal of the American Water Resources Association,
Volume 37, No. 6, 2001.
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and diversity.®® In addition, upland and riparian best management practices (BMPs) when combined significantly
improved overall stream habitat quality, bank stability, instream cover for fishes, and fish abundance and
diversity.** Upland BMPs include barnyard runoff controls, manure storage, contour plowing, and reduced tillage.
Riparian BMPs include streambank fencing, streambank sloping, and limited streambank riprapping, Improve-
ments were most pronounced at sites with riparian BMPs. At sites with limited upland BMPs installed, there were
few improvements in water temperature or in the quality of fish community.

Around lakes, where development generally has a more urban character, stormwater management and runoff
controls—such as the application of stormwater infiltration practices, onsite detention/retention of stormwater,
adoption of good shorescaping measures, and shoreland management practices—offer similar benefits.*
Wetlands adjacent to lakes and streams help enhance water quality conditions, while preserving desirable open
space characteristics for residents to participate in a wide range of resource-oriented recreational activities.
Protection of shoreland wetlands also helps to avoid the creation of new environmental and developmental
problems as urbanization proceeds within the watershed. In parallel with such protection and preservation, the use
of natural and native vegetation as shoreline protection is required pursuant to Chapter NR 328 of the Wisconsin
Administrative Code as a best practice along lake shorelines where such measures are feasible. Recent studies of
the potential impact of riparian landscaping activities on nutrient loadings to lakes in southeastern Wisconsin have
suggested that urban residential lands can contribute up to twice the mass of phosphorus to lakes when subjected
to an active program of urban lawn care than similar lands managed in a more natural fashion.®® The application
of agrochemicals to such lands, in excess of the plant requirements, therefore, results in enhanced nutrient loading
directly to the adjacent waterbodies. To this end, the State of Wisconsin has promulgated guidance for turf
nutrient management targeted at residential lands, parks, and high use areas, such as golf courses and parks.*’

In addition to the protection of water quality, riparian buffers simultaneously protect wildlife including both
aquatic and terrestrial habitats. Buffer zones adjacent to waterbodies such as lakes, rivers, and wetlands minimize
the impacts of human activities on the landscape and contribute to recreation, aesthetics, and quality of life (see
riparian buffer booklet in Appendix C). Riparian buffers are unique ecosystems that are exceptionally rich in
biodiversity since they function as core habitat and travel corridors for many wildlife species including birds,
fishes, amphibians, insects, reptiles, and plants. Fishery quality observed throughout the Pewaukee River
watershed ranges from fair to excellent. This difference in quality can be attributed to a number of factors

33). Stewart, L. Wang, J. Lyons, J. Horwatich, and R. Bannerman, “Influence of Watershed, Riparian Corridor,
and Reach Scale Characteristics on Aquatic Biota in Agricultural Watersheds,”” Journal of the American Water
Resources Association, Volume 37, No. 6, 2001.

34, Wang, J. Lyons, and P. Kanehl, “Effects of Watershed Best Management Practices on Habitat and Fish in
Wisconsin's Streams,”” Journal of the American Water Resources Association, Volume 38, No. 3, 2002.

%See University of Wisconsin-Extension, Publication No. GWQ045, Storm Water Basins: Using Natural
Landscaping for Water Quality and Esthetics, 2005.

%U.S. Geological Survey Water-Resources Investigations Report No. 02-4130, Effects of Lawn Fertilizer on
Nutrient Concentration in Runoff from Lakeshore Lawns, Lauderdale Lakes, Wisconsin, July 2002.

3"\Wisconsin Department of Natural Resources, Technical Standard No. 1100, Turf Nutrient Management, 2006;
2009 Wisconsin Act 9 created Section 94.643 of the Wisconsin Statutes which placed restrictions on the use and
sale of fertilizer containing phosphorus as well as on the use and sale of other turf fertilizers, codifying in part the
recommended land management measures set forth in Technical Standard No. 1100.
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Figure 19 including: position within the watershed
and changes in instream channel features
including discharge, groundwater inputs,
substrates, and gradient; land use changes
and limited measures to mitigate the
adverse effects of land uses;*® and extent
of riparian buffers protecting lakes and
streams (see Chapter IV of this report).

GROUNDWATER FLOW PATHS IN A
MULTI-AQUIFER GROUNDWATER SYSTEM

Groundwater Resources
Groundwater not only sustains lake levels
and wetlands and provides the perennial
base flow of streams, but it is also a major
source of water supply. In general, there is
an adequate supply of groundwater within
the Region to support the growing popula-
tion, agriculture, commerce, and viable
and diverse industry. However, overpro-
duction and water shortages may occur in
Groundwater flows from recharge areas at the water table to discharge locations  areas of concentrated development and
at the stream gnd V\_lell. The residence time of groundwater can range from days to intensive water demand. The amount
centuries to millennia. i !
recharge, movement, and discharge of
Source: U.S. Geological Survey and SEWRPC. groundwater is controlled by several fac-
tors, including: precipitation; topography;
drainage; land use; soil; and, the lithology and water-bearing properties of rock units. All of the communities
within the Pewaukee River watershed are dependent on groundwater for a potable water supply and for other
commercial and industrial uses. Groundwater resources thus constitute an extremely valuable element of the
natural resource base within the Pewaukee River watershed. The continued growth of population and industry
within the watershed necessitates the wise development and management of groundwater resources. The U.S.
Geological Survey (USGS) has released a report that presents concepts and tools to help water managers and
others understand the effects of groundwater pumping on surface water (see below).>® Much of the following
information in this subsection is derived from that report.

Groundwater-Streamflow Interaction

As illustrated in Figure 19, groundwater and surface water systems are connected. The sources of water to streams
are generally recognized to result from four processes that include: 1) precipitation that falls directly onto a
stream, which is a relatively small component of total streamflow; 2) surface runoff (or overland flow) that travels

%The standards and requirements of Chapter NR 151 “Runoff Management,” and Chapter NR 216, ““Storm
Water Discharge Permits,” of the Wisconsin Administrative Code are intended to mitigate the impacts of existing
and new urban development and agricultural activities on surface water resources through control of peak flows
in the channel-forming range, promotion of increased baseflow through infiltration of stormwater runoff, and
reduction in sediment loads to streams and lakes. The implementation of these rules is intended to mitigate, or
improve, water quality and instream/inlake habitat conditions.

%Barlow, P.M., and Leake, S.A., Streamflow depletion by wells—Understanding and managing the effects of
groundwater pumping on streamflow, U.S. Geological Survey Circular 1376, 2012, see website at
http://pubs.usgs.gov/circ/1376/.
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"Streamflow depletion caused by pumping is
an important water-resource management
issue across the nation because of the
adverse effects that reduced flows can have
on aquatic ecosystems, the availability of
surface water, and the quality and aesthetic
value of streams and rivers."

Source: Paul Barlow, USGS hydrologist, Press Release,

“How Does Groundwater Pumping Affect Streamflow?,”
November 16, 2012.

over the land surface to a stream channel; 3) interflow (or
subsurface storm flow) that moves through the upper soil
layers to a stream channel; and 4) groundwater discharge,
which is commonly referred to as base flow. Surface runoff
and interflow are important during storm events, and their
contributions typically are combined into a single term
called the direct-runoff component of streamflow.*° Ground-
water, on the other hand, is most important for sustaining
the flow of a stream during periods between storms and
during dry times of the year and is often a substantial
component of the total flow of a stream.

As shown in Figure 20, a stream gains water where groundwater is discharged into the stream through saturated
streambed and streambank sediments, or permeable bedrock adjacent to the stream, wherever the altitude of the
water table is greater than the altitude of the stream surface (see Figure 20, Part A). Conversely, a stream loses water
wherever streamflow seeps into the underlying groundwater system wherever the elevation or altitude

Figure 20

HOW GROUNDWATER ELEVATIONS AFFECT
GROUNDWATER AND STREAMFLOW INTERACTIONS: CONNECTED STREAM REACHES

Stream reaches connected with the adjoining groundwater elevation can exhibit gaining or losing conditions: A, Gaining stream reaches
receive water from the groundwater system, whereas, B, losing reaches lose water to the groundwater system. C, Streamflow increases
along the gaining reaches of a river and streamflow decreases along the losing reaches of a river when there is no direct surface-water

runoff to the river.

Source: U.S. Geological Survey and SEWRPC.

“OBarlow and Leake, 2012; Linsley, R.K., Jr., Kohler, M.A., and Paulhus, J.L.H., Hydrology for engineers (3rd

edition), New York, McGraw-Hill, 508 p., 1982.
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Figure 21 of the stream surface is greater than the altitude of the
adjoining water table (see Figure20, Part B).

GROUNDWATER AND STREAMFLOW INTERACTIONS  Groundwater seeps and springs were observed and
DISCONNECTED STREAM REACHES mapped throughout the Pewaukee River system (see
the Hydrology/ Groundwater/Precipitation section in

Chapter IV of this report). Stream reaches that receive

groundwater discharge are called gaining reaches and

those that lose water to the underlying aquifer are

called losing reaches. The rate at which water flows

between a stream and its adjoining aquifer depends on

the hydraulic gradient between the two waterbodies

and also on the hydraulic conductivity of geologic

materials that may be located at the groundwater/

surface-water interface. A clay-lined streambed, for

example, will tend to reduce the rate of flow between a

stream and aquifer compared to a sandy or gravelly

streambed. The graph in Figure 20 illustrates the

effects of gaining and losing conditions on streamflow

during a period of no direct surface-water runoff to a

river. The graph shows that the rate of streamflow

increases along gaining reaches and decreases along

losing reaches. The graph also demonstrates that a

stream can have both gaining and losing reaches

Disconnected stream reaches are separated from the groundwater simultaneously. This has been observed within the
system by an unsaturated zone. In other words, the water table is Pewaukee River system.

lower than the streambed. In A, streamflow is a source of recharge

to the underlying groundwater system, but in B, streamflow and

groundwater recharge have ceased and the streambed is dry. Moreover, because precipitation rates, pumping rates,
and other hydrologic stresses vary with time, it is
possible for a particular stream reach to switch from a
gaining to a losing condition or from a losing to a
gaining condition from one period to the next. Losing reaches can occur under conditions in which the underlying
sediments are fully saturated, as shown in Figure 20, Part B, or when the sediments are unsaturated, as shown in
Figure 21, Part A. In the case of the former, flow out of the stream into the underlying aquifer is dictated by
elevation—water simply moves from a higher to a lower elevation. In the case of the latter, flow out of the stream
is the result of concentration—water simply moves from an area of high concentration (the stream) to an area of
low water concentration (the unsaturated soil beneath the streambed). A losing stream reach that is underlain by
an unsaturated zone is said to be disconnected from the underlying aquifer.** Some stream reaches are ephemeral
(they periodically become dry), and, as a consequence, flows between the stream and underlying aquifer may
periodically cease (see Figure21, Part B). For example, during the drought conditions in the summer through fall
of 2012 several small tributaries stopped discharging water to the Pewaukee River.

Source: U.S. Geological Survey and SEWRPC.

Groundwater Recharge

Recharge to groundwater is derived almost entirely from precipitation. The amount of precipitation (and
snowmelt) that infiltrates at any location depends mainly on the permeability of the overlying soils, bedrock or
other surface materials, including human-made surfaces. As development occurs, stormwater management
practices can be instituted that encourage infiltration of runoff. However, it is important to note that such practices
have generally not been required to be installed prior to 1990 in the Pewaukee River watershed. Therefore, so
much of the urban development was not constructed to promote such infiltration (see Stormwater section in
Chapter 111 of this report). ldeally, these practices need to be located on soils with permeable subsoils and

“\inter, T.C., Harvey, J.W., Franke, O.L., and Alley, W.M., Ground water and surface water—A single resource,
U.S. Geological Survey Circular 1139, 1998.
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adequate groundwater separation to allow infiltration, but minimize the potential for groundwater contamination.
This is described in more detail in Chapter V. Most of the precipitation that does infiltrate (either naturally or
through a stormwater management practice) will generally only migrate within the shallow aquifer system and
may discharge in a nearby wetland or stream system. This process helps support base flows, wetland vegetation,
and wildlife habitat in these water resources. Therefore, as is the case for surface waters (lakes and streams), the
quality of groundwater resources is clearly linked to the health and well-being of the biological communities
(including humans) inhabiting those waters and their surrounding watersheds.*?

Groundwater Pumping and Streamflow

Although the benefits of groundwater development are many, groundwater pumping can reduce the flow of water
in connected streams and rivers—a process called streamflow depletion by wells.*® Due to the connection and
complex interactions between surface and groundwater, managing the effects of streamflow depletion by wells is
challenging, particularly because of the significant time delays that often occur between when pumping begins
and when the effects of that pumping are realized in nearby streams; in addition, there could be other local factors
that control the timing, rates, and locations of streamflow depletion, as well. Nonetheless, managers should keep
several important considerations in mind when trying to understand the relationship between streamflow and
groundwater pumping:**

. Individual wells may have little effect on streamflow depletion, but small effects of many wells
pumping within a basin can combine to produce substantial effects on streamflow and aquatic
habitats.

. Basinwide groundwater development typically occurs over a period of several decades, and the
resulting cumulative effects on streamflow depletion may not be fully realized for years.

. Streamflow depletion continues for some time after pumping stops because it takes time for a
groundwater system to recover from the previous pumping stress. In some aquifers, maximum rates
of streamflow depletion may occur long after pumping stops, and full recovery of the groundwater
system may take decades to centuries.

. Streamflow depletion can affect water quality in the stream or in the aquifer. For example, in many
areas, groundwater discharge moderates seasonal temperature fluctuations, cooling stream
temperatures in the summer and warming stream temperatures in the winter, thus providing a suitable
year-round habitat for fish. Reductions in groundwater discharge to streams caused by pumping can
degrade these moderating effects.

. The major factors that affect the timing of streamflow depletion are the distance from the well to the
stream and the properties and geologic structure of the aquifer.

. Sustainable rates of groundwater pumping near streams do not depend on the rates at which
groundwater systems are naturally replenished (or recharged), but on the total flow rates of the streams
and the amount of reduced streamflow that a community or regulatory authority is willing to accept.

*’David Hambright, “Golden Algae & The Health of Oklahoma Lakes,” LAKELINE, Volume 32(3), Fall 2012.

“3Barlow, P.M., and Leake, S.A., Streamflow depletion by wells—Understanding and managing the effects of
groundwater pumping on streamflow, U.S. Geological Survey Circular 1376, 2012, see website at
http://pubs.usgs.gov/circ/1376/.

44Barlow and Leake, 2012.
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These considerations illustrate the need to develop an interdisciplinary approach to manage surface and
groundwater resources jointly so as to better understand and protect these resources within the Pewaukee River
watershed.

Groundwater Modeling

A water supply system plan was recently developed by SEWRPC for the Southeastern Wisconsin Region to
provide a sound framework for local water supply planning in the context of existing and planned future
development within the Region in a manner consistent with the protection and wise use of the ground and surface
water natural resources base.* That plan is the third component of the SEWRPC regional water supply planning
program. The other two elements were the development of basic groundwater inventories*® and the development
of the regional groundwater model.*’

In general, the regional aquifer simulation model was developed to enable characterization of water levels in the
deep and shallow aquifers under historical, current, and planned conditions; to evaluate the effects of different
groundwater management alternatives on surface water resources; and to provide a framework within which
more-detailed “inset” models could be developed to investigate site-specific groundwater-related questions,
including the possible effects of high-capacity wells on surface water resources. The model provides the
capability of addressing the following questions:

o How does the quantity of water being removed from an aquifer by wells relate to that aquifer’s
supply?

. How much have humans altered the groundwater system?

. What effect does human alteration of the groundwater system have on surface waters?

In the deep aquifer, water levels have declined hundreds of feet since the 1800s as shown in Figure 22, Part A. In
much of the Region, including the Pewaukee River watershed, water movement from the shallow sand and gravel
and dolomite aquifer into the deep sandstone aquifer is limited by the Maquoketa shale, which forms a relatively
impermeable barrier between the two aquifers. As a result, the rates of groundwater recharge to the deep aquifer
are much less than the rates that water is being extracted by pumping. The drawdowns of the deep aquifer are
indicative of a water budget deficit and are the combined result of pumping throughout southeastern Wisconsin as
well as northeastern Illinois. In contrast, drawdowns in the shallow aquifer throughout the Region are much
smaller (see Figure 22, Part B) despite the fact that nearly twice the amount of water is being extracted from it
compared to the deep aquifer.*® The reason for the lower drawdowns is that the shallow aquifer is unconfined in
most places. It receives direct recharge from precipitation and is also linked directly to surface waterbodies as
illustrated in Figure 19 above. Under natural conditions, most recharge to the shallow aquifer flows through the
aquifer and discharges to surface waterbodies as baseflow. Pumping from the shallow aquifer for water supply
purposes can reduce the natural groundwater discharge, intercepting it before it reaches surface waterbodies and
then, after it has been treated, discharging it to those few rivers that receive wastewater effluent. It is even

“>SEWRPC Planning Report No. 52, A Regional Water Supply Plan for Southeastern Wisconsin, December 2010.
4SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002.

“’SEWRPC Technical Report No. 41, A Regional Aquifer Simulation Model for Southeastern Wisconsin, June
2005.

“SEWRPC Technical Report No. 46, Groundwater Budget Indices and Their Use in Assessing Water Supply
Plans for Southeastern Wisconsin, February 2010.
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Figure 22

SIMULATED GROUNDWATER DRAWDOWNS FOR THE
SOUTHEASTERN WISCONSIN REGION BETWEEN 1860 AND 2000

A. Deep Aquifer—The red zones shows areas where B. Shallow Aquifer—The red zones are areas
the drawdowns are greater than 400 feet. where drawdowns are greater than 50 feet.

Source: U.S. Geological Survey and Wisconsin Geological and Natural History Survey, SEWRPC Technical Report No. 46, Groundwater
Budget Indices and Their Use in Assessing Water Supply Plans for Southeastern Wisconsin, February 2010.

possible for pumping to reverse the natural groundwater discharge and induce water to flow out of surface waters
and into the shallow aquifer. As a consequence, groundwater deficits in the shallow aquifer often do not manifest
themselves as large drawdowns. Their effect, instead, is to reduce groundwater baseflow such as described above.
In fact, in Figure 22, Part B, the large drawdowns all occur where the shallow aquifer is semi-confined by clay-
rich glacial till. Clay particles are very small and tightly layered, severely limiting water movement. This is why
they are often used to line ponds to prevent water leakage.

It is important to note that although the resolution of the regional groundwater models was considered sufficient
and valid to compare differences in impacts resulting from alternative plans, it may not be sufficiently fine to
predict site-specific impacts, or to resolve differences in impacts between surface water or groundwater features
that are in close proximity to one another. Because the average grid cell size of the groundwater simulation model
is over one-quarter square mile (about 2,500 feet on a side), the results, or output, from this regional modeling
effort are not applicable for determining the impact of groundwater withdrawal on a site-specific basis. In other
words, this regional model cannot specifically be used for local level groundwater supply planning purposes for
the Pewaukee River watershed, because this area is too small. An evaluation of an area such as the Pewaukee
River watershed would require a refinement of the model by the inclusion of more-detailed hydrogeologic data
and a refinement of the model cell size.*°

*9The regional scale groundwater model has been specifically designed with a telescoping feature that allows for
application to more-detailed investigation on specific geographic locations using more-refined inset models.
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One of the most accessible and effective tools developed as part of the water supply planning effort is the
groundwater recharge potential map derived from a soil-water balance recharge model developed for the South-
eastern Wisconsin Region.”® Understanding recharge and its distribution is key to making informed land use
decisions so that the groundwater needs of society and the environment can continue to be met. Unlike the
regional model discussed above, this model contains a significantly reduced spatial grid size (about 100 feet on a
side) that can actually be used for local level groundwater planning purposes. Therefore, these model results are
generally applicable to the Pewaukee River watershed for identifying and protecting recharge areas that contribute
most to baseflow of the lakes, streams, springs, and wetlands in the watershed. Protecting recharge areas is
important to the goals of sustainable groundwater use and a healthy natural environment. Groundwater recharge
potential was divided into four main categories defined as: low, moderate, high, and very high. Any areas that
were not defined were placed into a fifth category as undefined. These undefined areas are most often associated
with groundwater discharge, which is why they tend to be located adjacent to streams as shown on Map 10. Much
of the Pewaukee River watershed can be considered to have moderate groundwater recharge potential (about
10,024 acres, or about 41 percent of the entire watershed area), as shown on Map 10. About 20 percent of the
watershed was undefined and about 9 percent of the watershed was identified as having low recharge potential.
The remaining nearly 30 percent of the watershed contains high and very high recharge potential. More
importantly, more than twice the amount of the high and very high recharge lands are located within the PL
subwatershed compared to the PR subwatershed.

In addition to the groundwater recharge potential tool summarized above, an entirely new fine-scale groundwater/
surface water flow model has recently been constructed and calibrated to evaluate groundwater-flow patterns in
the shallow aquifer system within the Upper Fox River watershed in southeastern Wisconsin. ** As shown in
Figure 23, the entire Pewaukee River watershed lies within the nearfield and farfield boundary conditions of the
groundwater-surface water model. Unlike the regional model discussed above, this new model contains a
significantly reduced grid size (about 125 feet on a side) that can actually be used for site-specific local level
groundwater planning purposes. Therefore, these model results are generally applicable to the Pewaukee River
watershed for quantifying fine-scale groundwater/surface water interactions in the shallow aquifer, defining
sources and sinks of groundwater including recharge, boundary fluxes, interactions with surface water, and
discharge to wells and quarries. Details of the major findings from this model can be found in the Hydrology/
Groundwater/Precipitation section in Chapter IV of this report.

NATURAL RESOURCE BASE RELATED ELEMENTS

Many important interlocking and interacting relationships occur between living organisms and their environment.
The destruction or deterioration of any one element may lead to a chain reaction of deterioration and destruction
among the others. The drainage of wetlands, for example, may have far-reaching effects. Such drainage may
destroy fish spawning grounds, wildlife habitat, groundwater recharge areas, and natural filtration and floodwater
storage areas. The resulting deterioration of surface water quality may, in turn, lead to a deterioration of the
quality of the groundwater. Groundwater serves as a source of domestic, municipal, and industrial water supply
and provides low flows in rivers and streams. The destruction of woodland and other upland cover types, which
may have taken a century or more to develop, may result in soil erosion and stream siltation and in more rapid
runoff and increased flooding, as well as destruction of wildlife habitat. Although the effects of any one of these
environmental changes in isolation may not be overwhelming, the combined effects may lead eventually to the

*SEWRPC Technical Report No. 47, Groundwater Recharge in Southeastern Wisconsin Estimated by a GIS-
Based Water-Balance Model, July 2008.

5ID.T. Feinstein, M.N. Fienen, J.L. Kennedy, C.A. Buchwald, and M.M. Greenwood, ““Development and

application of a groundwater/surface-water flow model using MODFLOW-NWT for the Upper Fox River Basin,
southeastern Wisconsin,” U.S. Geological Survey Scientific Investigations Report 2012-5108, 2012, 124 pages.
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Map 10

ESTIMATES OF GROUNDWATER RECHARGE POTENTIAL WITHIN THE PEWAUKEE RIVER WATERSHED
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Figure 23

STUDY AREA LIMITS FOR THE UPPER FOX RIVER BASIN, MODEL DOMAIN, AND MODEL NEARFIELD AREAS

Source: U.S. Geological Survey and SEWRPC.

deterioration of the underlying and supporting natural resource base, and of the overall quality of the environment
for life. The need to protect and preserve the environmental corridors within the watershed area thus becomes
apparent.

Primary Environmental Corridors

Primary environmental corridors (PEC) include a wide variety of important resource and resource-related
elements. By definition, they are at least 400 acres in size, two miles in length, and 200 feet in width.>> PEC
encompassed about 5,883 acres, or about 25 percent of the Pewaukee River watershed, in 2010. These PECs

®2SEWRPC Planning Report No. 42, A Regional Natural Areas and Critical Species Habitat Protection and
Management Plan for Southeastern Wisconsin, September 1997.
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represent a composite of the best remaining elements of the natural resource base, and contain almost all of the
best remaining woodlands, wetlands, and wildlife habitat areas in the watershed. PECs in the watershed are shown
on Map 11. Although Pewaukee Lake is typically shown as open water, it is also important to note that the lakes,
rivers and streams and the associated shorelands, including Pewaukee Lake, are in fact PECs, which is why they
are shown as such on Map 11. In other words, the Lake and its associated shorelands are part of the highest
quality natural resources within the Pewaukee River watershed. This is why management of the nearshore areas is
vital to protecting and maintaining the quality and integrity of this resource (see Appendix C).

Secondary Environmental Corridors

Secondary environmental corridors (SEC) generally connect with the primary environmental corridors and are at
least 100 acres in size and one mile long. In 2010, secondary environmental corridors encompassed about 567
acres, or just over 2 percent of the watershed. Secondary environmental corridors are remnant resources that have
been reduced in size compared to the larger PEC as described above, due to land development for intensive urban
or agriculture purposes. However, secondary environmental corridors contain a variety of resource elements that
include facilitating surface water drainage, maintaining pockets of natural resource features, and providing
corridors for the movement of wildlife, as well as for the movement and dispersal of seeds for a variety of plant
species. Secondary environmental corridors in the Pewaukee River watershed are shown on Map 11.

Isolated Natural Resource Areas

Smaller concentrations of natural resource features that have been separated physically from environmental
corridors by intensive urban or agricultural land uses have also been identified. These natural resource areas,
which are at least five acres in size, are referred to as isolated natural resource areas. Widely scattered throughout
the watershed, isolated natural resource areas included about 694 acres, or about 3 percent, of the total study area
in 2010. Isolated natural resource areas in the watershed are shown on Map 11.

Natural Areas and Critical Species Habitat Sites

Natural areas, as defined by the Wisconsin Natural Areas Preservation Council, are tracts of land or water so little
modified by human activity, or sufficiently recovered from the effects of such activity, that they contain intact
native plant and animal communities believed to be representative of the pre-European settlement landscape (see
Map 8, Pre-Settlement Vegetation within the Pewaukee River Watershed: 1836). Natural areas are generally
comprised of wetland or upland vegetation communities and/or complex combinations of both these fundamental
ecosystem units (see the Wetlands and Uplands subsections below). In fact, some of the highest quality natural
areas within the Southeastern Wisconsin Region are wetland complexes that have maintained adequate or
undisturbed linkages (i.e., landscape connectivity) between the upland-wetland habitats, which is consistent with
research findings in other areas of the Midwest.>®

Natural areas have been identified for the seven-county Southeastern Wisconsin Region in SEWRPC Planning
Report No. 42, “A Regional Natural Areas and Critical Species Habitat Protection and Management Plan for
Southeastern Wisconsin,” published in September 1997, and amended in 2008 and 2010. This plan was developed
to assist Federal, State, and local units and agencies of government, and nongovernmental organizations, in
making environmentally sound land use decisions including acquisition of priority properties, management of
public lands, and location of development in appropriate localities that will protect and preserve the natural
resource base of the Region. Waukesha County uses this document to guide land use decisions.

0. Attum, Y.M. Lee, J.H. Roe, and B.A. Kingsbury, “Wetland complexes and upland-wetland linkages:
landscape effects on the distribution of rare and common wetland reptiles,” Journal of Zoology, Vol. 275, 2008,
pages 245-251.
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Map 11

ENVIRONMENTAL CORRIDORS WITHIN THE PEWAUKEE RIVER WATERSHED: 2005 AND 2010
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The identified natural areas were classified into the following three categories:
1. Natural area of statewide or greater significance (NA-1);
2. Natural area of countywide or regional significance (NA-2); or
3. Natural area of local significance (NA-3).

Classification of an area into one of these three categories was based upon consideration of several factors,
including the diversity of plant and animal species and community types present; the structure and integrity of the
native plant or animal community; the extent of disturbance by human activity, such as logging, grazing, water
level changes, and pollution; the frequency of occurrence within the Region of the plant and animal communities
present; the occurrence of unique natural features within the area; the size of the area; and the educational value.
The Pewaukee River watershed contains one natural area of countywide or regional significance (NA-2) and
seven natural areas of local significance (NA-3). Most of the natural areas are wetlands associated with the
tributaries of the Pewaukee River, largely within the Pewaukee Lake subwatershed. The natural areas and critical
species habitats identified in the Pewaukee River watershed are shown on Map 12 and inventoried in Tables 4
and 5.

Critical species are defined as those species of plants and animals that are designated by the State of Wisconsin to
be endangered, threatened, or of special concern. There are 20 such species known to occur in the watershed.
They are listed in Table 6 and represent mussels, fish, reptiles, amphibians, birds, and plant species. Photos of
each of these critical species and links to life history information are included in Figure 24.

Wetlands

Historically, wetlands were largely viewed as wastelands, presenting obstacles to agricultural production and
development. Private interests as well as governmental institutions supported the transformation of wetlands into
desired uses through large-scale draining and filling of wetland areas. This misunderstanding of the importance of
wetlands led to dramatic wetland losses until scientific research revealed the value of wetlands. Wetlands are
incredibly productive and biologically diverse ecosystems.>® Wetlands are most known for their variety of plant
life from submergent (plants growing underwater) species including algae to floating pond lilies to emergent
cattails and bulrush to woody tamaracks, as just a few examples. Species of both aquatic and terrestrial wildlife
communities that have been found to rely on, or are associated with, wetlands for at least part of their lives
include: crustaceans, mollusks, and other aquatic insect larvae and adults; fishes, including forage fish and
important gamefish species, such as trout, northern pike, and largemouth bass; amphibians; reptiles; mammals,
including deer; and resident bird species, such as turkey and migrants, including sandhill or whooping cranes.
Thus, wetlands help maintain biologically diverse communities of ecological and economic value.

In addition to maintaining biodiversity, wetlands provide a host of additional services that include storing
floodwaters; filtering pollutants; improving water quality; protecting groundwater aquifers; serving as sinks,
sources, or transformers of materials; and providing recreation sites for boating and fishing, to name a few.>® This
early recognition of the value and importance of wetlands has led to the creation of rules and regulations to

*J.A. Cherry, “Ecology of Wetland Ecosystems: Water, Substrate, and Life,” Nature Education Knowledge,
Volume 3(10):16, 2012, http://www.nature.com/scitable/knowledge/library/ecology-of-wetland-ecosystems-
water-substrate-and-17059765.

*Marsden Jacob Associates, Literature Review of the Economic Value of Ecosystem Services that Wetlands
Provide, Final Report prepared for the Department of Sustainability, Environment, Water, Population and
Communities, September 2012; The Ramsar Convention on Wetlands, http://www.ramsar.org/cda/en/ramsar-
july13-homeindex/main/ramsar/1%5E26239 4000 0 .
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Map 12

KNOWN NATURAL AREAS AND CRITICAL SPECIES HABITAT SITES

WITHIN THE PEWAUKEE RIVER WATERSHE
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NATURAL AREAS IN THE PEWAUKEE RIVER WATERSHED

Table 4

Acres
Number on Type Acres Proposed to Total Proposed
Map 12 Name of Area Ownership Location Owned Be Acquired Acres Acquisition Agency
35 Pewaukee Lake Access Fen NA-2 Waukesha County Town of Delafield 10 0 10 Existing County ownership
87 Capital Drive Sedge Meadow NA-3 Pewaukee Lake Sanitary City of Delafield; City 21 69 90 Pewaukee Lake Sanitary
and Wet Prairie District, City of of Pewaukee District
Pewaukee, and private
88 Pewaukee Lake Wetland NA-3 Private City of Pewaukee; Town 0 65 65 Pewaukee Lake Sanitary
of Delafield District
89 Hartland Railroad Prairie NA-3 Private Village of Hartland 0 4 4 Village of Hartland
90 Prairie Wind Farm Woods NA-3 | Private Town of Delafield 0 22 22 Private Conservancy
Organization
93 Golf Cliff Ridge and Woods NA-3 Private Town of Delafield 0 8 8 Private Conservancy
Organization
95 Pewaukee Sedge Meadow NA-3 | Private City of Pewaukee 0 13 13 Pewaukee Lake Sanitary
District
96 Pewaukee Park Sedge NA-3 Private Village of Pewaukee 0 42 42 Village of Pewaukee
Meadow

NOTE: The map numbers correspond to those presented in the Regional Natural Areas Plan (SEWRPC Planning Report No. 42)

Source: SEWRPC.




Table 5

CRITICAL SPECIES HABITAT SITES LOCATED OUTSIDE OF
NATURAL AREAS IN THE PEWAUKEE RIVER WATERSHED

Number on
Map 12 Site Description Acres Classification Status
168 Jungbluth Road Railroad Prairie 2 Plant Threatened/Special Concern
170 Taylor Road Woods 30 Plant Special Concern
172 Meadowbrook Prairie 16 Plant Threatened

NOTE: The map numbers correspond to those presented in the Regional Natural Areas Plan (SEWRPC Planning Report No. 42)

Source: SEWRPC.

Table 6

ENDANGERED AND THREATENED SPECIES AND SPECIES OF
SPECIAL CONCERN IN THE PEWAUKEE RIVER WATERSHED: 2012

Status under the U.S.
Common Name Scientific Name Endangered Species Act Wisconsin Status

Mussels

EllIPSe..coiiiiiiiiceec Venustaconcha ellipsiformis Not listed Threatened

Round Pigtoe .........cccceceviiinininieen. Pleurobema sintoxia Not listed Special concern
Fish

Lake Chubsucker .........c.ccoeniernrenne. Erimyzon sucetta Not listed Special concern

Pugnose Shiner Notropis anogenus Not listed Threatened
Reptiles and Amphibians

Butler's Garter Snake............cccccuee.e. Thamnophis butleri Not listed Special concern

Blanchard's Cricket Frog................... Acris crepitans blanchardi Not listed Endangered

Blanding’s Turtle .......cccccovviniiiinennn Emydoidea blandingii Not listed Special concern

American Bullfrog..........cccccoeveniennen. Lithobates catesbeiana Not listed Special concern
Birds

Black-Crowned Night-Heron ............. Nycticorax nycticorax Not listed Special concern/migrant®

Cerulean Warbler ..........ccccocvvieennenns Dendroica cerulea Not listed Threatened
Plants

American Gromwell...............ccoceeenee. Lithospermum latifolium Not listed Special concern

Autumn Coral-Root Corallorhiza odontorhiza Not listed Special concern

Beaked Spikerush ..........ccccoeviinnn Eleocharis rostellata Not listed Threatened

BULErNUL....ccveeiieiieie e Juglans cinerea Not listed Special concern

Hairy Beardtongue .............ccoceeeeenee Penstemon hirsutus Not listed Special concern

Hooker's Orchid .........cccceevciveciinens Platanthera hookeri Not listed Special concern

Kentucky Coffee-Tree ............... Gymnocladus dioicus Not listed Special concern

Prairie White-Fringed Orchid Platanthera leucophaea Federally threatened Endangered

Small White Lady's-Slipper ....... Cypripedium candidum Not listed Threatened

Wafer-Ash ........occoeviiiieiiiecs Ptelea trifoliata Not listed Special concern

AMigrant (i.e., fully protected by Federal and State laws under the Migratory Bird Act).

Source:

Wisconsin Department of Natural Resources, Wisconsin State Herbarium, and SEWRPC.
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Figure 24

ENDANGERED, THREATENED, AND SPECIAL CONCERN SPECIES
PHOTOS IN THE PEWAUKEE RIVER WATERSHED: 2012

MUSSELS
Ellipse Round Pigtoe
Photo © lllinois Natural History Survey. Photo © lllinois Natural History Survey.
FISH
Lake Chubsucker (side view adult) Pugnose Shiner (side view adult)
Photo by John Lyons, WDNR. Photo by John Lyons, WDNR.

REPTILES AND AMPHIBIANS

American Bullfrog (adult) Blanchard’s Cricket Frog (adult)

Photo by Carl D. Howe, Stow, MA USA. Photo by Wikipedia (http://fr.wikipedia.org/wiki/Utilisateur:Pfinge).
(http://en.wikipedia.org/wiki/User:Cdhowe).
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Figure 24 (continued)

REPTILES AND AMPHIBIANS (continued)

Blanding's Turtle (adult male)

Photo by Drew Feldkirchner, WDNR.

Butler's Gartersnake (juvenile)

Photo by Owen Boyle, WDNR.

Black-Crowned Night Heron (juvenile)

Photo by D. Gordon and E. Robertson
(http://commons.wikimedia.org/wiki/User:Dger).

Blanding's Turtle (adult male, note the concave plastron)

Photo by Drew Feldkirchner, WDNR.

Butler's Gartersnake (adult)

Photo by Owen Boyle, WDNR.

BIRDS

Black-Crowned Night Heron (adult)

Photo by Dick Daniel
(http://commons.wikimedia.org/wiki/User:DickDaniels).
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Figure 24 (continued)

BIRDS (continued)

Cerulean Warbler

Photo by Mdf (http://commons.wikimedia.org/wiki/User:Mdf).

PLANTS

American Gromwell Autumn Coral-Root

Photo by Dan Carter, SEWRPC.

Photo by Drew Feldkirchner, WDNR.
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Beaked Spikerush

Photo by Steve D. Eggers.

Hairy Beardtongue

Photo by Suzan Campbell.

Figure 24 (continued)

PLANTS (continued)

Butternut

Photo by Dan Carter, SEWRPC.

Hooker’s Orchid

Photo by Andy Clark, WDNR.
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Photo by Dan Carter, SEWRPC.

Figure 24 (continued)

PLANTS (continued)

Kentucky Coffee-Tree

Small White Lady's-Slipper

Photo by Dan Carter, SEWRPC.

NOTE:

Source:
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Additional sources of information on taxonomy, identification, habitats, and
life history characteristics can be found in the following website locations:
http://infotrek.er.usgs.gov/wdnr_fishes/index.jsp
http://dnr.wi.gov/topic/EndangeredResources/Animals.asp
http://www.npwrc.usgs.gov/resource/herps/amphibid/otherres.htm

U.S. Geological Survey, Wisconsin Department of Natural Resources, and
SEWRPC.

Prairie White-Fringed Orchid

Photo by Dan Carter, SEWRPC.

Wafer-Ash

Photo by R. Schulenderg.



protect wetlands globally, nationally (i.e., the Federal Clean Water Act of 1972), State-wide, and locally (see
Chapter I11 for more details). Most recently, the U.S. Army Corp of Engineers and USEPA, in coordination with
the U.S. Fish and Wildlife Service, WDNR, and SEWRPC, have updated the delineation of wetlands in areas of
special natural resource interest for the entire regional area to protect these areas and their associated critical
species habitats (see Advanced Delineation and Identification (ADID) wetlands section in Chapter Il of this
report).”® These efforts are designed to protect or conserve wetlands and the ecosystem services they provide.

The term “ecosystem services” refers to any of the benefits that ecosystems—both natural and semi-natural—
provide to humans.>” In other words, the benefits of ecosystem services or function are broken down or classified
by their relative abilities to provide goods and services that satisfy human needs, *® either directly or indirectly, as
shown for wetlands in Figure 25. For example, researchers have determined that the economic value of the
various functions or services provided by wetland ecosystems exceeded that provided by any other system
including lakes, streams, forests, and grasslands, and was second only to that provided by coastal estuaries.*
Wetlands provide a wealth of ecosystem services; society stands to gain a great deal from wetland conservation.
Therefore, it is essential to incorporate wetland conservation and restoration targets as part of this plan to guide
management and policy decisions regarding the use and preservation of such ecosystems.

As indicated on Map 4 and quantified in Table 1, wetlands in the Pewaukee River watershed are mainly
associated with the perennial and intermittent streams, and total approximately 2,800 acres, or about 11.5 percent
of the watershed area. They are essentially transitional areas, possessing characteristics of both aquatic and
terrestrial ecosystems. At the same time, they possess features unique unto themselves.

For regulatory purposes, the State of Wisconsin defines wetlands as areas where water is at, near, or above the
land surface long enough to be capable of supporting aquatic or hydrophytic vegetation and which has soils
indicative of wet conditions. Three specific characteristics of wetlands are evaluated when a wetland
determination is made, including:®*

. Hydrology that results in wet or flooded soils;

. Soils that are dominated by anaerobic (without oxygen, literally means living without air and is what
produces the noxious smell) processes; and

. Rooted vascular plants, that are adapted to life in flooded, anaerobic environments.

*pursuant to Section NR 103.04(4) of the Wisconsin Administrative Code, wetlands in areas of special natural
resources interest includes those wetlands both within the boundary of designated areas of special natural resource
interest and those wetlands which are in proximity to or have a direct hydrologic connection to such designated
areas, which include Advanced Delineation and Identification study (ADID) areas. See SEWRPC Planning Report
No 42, Amendment to the Natural Areas and Critical Species Habitat Protection and Management Plan for the
Southeastern Wisconsin Region, December 2010. http://www.sewrpc.org/SEWRPCFiles/Publications/pr/pr-042-
natural-areas-crit-species-habitat-amendment.pdf?

>"Millennium Ecosystem Assessment, Ecosystem services and human well-being: Wetlands and Water, Synthesis.
Report to the Ramsar Convention. Washington, DC: World Resources Institute. 2005. Online:
http://millenniumassessment.org/en/Global.html.

*5RDS. de Groot, M.A. Wilson, and RAM. Bauman’s, ““A typology for the classification, description and valuation
of ecosystem functions, goods and services,” Ecological Economics, Vol. 41, 2000, pages 393-408.
http://www.sciencedirect.com/science/article/pii/S0921800902000897.

5°R.W. Costanzo, et al., “The value of the world's ecosystem services and natural capita,” Nature, Vol. 387, 1997,
pages 253-260.
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Figure 25

RELATIONSHIP BETWEEN ECOSYSTEM SERVICES PROVIDED BY
NATURAL AND CREATED WETLANDS AND THEIR VALUE IN DECISION MAKING'

Ecosystem services are products of the structure (for example, plant and animal community composition) and processes (such as nutrient
cycling and decomposition) that characterize an ecosystem such as a wetland. These services also include food and raw material provision,
air and water purification, biodiversity maintenance, and aesthetic and other cultural benefits to humans. These services can be attributed
economic, social, and ecological values. Ideally, the inherent value of these services will guide management and policy decisions regarding

the use and preservation of ecosystems.

Trisha L. Moore, William F. Hunt 1ll, Urban Waterways: Stormwater Wetlands and Ecosystem Services, North Carolina Cooperative
Extension, 2011; Adapted from de Groot 2002 de Groot, R.S., Wilson, M.A., and Boumans, R.M., “A typology for the classification,
description and valuation of ecosystem functions, goods and services,” Ecological Economics 41: 393-408, 2002.

Source:
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It is important to note that these elements are the reason why wetlands pose severe limitations for urban
development. In general, these limitations are related to the high water table, and the high compressibility and
instability, low bearing capacity, and high shrink-swell potential of wetland soils. These limitations may result in
flooding, wet basements, unstable foundations, failing pavements, and failing sanitary sewer and water lines.
There are significant and costly onsite preparation and maintenance costs associated with the development of
wetland soils, particularly in connection with roads, foundations, and public utilities.

As part of the WDNR Wisconsin Wetland Inventory (WWI1), beginning in the year 2005, the wetlands were
mapped to a much finer scale and greater level of detail (more wetland categories) than under prior inventories.
This change increased the accuracy and precision of mapped wetland boundaries throughout the Region. As a
result of the changes to the mapping approach, however, year 2010 wetland inventory data are not comparable to
data from the year 2000 and prior inventories. At the county and regional level, the most significant effect of the
change is that more, smaller wetlands were able to be delineated, which led to an overall increase in the number
and total acreage of wetlands. At the local scale of this study, there was an increase of almost 590 acres of
wetland that was mostly due to an increase in the number of wetlands, historical wetlands converted to
agricultural use through ditching and draining now reverting back to wetlands due to inactivity/abandonment of
agricultural cultivation activities, and expansion of boundaries within pre-existing wetland areas as shown in
Map 13. However, there was also significant loss of more than 200 acres of wetland due to urban development,
primarily related to roadway construction and residential developments. Map 13 also shows that there are almost
90 acres of existing farmed wetland that currently exist within the Pewaukee River watershed. These areas contain
significant potential as easily restorable areas to convert back to wetland in the future. In summary, despite the
wetland losses compared to the year 2000, substantial wetland gains accounted for an increase of about 1.5
percent in wetland acres throughout the watershed. Although wetlands naturally change over time, the gains in
wetland acreage within this watershed are more related to the changes in how they are mapped. These more
accurate maps and associated mapping techniques will be far more effective in identifying and preserving
wetlands for the future.

Map 14 shows that there are several unique types of wetland communities within the Pewaukee River watershed
that include aquatic bed (submerged aquatic vegetation in less than six feet of water depth), emergent/wet
meadow (herbaceous plants that stand above the surface of the water or soil), scrub/shrub (woody plants less than
20 feet tall), and forested (woody plants greater than 20 feet tall) types. There is also one additional category of
farmed wetlands, that are technically still in agricultural use (see below), but are being mapped as part of this new
inventory. Most surprising, although it may seem counterintuitive, more than 50 percent or 1,293 acres of
Pewaukee Lake is functionally a submerged wetland. Although the aquatic bed is technically considered open
water (i.e., the water elevation is below the ordinary high water mark), it contains the single largest contiguous
wetland within the Pewaukee River watershed, which provides significant services that include erosion control
and sediment retention, treatment or reduction of pollutant loadings, nutrient recycling through denitrification and
biological uptake, habitat for wildlife, recreational, as well as aesthetic and cultural values. In other words, the
ecosystem functions provided by this submerged wetland that provide goods (such as recreation) and services
(such as pollutant reduction) represent the benefits that humans derive, directly or indirectly, from ecosystem
functions.

As shown in Figure 25, estimated dollar values (based upon a willingness-to-pay) per acre per year have been
developed for these services, which indicates that this submerged wetland contains an estimated value of nearly
$5.8 million (1994 dollars) based upon its size. This valuation signifies the importance of this submerged wetland
within Pewaukee Lake, both ecologically and economically. In addition, 2,798 acres of wetland (not including
farmed wetland) is primarily wooded, with about 65 percent being combined scrub/shrub (44 percent) and
forested (21 percent) wetland and the remaining 35 percent being emergent/wet meadow. This total acreage is
estimated to provide an estimated value of about $12.5 million per year in ecosystem services, in addition to the
aquatic bed wetlands. In conclusion, these wetlands combined are estimated to provide about $18.3 million
annually in ecosystem services, demonstrating that public citizens and local municipalities are gaining a wealth of
ecological and economical goods and services from the existing wetlands that have been protected within this
watershed.
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Map 14

WETLAND COVER TYPES WITHIN THE PEWAUKEE RIVER WATERSHED: 2010
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Uplands

Upland habitat is basically comprised of natural areas that are not defined as wetland. These areas are usually
higher in elevation than wetlands and located outside wetlands further away from open water, and so they are not
as wet as wetland. For example, as shown on Map 15, the upland areas within the Pewaukee River watershed are
generally located outside of the transitional wetland areas. However, there are many exceptions to this gross
attempt to broadly classify uplands that can be seen within the Pewaukee River watershed. Upland can sometimes
be very difficult to distinguish from wetland, because these features form broad and complex mosaics or
combinations across the landscape. It is precisely this combination and the linkages between these unique
community types that provide the critical habitats to sustain healthy and diverse aquatic and terrestrial wildlife.

Much of the upland area within the Pewaukee River watershed was dominated by upland forest, primarily oak, as
of 1836. This was cleared for agricultural crops and later developed for urban uses.®® As can be seen in the 1941
aerial photos (see Figures 8 to 10), there were very few trees on the landscape after nearly 100 years of clear-
cutting. In contrast, from 1941 to the present, there has been significant regrowth of deciduous forested lands
throughout the watershed. Regrowth accounts for nearly 50 percent of all the upland lands identified in the 2005
WWI and nearly all of the upland forested woodlands—about 1,300 acres or 5 percent of the watershed area—as
shown on Map 15. The remaining upland cover types include about 25 percent grassland and a nearly equal
amount of brush (small diameter trees less than 20 feet in height), which is indicative of a much more open
vegetation landscape than in the past. In some cases, this grassland is being managed as active pasture land, and is
likely enrolled in the USDA Conservation Reserve Program (CRP) or equivalent program (see Chapter Il for
more details), and/or is in the middle of some type of crop rotation. There also were small portions of conifer and
mixed (combinations of some or all of the others) upland communities.

Like wetlands ecosystems as described above, upland habitats also provide a variety of ecosystem services.
Although researchers have determined that the economic value of these various functions or services provided by
the upland forests and grasslands are not as great as the values for wetland ecosystems, these areas provide
important services worth protecting.®> More specifically, uplands provide these critical services, including:
production of food, livestock, and crops; groundwater recharge and water quality; flood risk prevention; air
quality protection; soil conservation; wildlife management potential through provision of critical breeding,
nesting, resting, and feeding grounds (as well as refuge from predators for many species of upland game and
nongame species; recreation), tourism, and education opportunities.

Another important contrast between upland and wetland is that the upland soils generally pose many fewer
limitations for urban development. In general, uplands have a lower water table, lower compressibility and greater
soil stability, greater bearing capacity, and lower shrink-swell potential than wetland soils. These conditions
usually result in less flooding, dry basements, more stable foundations, more stable pavements, and less failure of
sanitary sewer and water lines. Therefore, the development of upland soils requires significantly lower costs for
onsite preparation and maintenance, particularly in connection with roads, foundations, and public utilities—
which makes these areas highly desirable for urban development.

Therefore, it is important to incorporate upland conservation and restoration targets as part of this plan to guide
management and policy decisions regarding the use and preservation of such ecosystems.

89SEWRPC Planning Report No. 42, op. cit.

61R.W. Costanza, et al., “The value of the world's ecosystem services and natural capital,” Nature, Volume 387,
1997, pp. 253-260.
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Chapter 111

RELATED PLANS, REGULATIONS, AND PROGRAMS

RELATIONSHIP TO OTHER PLANS

The Pewaukee River Watershed Protection Plan is built upon preceding planning and resource management
efforts, linking regional- and watershed-level plans with local level planning. This plan, therefore, will provide an
integrated framework for future efforts to protect the land and water resources within the Pewaukee River
watershed. This planning effort contributes to the environmentally sound management of these valuable resources
in a coordinated manner that is compatible with watershedwide needs and resource management programs.

One of the first steps in the watershed planning process is the inventory, collation, and review of the recom-
mendations of relevant, previously prepared reports and plans. These plans include recommendations and
programs that address the interconnectedness of the natural resources of this watershed with those of the cities,
towns, villages, and county within the watershed, and which focus on the immediacy and importance of natural
resources at the community level. The plans that were collated and reviewed for input into this current planning
program were generally most relevant to actions being taken or potentially undertaken by Waukesha County. In
addition, selected plans prepared at the local level, including development plans, land use plans, park and open
space plans, and water quality management plans, were considered. These plans and reports, which are described
below, are listed in Table 7 and provide the basis for developing an integrated scheme for the sustainable
management of the natural resources of the Pewaukee River watershed through the coordinated efforts of State,
County, and local governments; special-purpose units of government; and community groups.

Land Use Plans

The areawide concerns that necessitate a regional planning effort in southeastern Wisconsin have their source in
changing populations—size, composition, and distribution—and in the attendant urban development occurring
within the Region. These areawide issues include: stormwater management and flooding; air and water pollution;
increased demand for park and outdoor recreation facilities; the need to provide for adequate sewerage and water
supply facilities; traffic congestion; and, underlying all of the foregoing, rapidly changing land use development.
The year 2035 comprehensive regional land use plan, documented in Southeastern Wisconsin Regional Planning
Commission (SEWRPC) Planning Report (PR) No. 48, provides an adopted framework for coordinating and
guiding growth and development within the multijurisdictional urbanizing Region (see Table 7). A summary of
the existing and planned land use conditions within the Pewaukee River watershed is set forth in Chapter Il of this
report. Within this planning umbrella, special-purpose plans provide more detail on specific issues of concern
facing the County and local governments. These include stormwater, wastewater, and environmental management
plans, which are briefly described below.
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Table 7

LIST OF MANAGEMENT PLANS RELEVANT TO THE PEWAUKEE RIVER WATERSHED

Plan Type Community Plan and Date of Publication
Land Use Regional SEWRPC Planning Report No. 48, A Regional Land Use Plan for Southeastern
Wisconsin: 2035, June 2006
Waukesha County SEWRPC Community Assistance Planning Report No. 209, A Development Plan for

Waukesha County, Wisconsin, August 1996

Village of Sussex

SEWRPC Community Assistance Planning Report No. 216, A Land Use Plan for
Waukesha county, Wisconsin, December 1997

Village of Hartland

SEWRPC Community Assistance Planning Report No. 254, A Master Plan for the
Village of Hartland: 2020, Waukesha County, December 2004

Town and Village
of Pewaukee

SEWRPC Community Assistance Planning Report No. 76, A Land Use Plan for the
Town and Village of Pewaukee: 2000, December 1982

Comprehensive Plans

City of Delafield

Yaggy Colby Associates, City of Delafield 2030 Comprehensive Plan, April 27, 2009

City of Delafield and Yaggy Colby Associates, City of Delafield Park and Recreation
Plan, June 7, 2010

City of Pewaukee

City of Pewaukee, Amendment to the City of Pewaukee Comprehensive Plan for the
Year 2035, Neighborhood Plans for the City of Pewaukee: 2010-2035, July 16, 2012

City of Pewaukee, City of Pewaukee Comprehensive Plan for the Year 2035, April 20, 2009

City and Village of Pewaukee, Addendum to the Joint Comprehensive Park and
Open Space Plan for the City and Village of Pewaukee, Waukesha County,
Wisconsin, March 2006

City of Waukesha

City of Waukesha, City of Waukesha, Wisconsin Comprehensive Plan, November 4, 2009

City of Waukesha, A Park and Open Space Plan for the City of Waukesha: 2007,
June 5, 2007

Village of Hartland

Waukesha County, The Village of Hartland Comprehensive Development Plan: 2035,
June 22, 2009

R.A. Smith & Associates, Inc., Comprehensive Outdoor Recreation Plan, Village of
Hartland, Wisconsin, 2007 Update, February 2007

Village of Pewaukee

Village of Pewaukee, A Comprehensive Plan for the Village of Pewaukee: 2035,
August 2009

City and Village of Pewaukee, Addendum to the Joint Comprehensive Park and
Open Space Plan for the City and Village of Pewaukee, Waukesha County,
Wisconsin, March 2006

Village of Sussex

Vandewalle & Associates, Addendum to the Comprehensive Plan, Sussex
Downtown Design and Development Plan Update, July 26, 2011

HNTB, Village of Sussex Comprehensive Plan: 2020, March 25, 2003

Schreiber/Anderson Associates, Inc., Parks and Open Space Plan 2007 to 2011,
Village of Sussex, Wisconsin, August 2007

Town of Delafield

Town of Delafield and Waukesha County, Town of Delafield Smart Growth Plan,
Waukesha County, Wisconsin,
August 11, 2009

Town of Delafield, Parks and Recreation Facilities Master Plan 2007-2012, Town of
Delafield, Wisconsin, December 12, 2006

Town of Lisbon

Waukesha County, A Comprehensive Development Plan for the Town of Lisbon—
2035, Waukesha County, Wisconsin, September 14, 2009

Town of Merton

Town of Merton and MK Haroldson Planning Consultants, Town of Merton,
Waukesha County, Wisconsin, Comprehensive Land Use Plan—2035,
May 12, 2009

Town of Merton, Town of Merton Parks, Recreation and Open Space Plan: 2004,
December 2004

Waukesha County

Waukesha County, A Comprehensive Development Plan for Waukesha County,
Waukesha County, Wisconsin, February 24, 2009

Waukesha County, A Comprehensive Development Plan for Waukesha County,
Waukesha County, Wisconsin; Appendix A, “Waukesha County Park and Open
Space Plan,”

February 24, 2009
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Table 7 (continued)

Plan Type

Community

Plan and Date of Publication

Stormwater Management

Village of Sussex

SEWRPC Community Assistance Planning Report No. 89, A Stormwater
Management Plan for the Village of Sussex, Waukesha County, Wisconsin,
October 1983

Stormwater Management Master Plan, Village of Sussex, Waukesha County,
Wisconsin, January 2011

City of Pewaukee

City of Pewaukee Storm Water Management Plan, June 1999, Update June 2007

City of Waukesha

City of Waukesha Storm Water Management Plan, is currently being developed by
the Department of Public Works

Village of Hartland

Erosion Control and Stormwater Management Requirements, Village of Hartland,
Wisconsin, July 2005

Sanitary Sewer

City of Delafield

SEWRPC Community Assistance Planning Report No. 127, Sanitary Sewer Service
Area for the City of Delafield and the Village of Nashotah and Environs, Waukesha
County, Wisconsin, November 1992

City (Town) of
Pewaukee and
Village of Pewaukee

SEWRPC Community Assistance Planning Report No 113, Sanitary Sewer Service
Area for the Town of Pewaukee Sanitary District No. 3, Lake Pewaukee Sanitary
District, and Village of Pewaukee, Waukesha County, Wisconsin, June 1985

City of Waukesha

SEWRPC Community Assistance Planning Report No. 100, 2nd Edition, Sanitary
Sewer Service Area for the City of Waukesha and Environs, Waukesha County,
Wisconsin, March 1999

Village of Hartland

SEWRPC Community Assistance Planning Report No0.93, Sanitary Sewer Service
Area for the Village of Hartland, Waukesha County, Wisconsin, April 1985

Village of Sussex

SEWRPC Community Assistance Planning Report No. 84, 2nd Edition, Sanitary
Sewer Service Area for the Village of Sussex, Waukesha County, Wisconsin,
September 1994

Environmental

Regional

SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for
Southeastern Wisconsin—2000, September 1978

SEWRPC Memorandum Report No. 93, A Regional Water Quality Management Plan
for Southeastern Wisconsin: An Update and Status Report, March 1995

SEWRPC Planning Report No. 42, A Regional Natural Areas and Critical Species
Habitat Protection and Management Plan for Southeastern Wisconsin,
September 1997

SEWRPC Amendment to the Natural Areas and Critical Species Habitat Protection
and Management Plan for the Southeastern Wisconsin Region, December 2010

SEWRPC Planning Report No. 5, The Natural Resources of Southeastern
Wisconsin, June 1963

SEWRPC Planning Report No. 8, The Soils of Southeastern Wisconsin, June 1966

SEWRPC Technical Report No. 47, Groundwater Recharge in Southeastern
Wisconsin Estimated by a GIS-Based Water Balance Model, July 2008

SEWRPC Memorandum Report No. 188, Troy Bedrock Valley Aquifer Model,
Waukesha and Walworth Counties, Wisconsin, November 2009

Waukesha County

Waukesha County Department of Parks & Land Use-Land Resources Division,
Waukesha County Land and Water Resource Management Plan 2012 Update,
(This plan is also available for viewing and downloading at:
www.waukeshacounty.gov/landandwaterplan.)

SEWRPC Community Assistance Planning Report No. 156, Waukesha County
Animal Waste Management Plan, August 1987

SEWRPC Community Assistance Planning Report No. 159, Waukesha County
Agricultural Soil Erosion Control Plan, June 1988

SEWRPC Memorandum Report No. 145, Lake and Stream Resources Classification
Project for Waukesha County, Wisconsin: 2000, November 2005

Watershed

SEWRPC Planning Report No. 12, A Comprehensive Plan for the Fox River
Watershed, Volume One, Inventory Findings and Forecasts, April 1969
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Table 7 (continued)

Plan Type

Community

Plan and Date of Publication

Park and Open Space

Regional

SEWRPC Planning Report No. 27, A Regional Park and Open Space Plan for
Southeastern Wisconsin: 2000, November 1977

Waukesha County

SEWRPC Community Assistance Planning Report No. 137, A Park and Open Space
Plan for Waukesha County, December 1989

City of Waukesha SEWRPC Community Assistance Report No. 77, A Wetland Protection and
Management Plan for the City of Waukesha and Environs, February 1983
City of Waukesha and | SEWRPC Community Assistance Planning Report No. 197, A Wildlife Management

Town of Pewaukee

Plan for the General Electric Company, Medical Systems Group, Lands, City of
Waukesha and Town of Pewaukee, Waukesha County, Wisconsin, June 1991

Town and Village of

SEWRPC Community Assistance Planning Report No. 42, A Park and Open Space

Pewaukee Plan for the Town and Village of Pewaukee, Waukesha County, Wisconsin,

October 1980

Lake Planning Pewaukee Lake Wisconsin Department of Natural Resources Lake Use Report No. FX-2, Pewaukee

Lake, Waukesha County, Wisconsin, 1970

SEWRPC Memorandum Report No. 56, A Lakefront Recreational Use and Waterway
Protection Plan for the Village of Pewaukee, March 1996

SEWRPC Community Assistance Planning Report No. 58, 2nd Edition, A Lake
Management Plan for Pewaukee Lake, Waukesha County, Wisconsin, May 2003

Lake Pewaukee Sanitary District, An Aquatic Plant Management Plan for Pewaukee
Lake, Wisconsin, January 1992

Wisconsin Department of Natural Resources, Pewaukee Lake, Waukesha County:
Long-Term Trend Lake, 1986, 1986

Wisconsin Department of Natural Resources, Pewaukee Lake, Waukesha County:
Long-Term Trend Lake, 1987, 1987

Wisconsin Department of Natural Resources, Pewaukee Lake Sensitive Area Study,
June 1994

E.R. Schumacher, Wisconsin Department of Natural Resources Fish Management
Report No. 131, Creel Survey on Pewaukee and Nagawicka Lakes, Waukesha
County, Summer 1982, February 1987

Floodland Management Village of Pewaukee SEWRPC Community Assistance Planning Report No. 9, 2nd Edition, Floodland
Information Report for the Pewaukee River, Village of Pewaukee. Waukesha

County, Wisconsin, March 1985

SEWRPC Community Assistance Report No. 14, Floodland Management Plan for
the Village of Pewaukee, February 1978

Village of Sussex SEWRPC Community Assistance Planning Report No. 11, Floodland Information

Report for Sussex Creek and Willow Springs Creek, March 1977

Source: SEWRPC.

Smart Growth Plans

In 1999 the Wisconsin Legislature enacted a new comprehensive planning law, set forth in Section 66.1001 of the
Wisconsin Statutes. The new requirements supplement earlier provisions in the Statutes for the preparation of
county development plans (Section 59.69(3) of the Statutes) and local master plans (Section 62.23 of the
Statutes). The requirements, which are often referred to as the “Smart Growth” law, provide a new framework for
the development, adoption, and implementation of comprehensive plans in Wisconsin. The law includes a
“consistency” requirement, whereby zoning, subdivision, and official mapping ordinances adopted and enforced
by counties, cities, villages, and towns must be consistent with the comprehensive plan adopted by the county or
local unit of government. Under the comprehensive planning law (Section 66.1001(3) of the Statutes), the
consistency requirement took effect on January 1, 2010. Waukesha County, in cooperation with the cities,
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towns, and villages, completed comprehensive land use plans in February 2009.* This plan provides an overall
framework and point of departure for county and local planning efforts and is considered a refinement of the
SEWRPC year 2035 regional land use plan.

Stormwater Management Plans

With the adoption of Chapter NR 216, “Storm Water Discharge Permits,” of the Wisconsin Administrative Code,
stormwater planning and management has taken on greater significance as described in the Regulatory Standards
section below. This enhanced awareness was further strengthened with the promulgation of Chapter NR 151,
“Runoff Management,” and related provisions that set forth specific performance standards for stormwater
management that must be met from urban-, nonurban-, and transportation-related land uses.

Sanitary Sewer Service Area Plans

The provision of public sanitary sewer service to appropriate densities of urban development within the Southeastern
Wisconsin Region is a fundamental principle of the adopted regional water quality management plan. The regional
water quality management plan, described below, provides the planning framework within which the need for
sanitary sewerage services can be assessed and evaluated. Currently, the Pewaukee River watershed contains
portions of four sanitary sewer service areas and is centered on the Fox River Water Pollution Control Commission’s
sewer service area, which largely serves the City of Pewaukee, the Village of Pewaukee, and a portion of the City of
Waukesha. Lands associated with the southern-most portion of the watershed are served by the City of Waukesha.
The Village of Sussex and the Delafield Hartland Water Pollution Control Commission provide service to portions
of the northeast and western-most areas of the watershed, respectively. The sanitary sewer serviced areas are
documented in the SEWRPC Community Assistance Planning Report (CAPR) Nos. 84, 93, 100, 113, and 127 (see
Table 7). These areas are shown on Map 6 in Chapter Il of this report.

Environmental Management Plans

Regional Water Quality Management Plan

SEWRPC is the designated water quality planning agency for southeastern Wisconsin, pursuant to Section 208 of
the Federal Water Pollution Control Act (P.L. 92-500), also known as the “Clean Water Act.” In 1979, the initial
regional water quality management plan for southeastern Wisconsin, with a design year of 2000, was formally
adopted as SEWRPC PR No. 30 (see Table 7). A status report on implementation of that plan was provided in
SEWRPC Memorandum Report (MR) No. 93, published in 1995.

Under the adopted plan, the regional water quality management plan may be refined through the preparation of
specific lake and stream management plans, such as this watershed protection plan.

Fox River Basin Water Quality Plan

As the State agency tasked with water resources management, the Wisconsin Department of Natural Resources
(WDNR) prepares basin-level plans that guide the application of State resources for the major drainage basins
across the State. The basin plan for the Fox River basin is set forth in WDNR Publication No. WT-701-01, The
State of the Southeast Fox River Basin, published in 2002. This plan identified nine priority issues affecting the
basin’s water resources, including the need to acquire basic inventory data on the state-of-the-basin; the impacts
of land use changes on the water resources of the basin; the impacts of land use changes on the terrestrial resources
of the basin; the need for consideration of groundwater recharge and quality; and the provision of recreational use
opportunities. Of particular relevance to the Pewaukee River watershed are recommendations that implement
Federal Phase | and Phase Il stormwater permitting requirements for moderate- to large-size municipalities, and
which promote compliance within municipalities with construction site erosion control ordinance requirements. In
addition, recommendations relating to protection and enhancement of trout streams and coldwater fisheries,
implementation of 100-foot-wide buffer zones along streamcourses, and protection of high-value habitat within
the basin, complement actions recommended in this watershed protection plan.

Waukesha County Department of Park and Land Use, A Comprehensive Development Plan for Waukesha
County, Waukesha County, Wisconsin, February 2009.

77



County Land and Water Resource Management Plan

The 1997 revisions to Chapter 92 of the Wisconsin Statutes require each county to develop a multi-year Land and
Water Resource Management (LWRM) plan to address both rural and urban nonpoint source pollution problems.
Chapter ATCP 50 of the Wisconsin Administrative Code contains details of the planning requirements.

The Waukesha County LWRM Plan 2006-2010 was approved by the Waukesha County Board and the Wisconsin
Department of Agriculture, Trade and Consumer Protection (DATCP) in March 2006 and updated in 2012. This
is a third-generation plan, intended to be an update to the initial LWRM plan which was adopted by the Waukesha
County Board in February 1999. The LWRM plan outlines the conservation program priorities for the Waukesha
County Parks and Land Use, Land Resources Division (LRD) for the next five years.

As shown in Table 7, other countywide plans developed by SEWRPC regarding environment-related topics
include: animal waste management (CAPR No. 156), agricultural soil erosion (CAPR No. 159) and lake and steam
resources classification (MR No. 145).

Park and Open Space Plans

The park and open space plans focus on the terrestrial resources and provision of public access to these resources.
As with land use planning in general, county- and local-level park and open space planning is conducted within
the framework of the Regional Park and Open Space Plan, initially published as SEWRPC PR No. 27 in 1977,
with a design year of 2000. This plan was refined in the Waukesha County Park and Open Space Plan, published
in 1989, as SEWRPC CAPR No. 137, and in the 1996 Waukesha County Development Plan (SEWRPC CAPR
No. 209). A 2004 amendment to the Waukesha County Development Plan incorporates a greenway corridor
concept, with guidelines for trail preservation and buffer zones. The principal park and open space sites within the
Pewaukee River watershed are the Waukesha County Pewaukee Lake Access portion of Naga-waukee Park and
portions of the Lake Country Trail system. The location of existing parkland as of year 2010 in the watershed is
shown on Map 4 in Chapter Il of this report under the “recreation” land use category.

Lake Management Plans

The Wisconsin Legislature has identified seven areas related to the development and protection of water resources
and their attendant watersheds as the basis for evaluating the sensitivity of lakes and streams to human influences.
Section 281.69(5)(b) of the Wisconsin Statutes defines these characteristics in terms of the size, depth, and shape
of the waterbody; the size of the watershed; the quality of the water; the potential for recreational use; the
potential for land development; the potential for nonpoint source pollution; and the type and size of the fish and
wildlife populations in and around the waterbody. These attributes allow lakes and streams to be categorized into
groups of varying sensitivities to human influences. A comprehensive lake management plan has been prepared
for Pewaukee Lake within the Pewaukee River basin as listed in Table 7. This plan addresses both 1) current and
forecasted water quality concerns facing the lake and 2) aquatic plant management for Pewaukee Lake and the
Lake community in the context of its drainage basin. As such, this plan forms an important contribution to overall
watershed planning.

WATER USE OBJECTIVES AND WATER QUALITY STANDARDS

Water quality standards are the basis for protecting and regulating the quality of surface waters. The standards
implement portions of the Federal Clean Water Act by specifying the designated uses of waterbodies and setting
water quality criteria to protect those uses. The standards also contain policies to protect high-quality waters and
to protect waters from being further degraded. Water quality standards are established to sustain public health and
public enjoyment of waters and for the propagation and protection of fish, aquatic organisms, and other wildlife.

Water quality standards consist of three elements: designated uses, water quality criteria, and anti-degradation
policy. These are set forth in Chapters NR 102, “Water Quality Standards for Wisconsin Surface Waters,” NR
103, “Water Quality Standards for Wetlands,” NR 104, “Uses and Designated Standards and Secondary Values,”
NR 105, “Surface Water Quality Criteria for Toxic Substances,” and NR 207, “Water Quality Antidegradation,”
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of the Wisconsin Administrative Code. Under these chapters of the Code, Pewaukee Lake, Pewaukee River, and
their associated tributaries, with the exception of Coco Creek and Zion Creek, are classified as warmwater
sportfish.? Coco Creek is classified as a coldwater sportfish community, whereas, Zion Creek has been classified
“limited aquatic life.” The water use objectives established for the waters of the Pewaukee River watershed are
shown on Map 16. The levels of pollution control needed to achieve the established water use objectives were
initially identified in the SEWRPC Fox River watershed study and the regional water quality management plan,?
and were refined in the Fox River watershed state-of-the-basin report.* These plans contain consistent
recommendations on the levels of nonpoint source pollution controls needed to achieve water use objectives for
the waterbodies within the Pewaukee River watershed.

None of the streams or tributaries within the Pewaukee River watershed are meeting their potential biological uses
or the fishable and swimmable water use goals set for the waters of the United States in the Federal Clean Water
Act.> Coco Creek has been identified to be partially meeting its potential biological use designation. The
Pewaukee River, Meadowbrook Creek, and Zion Creek were reported as not meeting their potential biological
uses. The cause or source of impairments identified by WDNR staff as part of their 2002 state-of-the-basin report
for this watershed include ditching or channelization, hydrologic modification, cropland erosion, barnyard or
excessive lot runoff, construction site erosion, urban stormwater runoff, unspecified nonpoint source pollution,
and storm sewers. These have caused numerous impacts to the Pewaukee River and its tributaries in terms of
degraded habitat (lack of cover, sedimentation, scouring, etc.), nutrient enrichment, temperature fluctuations or
extremes, reductions in dissolved oxygen, sedimentation, stream flow fluctuations caused by land use develop-
ment, bacteriological contamination, turbidity, and pesticide/herbicide toxicity.

Despite these impairments, all of Coco Creek, beginning at CTH JJ (just upstream of Pewaukee Lake), has been
designated by the WDNR as having the potential to support a Class | and Class Il brown trout fishery.” A Class |
trout stream is characterized as high-quality trout water that has sufficient natural reproduction to sustain the
native or naturalized populations. Consequently, streams of this category do not require stocking of hatchery-
raised trout. A Class Il trout stream may have some natural trout reproduction, but not enough to utilize available
food and space. Consequently, stocking is generally required to sustain a desirable sportfishery. In this regard, it
should be noted that brown trout were collected by the WDNR staff from Coco Creek as recently as July 2011
(see the Fisheries section in Chapter IV of this report).

Wisconsin Department of Natural Resources, Publication No. WR-366-94, Nonpoint Source Control Plan for the
Upper Fox River Priority Watershed Project, June 1994.

3SEWRPC Planning Report No. 12, A Comprehensive Plan for the Fox River Watershed, Volume One, Inventory
Findings and Forecasts, April 1969, and Volume Two, Alternative Plans and Recommended Plan, February 1970,
as amended; and SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for
Southeastern Wisconsin—2000, Volume One, Inventory Findings, September 1978, Volume Two, Alternative
Plans, February 1979, and Volume Three, Recommended Plan, June 1979, as amended; SEWRPC Memorandum
Report No. 93, A Regional Water Quality Management Plan for Southeastern Wisconsin: An Update and Status
Report, March 1995.

*Wisconsin Department of Natural Resources, Publication No. PUBL-WT-701-2002, The State of the Southeast
Fox River Basin, February 2002,

SWisconsin Department of Natural Resources, Publication No. PUBL-FH-806-2002, Wisconsin Trout Streams,
April 2002.

®Ibid.

"Wisconsin Department of Natural Resources, Publication No. PUBL-WT-701-2002, op. cit.
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Map 16

CURRENT REGULATORY WATER USE CLASSIFICATIONS FOR
SURFACE WATERS WITHIN THE PEWAUKEE RIVER WATERSHED
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Table 8

APPLICABLE REGULATORY WATER QUALITY CRITERIA FOR WATERBODIES
WITHIN THE PEWAUKEE RIVER WATERSHED PROTECTION PLAN STUDY AREA

Designated Use Category®
Limited Limited
Forage Fish Aquatic
Warmwater Community Special Special Life
Water Quality Coldwater Fish and (variance Variance Variance (variance
Parameter Community Aquatic Life category) Category A Category BC category) Source
Temperature (°F) See Table 9 86.0 NR 102
Subchapter Il
Dissolved Oxygen (mg/l) 6.0 minimum 5.0 minimum 3.0 minimum 2.0 minimum 2.0 minimum 1.0 minimum NR 102.04(4)
7.0 minimum NR 104.04(3)
during NR 104.06(2)
spawning
pH Range (S.U.) 6.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 6.0-9.0 NR 102.04(4)¢
NR 104.04(3)
Fecal Coliform Bacteria -- NR 102.04(5)
(MFFCC) NR 104.06(2)
Geometric Mean 200 200 200 1,000 1,000 200
Maximum 400 400 400 2,000 -- 400
Total Phosphorus (mg/l) -- -- -- -- -- -- NR 102.06(3)
Designated Streams® 0.100 0.100 0.100 0.100 0.100 0.100 mg igg-ggg;
Other Streams 0.075 0.075 0.075 0.075 0.075 NR 102:06(6)
Chloride (mg/l) -- -- -- -- -- -- NR 105.05(2)
Acute Toxicityf 757 757 757 757 757 757 NR 105.06(5)
Chronic Toxicity9 395 395 395 395 395 395

anNR 102.04(1) All surface waters shall meet the following conditions at all times and under all flow conditions: substances that will cause objectionable deposits on
the shore or in the bed of a body of water, floating or submerged debris, oil, scum or other material, and materials producing color, odor, taste or unsightliness
shall not be present in such amounts as to interfere with public rights in waters of the State. Substance in concentrations or combinations which are toxic or
harmful to humans shall not be present in amounts found to be of public health significance, nor shall substances be present in amounts which are acutely harmful
to animal, plant, or aquatic life.

bAs set forth in Chapter NR 104.06(2)(a) of the Wisconsin Administrative Code.

CAs set forth in Chapter NR 104.06(2)(b) of the Wisconsin Administrative Code.

dThe pH shall be within the stated range with no change greater than 0.5 unit outside the estimated natural seasonal maximum and minimum.

eDesignated in Chapter NR 102.06(3)(a) of the Wisconsin Administrative Code. There are no designated streams in the Pewaukee River watershed.

fThe acute toxicity criterion is the maximum daily concentration of a substance which ensures adequate protection of sensitive species of aquatic life from the
acute toxicity of that substance and will adequately protect the designated fish and aquatic life use of the surface water if not exceeded more than once every three
years.

9The chronic toxicity criterion is the maximum four-day concentration of a substance which ensures adequate protection of sensitive species of aquatic life from
the chronic toxicity of that substance and will adequately protect the designated fish and aquatic life use of the surface water if not exceeded more than once every

three years.

Source: Wisconsin Department of Natural Resources and SEWRPC.

The applicable water quality criteria for all water uses designated in the Pewaukee River watershed are set forth in
Tables 8 and 9. Table 8 shows the applicable water quality criteria for all designated uses for five water quality
parameters—dissolved oxygen concentration, pH, fecal coliform bacteria concentration, total phosphorus
concentration, and chloride concentration. It also shows the water quality criterion for temperature that applies to
limited aquatic life communities. Table 9 shows the water quality criteria for temperature for those streams that
have a seven-day, 10-percent probability low flow (7Q10)2 of less than 200 cubic feet per second (cfs). The 7Q10
of all of the streams in the Pewaukee River watershed is less than 200 cfs.

8seven-day consecutive low flow with an annual probability of occurrence of 10 percent.
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Table 9

AMBIENT, SUBLETHAL, AND ACUTE WATER QUALITY CRITERIA FOR TEMPERATURE
(DEGREES CELSIUS) AMONG DESIGNATED USES FOR SMALL STREAMS&

Designated Use Category and Associated Temperature CriterionP
Warmwater Sportfish or Limited Forage Fish
Cold Water Communities Forage Fish Communities Communities

Month Ambient Sublethal Acute Ambient Sublethal Acute Ambient Sublethal Acute
January 1.7 8.3 20.0 0.6 9.4 24.4 2.8 12.2 25.6
February 2.2 8.3 20.0 11 10.0 24.4 3.9 12.2 26.1
March 3.9 10.6 20.6 3.3 111 25.0 6.1 13.9 26.7
April 8.3 13.9 21.1 8.9 12.8 26.1 10.0 17.2 27.2
May 13.3 17.2 22.2 14.4 18.3 27.8 15.0 21.1 28.9
June 16.7 19.4 22.2 18.9 24.4 28.9 17.8 25.0 29.4
July 17.8 194 22.8 20.6 27.2 29.4 20.6 27.2 30.0
August 17.2 18.3 22.8 19.4 27.2 28.9 20.0 26.1 30.0
September 13.9 15.6 22.2 15.6 22.8 27.8 17.2 22.8 29.4
October 9.4 11.7 21.1 10.0 16.1 26.7 12.8 17.2 28.3
November 5.0 8.9 20.6 4.4 9.4 25.0 7.8 12.2 26.7
December 2.8 8.3 20.6 1.7 9.4 24.4 4.4 12.2 26.1

aAs set forth in Section NR 102.25 of the Wisconsin Administrative Code, small streams are waters with unidirectional 7Q10 flows less than
200 cubic feet per second. The 7Q10 flow is the seven-day consecutive low flow with a 10 percent annual probability of occurrence (10-year
recurrence interval).

bThe ambient, sublethal, and acute water quality temperature criterion specified for any calendar month shall be applied simultaneously to
establish the protection needed for each identified fish and other aquatic life use. The sublethal criteria are to be applied as the mean daily
maximum temperature over a calendar week. The acute criteria are to be applied as the daily maximum temperatures. The ambient
temperature is used to calculate the corresponding acute and sublethal criteria and for determining effluent limitations in discharge permits
under the Wisconsin Pollutant Discharge Elimination System.

Source: Wisconsin Department of Natural Resources and SEWRPC.

In addition to the numerical criteria presented in the tables, narrative standards apply to all waters. All surface
waters must meet certain conditions at all times and under all flow conditions. Chapter NR 102 of the Wisconsin
Administrative Code states that practices attributable to municipal, commercial, domestic, agricultural, land
development or other activities shall be controlled so that all waters (including the mixing zone and the effluent
channel) shall not degrade water quality of any substance or method to a level that would interfere with public
rights in the waters of the State.

The State of Wisconsin has not promulgated numerical water quality criteria for some water quality constituents.
Examples include total suspended solids, turbidity, and total nitrogen.

Since contaminants can and do accumulate in fishes, the WDNR in consultation with the State Department of
Health Services provides annual updates for fish consumption advisories for all waters within the State. Fish are a
healthy part of a well-balanced diet, but it is important to know where fish come from and the species or type of
fish being eaten. These consumption advisories were developed to protect people’s health while reducing their
exposure to environmental contaminants and are available online along with a search tool to locate specific
advisories for each county.? There are no special or more stringent advisories for Pewaukee River or Lake than
are covered by general statewide advice.

SWDNR, Choose Wisely: A Health Guide for Eating Fish in Wisconsin, 2013. Online: http://dnr.wi.gov/topic/
fishing/documents/consumption/FishAdvisoryWebLow2013.pdf
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Under the anti-degradation policy to prevent the reduction of existing water quality, the WDNR has classified
some waters of the State as designated Outstanding or Exceptional Resource Waters or designated wetlands of
special natural resource interest in Chapter NR 102 and Chapter NR 103 of the Wisconsin Administrative Code,
respectively. Although there are no designated Outstanding or Exceptional Resource Waters in the Pewaukee
River watershed, there are substantial amounts of designated wetlands of special natural resource interest— about
3,140 acres of Advanced Delineation and Identification (ADID) wetlands as shown on Map 17. The ADID
wetlands in southeastern Wisconsin “include lakes, streams, and wetlands” located in the 2005 primary
environmental corridors and, in some cases, wetlands located within natural areas that are located outside the
primary environmental corridors (see Map 17).1° Presently, the ADID wetlands and related waters in and adjacent
to navigable interstate waters provide the only Federal regulatory mechanism that may be used to protect wetland
natural areas, critical species habitats, and related aquatic habitats.

STATE REGULATORY STANDARDS

Chapter NR 151, “Runoff Management,” of the Wisconsin Administrative Code

Through 1997 Wisconsin Act 27, the State Legislature required the WDNR and DATCP to develop performance
standards for controlling nonpoint source pollution from agricultural and nonagricultural land and from
transportation facilities.** The performance standards are set forth in Chapter NR 151, “Runoff Management,” of
the Wisconsin Administrative Code, which became effective on October 1, 2002, and was revised in July 2004
and December 2010.

Agricultural Land Performance Standards
Performance standards relate to four areas of agriculture: cropland soil erosion control, soil loss from riparian
lands, manure management, and nutrient management. The agricultural performance standards are:

e Soil erosion rates on all cropland (and pastures as of July 1, 2012) must be maintained at or below
“T” (Tolerable Soil Loss).

. As of 2005, for high-priority areas, such as impaired or exceptional waters, and 2008 for all other
areas, application of manure or other nutrients to croplands must be done in accordance with a
nutrient management plan, designed to meet State standards for limiting the entry of nutrients into
groundwater or surface water resources (this standard does not apply to applications of industrial
waste, municipal sludge, or septage regulated under other WDNR programs, provided that the
material is not comingled with manure prior to application).

%Under the Section 404(b)(1) Guidelines of the Clean Water Act, the U.S. Army Corps of Engineers and U.S.
Environmental Protection Agency, working in coordination with other Federal Agencies and the States, may
identify certain wetlands and other waters that are generally unsuitable for the discharge of dredge and fill
materials. Under these guidelines the Federal agencies have developed the Advanced ldentification of Disposal
Areas (ADID) in wetlands program (40 CFR 230.80). This program is an advisory procedure intended to add
predictability to the Section 404 wetland permitting process and better account for the impacts of wetland losses
from multiple projects within a geographic area.

"The State performance standards are set forth in the Chapter NR 151, “Runoff Management,” of the Wisconsin
Administrative Code. Additional code chapters that are related to the State nonpoint source pollution control
program include: Chapter NR 152, ““Model Ordinances for Construction Site Erosion Control and Storm Water
Management;”” Chapter NR 153, “Runoff Management Grant Program;” Chapter NR 154, “Best Management
Practices, Technical Standards and Cost-Share Conditions;”” Chapter NR 155, “Urban Nonpoint Source Water
Pollution Abatement and Storm Water Management Grant Program;” and Chapter ATCP 50, “Soil and Water
Resource Management.” Those chapters of the Wisconsin Administrative Code became effective in October
2002. Chapter NR 120, “Priority Watershed and Priority Lake Program,” and Chapter NR 243, *““Animal
Feeding Operations,” were repealed and recreated in October 2002.
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Map 17
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° Clean water runoff must be diverted away from contacting feedlots, manure storage facilities, and
barnyards in water quality management areas (areas within 300 feet of a stream, 1,000 feet from a
lake, or areas susceptible to groundwater contamination).

. All new or substantially altered manure storage facilities must meet current engineering design
standards to prevent surface or groundwater pollution. In addition, inactive or unused manure storage
facilities that are failing or leaking shall be properly upgraded, replaced, or closed.

The manure management prohibitions are:
. No direct runoff from animal feedlots to “waters of the State.”
o No overflowing manure storage facilities.

° No unconfined manure piles in shoreland areas (areas within 300 feet of a stream, 1,000 feet
from lakes).

. No unlimited livestock access to “waters of the State” where the livestock prevent sustaining an
adequate vegetative cover.

In general, for land that does not meet the NR 151 standards and that was cropped or enrolled in the U.S.
Department of Agriculture Conservation Reserve or Conservation Reserve Enhancement Programs as of
October 1, 2002, agricultural performance standards are only required to be met if cost-sharing funds are avail-
able. Existing cropland that met the standards as of October 1, 2002, must continue to meet the standards. New
cropland must meet the standards, regardless of whether cost-share funds are available.

The 2010 revision to NR 151 added new agricultural performance standards. The new performance standards
include:

o A five- to 20-foot setback from the top of a surface water channel in agricultural fields within which
no tillage is allowed for the purpose of maintaining streambank integrity and avoiding soil deposits
into State waters;

o A limit on the amount of phosphorus that may run off croplands as measured by a phosphorus index;
A prohibition against significant discharge of process water from milk houses, feedlots, and other
similar sources; and

o A standard that requires crop and livestock producers to reduce discharges if necessary to meet a
load allocation specified in an approved Total Maximum Daily Load (TMDL) by implementing
targeted performance standards specified for the TMDL area using best management practices,
conservation practices, and performance standards specified in Chapter ATCP 50 of the Wisconsin
Administrative Code.

Chapter NR 243, “Animal Feeding Operations,” of the Wisconsin Administrative Code sets forth rules for
concentrated animal feeding operations and other animal feeding operations for the purpose of controlling the
discharge of pollutants to waters of the State. Concentrated animal feeding operations are defined as livestock and
poultry operations with more than 1,000 animal units. Animal units are calculated for each different type and size
class of livestock and poultry. For example, facilities with 1,000 beef cattle, 700 milking cows, or 200,000
chickens each would be considered to have the equivalent of 1,000 animal units. All concentrated animal feeding
operations and certain types of other animal feeding operations must obtain Wisconsin Pollutant Discharge
Elimination System (WPDES) permits. In general, animal feeding operations are defined as feedlots or facilities,
other than pastures, where animals are fed for a total of 45 days in any 12-month period.
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Nonagricultural (urban) Land Performance Standards

The nonagricultural performance standards set forth in Chapter NR 151 encompass two major types of land
development. The first includes standards for areas of new development and redevelopment, and the second
includes standards for existing developed urban areas. The performance standards address the following areas:

o Construction sites for new development and redevelopment,

. Post-construction stormwater runoff for new development and redevelopment,
° Developed urban areas, and

° Nonmunicipal property fertilizing.

Chapter NR 151 requires municipalities to reduce the amount of total suspended solids (TSS) in stormwater
runoff, as part of their Wisconsin Pollutant Discharge Elimination System permits for their municipal separate
storm sewer system (MS4). Under Chapter NR 216, municipalities are required to reduce the amount of TSS in
stormwater runoff by 20 percent from areas that have been developed as of October 2004, or to the maximum
extent practicable, for areas that have been developed as of March 2008.

Chapter NR 151 also establishes schedules for reducing TSS from areas of existing development by 40 percent.
The 2011Wisconsin Act 32, as reflected in Section 281.16(2)(am) of the Wisconsin Statutes, states that WDNR
“may not enforce a provision in a rule that establishes a date by which a covered municipality must implement
methods to achieve a specified reduction in the level of total suspended solids carried by runoff, if the provision
requires the covered municipality to achieve a reduction of more than 20 percent.”*? The Section notes that the
requirement does not apply to new development or redevelopment, and it states that a covered municipality that
has achieved a total suspended solids reduction of more than 20 percent as of July 1, 2011, “shall to the maximum
extent practicable maintain all of the best management practices that the municipality has implemented on or
before July 1, 2011, to achieve that reduction.” The effect of this law is to eliminate the requirement of NR 151
that a municipality with an MS4 permit under Chapters NR 151 and 216, “Storm Water Discharge Permits,” must
achieve a 40 percent reduction in TSS in runoff from areas of existing development by a specific date.*®

Also, permitted municipalities must implement the following: 1) public information and education programs
relative to specific aspects of nonpoint source pollution control; 2) municipal programs for collection and
management of leaf and grass clippings; and 3) site-specific programs for application of lawn and garden
fertilizers on municipally controlled properties with over five acres of pervious surface. Under the requirements of
Chapter NR 151, by March 10, 2008, incorporated municipalities with average population densities of 1,000
people or more per square mile that are not required to obtain municipal stormwater discharge permits must have
implemented these same three programs.

In addition, regardless of whether a municipality is required to have a stormwater discharge permit under
Chapter NR 216, Chapter NR 151 requires that, as of January 1, 2013, all construction sites that have one acre or
more of land disturbance must discharge no more than five tons of sediment per acre per year. With certain
limited exceptions, those sites required to have construction erosion control permits must also have post-
development stormwater management practices to reduce the TSS load from the site by 80 percent for new

12The statute defines a “covered municipality” as one that has been issued an individual municipal separate
storm sewer system (MS4) permit, or that is covered by a general MS4 permit.

3The requirements of Section 281.16(2)(am) of the Wisconsin Statutes are not included in the Wisconsin
Administrative Code.
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development, 40 percent from parking lots and roads associated with redevelopment, and 80 percent for infill
development. If it can be demonstrated that the solids reduction standard cannot be met for a specific site, TSS
must be controlled to the maximum extent practicable.

Section NR 151.123 establishes peak discharge performance standards for new development. Under this section,
best management practices shall “maintain or reduce the one-year, 24-hour and the two-year, 24-hour post-
construction peak runoff discharge rates to the one-year, 24-hour and the two-year, 24-hour pre-development peak
runoff discharge rates respectively, or to the maximum extent practicable.”

Section NR 151.124 of the Wisconsin Administrative Code requires infiltration of post-development runoff from
areas developed on or after October 1, 2004, subject to specific exclusions and exemptions. For development with
less than 40 percent connected imperviousness (“low imperviousness™), 90 percent of the annual predevelopment
infiltration volume is required to be infiltrated. However, no more than 1 percent of the area of the project site is
required to be used as effective infiltration area. For development with connected imperviousness ranging from
more than 40 percent up to 80 percent (“moderate imperviousness™), 75 percent of the annual predevelopment
infiltration volume is required to be infiltrated. For development with connected imperviousness greater than 80
percent (*high imperviousness™), 60 percent of the annual predevelopment infiltration volume is required to be
infiltrated. In the case of moderate and high imperviousness areas, no more than 2 percent of the project site is
required to be used as effective infiltration area.

Setbacks from streams, lakes, and wetlands, as set forth in Section NR 151.125, are described below in the
“Buffer Standards” subsection.

Recent State Actions Affecting Construction Erosion Control and Stormwater Management Standards

2013 Wisconsin Act 20, which was passed by the State Legislature, and signed into law by the Governor,
established additional requirements related to construction erosion control and stormwater management that are
not yet embodied in the Wisconsin Administrative Code. Those requirements are described below.

2013 Wisconsin Act 20 calls for:

o The Wisconsin Department of Safety and Professional Services to “establish statewide standards for
erosion control at building sites that have a land disturbance that is less than one acre in area and that
are for the construction of public buildings and buildings that are places of employment,” and to
“promulgate rules for the administration of construction site erosion control” consistent with the
requirements of the Act,

. The WDNR to establish by rule uniform statewide standards for activities related to construction site
erosion control at sites where one acre of land or more is disturbed,

. The WDNR to establish by rule uniform statewide standards for stormwater management,

. The WDNR to “prepare a model zoning ordinance for construction site erosion control ... and for
stormwater management in the form of an administrative rule,” and

Cities, villages, towns, or counties to comply with the uniform statewide construction site erosion
control and stormwater management under any pertinent local zoning ordinance.

2013 Wisconsin Act 20 allows a municipality to establish ordinance provisions for stormwater management that
are more restrictive than the uniform statewide standards if stricter standards are needed to control stormwater
quantity or flooding or to comply with “[F]ederally-approved total maximum daily load requirements.” Also, the
uniform statewide standards are not required to be applied to municipal ordinance provisions relating to existing
development or redevelopment.
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Transportation Facility Performance Standards

Transportation facility performance standards that are set forth in Chapter NR 151 and in Chapter TRANS 401,
“Construction Site Erosion Control and Storm Water Management Procedures for Department Actions,” of the
Wisconsin Administrative Code cover the following areas:

° Construction sites,
° Post-construction phase, and

. Developed urban areas.
The standards of TRANS 401 are applicable to Wisconsin Department of Transportation projects.

Municipal Stormwater Discharge Permits

The 1987 amendments to the Federal Clean Water Act established a Federal program for permitting stormwater
discharges. The State of Wisconsin obtained certification from the USEPA which enabled the State to administer
the stormwater discharge permitting program as an extension of the existing WPDES program. Section 283.33 of
the Statutes, which provides authority for the issuance of stormwater discharge permits by the State, was enacted
in 1993. The administrative rules for the State stormwater discharge permit program are set forth in
Chapter NR 216 of the Administrative Code, which took effect on November 1, 1994, and was most recently
repealed and replaced effective August 1, 2004.

In general, municipal separate storm sewer systems (MS4s), industrial facilities, and construction sites are
required to obtain WPDES permit coverage under Subchapters I, I, and 111 of Chapter NR 216, respectively. The
following entities are required to obtain discharge permits under Chapter NR 216:

1. Anowner or operator of a municipal separate storm sewer system serving an incorporated area with a
population of 100,000 or more as determined by the 1990 decennial census;

2. An owner or operator of a municipal separate storm sewer system notified by WDNR prior to
August 1, 2004, that they must obtain a permit;

3. Anowner or operator of a municipal separate storm sewer system located within an urbanized area as
defined by the U.S. Bureau of the Census’ latest decennial census survey;

4. An owner or operator of a municipal separate storm sewer system serving a population of 10,000 or
more in a municipality with a population density of 1,000 persons or more per square mile as
determined by the U.S. Bureau of the Census’ latest decennial census survey;

5. Industries identified in Section NR 216.21,** including heavy and light manufacturers and associated
transportation facilities, as well as operators in the mining, oil, and gas extraction industry. These
facilities are separated into categories called “Tiers” based on their Standard Industrial Classification
(SIC) code, which is now commonly replaced by NAICS codes; and

“Depending on the type of industry, a statewide general permit or an individual permit may be issued. A holder
of a general or an individual permit must prepare and implement a stormwater pollution prevention plan. The
requirements for such a plan are set forth in Section NR 216.27.
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6.  Construction sites where land disturbance of 1 acre or more will occur, except for those activities
exempted under NR 216.42 such as those associated agriculture," one- and two-family dwellings
regulated by the Wisconsin Department of Safety and Professional Services DSPS, and Wisconsin
Department of Transportation projects which are subject to the liaison cooperative agreement
between the WDNR and the Wisconsin Department of Transportation.*

An MS4 municipal stormwater discharge permit to discharge all portions of the municipal separate storm sewer
system to waters of the State was issued October 30, 2009, to members of the Upper Fox River Watershed Group,
which includes the Cities of Pewaukee and Waukesha, Towns of Delafield and Lisbon, and Villages of Pewaukee
and Sussex within the Pewaukee River watershed. The Towns of Brookfield and Waukesha also were included in
the Upper Fox River Watershed Group, but they are outside the project watershed and were not considered further
in this report. The permit specifically addresses Pewaukee Lake, the Pewaukee River, and Zion Creek, and their
associated surface and ground waters. The Upper Fox River Watershed Group’s permit sets forth conditions
under which stormwaters may be discharged to waters of the State for purposes of achieving the water quality
standards contained in chapters NR 102 through 105 and NR 140 of the Wisconsin Administrative Code through
October 29, 2014.

These designated MS4 communities are required to reduce the urban pollutants entering the local waterways via
their storm sewer systems by implementing programs such as: construction site and long-term stormwater control;
illicit discharge screenings; information and education programs about stormwater that are targeted to the general
public, developers, and internal staff; and improving municipal "good housekeeping™ practices, including winter
road management programs, public works yard inspections, and inventorying and maintaining existing storm-
water facilities, including mapping their systems. Each municipality is required to submit an annual report for
each calendar year summarizing and evaluating the programs being implemented and stating where improvements
and cost effective changes should be made.

In cooperation with the WDNR, Waukesha County, Lake Pewaukee Sanitary District, and SEWRPC staffs, storm
sewer system inventory information was obtained from each of the MS4 municipalities, as well as Waukesha
County records, and combined into a composite map for the entire watershed (see Map 18). Although there are no
specific mapping standards (i.e. formatting, labeling, coordinate system, etc.), each of these communities

Agriculture is exempt from this requirement for activities such as planting, growing, cultivating, and harvesting
crops for human or livestock consumption, and pasturing of livestock, as well as for sod farms and tree nurseries.
However, agriculture is not exempt from the requirement to submit a notice of intent (NOI) for one or more acres
of land disturbance for the construction of structures such as barns, manure storage facilities, or barnyard runoff
control systems. Construction of an agricultural building or facility must follow an erosion and sediment control
plan consistent with Section NR 216.46, including meeting the performance standards of Section NR 151.11.

®pyblic buildings and buildings that are places of employment are regulated by the Wisconsin DSPS under
Chapter SPS 360, “Erosion Control, Sediment Control and Storm Water Management,” of the Wisconsin
Administrative Code. Section SPS 360.12 states that filing a notice of intent with the Wisconsin Department of
Safety and Professional Services (DSPS) “for a construction site with one or more acres of land disturbing
construction activity constitutes an application for coverage under a storm water construction site general permit
issued by”” WDNR. Coverage under the WDNR general permit is required by the U.S. Environmental Protection
Agency in accordance with delegation of its Federal Clean Water Act permit authority to WDNR.

Construction of one- and two-family dwellings is generally regulated by the Wisconsin DSPS. Chapter SPS 321,
“Construction Standards,” sets forth 1) erosion control procedures for construction of one- and two-family
dwellings (see Section 321.125) and 2) post-construction stormwater management requirements according to
Chapter NR 151 (see Section 321.126).
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Map 18

STORM DRAINAGE SYSTEMS WITHIN THE PEWAUKEE RIVER WATERSHED FOR PRE- VERSUS POST-1990 URBAN LAND DEVELOPMENT: 2012



is required to provide detailed and accurate inventories in a digital geographic information systems (GI1S) software
format for the following elements summarized below:

. Identification of all known municipal storm sewer system outfalls discharging to waters of the State
or other municipal separate storm sewer system including minor and major outfalls (36 inches in
diameter);*’

o Location and permit number of any known discharge to the municipal separate storm sewer system
that has been issued WPDES permit coverage by the WDNR,;

. Location of structural stormwater facilities including detention basins, infiltration basins, and other
manufactured treatment devices;

. Identification of publicly owned park, recreational areas, and other open lands;
. Location of municipal garages, storage areas and other public works facilities; and
. Identification of streets.

It is important to note that Map 18 was developed to show consistency of the stormwater information throughout
the watershed as reported in 2011. This is not intended to show every element of the stormwater infrastructure in
each community. Information on specific characteristics of municipal stormwater management systems can be
located in individual reports for each community as documented in Table 7 above.

Since each of the MS4 communities compiled its inventories using different digital formats and categories, these
GIS data files were integrated to the extent practicable by Waukesha County staff. The main categories include
major outfalls, minor outfalls, storm sewers, and stormwater BMPs (wet basins, dry basins, and other) as shown
on Map 18 and in Table 10 (see Appendix D for specific details). Another BMP category includes such practices
as sediment traps, infiltration trenches, stormceptors (prefabricated, underground devices that separates oils,
grease, and sediment from stormwater runoff from parking lots or streets), and rain gardens. Based upon this
inventory data, there are a total of 65 major outfalls, 361 minor outfalls, 53 dry basins, 134 wet basins, and 45
other BMPs within the Pewaukee River watershed. The storm sewer lines shown on Map 18 include both culverts
and gravity mains. In addition, some communities also mapped the sewer inlets, curb and gutter, and swale
information, which helps to better understand how stormwater is routed across the landscape within portions of
the watershed. This data was projected over the total extent of urban lands under pre- versus post-1990 conditions,
because stormwater rules and practices began to be implemented more widely during the post-1990 period.
Hence, nearly all of the stormwater BMPs on the landscape reside within the urban lands developed after 1990,
although there are notable exceptions—particularly within the Village of Pewaukee.

Consequently, prior to 1990, most of the stormwater BMPs consisted of storm sewers, curb and gutter, and
swales. In contrast, under post-1990 conditions, BMPs continue to utilize the aforementioned practices, but wet
and dry stormwater detention basins became widely used for urban development. Nearly 200 of these wet and dry
basins have been constructed since about 1990 and more continue to be constructed with each new development
throughout the watershed, such as shown on Map 18 and in Figure 26. These basins can be wet or dry and are

"A major outfall is a municipal separate storm sewer outfall that meets one of the following criteria: 1) a single
pipe with an inside diameter of 36 inches or more or equivalent conveyance (cross sectional area of 1,018 square
inches) which is associated with a drainage area of more than 50 acres, or 2) an MS4 that receives stormwater
runoff from lands zoned for industrial activity or from other lands with industrial activity that is associated with a
drainage area of two acres or more.
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Table 10

STORM DRAINAGE SYSTEM INVENTORY SUMMARY AMONG MS4
COMMUNITIES WITHIN THE PEWAUKEE RIVER WATERSHED: 2010-2011

Storm Drainage System Category
Outfalls Best Management Practices (BMP)
Community Sewer Inlets Minor Major Dry Basin Wet Basin Other
City of Pewaukee................ 26 94 18 4 11 0
City of Waukesha............... 659 88 4 11 62 7
Town of Delafield ............... 121 20 18 16 25 0
Town of Lisbon .................. 11 74 1 4 9 0
Village of Pewaukee .......... Not-reported 56 10 15 15 32
Village of Sussex............... 445 29 14 3 12 6
Total 1,262 361 65 53 134 45

Source: City of Pewaukee, AECOM,; City of Waukesha, GRAEF; Town of Delafield, R.A. Smith National, Inc.; Town of Lisbon,
Strand Associates, Inc.; Village of Pewaukee, STANTEC; Village of Sussex, Ruekert & Mielke, Inc.; Waukesha
County PLU - Land Resources Division; and SEWRPC.

designed to capture the stormwater runoff water and release it at a reduced rate. Wet basins allow the total
suspended solids particles, nutrients, and associated materials to settle out. Dry basins generally provide little
control of nonpoint source pollution because they have no permanent pool for settling and subsequent storage of
particulate pollutants. Stormwater is diverted into these basins prior to discharging into the surface water of the
Lake or local tributaries and streams within the Pewaukee River system.

Urban nonpoint performance standards focus on controlling erosion from construction sites; managing post-
construction runoff from parking lots, streets, buildings, and other impervious areas; promoting infiltration,
maintaining vegetative buffers between impervious surfaces and water resources, and preventing polluted runoff
through better land management. These standards are implemented through the county (and local) stormwater and
erosion control ordinances for new development projects, and MS4 stormwater discharge permits for existing
urban areas. Effective construction erosion control and abatement of nonpoint source pollution from urban areas
rely on targeted information and education programs for developers, engineers, contractors, municipal staff, and
the general public. To this end, Waukesha County has executed intergovernmental agreements with 25 local
communities to implement a comprehensive stormwater education program to help communities meet this part of
the MS4 permit mandate. In a rapidly developing area like Waukesha County, implementing the urban nonpoint
performance standards represents the single largest workload for the Land Resources Division.*®

Buffer Standards

Riparian buffers are protected by a combination of Federal, State, county, and local municipal programs and
regulations. For example, the Natural Resources Conservation Service (NRCS) technical standards continue to be
applied through voluntary programs such as the Conservation Reserve Enhancement Program (CREP), which set
minimum buffer widths based on program goals and technical standards. Administrative rules for redesign of the

BWaukesha County Department of Parks & Land Use-Land Resources Division, Waukesha County Land and
Water Resource Management Plan 2012 Update.
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Figure 26

STORMWATER WET DETENTION BASIN DESIGN AND CONSTRUCTION WITHIN THE
PEWAUKEE RIVER WATERSHED AND PERCENT POLLUTANT REMOVAL EFFECTIVENESS: 2012
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Stormwater detention basins are designed and constructed as part of the associated development to manage both water volume and remove
pollutants through settling and biological uptake before discharging into the surface waters of the Pewaukee River system.

Source: USEPA National Pollutant Discharge Elimination System (NPDES); © 2013 Microsoft Corporation, Pictometry Bird’'s Eye © 2012
MDA Geospatioal Services; and SEWRPC.

State nonpoint source pollution control program that began in 2000 led to the adoption of new buffer standards in
2011 with the revision of NR 151 and the establishment of a five- to 20-foot tillage setback in agricultural settings
and a 10- to 75-foot impervious surface setback in urban settings (see “protective areas” around streams, lakes,
and wetlands as summarized below). In addition, the provisions of County and local municipality floodland and
shoreland zoning regulations also require setbacks from waterways that act as effective tools to protect riparian
buffer lands, which are discussed in further detail below. The protective area setbacks are also included in the
County’s Storm Water Management and Erosion Control ordinance. Waukesha County also plans to incorporate
the state tillage setback and/or buffer standard into the agricultural compliance evaluations.*®

The nonagricultural performance standards set forth in Section NR 151.125 have developed specific setback
requirements for designated “protective areas.” A protective area is defined as an area of land that commences at
the top of the channel of lakes, streams and rivers, or at the delineated boundary of wetlands, and that is the
greatest of the following widths, as measured horizontally from the top of the channel or delineated wetland
boundary to the closest impervious surface:

Waukesha County Department of Parks & Land Use-Land Resources Division, Waukesha County Land and
Water Resource Management Plan 2012 Update, (page 70, under Goal 3.B.2).
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. 75 feet to protect higher quality areas that include: Chapter NR 102-designated Outstanding or
Exceptional Resource Waters; Chapter NR 103-designated wetlands of special natural resource
interest, which includes Advanced Delineation and ldentification (ADID) wetlands as discussed
above and shown on Map 17; as well as “highly susceptible wetland” types that include calcareous
fens, sedge meadows, open and coniferous bogs, low prairies, coniferous swamps, lowland hardwood
swamps, and ephemeral ponds;?°

. 50 feet from perennial and intermittent streams, lakes, and wetlands (not designated as highly
susceptible or less susceptible); and

. Minimum of 10 feet from less susceptible (degraded) wetlands and drainage channels with drainage
areas greater than 130 acres.

The greatest protective area width shall apply where rivers, streams, lakes, and wetlands are contiguous. In other
words, a stream or lake is not eligible for a lower protective area width even if it is contiguous to a less suscep-
tible or degraded wetland.

Dam Regulation

Dams have a significant impact on water quality, wildlife, public safety, water rights issues, and land use in
Wisconsin. Under Chapter 31 of the Wisconsin Statutes, which was created in 1917 under the Water Power Law,
the WDNR has authority to regulate the location, construction, permitting, safety, operation, and maintenance of
dams and bridges affecting navigable bodies of water. Chapter 31 also addresses alteration or repair of dams, dam
transfer and removal, and water level and flow control.

Administrative rules governing dam design and construction standards are set forth in Chapter NR 333 of the
Wisconsin Administrative Code. Chapter NR 335 covers the administration of the Municipal Dam Repair and
Removal Grant Program; Chapter NR 330 provides standards for warning signs and portages for dams.

Spillway Capacity Requirements

The WDNR approved a failure analysis of the Pewaukee Dam in January 2005 and classified the dam as “high
hazard.” As the owner of the dam on Pewaukee Lake, the Village of Pewaukee adopted the dam failure floodplain
in November 2008. Based on the high hazard rating, Wisconsin Administrative Code NR 333 requires that the
Pewaukee Dam total spillway capacities be capable of passing the 1,000-year flood event without overtopping the
dam. The Village then conducted an analysis of alternative to address the existing dam capacity, proposed
modifications to provide the minimum hydraulic capacity, and prepared cost estimates for construction of the dam
modifications.”

Based upon the results of the dam modification study, the dam spillway was reconstructed in the fall of 2010 (see
Figure 27). The most notable features of the new spillway include replacing the downstream culverts with two
box culvert outlet structures, as well as the spillway gate with a bottom draw gate that draws water from about
four feet below the surface of Pewaukee Lake. In addition, the Village was required to increase the frequency of
dam inspections, which are now conducted every two years. The reconstruction of this dam has not changed the
required operating elevations of Pewaukee Lake. The summer water level is not to exceed 852.80 feet above
National Geodetic Vertical Datum, 1929 adjustment (NGVD 29) from May 1 to October 1. The winter level is

“Note: Information on wetland types, including ephemeral ponds, is available from the WDNR by calling
(608) 266-7012.

ZIR.A. Smith National, Design Report: Pewaukee Dam Modifications (Project No. 1090029), Prepared for Village
of Pewaukee, Wisconsin, March 24, 2010.
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Figure 27
PEWAUKEE LAKE DAM OUTFALL

Pre-Construction

During Construction: October 18, 2010

Post-Construction: August 15, 2011

Source: Charlie Shong and SEWRPC.

not to exceed 852.20 above NGVD 29. Although there is no
mandatory provision to maintain a minimum level of
baseflow discharge at this outlet to sustain the Pewaukee
River ecosystem downstream, the Village does keep the
gate open at least 0.5 inch so that there is flow into the
River.” The Village also monitors the outlet and remove
any debris, particularly aquatic plants, to maintain unob-
structed flows through the spillway. This was important in
2012 during the very dry conditions that were associated
with high aquatic plant abundance and densities in Pewau-
kee Lake.

COUNTY AND LOCAL
GOVERNMENT LAND USE
REGULATIONS

The comprehensive zoning ordinance represents one of the
most important and significant tools available to local units
of government in directing the proper use of lands within
their jurisdictions. Local zoning regulations include
general, or comprehensive, zoning regulations and special-
purpose regulations governing floodland and shoreland
areas. General zoning and special-purpose zoning regula-
tions may be adopted as a single ordinance or as separate
ordinances; they may or may not be contained in the same
document. Any analysis of locally proposed land uses must
take into consideration the provisions of both general and
special-purpose zoning. As already noted, the watershed
includes portions of the City of Delafield, City of Pewau-
kee, City of Waukesha, and the Villages of Hartland,
Pewaukee, and Sussex; and the Towns of Delafield, Lisbon,
and Merton within Waukesha County, but note, that the
Town of Pewaukee became the City of Pewaukee 13
years ago. The ordinances administered by these units of
government are summarized in Table 11 and described in
more detail below. In addition, since zoning regulations are
often revised or updated, SEWRPC staff provide periodic
summaries of the most up-to-date changes that can be read
and downloaded at the following website location:
http://www.sewrpc.org/SEWRPCFiles/Community Assistance/
Smartgrowth/ fact_sheet_implementation_of_comp_plans.pdf.

General Zoning

Villages in Wisconsin are granted comprehensive, or gen-
eral, zoning powers under Section 61.35 of the Wisconsin
Statutes. Counties are granted general zoning powers within
their unincorporated areas under Section 59.69 of the

22pgrsonal Communication, David White, Engineer, Village of Pewaukee, August 2013.
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Table 11

LAND USE REGULATIONS WITHIN THE PEWAUKEE RIVER WATERSHED BY CIVIL DIVISION: 2010

Type of Ordinance
Erosion Control
General Floodland Shoreland or Shoreland- Subdivision and Stormwater
Community Zoning Zoning Wetland Zoning Control Management
Waukesha County .................. Adopted Adopted Adopted and Wisconsin Floodland and Adopted
Department of Natural shoreland only
Resources approved
City of Delafield ................... Adopted Adopted Adopted Adopted Adopted
City of Pewaukee................. Adopted Adopted Adopted Adopted Adopted
City of Waukesha. ................ Adopted Adopted Adopted Adopted Adopted
Village of Hartland ............... Adopted Adopted Adopted Adopted Adopted
Village of Pewaukee............. Adopted Adopted Adopted Adopted Adopted
Village of SusseX...........oc.... Adopted Adopted Adopted Adopted Adopted
Town of Delafield................. Adopted County ordinance | County ordinance Adopted County ordinance
Town of Lisbon ..........cccce.e. Adopted County ordinance | County ordinance Adopted County ordinance
Town of Merton...........cccc.... Adopted County ordinance | County ordinance Adopted County ordinance

Source: SEWRPC.

Wisconsin Statutes. However, a county zoning ordinance becomes effective only in those towns that ratify the
county ordinance. Towns that have not adopted a county zoning ordinance may adopt village powers, and
subsequently utilize the village zoning authority conferred in Section 62.23. They are subject to county board
approval where a general-purpose county zoning ordinance exists. Alternatively, a town may adopt a zoning
ordinance under Section 60.61 of the Wisconsin Statutes where a general-purpose county zoning ordinance has
not been adopted, but only after the county board fails to adopt a county ordinance at the petition of the governing
body of the town concerned. General zoning is in effect in all communities within the Pewaukee River watershed.

Zoning is used to regulate the use of land in Waukesha County in a manner that serves to promote the general
welfare of citizens, the quality of the environment, and the conservation of resources, as well as to implement a
land use plan. Zoning is the delineation of areas or zones into specific districts. It provides uniform regulations
and requirements that govern the use, placement, spacing, and size of land and buildings. The Planning and Zon-
ing Division of the Waukesha County Department of Parks and Land Use administers the zoning maps and the
zoning ordinance for portions of the unincorporated areas of Waukesha County. The code is designed to provide
standards for land development and to provide for adequate sanitation, drainage, safety, convenience of access,
the preservation and promotion of the environment, property values, and general attractiveness of the area.

Floodland Zoning

Section 87.30 of the Wisconsin Statutes requires that villages and counties, with respect to their unincorporated
areas, adopt floodland zoning to preserve the floodwater conveyance and storage capacity of floodplain areas and
to prevent the location of new flood-damage-prone development in flood hazard areas. The minimum standards
that such ordinances must meet are set forth in Chapter NR 116, “Wisconsin’s Floodplain Management Program,”
of the Wisconsin Administrative Code. The required regulations govern filling and development within a
regulatory floodplain, which is defined as the area that has a 1 percent annual probability of being inundated. The
one-percent-annual-probability (100-year recurrence interval) floodplains within the Pewaukee River watershed
are shown on Map 19. Under Chapter NR 116, local floodland zoning regulations must prohibit nearly all forms
of development within the floodway, which is that portion of the floodplain required to convey the one-percent-
annual-probability peak flood flow. Local regulations must also restrict filling and development within the flood
fringe, which is that portion of the floodplain located outside the floodway that would be covered by floodwater
during the one-percent-annual-probability flood. Allowing the filling and development of the flood fringe
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Map 19

FLOODPLAIN ZONES WITHIN THE PEWAUKEE RIVER WATERSHED: 2008
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area, however, reduces the floodwater storage capacity of the natural floodplain, and may, thereby, increase
downstream flood flows and stages. Map 16 shows floodplains designated as “Zone A” where the extent of the
floodplain was based upon an approximate study that did not calculate specific flood stage elevations. The
majority of these areas are associated with the small headwater tributary streams, particularly on Coco Creek and
Meadowbrook Creek.

The Waukesha County ordinances related to shoreland and floodland protection recognize existing uses and
structures and regulate them in accordance with sound floodplain management practices while protecting the
overall water quality of stream systems. These ordinances are intended to: 1) regulate and diminish the prolifera-
tion of nonconforming structures and uses in floodplain areas; 2) regulate reconstruction, remodeling, conversion
and repair of such nonconforming structures—with the overall intent of lessening the public responsibilities
attendant to the continued and expanded development of land and structures inherently incompatible with natural
floodplains; and 3) lessen the potential danger to life, safety, health, and welfare of persons whose lands are
subject to the hazards of floods. Floodland zoning is in place for all the towns in Waukesha County (see
Table 11). The Cities of Delafield, Pewaukee, and Waukesha, and the Villages of Hartland, Pewaukee, and
Sussex have adopted their own floodland ordinances.

Shoreland Regulation

Shoreland zoning regulations play an important role in protecting water resources. Under Section 59.692 of the
Wisconsin Statutes, within their unincorporated areas, counties in Wisconsin are required to adopt zoning
regulations within statutorily defined shoreland areas, which are defined as those lands within 1,000 feet of the
ordinary high water mark of a navigable lake, pond, or flowage; 300 feet of the ordinary high water mark of a
navigable stream; or to the landward side of the floodplain, whichever distance is greater.*

Minimum standards for county shoreland zoning ordinances are set forth in Chapter NR 115, “Wisconsin’s
Shoreland Management Program,” of the Wisconsin Administrative Code.?* Chapter NR 115 sets forth minimum
requirements regarding lot sizes and building setbacks; restrictions on cutting of trees and shrubbery; and
restrictions on filling, grading, lagooning, dredging, ditching, and excavating that must be incorporated into
county shoreland zoning regulations.”® Because these are minimum requirements, counties may enact more
restrictive ordinance provisions as appropriate. In addition, Chapter NR 115 requires that counties place all wet-
lands five acres or larger and within the statutory shoreland zoning jurisdiction area into a wetland conservancy
zoning district to ensure their preservation after completion of appropriate wetland inventories by the WDNR.

ZDefinitive determination of navigability and location of the ordinary high water mark on a case-by-case basis is
the responsibility of the Wisconsin Department of Natural Resources.

24N revision to Chapter NR 115 of the Wisconsin Administrative Code was promulgated in January 2010.
Chapter NR 115 includes the following note: “On September 12, 2010, the Secretary of the Department of
Natural Resources signed an executive order extending the date by which a county must adopt or amend
shoreland and subdivision ordinances to meet the revised standards in ch. NR 115. The date was extended to
February 1, 2014.”

SHowever, Chapter NR 115 includes the following note: “Effective April 17, 2012, 2011 Wisconsin Act 170
created s. 59.692 (2m), Stats., which prohibits a county from enacting, and a county, city, or village from
enforcing, any provision in a county shoreland or subdivision ordinance that regulates the location, maintenance,
expansion, replacement, repair, or relocation of a nonconforming building if the provision is more restrictive
than the standards for nonconforming buildings under ch. NR 115; or the construction of a structure or building
on a substandard lot if the provision is more restrictive than the standards for substandard lots under ch. NR 115.
2011 Wisconsin Act 170 also created other provisions that affect how a county regulates nonconforming uses and
buildings, premises, structures, or fixtures under its general zoning ordinance.”
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However, the rules regarding minimum lots sizes, building setbacks, and cutting of trees and shrubbery
established in Chapter NR 115 for counties do not apply to cities and villages (except for newly annexed areas).
Minimum standards for village shoreland-wetland zoning ordinances are set forth in Chapter NR 117,
“Wisconsin’s City and Village Shoreland-Wetland Protection Program,” of the Wisconsin Administrative Code.

Shoreland zoning has the goal of protecting water quality, fish and wildlife habitat, recreation, and natural beauty.
To accomplish these goals, the statewide minimum standards for county shoreland zoning ordinances in NR 115
create a 35-foot vegetated buffer strip and a 75-foot building setback around navigable waters, control the
intensity of development around navigable waters, and protect wetlands within shorelands. Shoreland areas in
unincorporated (town) areas are regulated by the county’s shoreland zoning ordinance.

NR 117 requires cities and villages to protect wetlands located within the shoreland area. Under 2013 Wisconsin
Act 80, city and village ordinances must also require a 50-foot building setback and a 35-foot vegetated buffer
strip from the OHWM of navigable waters in areas annexed by the city or village after May 7, 1982, or
incorporated after April 30, 1994, if the area annexed or incorporated was subject to a county shoreland zoning
ordinance prior to the annexation or incorporation (see Shoreland Zoning Regulations in Annexed Lands below).

The basis for identification of wetlands to be protected under Chapters NR 115 and NR 117 is the Wisconsin
Wetlands Inventory. Mandated by the State Legislature in 1978, this inventory resulted in the preparation of
wetland maps covering each U.S. Public Land Survey township in the State. The inventory was completed for
counties in southeastern Wisconsin in 1982 with the wetlands being delineated by the SEWRPC on its 1980, one-
inch-equals-2,000-feet-scale aerial photography. SEWRPC staff, working in conjunction with the WDNR,
subsequently completed updating that wetland inventory based on interpretation of 2005 color digital ortho-
photography and field verification of selected wetland boundaries (see Wetlands section in Chapter Il of this
report for specific details).

County shoreland zoning ordinances are in effect in all unincorporated areas of Waukesha County. All of the
incorporated municipalities within the Pewaukee River watershed have adopted shoreland-wetland zoning
ordinances.

Shoreland Zoning Regulations in Annexed Lands

According to Section 59.692(7)(a) of the Wisconsin Statutes, county shoreland zoning regulations remain in effect
in areas annexed by a city or village after May 7, 1982, or for a town which incorporated as a city or village after
April 30, 1994, unless the ordinance requirements of the annexing or incorporating city or village are at least as
stringent as those of the county. The only exception to this condition is if, after annexation, the annexing
municipality requests the county to amend the county ordinance to delete or modify provisions that establish
specified land uses or requirements associated with those uses. In such a situation, stipulations regarding land uses
or requirements may be amended by the county.

Regulatory Programs for Wetlands

The determination of permissible, or potentially permissible, activities in wetlands within the Pewaukee River
watershed may involve shoreland-wetland regulations as administered by the counties, cities, and villages, all
under the oversight of the WDNR, pursuant to authorities set forth in Chapter 30 of the Wisconsin Statutes.
Wetland water quality standards are set forth in Chapter NR 103, “Wetland Water Quality Standards,” of the
Wisconsin Administrative Code. The procedures and criteria for the application, processing, and review of State
water quality certifications are set forth in Chapter NR 299, “Water Quality Certification.” Chapter NR 103
applies to the discharge of dredged or fill materials to wetlands, among other provisions. These regulations are
administered by the WDNR and in some cases jointly by the U.S. Army Corps of Engineers (USCOE) and U.S.
Environmental Protection Agency (US EPA) pursuant to Section 404 of the Federal Clean Water Act. As a result
of the January 9, 2001, ruling by the U.S. Supreme Court in the matter of Solid Waste Agency of Northern Cook
County v. U.S. Army Corps of Engineers, No. 99-1178 (“SWANCC?”) certain isolated, nonnavigable, intrastate
wetlands/waters are not under USCOE regulatory jurisdiction. However, such wetlands may be regulated under
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complementary State regulations. In addition to the State standards noted above, the U.S. Department of
Agriculture (USDA) implements policies and programs regarding wetland protection and preservation that benefit
farmers and the environment.

The minimum developable lot sizes for parcels that include wetlands are regulated by the various jurisdictions
that have general zoning authority within the watershed in Waukesha County. For development adjacent to
statutory wetlands, the Waukesha County ordinance specifies a minimum setback. There is currently no specified
limit on the maximum area of impervious surface for development adjacent to statutory wetlands. However,
recently adopted nonagricultural performance standards set forth in Section NR 151.125 specify impervious
surface setback requirements for designated “protective areas” from streams, lakes, and wetlands as summarized
in the Buffer Standards section above.

Subdivision Regulations

Chapter 236 of the Wisconsin Statutes requires the preparation of a subdivision plat whenever five or more lots of
1.5 acres or less in area are created either at one time or by successive divisions within a period of five years. The
Wisconsin Statutes set forth requirements for surveying lots and streets, for plat review and approval by State and
local agencies, and for recording approved plats. Section 236.45 of the Wisconsin Statutes allows any city, village,
town, or county that has established a planning agency to adopt a land division ordinance, provided the local
ordinance is at least as restrictive as the State platting requirements. Local land division ordinances may include
the review of other land divisions not defined as “subdivisions” under Chapter 236, such as when fewer than five
lots are created or when lots larger than 1.5 acres are created.

In accordance with Chapter 236 of the Wisconsin Statutes, the subdivision regulatory powers of counties are
confined to unincorporated areas. City and village subdivision control ordinances may be applied to extra-
territorial areas, as well as to their incorporated areas.?® Counties have approval authority in the unincorporated
areas and objecting authority in the incorporated areas. It is possible for both a county and a town to have
concurrent jurisdiction over land divisions in unincorporated areas, or for a city or village to have concurrent
jurisdiction with a town and county in the city and village extraterritorial plat approval areas. In the case of
overlapping jurisdiction, the most restrictive requirements apply. Each community within the Pewaukee River
watershed has adopted its own subdivision ordinance. The subdivision control ordinances adopted and
administered by Waukesha County apply only to the unincorporated statutory shoreland areas of the County.
Further, the Waukesha County Storm Water Management and Erosion Control Ordinance also contains certain
cross-compliance provisions that directly affect the subdivision plat review and approval process in all unincor-
porated areas.

Construction Site Erosion Control and Stormwater Management Ordinances?’

Stormwater management and erosion control ordinances help minimize water pollution, flooding, and other
negative impacts of urbanization on downstream water resources (lakes, streams, wetlands, and groundwater) and
property owners, both during and after construction activities. These ordinances are an important tool for
accomplishing watershed protection goals because they apply to the entire watershed, not only a certain distance
from the water resource.

%Under Section 236.02 of the Wisconsin Statutes, the extraterritorial plat approval jurisdiction is the area within
three miles of the corporate limits of a first-, second-, or third-class city and within 1.5 miles of a fourth-class city
or a village. The Cities of Pewaukee and Waukesha have extraterritorial zoning that applies within three miles
and the City of Delafield and Villages of Hartland, Pewaukee, and Sussex have extraterritorial zoning that
applies within 1.5 miles of each of these municipalities within the Pewaukee River watershed.

?’See the subsection above on “Recent State Actions Affecting Construction Erosion Control and Stormwater
Management Standards.” The local responses to these actions were under consideration at the time of
publication of this report.
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The Wisconsin Statutes grant authority to counties (Section 59.693), villages (Section 61.653), and towns (Section
60.627) in Wisconsin to adopt ordinances for the prevention of erosion from construction sites and the manage-
ment of stormwater runoff. These ordinances generally apply to new development lands within their jurisdictions.
A county ordinance would apply to all unincorporated areas and newly annexed lands, unless the annexing city or
village enforces an ordinance at least as restrictive as the county ordinance. Towns may adopt village powers
pursuant to Section 60.10 of the Wisconsin Statutes and subsequently utilize the authority conferred on villages to
adopt their own erosion control and stormwater management ordinances. Pursuant to Section 60.627 of the
Wisconsin Statutes, town construction site erosion control and stormwater management zoning requirements
adopted under this section supersede county ordinances.

In the mid-1990s Waukesha County, through the Storm Water Advisory Committee, helped develop a State
model ordinance for post-construction stormwater management, which was later merged into a single ordinance
for erosion control and stormwater management. The County adopted the merged ordinance in 1998 and many
local communities followed. All of the Cities and Villages in the Pewaukee River watershed also have adopted
their own erosion control and stormwater ordinances.

Starting in August 2004, the LRD worked with the Waukesha County Storm Water Advisory Committee for
seven months to rewrite the county ordinance to reflect the new performance standards and address a number of
other implementation issues identified by the LRD. In March 2005, the Waukesha County Board adopted
Chapter 14, Article VIII, “Storm Water Management and Erosion Control Ordinance of the Waukesha County
Code.”?® Enforcement of this ordinance currently represents the largest workload for the LRD. It should be noted
that local erosion control ordinances do not apply to single-family home construction as this is regulated under
Chapter SPS 321 of the Wisconsin Administrative Code. Chapter SPS 321 supersedes all local ordinances. In June
2006, the LRD applied for status as an “authorized local program” by the WDNR under the provisions of NR
216.415 for regulating stormwater discharges from new construction sites within the jurisdiction of the County
ordinance. In 2011, the WDNR authorized Waukesha County to issue NR 216 permit coverage on their behalf for
projects within the County’s jurisdiction. This streamlines the regulatory framework that land developers,
contractors, and the County must work within to secure the necessary permits before beginning development or
road projects.

Under the County ordinance, a series of triggers require a Storm Water Permit from the LRD. “Land disturbing
activities” of a certain size require the preparation of an erosion control plan to reduce soil erosion and
sedimentation during the construction and landscaping phases of a development. “Land development activities”
generally result in the addition of impervious surfaces to the land (i.e., rooftops and pavement of at least one-half
acre in size), and require the preparation of a stormwater management plan to control post-construction
stormwater runoff. Erosion control plans and stormwater management plans both require Storm Water Permits.
The ordinance establishes a series of technical design standards aimed to maintain predevelopment runoff
patterns, peak flows, infiltration, water quality and the general hydrology of the site. While these standards may
vary slightly between communities, the general intent and resulting best management practices on the landscape
are usually similar.

Because stormwater management planning has a significant effect on onsite planning and land divisions, several
provisions have been incorporated into the County ordinance to better coordinate stormwater planning with these
other planning processes. One requires a “Preliminary Review Letter” from the LRD before certain zoning
decisions or preliminary plat approval can be completed by the Planning and Zoning Division. Another requires a
“Certification of Compliance” with the ordinance from the LRD before a Plat or Certified Survey Map can be

A copy of the ordinance is available on the LRD’s web page at: http://www.waukeshacounty.gov/
uploadedFiles/Media/PDF/Parks_and_Land_Use/Land_Conservation/Stormwater/Index_Docs/Final%202005%2
0Storm%20Water%200rdinance%20-%20Waukesha%20C0%20Web%20Version.pdf.

101



approved for recording with the County Register of Deeds. These provisions have proved invaluable in avoiding
conflicts between regulatory review processes and in promoting environmentally sound site planning for new
developments.

Erosion Control for One- and Two-Family Dwelling Construction

Since the early 1990s, the Wisconsin Uniform Dwelling Code, formerly set forth in Chapter Comm 21 and
currently set forth in Chapter SPS 321 of the Wisconsin Administrative Code, has included statewide erosion
control requirements for one- and two-family homes. Specific construction site and erosion control requirements
for unincorporated areas of Waukesha County have been promulgated under Chapter 14, Parks and Land Use, of
the County Code of Ordinances.

Building Regulations

Waukesha County has incorporated several stormwater ordinance standards intended to prevent basement wetness
and flooding in newly developed areas, even outside of zoned floodplains. For buildings designed for human
occupation, these standards address flooding from surface water and wetness caused by groundwater seepage. For
surface water, the standards use the peak water surface elevation produced by a 100-year, 24-hour design storm as
a benchmark, requiring a 50-foot horizontal setback and a minimum two-foot vertical separation from this
elevation to the ground surface at the lowest exposed portion of the building. For groundwater, the standards
generally do not allow these buildings on hydric soils and require a minimum one-foot vertical separation
between the seasonal high groundwater table and the proposed basement floor surface. These standards apply to
all the unincorporated areas of the County. Requiring buildings to meet these standards helps protect the large
investments of local homebuyers, while avoiding potential nuisance drainage issues and costly publicly funded
solutions in the future. These restrictions have become more important in recent years as the living spaces of
homes are often extended to finished lower levels.

Stormwater Facility Operation and Maintenance

As stormwater facilities become more complex, they will require more attention by end users. This is especially
true for infiltration practices. Establishing an ongoing operation and maintenance program is critical to successful
stormwater management. Waukesha County has developed a stormwater facility database that serves as a
repository of design, construction, and maintenance information for stormwater best management practices under
County jurisdiction. This database is being populated with new projects as they are permitted under the County
ordinance. In addition, a process has been developed to populate the database with historical information about
previously permitted projects. This database is also accessible to municipal engineers around the County and will
serve as a source of information for the continued maintenance of stormwater facilities into the future.

Stormwater management maintenance agreements are now required through all local stormwater ordinances.
These agreements include a detailed maintenance plan for each stormwater management practice and describe the
owner’s obligations for implementation. The agreements usually authorize the local community to enforce the
maintenance provisions, using their special assessment powers if needed to ensure the work is done. Detailed as-
built documentation is often recorded as an exhibit in the agreement and serves as a reference for future main-
tenance work. Documentation of inspections and maintenance activities are usually required to be submitted to
the local community before a permit is closed and a financial assurance is released.

Most communities check stormwater facilities at the time of initial construction to establish conformance with
permit requirements. However, the long-term maintenance of stormwater management practices is often the
responsibility of private landowners. Consequently, many communities do not have proactive inspection pro-
grams, but may react to citizen complaints. Waukesha County has started to include a limited inspection service
for existing stormwater practices through intergovernmental agreements with towns. Pursuant to Chapters NR 151
and NR 216 of the Wisconsin Administrative Code, the WDNR may require a landowner to maintain stormwater
management practices.
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Special Units of Government

Stormwater Utility Districts

Section 66.0827 of the Wisconsin Statutes permits towns, villages, and cities of the third and fourth class to
establish utility districts for a number of municipal improvement functions. Funds for the provision of services
within the district which are not paid for through special assessments are provided by levying a tax upon all
property within the district. The establishment of utility districts requires a majority vote in towns and a three-
fourths vote in villages. Prior to establishing such a district, the local governing bodies are required to hold a
formal public hearing. The establishment of stormwater utility districts has become more common in recent years
as a mechanism to implement stormwater management practices pursuant to Chapter NR 216 of the Wisconsin
Administrative Code. Such districts install and maintain stormwater conveyance and management systems
typically within subdivisions or other portions of municipalities where such services are required. To date, the
City and Village of Pewaukee and the Village of Sussex are the only utility districts established in the Pewaukee
River watershed.

Lake Pewaukee Sanitary District

General oversight of the Pewaukee Lake management activities is currently provided by the Lake Pewaukee
Sanitary District with the advisory input from the City and Village of Pewaukee, and Town of Delafield. The
Lake Pewaukee Sanitary District is a town sanitary district established under Chapter 60 of the Wisconsin
Statutes, serving the Town of Delafield, and providing contract services to the City of Pewaukee. The Sanitary
District provides lake management services including aquatic plant harvesting and shoreline cleanup for the Town
of Delafield and for the City of Pewaukee. The District also purchases and manages land to protect water quality
for Pewaukee Lake. For example, in March of 2013 the District obtained a $200,000 grant from the WDNR that
was combined with $72,000 of its own funds to enable them to purchase and protect 26 acres of wetland and six
acres of upland within the Pewaukee River watershed.?®

In addition, the Lake Pewaukee Sanitary District also owns and maintains the sanitary sewer system around
Pewaukee Lake. All wastewater from that system, however, is conveyed to the City of Brookfield for treatment.
The sanitary sewer service area (see Map 6 in Chapter 11 of this report) includes a portion of the City of Pewaukee
where the Sanitary District owns the sanitary sewer lines and pump stations.

Public Inland Lake Protection and Rehabilitation Districts

In order to maintain, protect, and improve the water quality of a lake and manage its watershed in an
environmentally sound manner, the Wisconsin Legislature has authorized the creation of Public Inland Lake
Protection and Rehabilitation Districts under Subchapter 1V of Chapter 33 of the Wisconsin Statutes.*® Similar to
town sanitary districts, lake districts can be established by orders or resolutions adopted by a town, village, or
county in response to the petition of the landowners within the boundary of the proposed district. Lake
management districts are governmental bodies, and as such, have strictly defined boundaries. Lake districts have
limited powers outside of their lake management functions.

The Pewaukee Lake Sanitary District is the only public inland lake management district in the Pewaukee River

watershed. This organization depends on the cooperation of general purpose units of government to address many
of the jurisdictional issues that affect the use of the lake.

2Melissa Graham, Living Reporter/Focus, “Grant Preserves Pewaukee Wetland,”” March 5, 2013.

$University of Wisconsin-Extension Publication No. G3818, People of the Lakes: A Guide for Wisconsin Lake
Organizations: Lake Associations and Lake Districts, 11th Edition, 2006.
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Nonprofit Conservation Organizations

In addition to governmental organizations, voluntary community organizations often participate in resource
management projects. While they lack governmental authority, and both membership and payment of dues are
voluntary, many of these nonprofit conservation organizations (NCOs) are influential in sustaining public interest
in resource management issues and provide an important mechanism for public informational programming and
involvement in communities. Many NCOs are incorporated under Chapter 181 of the Wisconsin Statutes and
many are registered charitable organizations under Section 501(c)(3) of the Federal Internal Revenue Code.
Several such organizations exist in the Pewaukee River watershed. In addition, incorporated lake or stream
associations, meeting specific criteria established by the WDNR, may be eligible for cost-share grant funds under
the lake or stream management and protection grant programs described below. For example, the Pewaukee River
Partnership, which has led the effort in developing this planning study, is an NCO.

These organizations depend on the cooperation of general purpose units of government to address many of the
jurisdictional issues that affect the use of the lake, and perform an important advocacy role in the basin. In
addition, these organizations perform a vital role in community-based educational and informational program-
ming, as discussed below.

RELATED CONSERVATION PROGRAMS

Coordination with Federal, State, regional, and local agencies is paramount to the protection of the land and water
resources of the Pewaukee River watershed. The conservation programs mentioned below are vital to the
successful implementation of this plan. The positive integration of programs and funding sources administered by
the county and their cooperating agencies do the most toward accomplishing these goals.

Federal Programs

The U.S. Department of Agriculture Natural Resources Conservation Service (USDA NRCS) has several pro-
grams directed at agricultural producers to alleviate cropland erosion, and to protect natural resources, as well as
provide a financial incentive. The programs available to local producers and landowners are presented in Table 12
and summarized below. Four programs help to reduce erosion, protect wildlife habitat, restore wetlands, and
improve water quality. All programs involve cost-share assistance from the Federal government, provided the
landowner follows the prescribed practices of each program.

Conservation Reserve Program

The Conservation Reserve Program (CRP) and related State Conservation Reserve Enhancement Program
(CREP) are voluntary programs for agricultural landowners that provide annual rental payments and cost-share
assistance to establish long-term, resource conserving covers on eligible farmland. The CRP goal is to reduce soil
erosion, protect the nation’s ability to produce food and fiber, reduce sedimentation in streams and lakes, improve
water quality, establish wildlife habitat, and enhance forest and wetland resources. It encourages farmers to
convert highly erodible cropland or other environmentally sensitive acreage to vegetative cover, such as a prairie
compatible noninvasive forage mix, wildlife plantings, trees, filter strips, or riparian buffers. Farmers receive an
annual rental payment for the term of the multi-year contract based on the agriculture rental value of the land, and
up to 50 percent Federal cost-sharing is provided to establish vegetative cover practices. The program is
administered by the USDA Farm Service Agency (FSA), with technical assistance provided by the NRCS. The
NRCS works with landowners to develop their application, and to plan, design, and install the conservation
practices on the land.

Environmental Quality Incentives Program

The Environmental Quality Incentives Program (EQIP) is a voluntary conservation program that supports the
production of agriculture and environmental quality as compatible goals. Through EQIP, farmers may receive
financial and technical help with structural and management conservation practices on agricultural land. EQIP
offers contracts for practice implementation for periods ranging from five to 10 years, and it pays up to 75 percent
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Table 12

CHARACTERISTICS OF USDA FINANCIAL ASSISTANCE PROGRAMS

Sign-Up Rental or Tillage Practices Suitable
Program Contract Length Period Cost-Share Payments for Program Amount of Land

Conservation 10, 15 years or Continuous 50 percent A specified dollar Permanent pasture, Small sensitive
Reserve Program as perpetual oronce a amount per acre buffer strips, areas along
(CRP)/Conserva- easements year based upon soil grassed water- stream corridors
tion Reserve type ways, windbreaks, to large tracts of
Enhancement trees land
Program (CREP)

Environmental Five to 10 years Twice ayear | Upto75 No-till practices only, | Livestock waste Designed for the
Quality Incentives percent with a 50-acre management, whole farm, not
Program (EQIP) maximum erosion and just small areas

sediment control, of the farm
habitat improve-

ment, groundwater

protection

Wildlife Habitat 10 years Continuous Upto 75 - Instream structures Site- and species-
Incentives percent for fish habitat, specific, small to
Program (WHIP) prairie restoration, large areas, five-

wildlife travel acre minimum
lanes, wetland
scrapes

Wetland Reserve 10 years, or Continuous Up to 100 -- Wetland restoration 20-acre minimum
Program (WRP) 30 years and percent

permanent
easements

Source: U.S. Natural Resources Conservation Service and SEWRPC.

of the costs of eligible conservation practices. Incentive payments and cost-share payments may also be made to
encourage a farmer to adopt land management practices, such as nutrient management, manure management,
integrated pest management, or wildlife habitat management.

Wildlife Habitat Incentives Program

The Wildlife Habitat Incentives Program (WHIP) is a voluntary program for people who want to develop or
improve wildlife habitat on private lands. It provides both technical assistance and up to 75 percent Federal cost-
sharing to help establish and improve wildlife habitat. Landowners agree to work with NRCS to prepare and
implement a wildlife habitat development plan which describes the landowner’s goals for improving wildlife
habitat, includes a list of practices and a schedule for installing them, and details the steps necessary to maintain
the habitat for the life of the cost-share agreement. The WHIP emphasizes reestablishment of declining species
and habitats, including prairie chickens, meadowlarks, sharp-tailed grouse, Karner blue butterfly, smallmouth
bass, blue-winged teal, and many other species of grassland birds, reptiles, insects, and small mammals. Some of
the opportunities are installing instream structures to provide fish habitat, restore prairie and oak savannahs, and
brush management and control of invasive species.

Cost-shared practices include burning, seeding, and brush management of prairies, grasslands, and savannah;
instream structures and bank stabilization in streams; and timber stand improvement and brush management on
woodlots. Federal or State wildlife agencies or private organizations may provide additional funding or expertise
to help complete a project. Contracts normally last a minimum of five years from the date the contract is signed
and cost-sharing does not exceed $10,000. Eligible lands must be a minimum of five acres of agricultural or
nonagricultural land, woodlots, pasture land, streambanks, and shorelands. Lands currently enrolled in other
conservation programs are not eligible to participate in WHIP.
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Wetlands Reserve Program

The Wetlands Reserve Program (WRP) is another voluntary program designed to restore and protect wetlands
on private property. It is an opportunity for landowners to receive financial incentives to restore wetlands that
have been drained for agricultural purposes. Landowners who choose to participate in WRP may sell a
conservation easement or enter into a cost-share restoration agreement with USDA to restore and protect
wetlands. The landowner voluntarily limits future use of the land, yet retains private ownership. The landowner
and NRCS develop a plan for the restoration and maintenance of the wetland. This program offers landowners
three options; permanent easements, 30-year easements, and restoration cost-share agreements of a minimum
10-year duration.

Grasslands Reserve Program

The Grassland Reserve Program (GRP) is a voluntary program through the NRCS for landowners and operators
to protect grazing uses and related conservation values by conserving grassland, including rangeland, pastureland,
shrubland, and certain other lands. Participants voluntarily limit future development and cropping uses of the land
while retaining the right to conduct common grazing practices and operations related to the production of forage
and seed. The program offers eligible landowners and operators two options: permanent easements and rental
contracts of 10-year, 15-year, or 20-year duration. For permanent easements, the GRP offers compensation up to
the fair market value of the land concerned less the grazing value of the land. For rental contracts, the GRP
provides annual payments of 75 percent of the grazing value established by the Federal Farm Service Agency, up
to $50,000 to a single person or legal entity. Certain grassland easements or rental contracts may also be eligible
for cost-share assistance of up to 50 percent of the cost to reestablish grassland functions and values where land
has been degraded or converted to other uses. Payments of this cost-share assistance may not exceed $50,000 per
year to a single person or legal entity.

Resource Conservation and Development

The Resource Conservation and Development (RC&D) program was established by the Federal Agricultural Act
of 1962. This act directs the USDA to help units of government conserve and properly utilize all resources in
solving local issues. Wisconsin has seven RC&Ds, covering all Wisconsin counties. Waukesha County is a
member of the Town and Country RC&D area which was organized to cover 13 counties in southeastern
Wisconsin. The Town and Country RC&D helps to facilitate the development and coordination of existing and
innovative projects, and will assist in finding funding to implement them. Town and Country RC&D has helped
promote agricultural, energy, water quality, and educational projects and programs throughout the Region.

The Pittman-Robertson Wildlife Restoration Program

The Pittman-Robertson Wildlife Restoration Program through the U.S. Fish and Wildlife Service provides grants
to State fish and wildlife agencies for projects to restore, conserve, manage, and enhance wildlife and wildlife
habitat. This program provides 75 percent Federal cost-share assistance for eligible projects and requires a 25
percent match from nonFederal sources. Eligible projects include identification, restoration, and improvement of
areas of land or water adaptable as feeding, resting, or breeding places for wildlife.

The State Wildlife Grants Program

The U.S. Fish and Wildlife Service through the State Wildlife Grants Program provides Federal grant funds to
State fish and wildlife agencies for the development and implementation of projects for the benefit of fish and
wildlife and their habitats, including species that are not hunted or fished. Priority is placed on projects that
protect species of greatest conservation concern. Two types of grants are made under this program: planning
grants and implementation grants. Planning grants provide up to 75 percent Federal cost-share assistance for
eligible projects and require a 25 percent match from nonFederal sources. Implementation grants under this
program provide up to 50 percent Federal cost-share assistance for eligible projects and require a 50 percent
match from nonFederal sources.
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State Programs

Farmland Preservation Program

The DATCP and the Wisconsin Department of Revenue oversee the Farmland Preservation Program (FPP) across
the State. This program allows agricultural landowners who meet certain eligibility requirements to file for tax
credits. As a condition of receiving the tax credits, the land for which the credits are to be received must be
farmed in accordance with soil and water conservation standards developed by counties and approved by the State
of Wisconsin Land and Water Conservation Board. A farm plan for each landowner and farm involved is usually
developed by the County or NRCS and ensures that through tillage practices, crop rotations, or other appropriate
conservation practices soil erosion is being effectively reduced to at or below tolerable soil loss rates. Landowners
who are found to be in noncompliance with the law must come into compliance with the rules, or they become
ineligible to participate in the program. However, there are no exclusive agricultural zoning districts in the
Pewaukee River watershed, so no lands are currently eligible for this program within this watershed.

Targeted Runoff Management Grant Program

The Targeted Runoff Management (TRM) Grant Program, in operation since 1999, was significantly revised
effective January 1, 2011. Targeted Runoff Management Grants are administered under Chapters NR 153 and NR
154 of the Wisconsin Administrative Code. These grants provide technical and financial assistance to local
governments for managing nonpoint source pollution. Most grants address agricultural problems. The agricultural
project grants address many types of water resources, including impaired waters in areas with Total Maximum
Daily Loads (TMDL), impaired waters outside TMDL areas, high-quality surface waters threatened by
degradation and ground water protection and improvement. Agricultural projects can vary in scale, from small-
scale projects addressing a single farm to larger-scale projects that address agricultural sources on a watershed
basis. Projects that take place outside a TMDL area are required to implement the State’s agricultural nonpoint
source performance standards and prohibitions contained in Chapter NR 151. Projects designed to implement
TMDLs may also implement practices that are not tied directly to achieving State standards and prohibitions as
long as the management practices are required to achieve the goals of the TMDL. Targeted Runoff Management
Grants also provide funding for a limited number of urban stormwater construction projects, but the urban TRM
projects are restricted to TMDL areas. Only small-scale projects are available in urban areas.

All TRM grants provide 70 percent cost sharing for construction of management practices, with up to 90 percent
cost sharing available for agricultural projects where the farmer qualifies for economic hardship. Large-scale
TRM projects may also provide limited funding for staff support. Each year, the WDNR establishes caps on grant
amounts consistent with available funding.

Urban Nonpoint Source and Storm Water Planning Program

Urban Nonpoint Source and Storm Water Planning Program (UNPS&SW) grant funds awarded under Chapter
NR 155 of the Wisconsin Administrative Code are used to control polluted runoff in urban project areas. Funds are
awarded for either planning or construction projects. The grant period is two years. Projects funded through this
grant program are site-specific, serve areas generally smaller in size than a subwatershed, and are targeted to
address high-priority problems. Eligible applicants include cities, villages, towns, counties, regional planning
commissions, and special purpose districts such as lake districts, sewerage districts, and sanitary districts. In
addition, an urban project area must meet at least one of the following criteria:

. An area with a residential population density of at least 1,000 people per square mile;
. Lands in either commercial or industrial use;

o A portion of a privately owned industrial site not covered by a WPDES permit issued under
Chapter NR 216 of the Wisconsin Administrative Code; or

o A municipally owned industrial site (regardless of Chapter NR 216 permit requirements).
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The maximum cost-share rate available for planning grants is 70 percent of eligible costs. The cap on the total
State share for planning projects is $85,000. The maximum cost-share rate available for construction grants is 50
percent of eligible costs, with a total State share for a construction project of $150,000 and a potential grant of an
additional $50,000 for land acquisition, with the approval of WDNR regional staff. Additional cost-share
reimbursements may be available for project design and permanent easements costs, also with the approval of
WDNR regional staff. Planning grants can be used to pay for a variety of eligible activities, including stormwater
management planning for existing and new development, related information and education activities, ordinance
and utility district development, and enforcement. Construction grants can be used to pay for the construction of
best management practices to control stormwater pollution from existing urban areas. Projects may be eligible for
funding whether or not they are designed to meet the performance standards identified in Section NR 151.13 of
the Wisconsin Administrative Code. The highest priority in selecting projects under this program is given to
projects that implement performance standards and prohibitions contained in Chapter NR 151 or that address
waterbodies listed on the Federal Section 303(d) list of impaired waters.

Soil and Water Resource Management Program

The current Chapter ATCP 50, “Soil and Water Resource Management Program,” became effective on October 1,
2002, and was most recently revised in April 2009. The administrative rule relates specifically to agricultural
management programs. It establishes requirements and/or standards for:

. Soil and water conservation on farms;

° County soil and water programs, including land and water resource management plans;
° Grants to counties to support county conservation staff;

° Cost-share grants to landowners for implementation of conservation practices;

° Design certifications by soil and water professionals;

. Local regulations and ordinances; and

° Cost-share practice eligibility and design, construction, and maintenance.

Lake Management Planning and Protection Grant Programs

Lake management planning projects may be eligible for a 75 percent cost-share grant, up to $10,000 State-share
under the Chapter NR 190 Lake Management Planning Grant Program, with implementation projects being
eligible for a 50 percent cost-share grant under the Chapter NR 191 Lake Protection Grant Program. Lake
management planning projects are further divided into small-scale projects of up to $3,500 and larger-scale
projects of up to $10,000 State-share. The former are designed primarily to support lake water quality monitoring
projects, although other planning activities are also eligible for funding.

Chapter NR 191 lake protection activities related to land acquisition and implementation of remedial measures
identified in a WDNR-approved lake management plan may receive up to $200,000 in State cost-share funding,
while ordinance development projects and diagnostic feasibility studies may be cost shared up to $100,000. These
grants are available to local units of government, public inland lake protection and rehabilitation districts, lake
sanitary districts, and qualified lake associations. In addition, counties are eligible to apply for funding to develop
and implement local land and water management programs targeted to specific classes of lakes in response to
various development and recreational use pressures. Grant awards may fund up to 75 percent of eligible project
costs, not to exceed $50,000.

Additional funding for specific land acquisition activities may be available through the Knowles-Nelson Steward-
ship Program, created by the Wisconsin Legislature in 1989 and authorized under Chapters NR 50/51 of the
Wisconsin Administrative Code. The program is intended to preserve valuable natural areas and wildlife habitat,
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protect water quality and fisheries, and expand opportunities for outdoor recreation. Similarly, the Recreational
Boating Facilities Grant program, authorized under Chapter NR 7 of the Wisconsin Administrative Code, can
provide additional funds for public recreational boating access, access site improvements, Eurasian water milfoil
control, and establishment and/or marking of navigational channels, among other activities.

River Planning and Protection Grant Program

In a like manner to the lake grant programs, the Chapter NR 195 River Planning and Protection Grant program
supports efforts of local governments to develop and implement river (and stream) management practices
designed to minimize or mitigate human impacts on flowing water systems. Grant awards are made on a 75 per-
cent cost-share basis to eligible units of government in amounts up to $10,000 for planning projects and $50,000
for management projects. Property acquisition, implementation of best management practices, and educational
and informational programming are eligible projects under this program.

Aquatic Invasive Species Grant Program

The Chapter NR 198 Aquatic Invasive Species Control Grant awards may not exceed 75 percent of the project
cost. Maximum grant awards depend upon the type of project being executed, with education, prevention and
planning projects being limited to a maximum award of $150,000. Watercraft inspection program projects,
conducted within this grant category are limited to a State share of $4,000 annually for each public boat launch
facility, with the total project cost-share amount being less than or equal to the 75 percent State share. Early
detection and response projects conducted under this grant program are limited to a maximum award of $20,000,
and established population control projects to a maximum State share amount of $200,000. Education, prevention
and planning projects can be funded as small-scale projects of up to $50,000 State cost-share or larger-scale
projects of greater than $50,000 State cost-share.

Wisconsin Department of Natural Resources Clean Water Fund Program

The State Clean Water Fund Program (CWFP) provides financial assistance to municipalities for the planning,
design, and construction of projects to control and treat urban stormwater runoff. Eligible applicants include
cities, towns, villages, counties, town sanitary districts, public inland lake protection and rehabilitation districts,
and metropolitan sewerage districts. Projects must be required by either a Wisconsin Pollutant Discharge
Elimination System permit, a performance standard, or a plan approved by the WDNR. The primary purpose of
an eligible urban runoff project must be to improve water quality. The program provides loans at an interest rate
of 65 percent of the current CWFP market rate.

The Clean Water Fund Program also has a Small Loan Program that provides interest rate subsidies to munici-
palities that have loans from the State Trust Fund Loan Program for the planning, design, and construction of
urban runoff projects with total estimated costs of $1 million or less.

Community Information and Education Programs

Community involvement and educational outreach is a key element of preserving the ecologically significant
areas within the Pewaukee River watershed. Outreach is conducted by several active organizations within the
watershed, including the Lake Pewaukee Sanitary District, land conservancy organizations, and citizen
monitoring groups.

Monitoring and Evaluation Programs

Monitoring and evaluation program efforts are important to ensure program effectiveness and accountability in
the expenditure of public funds. Measuring progress for nonpoint pollution control programs has been identified
as a serious challenge in several State legislative audits since the late 1980s. Past program efforts have focused on
tracking best management practices installed to control nonpoint pollution and associated expenditures. Actually
measuring changes in water quality is the best way to track progress, but can be expensive. In addition, because of
the high number of variables involved in monitoring water quality, it is often difficult to interpret the data. One
solution to this problem is to encourage volunteer citizen monitoring.
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Citizen Stream Monitors

For several years, groups such as the Water Action Volunteers (WAYV), have held training sessions to teach
interested citizens how to monitor streams for temperature, turbidity, dissolved oxygen, stream flow, and how to
conduct biotic index and habitat assessments. The data collected is entered into an internet-accessible database
that will be useful for monitoring future trends in stream condition. Eleven WAV monitoring stations are located
in the Pewaukee River watershed, which has been monitored since around 2005 through 2007, depending on the
site (see Water Quality section in Chapter IV of this report for more details).

Citizen Lake Monitoring Network

Wisconsin’s Self-Help Lake Monitoring Program began in 1986 as one component of the WDNR Lake Manage-
ment Program. The program is now included within the Citizen Lake Monitoring Network (CLMN) administered
by the University of Wisconsin-Extension (UWEX) Lakes Partnership team. The CLMN is a data collection
program implemented on approximately 1,000 of Wisconsin’s 15,000 lakes, and it serves as a citizen education
program about lakes in general. Each volunteer learns about his or her own lake(s) by collecting water quality
data. These data are focused on Secchi-disk transparency measurements. The expanded program includes
additional data collection necessary to support determination of Trophic State Indices (TSI values)—water
samples for total phosphorus and chlorophyll-a analysis, which is conducted by the State Laboratory of Hygiene
(SLOH)—as well as collection of temperature and dissolved oxygen concentration profiles. The data from both
the basic and expanded programs are summarized in a detailed report provided to the volunteers at the end of each
sampling season.

The Program was designed around a set of objectives designed to teach citizen volunteers about lake water quality
sampling techniques along with some concepts of basic limnology, and to increase their understanding of their
study lakes. Data are collected over time and analyzed for normal and seasonal variations and long-term trends,
and are intended to help lake organizations and communities make sound lake management decisions. Pewaukee
Lake is included in the Self-Help monitoring program.

Informational and Educational Programs

Various citizen-based organizations take an active interest in the Pewaukee River basin. These groups address a
number of concerns facing the basin and its communities, both natural and human, through informational
programming and management activities. Activities focus on the terrestrial and aquatic resources of the basin.

With respect to the terrestrial and wetland resources of the Pewaukee River basin, the Waukesha County Land
Conservancy and Lake Pewaukee Sanitary District are working to preserve rare, threatened, and endangered
species in and around Pewaukee Lake through partnerships with landowners and other interested stakeholders.
The Waukesha County Environmental Action League (WEAL) helps to protect the natural resources of Waukesha
County through local advocacy, public informational programs, newsletters, and the WEAL website. WEAL
provides up-to-date information on environmental issues to the general public; teachers; county, city, and village
officials; and State legislators. As previously mentioned in the Municipal Stormwater Discharge Permits section,
each of the MS4 communities within the Pewaukee River watershed works with Waukesha County staff to
implement their information and education programs, which are targeted specifically for developers, engineers,
contractors, municipal staff, and the general public.

The Waukesha County Land Conservancy is a nonprofit, tax-exempt, nongovernmental conservation land trust
whose goal is to protect natural resources through partnerships with private and public landowners. It is managed
by a volunteer board of directors made up of local citizens who have a shared vision for preserving their
communities’ natural heritage. The Land Conservancy works in partnership with landowners and communities to
permanently conserve natural resources.
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Since its origin in 1992, the Waukesha County Land Conservancy has worked to preserve and manage environ-
mentally significant lands in Waukesha County. With the assistance of professional biologists, naturalists and
other land professionals, the Land Conservancy focuses on protecting the most environmentally significant
remaining natural areas for the public benefit.
The goals of the Land Conservancy are achieved through:

. Establishing conservation easements,

. Accepting land donations,

. Purchasing land, and

. Working with public or private entities to protect environmentally sensitive sites.

Finally, the Lake Pewaukee Sanitary District supports a range of educational and informational programming
activities at annual and periodic meetings, as well as in executing more active lake management functions.
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Chapter IV

BACKGROUND AND SUMMARY
OF INVENTORY FINDINGS

INTRODUCTION

The health of a stream system is a direct reflection of its watershed. More specifically, changes in land and water
use in a river basin affect the physical or chemical properties within streams, which in turn affects water quality,
habitat, and resident biological communities. Hence, a stream’s health is a result of the interaction of its physical,
chemical, and biological components (see Figure 28).

The condition of biological communities—which are collections of aquatic organisms—provides a direct measure
of stream health. Reduced stream health is often associated with human-induced changes to the physical and
chemical properties of streams that affect the condition of biological communities. Therefore, this chapter reports
on how land and water management activities within the Pewaukee River watershed have influenced the physical,
chemical, and biological properties of this stream system in order to develop effective management strategies
aimed at restoring stream health.

This chapter presents an inventory and analysis of the surface waters and related features of the Pewaukee River
watershed. Included is qualitative and quantitative information pertaining to 1) Physical Conditions—historical
trends and current status of instream habitat quality within the Pewaukee River system; 2) Chemical Conditions—
historical trends and potential limitations to water quality and fishery resources; and 3) Biological Conditions—
fishes and other aquatic organisms and wildlife characteristics of the Pewaukee River, where available.

This chapter is based upon a combination of physical, chemical, and biological data collected for a variety of
purposes and programs that include baseline monitoring by the Wisconsin Department of Natural Resources
(WDNR); the National Water Quality Assessment (NAWQA) by the U.S. Geological Survey (USGS); research
projects by local universities; the Lake Pewaukee Sanitary District; Waukesha County and other local
municipalities; Pewaukee River Partnership members; citizen volunteers (i.e., Water Action Volunteers); and
SEWRPC.
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Figure 28

ECOLOGICAL STREAM HEALTH

This simple diagram shows that a stream’s ecological health (or
“stream health”) is the result of the interaction of its biological,
physical, and chemical components. Stream health is intact if (1) its
biological communities (such as algae, macroinvertebrates, and
fish) are similar to what is expected in streams under minimal
human influence and (2) the stream’s physical attributes (such as
streamflow) and chemical attributes (such as salinity or dissolved
oxygen) are within the bounds of natural variation.

Source: Modified from D.M. Carlisle and others, The quality of our
Nation's waters—Ecological health in the Nation’s streams,
1993-2005: U.S. Geological Survey Circular 1391, 120 p.,
http://pubs.usgs.gov/circ/1391/, 2013, and SEWRPC.

Environmental Factors Influenced

by Agriculture and Urban Land Use

USGS scientists recently found that stream health was
reduced at the vast majority of streams assessed in
agricultural and urban areas across the nation.! At
least one of the three aquatic biological communities
(algae, macroinvertebrates, and fish) was altered at 83
percent of the streams assessed. In contrast, nearly
one in five streams in agricultural and urban areas was
in relatively good health, signaling that it is possible
to maintain stream health in watersheds with substan-
tial land- and water-use development. Therefore, these
researchers found that the degree of ecological health
within a stream system is directly related to the degree
of human induced changes in streamflow charac-
teristics and water quality (nutrients and pesticides).
Major findings and important implications of this
study include:

o The presence of healthy streams in water-
sheds with substantial human influence
indicates that it is possible to maintain
and restore healthy stream ecosystems.

o Water quality is not independent of water
guantity because flows are a fundamental
part of stream health. Because flows are
modified in so many streams and rivers,
there are many opportunities to enhance
stream health with targeted adjustments
to flow management.

. Efforts to understand the causes of reduced stream health should consider the possible effects of
nutrients and pesticides, in addition to modified flows, particularly in agricultural and urban settings.

More specifically, the land- and water-use activities associated with agricultural and urban land uses have been
demonstrated to influence the hydrological, chemical, and physical factors of the streams, which are briefly

described below and illustrated in Figure 29.2

Hydrologic Impacts

The natural timing, variability, and magnitudes of streamflow influence many of the key physical, chemical, and
biological characteristics and processes of a healthy stream system. For example, recurring high flows from
seasonal rainfall or snowmelt shape the basic structure of a river and its physical habitats, which in turn influences

!D.M. Carlisle and others, The quality of our Nation’s waters—Ecological health in the Nation’s streams,
1993-2005: U.S. Geological Survey Circular 1391, 2013 (available online at:

http:// pubs.usgs.gov/circ/1391/).

?Ibid.
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Figure 29

ILLUSTRATIONS OF THE DYNAMIC
COMPONENTS OF NATURAL, AGRICULTURAL,
AND URBAN STREAM ECOSYSTEMS

NATURAL STREAM ECOSYSTEM

AGRICULTURAL STREAM ECOSYSTEM

URBAN STREAM ECOSYSTEM

Source: lllustrations by Frank Ippolito/www.productionpost.com.
Modified from D.M. Carlisle and others, The quality of our
Nation’s waters—Ecological health in the Nation’s streams,
1993-2005: U.S. Geological Survey Circular 1391, 120 p.,
http://pubs.usgs.gov/circ/1391/, 2013, and SEWRPC.

the types of aquatic organisms that can thrive. For
many aquatic organisms, low flows impose basic con-
straints on the availability and suitability of habitat,
such as the amount of the stream bottom that is
actually submerged. The life cycles of many aquatic
organisms are highly synchronized with the variation
and timing of natural streamflows. For example, the
reproductive period of some species like northern pike
is triggered by the onset of spring runoff.

In general, human activities in agricultural settings
alter the natural flow regime of streams and rivers
through 1) subsurface drain tiles, which lower the
water table and quickly route water to nearby streams;
2) ditching and straightening of headwater streams;
and 3) irrigation, which supplements available water
for crops. These changes can result in more rapid
runoff, reduced streamflows during dry periods, and
increased transport of sediments and pollutants. How-
ever, since there is a diversity of agricultural practices
(see Figure 29, Agricultural Stream), the impacts to
stream ecosystems can be highly variable.

In an urban setting, Human activities change the
movement of water in a watershed through intro-
duction of increased impervious surfaces, such as
pavement for roadways and parking lots, as well as
buildings, all of which restrict the infiltration of
precipitation into the groundwater system, combined
with construction of artificial drainage systems (e.g.,
storm drains) that quickly move runoff to streams (see
Figure 29 Urban Stream). These impervious surfaces
can lead to increased storm runoff and higher and
more variable peak streamflows, which scour the
streambed or banks and degrade the stream channel.
Reduced infiltration to groundwater can lead to
diminished streamflows during dry periods, particu-
larly in stream systems where groundwater is the main
source of streamflow. In addition, larger populations
in urban areas require greater demand, or water with-
drawal, for public water supply, as well as industrial
and commercial uses, which can also affect the
natural flow regime of stream systems.

More specifically, recent research has shown that the
hydrologic variables most consistently associated with
changes in algal, invertebrate, and fish communities®

3personal Communication, Dr. Jeffrey J. Steuer, U.S. Geological Survey.
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Figure 30 are average flow magnitude, high flow magnitude,
A COMPARISON OF HYDROGRAPHS high flow event frequency, high flovy duration, and
BEFORE AND AFTER URBANIZATION rate_of (_:hange of stream _cross—sectlonal area. As
detailed in Chapter Il of this report, the amounts of
urban development within the watershed are at high
enough levels to potentially be negatively affecting
water quality and water quantity, and they are
projected to increase. Therefore, the hydrology of this
urbanizing stream system within the Pewaukee River
watershed is a major determinant of stream dynamics
and is a vital component of habitat for fishes and other
organisms (see Figure 30).

To some degree, impervious surface impacts can be

mitigated through implementation of traditional storm-

water management practices and emerging green

infrastructure technologies, such as pervious pavement,

green roofs, rain gardens, bioretention, and infiltration

facilities. Traditional stormwater management prac-

tices seek to manage runoff using a variety of meas-

ures, including detention, retention, and conveyance.

Emerging technologies, in contrast, differ from tradi-

tional stormwater practices in that they seek to better

mimic the disposition of precipitation on an undis-

turbed landscape by retaining and infiltrating storm-

water onsite. A number of nontraditional, emerging

low impact development (LID) technologies have

been implemented throughout the Southeastern Wis-

_ _ consin Region, including disconnecting downspouts;

Source: Federal Interagency Stream Restoration Working Group . . . . .

(FISRWG), Stream Corridor Restoration: Principles, installing rain barrels, green roofs, and rain gardens;

Processes, and Practices, October 1998. and constructing biofiltration swales in parking lots

and along roadways. Experience has shown that these

emerging technologies can be effective. For example,

recent research has demonstrated that bioretention

systems can work in clay soils with proper sizing,

remain effective in the winter, and contribute significantly to groundwater recharge, especially when such
facilities utilize native prairie plants.*

Location of impervious surfaces also determines the degree of direct impact they will have upon a stream. There
is a greater impact from impervious surfaces located closer to a stream, due to the fact that there is less time and
distance for the polluted runoff to be naturally treated before entering the stream. A study of 47 watersheds in
southeastern Wisconsin found that one acre of impervious surface located near a stream could have the same

*Roger Bannerman, WDNR and partners; Menasha biofiltration retention research project, Middleton, WI, 2008;
N.J. LeFevre, J.D. Davidson, and G.L. Oberts, Bioretention of Simulated Showmelt: Cold Climate Performance
and Design Criteria, Water Environment Research Foundation (WERF), 2008; William R. Selbig and Nicholas
Balster, Evaluation of Turf Grass and Prairie Vegetated Rain Gardens in a Clay and Sand Soil: Madison,
Wisconsin, Water Years 2004-2008, In cooperation with the City of Madison and Wisconsin Department of
Natural Resources, U.S. Geological Survey Scientific Investigations Report, in draft.
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negative effect on aquatic communities as 10 acres of impervious surface located further away from the stream.”
Because urban lands located adjacent to streams have a greater impact on the biological community, an
assumption might be made that riparian buffer strips located along the stream could absorb the negative runoff
effects attributed to urbanization. Yet, riparian buffers may not be the complete answer since most urban
stormwater is delivered directly to the stream via a storm sewer or engineered channel and, therefore, enters the
stream without first being filtered by the buffer. Riparian buffers need to be combined with other management
practices, such as detention basins, grass swales, and infiltration facilities, in order to adequately mitigate the
effects of urban stormwater runoff. Combining practices into such a “treatment train” can provide a much higher
level of pollutant removal, than can single, stand-alone practices. Stormwater and erosion treatment practices vary
in their function, which in turn influences their level of effectiveness. Location of a practice on the landscape, as
well as proper construction and continued maintenance, greatly influences the level of pollutant removal and
runoff volume management.

Urbanization also creates other problems. Accumulations of trash and debris in urban waterways and associated
riparian lands are unsightly and can cause physical and/or chemical (i.e., toxic) damage to aquatic and terrestrial
wildlife. Sometimes debris can accumulate to such an extent that it may limit recreation and the passage of
aquatic organisms and/or cause streambank erosion.

Chemical Impacts

The unique water chemistry requirements and tolerances of aquatic species help to define their natural abundance
in a given stream, as well as their geographic distribution. Many naturally occurring chemical substances in
streams and rivers are necessary for normal growth, development, and reproduction of biological communities.
For example, sufficient dissolved oxygen in water is necessary for normal respiration. Dissolved oxygen concen-
trations in streams and rivers is determined, in part, by physical aeration processes influenced by the slope and
depth of the stream, as well as the water temperature. Similarly, small amounts of nutrients (nitrogen, phosphorus,
and silica) are necessary for normal growth of aquatic plants.

Human activities often contribute additional amounts of these naturally occurring substances, as well as other
synthetic (manmade) chemicals to streams from point and nonpoint sources. Runoff from agricultural lands (see
Agricultural Stream Ecosystem in Figure 29) may contain 1) sediment from soil erosion on tilled lands; 2)
nutrients from the application of fertilizer and manure; 3) chloride and other salts from irrigation return flows; 4)
pesticides used in the past and present to control insects, weeds, rodents, bacteria, or other unwanted organisms;
and 5) other synthetic compounds used for varying purposes along with their degradates. Runoff from urban lands
(see Urban Stream Ecosystem in Figure 29) may contain 1) sediment from construction activities; 2) nutrients and
pesticides applied to lawns and recreational areas; and 3) petroleum compounds, trace metals, and deicing salts
from roads and parking lots. Point sources include municipal and industrial wastewater effluent that, depending
on the sources of wastewater and level of treatment, may contain different amounts of nutrients and other
contaminants.

Physical Impacts

Physical habitat includes factors such as streambed substrates, water temperature, and large debris from stream-
side vegetation. Streambed substrates include the rocks, sediments, and submerged woody material in a stream.
Streambed sediments may range in size and composition from large rocks to sand and silt that reflect the local
geology. These substrates are important because they provide living space for many stream organisms. Stable
substrates, such as cobbles and boulders, protect organisms from being washed downstream during high flows
and, thus, generally support greater biological diversity than do less stable substrates, such as sand and silt. Water
temperature is crucial to aquatic organisms because it directly influences their metabolism, respiration, feeding
rate, growth, and reproduction. Most aquatic species have an optimal temperature range for growth and

°L. Wang, J. Lyons, P. Kanehl, and R. Bannerman, “Impacts of Urbanization on Stream Habitat and Fish Across
Multiple Spatial Scales,”” Environmental Management, Volume 28, 2001, pages 255-266.
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reproduction. Thus, their natural spatial and temporal distributions are largely determined by regional differences
in climate and elevation along with more local effects from riparian (stream corridor) shading and groundwater
influence. Water temperature also influences many chemical processes, such as the solubility of oxygen in water.
The riparian zone is the land adjacent to the stream inhabited by plant and animal communities that rely on
periodic or continual nourishment from the stream. The size and character of riparian zones are important to
biological communities because these have a major influence on the amount of shelter and food available to
aquatic organisms and the amount of sunlight reaching the stream through the tree canopy, which influences water
temperature and the amount of energy available for photosynthesis. Riparian zones also influence the amount and
quality of runoff that reaches the stream.

Land uses that affect streamflow, sediment availability, or riparian vegetation can alter physical habitats in
streams. Some agricultural practices (see Agricultural Stream Ecosystem in Figure 29), such as conventional
tillage near streambanks and drainage modifications, lead to increased sediment erosion, channelization, or
removal of riparian vegetation. Increased sediment from erosion can fill crevices between rocks, which reduces
living space for many stream organisms. As watersheds urbanize (see Urban Stream Ecosystem in Figure 29),
some segments of streams are cleared, ditched, straightened, and enclosed to facilitate drainage and the movement
of floodwaters. These modifications increase stream velocity during storms, which can transport large amounts of
sediment, scour stream channels, and remove woody debris and other natural structures that provide habitats for
stream organisms. In addition, culverts and ditches can be barriers to aquatic organisms that need to migrate
throughout the stream network. Humans can alter natural stream temperature through changes in the amount and
density of the canopy provided by riparian trees. In some extreme cases, streams in urban areas are routed through
conduits and completely buried.

Pewaukee River Drainage Network

Water from rainfall and snowmelt flows into streams by one of two pathways: 1) either directly flowing overland
as surface water runoff or 2) infiltrating into the soil, recharging the groundwater, and eventually reaching streams
as baseflow. Ephemeral, or intermittent, streams generally flow only during the wet season or during large rainfall
events. Perennial streams that flow year-round are primarily sustained by groundwater during dry periods. The
surface water stream network within the Pewaukee River watershed is shown on Map 20. Eight assessment areas
are identified within this watershed. In addition, the Pewaukee River was further divided into five discrete
reaches, which were established based on a number of considerations that include gradient, sinuosity, dams,
bridge and culvert crossings, and physical instream characteristics. An additional four reaches identified in this
watershed include Coco Creek, Meadow Brook, CTH JJ tributary, and the Pewaukee Lake outlet (see Map 20 and
Table 13). These reaches and assessment areas form the basis for the summary statistics and recommendations in
this report.

Viewed from above, the network of water channels that form a river system typically displays a branch-like
pattern as shown in Figure 31. A stream channel that flows into a larger channel is called a tributary of that
channel. The entire area drained by a single river system is termed a drainage basin, or watershed. Stream size
increases in the downstream direction as more and more tributary segments enter the main channel. A
classification system based on the position of a stream within the network of tributaries, called stream order, was
developed by Robert E. Horton and later modified by Arthur Strahler. In general, the lower stream order numbers
correspond to the smallest headwater tributaries and are shown as the Order 1 or first-order streams as represented
within the Pewaukee River watershed in Figure 31. Second-order streams (Order 2) are those that have only first-
order streams as tributaries, and so on (see Figure 31). As water travels from headwater streams toward the mouth
of larger rivers, streams gradually increase their width and depth and the amount of water they discharge also
increases. It is important to note that more than 80 percent of the total length of Earth’s rivers and streams are
headwater streams (first- and second-order) and the Pewaukee River watershed shows the same type of pattern.
Although Pewaukee Lake is not a stream, it is technically a tributary to the Pewaukee River. If the dam had not
been constructed, Pewaukee Lake would be considered a third-order stream, which is why it is labeled that way in
Figure 31. The Pewaukee Lake Outlet combines with the Pewaukee River to form a fourth-order stream, and
remains one to its confluence with the Fox River.
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Map 20

STREAM REACHES SURVEYED WITHIN THE PEWAUKEE RIVER WATERSHED: 2012
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PHYSICAL CHARACTERISTICS OF MAINSTEM STREAM REACHES
WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010

Table 13

Minimum Maximum
Reach Length (miles) Sinuosity Elevation Elevation
(feet above (feet above Slope
Stream Reach@ 1941 2010 1941 2010 NGVD29) NGVD29) (percent)
Pewaukee River
Pewaukee 1 2.44 2.18 1.37 1.23 811.8 835.6 0.207
Pewaukee 2 341 3.16 1.68 1.56 835.6 841.1 0.033
Pewaukee 3 1.48 1.34 1.33 1.20 841.1 843.8 0.038
Pewaukee 4 .......cccccccuueenn. 2.28 2.03 1.25 1.10 843.8 854.9 0.104
Pewaukee 5 .........cccvene. 2.30 2.31 1.10 1.10 854.9 877.5 0.318
Pewaukee Lake Tributaries
Coco CreeK .....uvvveeeeeinnnns 4.27 3.86 1.18 1.13 -- -- - -
Meadowbrook Creek........ 2.64 3.26 1.05 1.26 -- -- --

NOTE: Reach length and sinuosity for both 1941 and 2010 represent Coco Creek up to 0.24 mile past STH 16. Reach length and sinuosity
for both 1941 and 2010 represent Meadowbrook Creek up to 0.35 mile past Milkweed.

asee Map 20 for locations of surveyed portions of stream reaches.

Source: SEWRPC.

Dams are often viewed as an interruption within the context of the normal continuum of characteristics from
upstream to downstream within a natural stream system.® Pewaukee Lake and its associated dam interrupt the
continuity of physical, chemical, and biological aspects of the river system.” For example, significant warming of
surface waters within Pewaukee Lake can cause significant warming of waters discharging into the Pewaukee
River in reaches downstream of the Lake outlet. However, it is important to note that the deeper areas of the lake
also offer vast thermal refuges (i.e., cooler water temperatures) which have diverse high-quality habitats and
spawning areas. In addition, the lake serves as the focal point of recreation within the Pewaukee River watershed.

To better understand stream systems and what shapes their conditions, it is important to understand the effects of
both spatial and temporal scales. Streams can be theoretically subdivided into a continuum of habitat sensitivity to
disturbance and recovery time, as shown in Figure 32.% Microhabitats, such as a handful-sized patch of gravel, are
most susceptible to disturbance; river systems and watersheds are least susceptible. Furthermore, events that
affect smaller-scale habitat characteristics may not affect larger-scale system characteristics, whereas large
disturbances can directly influence both large- and smaller-scale features of streams. For example, on a small

®R.L. Vannote, G.W. Minshall, K.W. Cummings, J.R. Sedell, and C.E. Cushing, “The River Continuum Concept,”
Canadian Journal of Fisheries and Aquatic Sciences, Volume 37, 1980, pages 130-137.

"J.V. Ward, and J.A. Stanford. “The serial discontinuity concept of lotic ecosystems,” In Dynamics of Lotic
Ecosystems (T.D. Fontaine and S.M. Bartell, editors), Ann Arbor Science Publishers, Ann Arbor, MI, 1983,
pages 29-42.

8C.A. Frissell, et al., “A Hierarchical Framework for Stream Classification: Viewing Streams in a Watershed
Context,” Journal of Environmental Management, Volume 10, 1986, pages 199-214.
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Figure 31 spatial scale, deposition at one habitat site may be
accompanied by scouring at another site nearby, but
STREAM NETWORK PATTERN the reach or segment containing the habitat sites does
APPLIED TO THE PEWAUKEE RIVER BASED ZOIe
ON HORTON’S CLASSIFICATION SYSTEM not appear to change significantly. In contrast, a large-
scale disturbance, such as a debris flood, is initiated at
the segment level and reflected in all lower levels of
the hierarchy (reach, habitat, microhabitat). Similarly,
on a temporal scale, siltation of microhabitats may
disturb the biotic community over the short term.
However, if the disturbance is of limited scope and
intensity, the system may recover quickly to pre-
disturbance levels.’

The most important fundamental aspects of stream
systems are 1) that the entire fluvial system is a
continuously integrated series of physical gradients in
which the downstream areas are longitudinally linked
and dependent upon the upstream areas; and 2) that
streams are intimately connected to their adjacent
terrestrial setting—that is, the land-stream interaction
is crucial to the functioning of stream ecosystem
processes and this connectivity does not diminish in
importance with stream size. In this regard, land uses
have a significant impact on stream channel condi-
tions and associated biological responses.*

Source: Modified from Oliver S. Owen and others_, Natural Resource As previously mentioned, the Pewaukee River system
Conservation: Management for a Sustainable Future, and . . . LT
SEWRPC. is somewhat unique in that Pewaukee Lake drains into

the river through a controlled outlet, rather than the
river flowing through the lake as is often the case. In
this sense, Pewaukee Lake and its tributaries (Coco

Creek, Meadowbrook Creek, Zion Creek, and Audley Creek) act as tributaries to the Pewaukee River. This

connection to Pewaukee Lake is somewhat interrupted by the dam outlet, which controls Lake water levels. While

fish and other aquatic life are at times able to travel through the Lake outlet into the River (particularly since it
was reconstructed to be a bottom draw gate) it is difficult if not impossible for fish to migrate from the Pewaukee

River into Pewaukee Lake. The abundant presence of the invasive zebra mussel in stretches of the Pewaukee

River that approach the Pewaukee Lake outlet demonstrates the impact the Lake can have on the River. However,

it is important to note that the lake does support a high-quality sport fishery and serves as a focal point of

recreation within the Pewaukee River watershed.

9G.J. Niemi, et al., ““An Overview of Case Studies on Recovery of Aquatic Systems From Disturbance,” Journal of
Environmental Management, Volume 14, 1990, pages 571-587.

°Lizhu Wang, et al., “Influences of Watershed Land Use on Habitat Quality and Biotic Integrity in Wisconsin
Streams,” Fisheries, Volume 22, Number 6, June 1997; Jana S. Stewart, et al., “Influences of Watershed,
Riparian-Corridor, and Reach-Scale Characteristics on Aquatic Biota in Agricultural Watersheds,” Journal of
the American Water Resources Association, Volume 37, Number 6, December 2001; Faith A. Fitzpatrick, et al.,
“Effects of Multi-Scale Environmental Characteristics on Agricultural Stream Biota in Eastern Wisconsin,”
Journal of the American Water Resources Association, Volume 37, Number 6, December 2001.
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Figure 32

RELATION BETWEEN RECOVERY TIME AND SENSITIVITY TO DISTURBANCE FOR
DIFFERENT HIERARCHICAL SPATIAL SCALES ASSOCIATED WITH STREAM SYSTEMS

Source: C.A. Frissell and others, “A Hierarchical Framework for Stream Habitat Classification: Viewing Streams in a
Watershed Context,” Environmental Management, Vol. 10, and SEWRPC.

PHYSICAL CONDITIONS

SEWRPC staff conducted field inventories from March through May 2012 to quantitatively and qualitatively
characterize the physical characteristics of the Pewaukee River watershed. Although a severe drought did occur in
the summer of 2012, this survey preceded the timing of the drought by a couple of months, so the discharges at
the time of this survey were considered to be within a normal range for this stream system. Both quantitative and
qualitative measures were largely based upon the WDNR Baseline Monitoring protocols for instream fisheries
habitat assessment.'* A total of 406 cross sections surveys were obtained throughout the watershed and the
number of transects ranged from 16 to 27 transects per mile, depending on the reach sampled as shown in
Table 14 (see Appendix E). An additional 159 maximum water depths were recorded in pool habitats to assess
number and quality in order to supplement information between cross sections where the full complement of
data was collected. Physical parameters measured include water and sediment depth, substrate composition,

WDNR, Guidelines for Evaluating Habitat of Wadable Streams, Bureau of Fisheries Management and Habitat
Protection, Monitoring and Data Assessment Section, Revised June 2000; Timothy Simonson, John Lyons, and
Paul Kanehl, ““Guidelines for Evaluating Fish Habitat in Wisconsin Streams,”” General Technical Report NC-164,
1995; and Lihzu Wang, “Development and Evaluation of a Habitat Rating System for Low-Gradient Wisconsin
Streams,”” North American Journal of Fisheries Management, Volume 18, 1998.
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PHYSICAL HABITAT CHARACTERISTICS OF STREAM

Table 14

REACHES WITHIN THE PEWAUKEE RIVER WATERSHED: 2012

River Reach?

CTH JJ Pewaukee Coco Meadowbrook
Parameters Pewaukee 1 Pewaukee 2 Pewaukee 3 Pewaukee 4 Pewaukee 5 Tributaryb Lake Outlet CreekP CreekP
Transects
Number of Transects .........cccoccvveerieeenns 40 50 26 43 25 20 4 19 20
Transects (number per mile).................. 18 16 18 19 24 27 -- 19 17
Habitat
Composition
Number of Pools per Mile.... 13.8 12.0 14.9 19.7 8.4 33.3 6.7 1.0 2.6
Number of Riffles per Mile.... . 6.0 0.6 15 3.0 9.4 8.0 13.3 2.0 0
Pool/Riffle Ratio...........ccccecvvvicrinnnn. 2.3 20.0 9.9 6.6 0.9 4.2 0.5 0.5 --
Average Width (feet).........cc.ccovvvrenens 29.0 29.2 29.9 13.8 5.3 8.3 78.5 10.1 245
Standard Deviation.............cceeeiveeennne 8.2 7.9 12.2 8.1 25 2.9 57.0 6.9 9.8
Depth
Average Pool Depth (feet).................. 2.8 2.9 2.3 2.0 11 2.2 1.2 2.4 1.7
Standard Deviation..........c.ccccoeeervenne. 0.7 0.7 0.5 0.4 0.2 11 0.0 0.6 0.8
Residual Pool Depth (feet) ................. 1.7 1.8 1.8 13 0.7 1.7 0.76 2.0 2.1
Standard Deviation..........c.c.ccoeeeveveenne 0.8 0.7 0.5 0.4 0.2 1.2 -- 0.6 1.1
Average Riffle Depth (feet) . 1.1 1.1 0.5 0.8 0.4 0.5 0.4 0.3 --
Standard Deviation............ccccoeeevveenne. 0.3 0.0 0.1 0.2 0.1 0.1 0.0 0.1 --
Average Run Depth (feet) .................. 15 1.2 1.2 1.0 0.7 0.9 0.8 1.3 1.0
Standard Deviation..........c.ccccoeeereenne. 0.3 0.3 0.3 0.4 0.1 0.3 0.2 0.5 0.3
Substrate
Flocculent Sediment Depth
Average Depth (feet) .....cocvevvverirnnnnn. 0.1 0.5 0.2 0.4 0.1 0.1 0.1 0.2 0.9
Maximum Depth (feet)........ccoevvennen. 2.2 2.1 1.8 24 1.0 11 1.2 19 3.8
Composition®
Muck (Percent)......cccceevveeeveeeesvneennnnn. 0 0 0 0 0 0 0 0 4
Clay(percent) ........ccceeeeeveeeiiiieeeniieeene 0 6 1 26 7 3 0 4 11
Peat (percent).......ccccovceeeeeieeeesieeeninnns 0 14 0 5 0 4 0 2 0
Silt (percent)..... . 10 46 29 46 25 23 23 30 55
Sand (Percent)......ccccveeeveeeriveeerinenennns 25 13 33 7 14 25 34 33 18
Gravel (Percent)........ccocueeeiiieeeiineenne 30 11 23 8 12 23 25 23 11
Cobble (percent)......ccccccveeveieeeinenennns 27 7 10 6 20 16 12 6 1
Boulder (percent)........cccceveeeeiieeennnnn. 8 3 4 2 11 6 6 2 0
Bedrock (percent)........cccocceeevineeennnnn. 0 0 0 0 11 0 0 0 0
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Table 14 (continued)

River Reach?

CTH J3J Pewaukee Coco Meadowbrook
Parameters Pewaukee 1 Pewaukee 2 Pewaukee 3 Pewaukee 4 Pewaukee 5 Tributary Lake Outlet CreekP Creek
Cover
Undercut Banks
Deep (percent >1.0 feet) .......cccueeeneee. 5 1 0 0 0 0 0 0 0
Moderate (percent >0.5
and <1.0 feet) ...ccoovveverinieiiiieee 9 4 0 0 6 3 0 10 0
Shallow (percent <0.5 feet) ................ 18 2 0 0 6 0 0 3 10
None (Percent)........ccoecveevieeeenieeennn. 69 93 100 100 88 97 100 87 90
Amount of Cover
High Abundance (percent) ................. 20.0 8.0 8.0 30.2 20.0 35.0 0.0 10.5 30.0
Moderate Abundance (percent).......... 57.5 42.0 64.0 37.2 76.0 55.0 75.0 36.8 50.0
Low Abundance (percent) .................. 22.5 50.0 28.0 32.6 4.0 10.0 25.0 52.6 20.0
None (Percent)........ccoeceeerieeeenieeennnns 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Woody Debris
High Abundance (percent) ................. 10.0 4.0 8.0 4.7 4.0 25.0 0.0 10.5 0.0
Moderate Abundance (percent).......... 325 32.0 24.0 27.9 32.0 45.0 50.0 26.3 25.0
Low Abundance (percent) . 50.0 58.0 64.0 51.2 60.0 30.0 50.0 52.6 70.0
None (Percent)........ccoeceeerieeeenieeennnns 7.5 6.0 4.0 16.3 4.0 0.0 0.0 10.5 5.0
Macrophytes
High Abundance (percent) ................. 0.0 4.0 0.0 18.6 8.0 5.0 0.0 5.3 30.0
Moderate Abundance (percent). 0.0 24.0 4.0 18.6 0.0 5.0 25.0 105 30.0
Low Abundance (percent) ...... . 10.0 26.0 88.0 48.8 60.0 50.0 75.0 47.4 40.0
None (Percent)........ccoecvveeeiveeeiiieeeninns 90.0 46.0 8.0 14.0 32.0 40.0 0.0 36.8 0.0
Algae
High Abundance (percent) ................. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Moderate Abundance (percent).......... 0.0 4.0 24.0 2.3 0.0 0.0 25.0 10.5 20.0
Low Abundance (percent) . 42.5 32.0 48.0 23.3 36.0 35.0 75.0 26.3 35.0
None (Percent)........ccoecveeerieeeenieeeninns 57.5 64.0 28.0 74.4 64.0 65.0 0.0 63.2 45.0
Shading
High Abundance (percent) ................. 27.5 2.0 4.0 11.6 28.0 40.0 0.0 31.6 10.0
Moderate Abundance (percent). . 225 8.0 24.0 14.0 20.0 15.0 50.0 15.8 10.0
Low Abundance (percent) .................. 45.0 32.0 52.0 20.9 20.0 15.0 25.0 21.1 45.0
None (PEercent)......ccceevcveeeeiveeenieeeninnns 5.0 58.0 20.0 53.5 32.0 30.0 25.0 31.6 35.0
Obstructions
Weir/Beaver Dams (total number) ......... 0 1 0 0 1 0 0 0 2
Debris Jams (total number) ................... 5 4 0 5 14 16 0 3 1
Road/Railway Crossings
(total NUMDBEN) ..oveeiieeciee e 6 5 4 12 3 8 4
Subtotal 11 6 5 27 19 0 11




Table 14 (continued)

River Reach?

TA)

CTH JJ Pewaukee Coco Meadowbrook
Parameters Pewaukee 1 Pewaukee 2 Pewaukee 3 Pewaukee 4 Pewaukee 5 Tributary Lake Outlet CreekP Creek
Obstructions (continued)
Reach Length Assessed (miles)............ 2.18 3.16 1.34 2.03 2.31 1.2 0.06 5.48 3.5
Total Obstructions (number per mile) .... 5.0 1.9 3.7 4.4 11.7 15.8 -- 2.0 2.0
Trash Sites (total number) ..................... 12 34 35 17 6 16 1 1 7
Trash-Tires (total number)..................... 2 14 8 1 2 8 1 0 1
Stormwater Outlet Pipes (number) ........ 8 4 16 7 1 1 0 0 0
Tributary Inlets (number) ...........ccceeenee. 1 26 5 5 2 3 0 1 4
Groundwater Springs/Seepage
(NUMDBEN) .o 1 0 0 1 0 0 0 0 1
Qualitative Habitat Environmental
Index (QHEI) Rating
QHEI Score Range
(minimum-maximum) ............ccccoc.... 55-81 51-83 48-72 50-80 49-76 55-77 49-63 42-66 37-51
QHEI Quality Range
(minimum-maximum) ..........cc.ccc.o... Fair-excellent | Fair-excellent Fair-good Fair-excellent | Fair-excellent | Fair-excellent Fair-good Fair-good Poor-fair

aThe numbers in parentheses indicate sample size.

bOnly the lower portion, or about one mile, was assessed for the CTH JJ Tributary, Coco Creek, and Meadowbrook Creek systems.

CBased on generalized evaluation of substrate composition at each transect.

Source: SEWRPC.




Figure 33

APPROXIMATE NORMAL WATER SURFACE ELEVATION PROFILES
BY STREAM REACH IN THE PEWAUKEE RIVER WATERSHED: 2005
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NOTE: Data were obtained from the 2005 Waukesha County digital terrain model in National Geodetic Vertical Datum (NGVD 29). In cases
where the water surface elevation appears to increase from upstream to downstream, the plotted elevation may actually represent a
localized land surface feature. These plots are intended to provide a general representation of stream slopes.

Source: SEWRPC.

undercut bank, bank slopes, and channel width. The remaining cover parameters were each qualitatively estimated
as none, low, moderate, and high percent abundances based upon categories as defined in the Qualitative Habitat
Evaluation Index (QHEI) methodology.*?

Slope and Sinuosity

Stream characteristics, such as slope, length, and sinuosity are determined by a combination of geological history
(i.e., glaciation) and human intervention (i.e., lake impoundments and channelization). Based upon this
information, it was determined that there were five distinct stream reaches in the Pewaukee River as set forth on
Map 20 and Figure 33. In addition, several of the major tributaries to Pewaukee Lake and River, including Coco
Creek, Meadowbrook Creek, Pewaukee Lake Outlet, and CTH JJ tributary were also assessed as part of this
project (see Map 20). The extent of the physical data collected within the Pewaukee River and other reaches
within this watershed as part of this study is shown on Map 20.

2Edward T. Rankin, The Quality Habitat Evaluation Index [QHEI]: Rationale, Methods, and Application, State
of Ohio Environmental Protection Agency, November 1989.
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Healthy streams naturally meander or migrate across a landscape over time. Sinuosity is a measure of how much a
stream meanders. It is defined as the ratio of channel length between two points on a channel to the straight-line
distance between the same two points. Sinuosity or channel pattern can range from straight to a winding pattern,
or meandering. Channelized sections of streams that have been straightened typically have low sinuosity or a
number closer to one. Stream reaches within the Pewaukee River had sinuosities that range from 1.10 to 1.56 in
2010 as shown in Table 13, and include both channelized and nonchannelized segments. Comparison of the 1941
versus 2010 stream alignments as shown on Map 21 shows that this system, while already channelized in many
reaches, was more sinuous in 1941, with sinuosities ranging from 1.10 to 1.68. Much of the loss in sinuosity
occurred prior to 1941 from ditching or channel straightening to accommodate agricultural development. In
contrast, post-1941 to 2010 ditching occurred to accommodate interstate, state trunk, county highways, and local
road construction and urban development as seen in the series of insets shown on Map 21. Streams are transport
systems for water and sediment and are continually eroding and depositing sediments, which causes the stream to
migrate. When the amount of sediment load coming into a stream is equal to what is being transported
downstream—and stream widths, depths, and length remain consistent over time—it is common to refer to that
stream as being in a state of “dynamic equilibrium.” In other words, the stream retains its physical dimensions
(equilibrium), but those physical features are shifted, or migrate, over time (dynamic). For example, it is not
uncommon for a low-gradient stream in Southeastern Wisconsin to migrate more than one foot within a single
year. Reaches that were not channelized, particularly Pewaukee-2, still exhibit healthy meanders that have
migrated only slightly over the nearly 70 years between 1941 and 2010 as shown on Map 21 (see Inset 1A). These
comparisons, combined with onsite survey observations that generally indicated fairly stable streambed and
streambanks, indicate that the Pewaukee River seems to be in a state of dynamic equilibrium. However, it is
important to note that the Pewaukee River is well-connected to the floodplain and this floodplain, particularly
within reach Pewaukee-2, is fairly extensive. This connection is critical and helps to protect the streambed and
streambanks within the Pewaukee River by allowing flood flows to dissipate into the floodplain and reduce water
velocities that would cause erosion, while at the same time allowing sediments and other pollutants to be
deposited into the floodplain. In addition, the extensive floodplain and/or riparian buffer allows for the River
system to naturally make adjustments to changes in discharge and sediment loads. It is also important to note that
the extent of meandering increases with the area tributary to the stream reach, so as tributary area increases so
does the width of the meander belt (see Appendix C).

The longitudinal slope of a channel is the ratio of elevation change between two points on the channel to the
length of the channel between the same two points. Slope is an indicator of stream energy or power. The lower the
slope, the lower the energy, and the slower the water flows. Stream slopes within mountainous stream systems are
typically greater than 10 percent. However, slopes within the Pewaukee River reaches are more indicative of
lowland streams found in Southeastern Wisconsin and do not exceed 1 percent, as shown in Table 13. Elevation
profiles for each stream reach are shown in Figure 33.

In general, reaches Pewaukee-1 and Pewaukee-5 have the greatest slopes in the Pewaukee River (see Figure 33
and Table 13). These higher sloped reaches also contain the greatest proportions of larger substrates, including
sands, gravels, cobbles, and boulders, compared to the other reaches, which are dominated by sand and organic
substrates, such as silt and peat (see Table 14 and Figure 34). The Pewaukee-5 reach contains stretches of exposed
bedrock which is typically found beneath a shallow layer of silty clay loam soils in the Pella-moderately shallow
variant-Knowles soil association found throughout the reach, as discussed in Chapter Il of this report. Relatively
high slopes throughout this reach have allowed much of the shallow silty clay loam to be transported downstream,
exposing the bedrock. The Pewaukee-2 and Pewaukee-3 reaches have a very gentle slope of 0.033 and 0.038
percent, respectively, which is also associated with decreased water velocities. As expected, the substrates in these
reaches are dominated by clay and organic substrates, such as silt and peat, and also contain higher uncon-
solidated sediment depths compared to the other reaches.
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Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010

@
BEAVER
LAKE
. %
b3) &
(
K] See
CANADIAN Inset 4
COCt
See
Inset 3
3
PACIEIc See
e Inset 2
pSWAu,(E
ke e
k] Qq/“’qu
PE‘NNJ‘(EE
445%0
5 z
@
5 IS s See ‘ 164) - g
ee Inset 5 £ 2
o ) Inset 6 %
G
5 See 2
Inset1 Al
&
&
G
& &
s}
[¢]
— 1941 STREAM LINES N
2010 STREAM LINES
— WATERSHED BOUNDARY
— SUBWATERSHED BOUNDARY
0 0.5 1 Miles
— —
0 2,500 5,000 Feet
Source: SEWRPC. — —

128



62T

Inset 1 to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010
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Inset 1a to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010

2010 STREAM LINE

PEWAUKEE RIVER
STREAMLINE: 1941

N

0 200 400 600 800

e ™ | Feet

DATE OF PHOTOGRAPHY: 2010
Source: SEWRPC.

130



TET

Inset 2 to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010

PEWAUKEE RIVER
STREAM LINE: 1941

2010 STREAM LINE

N
0 250 500 Feet
e —

DATE OF PHOTOGRAPHY: 2010
Source: SEWRPC.




CET

Inset 3 to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010
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Inset 4 to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010
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Inset 5 to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010
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Inset 6 to Map 21

STREAM ALIGNMENTS WITHIN THE PEWAUKEE RIVER WATERSHED: 1941 AND 2010
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Figure 34

MEAN WATER DEPTH, UNCONSOLIDATED SEDIMENT DEPTH, AND DOMINANT SUBSTRATE COMPOSITION WITHIN THE PEWAUKEE RIVER: 2012

Source: SEWRPC.



Channelization

Straightening meandering stream channels or “channelization” was once a widely used and accepted technigue in
agricultural management. The U.S. Department of Agriculture National Resources Conservation Service (NRCS)
(formerly Soil Conservation Service) cost shared such activities up to the early 1970s within southeastern
Wisconsin.*® The objectives of channelization were to reduce floods by conveying stormwater runoff more
rapidly, to facilitate drainage of low-lying agricultural land, and to allow more efficient farming in rectangular
fields. In many cases channelization was accompanied with the installation of drain tiles within the farm fields to
better facilitate water movement off of the field. Through channelization and installation of drain tiles, farmers
attempted to protect their crops by lowering the groundwater table and increasing the capacity to convey water
downstream. In order to facilitate drainage, many channelized reaches were often dredged much deeper and wider
than the pre-existing stream channel to increase the conveyance and storage capacity, which tends to produce
areas that are characterized by slow moving, stagnant waterways. Many channelized reaches became long straight
pools or areas of sediment deposition. Because the velocities within these reaches are too low to carry suspended
materials, sediment particles settle out and accumulate. This is why many channelized reaches contain uniformly
deep, unconsolidated, organic sediments. Channelization can also lead to instream hydraulic changes that can
decrease or interfere with the connection between the channel and overbank areas during floods. This may result
in reduced filtering of nonpoint source pollutants by riparian area vegetation and soils, as well as increased
erosion of the banks. Channelization can lead to increased water temperature, due to the loss of riparian
vegetation, and it can alter instream sedimentation rates and paths of sediment erosion, transport, and deposition.
For example, the most heavily channelized sections of stream assessed in this study contained some of the
greatest amounts of unconsolidated sediment deposition, particularly Meadowbrook Creek and Pewaukee-5
reaches. In addition to the loss of stream length, channel straightening causes a major decrease in the number of
pool and riffle structures within the stream system. Pool-riffle sequences are often found in meandering streams,
where pools occur at meander bends and riffles at crossover stretches.** Therefore, channelization activities, as
traditionally accomplished without mitigating features, generally lead to a diminished suitability of instream and
riparian habitat for fish and wildlife.

A comparison of aerial photographs from 1941 to 2010 indicates that nearly one stream-mile has been lost in the
mainstem reaches of the Pewaukee River, but much more has been lost in the tributaries, including Coco Creek,
Meadowbrook Creek, and Zion Creek (see Table 13 and Map 21). The actual distance of stream channel lost from
the pre-settlement period is likely significantly greater, but because of a lack of aerial photography data prior to
1941, it is unknown where the original stream channel was located. Examination of the 1941 aerial photographs
indicates that large sections of the streams within the watershed had already been straightened to facilitate the
intense agricultural use of the land. Most of the remaining channelization that occurred after 1941 was to
accommodate the construction of highways and local roads. This is particularly the case for reaches Pewaukee-1,
where sections of the stream were channelized to accommodate the construction of IH 94 (see Inset 1 to
Map 21), and Pewaukee-4, where the stream was straightened during construction of STH 16 (see Inset 2 to
Map 21). Stretches of Coco Creek were also channelized during construction of STH 16, as well as for the
expansion of local roadways (see Inset 3 and Inset 4 to Map 21). The Pewaukee-2 reach showed relatively little
change over time, with any difference in this reach related to the natural meandering of the stream system. The
Pewaukee-3 reach also showed little change from 1941 to 2010. However, it can be assumed that the stream had
been channelized prior to 1941 to facilitate the development of the downtown area of the Village of Pewaukee.
The Pewaukee-5 reach is the headwaters of the Pewaukee River and is intermittent throughout the year. A large
portion of Pewaukee-5 was channelized before 1941 to allow for more efficient drainage of farm fields.
Meadowbrook Creek was also channelized prior to 1941, most likely to allow for the draining of fields for
cultivation. Later aerial photographs indicate that a series of inline ponds on Meadowbrook Creek were
constructed sometime between 1963 and 1970. These ponds are still present today.

3personal Communication, Gene Nimmer, NRCS engineer.

1“N.D. Gordon, et al., Stream Hydrology, John Wiley and Sons, April 1993, page 318.
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Figure 35 Stream Reach Dynamics
STREAM WIDTH AND MEAN DEPTH There is a general increase in mean stream width _and
AMONG REACHES IN THE PEWAUKEE water depth among reaches in the Pewaukee River
RIVER WATERSHED: 2012 from upstream to downstream from Pewaukee-5 to
Pewaukee-1 as shown in Figure 35. This figure shows
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Pew-l Pew-2 Pew-3 Pew-d4 Pew-5 solidated sediment depth and substrate types as shown
in Figure 34. Sand substrates do not dominate within
the headwater reaches Pewaukee-4 or -5. Pewaukee-5
is dominated by gravel, cobble, and boulder substrates
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solidated sediment depths upstream of each of these
structures as shown in Figure 34. In contrast, it seems
Source: SEWRPC. that there are substantial amounts of sand substrates

entering the Pewaukee River from the Pewaukee Lake

Outlet, which is likely the cause for sand substrates

comprising a large portion of the Pewaukee-3 reach
along with gravel and cobble substrates. However, STH 16 seems to be causing a backwater effect upstream of
this structure, which is associated with the greatest amount of unconsolidated sediment deposition within this
reach. Pewaukee-2 can best be described as a low gradient-wetland complex, so it is not surprising that this reach
is dominated by organic silt, peat, and the deepest unconsolidated sediments within the entire river system. In
contrast to Pewaukee-2, Pewaukee-1 is dominated by the largest substrates on the river system, including gravel,
cobble, and boulder, with some sand substrates. Not surprisingly, average and maximum depths of unconsolidated
sediment, which were loose sediments that SEWRPC staff could easily push a survey rod through, were closely
associated with the presence of organic silt and peat substrates as shown in Table 14 and in Figure 34. Organic
substrates are easily erodible, which is why the deepest areas within the Pewaukee River are comprised mostly of
organic sediments.

o Values more than 3 box-lengths
from 25th percentile (extremes)

The Pewaukee Lake Outlet is the most significant tributary to the Pewaukee River, which generally accounts for
about 75 percent of the baseflow discharge of the Pewaukee River system. The Outlet is relatively short, so
discharges only travel less than 500 feet before they merge into the Pewaukee River. As detailed in Chapter 11 of
this report, the Pewaukee Lake dam outfall was reconstructed in the fall of 2010 to include a bottom
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Figure 36
PEWAUKEE LAKE OUTLET CHANNEL CONDITIONS: 2012

UPPER PORTION LOWER PORTION (AGGRADING CHANNEL)

Source: SEWRPC

Source: SEWRPC.

draw gate, which draws water from about four feet below the water surface of Pewaukee Lake. The eastern
shoreline of Pewaukee Lake contains significant amounts of sand, which is the likely source of the sand in the
Pewaukee Lake Outlet and reach Pewaukee-3. The streambed and streambanks are well armored with a mixture
of gravel, cobble, and small boulders for the first approximately 200 feet downstream of the dam as shown in
Figure 36. Although this upper 200 foot section is stable, it contains relatively limited water depths and habitat for
fish and aquatic organisms. After about 200 feet, the channel width dramatically increases from about 30 feet to
more than 120 feet wide for the remaining 300-foot length of the outlet channel to the confluence with the
Pewaukee River. So, the Pewaukee Lake Outlet essentially loses the characteristics of a stream and becomes more
like an impounded pond within the lower portion of this reach. This increase in width causes the water velocities
to decrease significantly, which forces sediments to deposit in this area, because there is not enough energy to
transport sediment downstream. Hence, this entire lower section has become aggraded. Aggradation involves the
raising of the streambed elevation, an increase in width/depth ratio, and a corresponding reduction in both size
and transport rate of bedload (i.e., sand depositing in the channel). Over-bank flows occur more frequently during
less-than-high-water events, because there is a constriction of the stream channel at Oakton Bridge just
downstream of this area. This situation is resulting in excess sand deposition in this aggrading section of the
River. It is important to note that the Pewaukee River Partnership is aware of this problem and has been actively
trying to reconstruct a more appropriately sized channel in this area using brush bundles, which can be seen in
Figure 36, but this treatment has not been effective to date. The cause of aggradation is an increase in upstream
sediment load from the Lake and the sediment size exceeds the transport capacity of the channel. Hence, the
aggradation is a result of instability caused by over-widening of the channel with a resultant decrease in stream
power and shear stress,

The sediment supply can have negative adverse effects on the biological community as well as other recreational

uses in this area, but this largely depends on the corresponding adjustments of the channel to the increased load.
An example of the aggradation occurring in this reach is shown in Figure 36. The obvious decline of fish habitat,
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elevated stream temperatures, and loss of biological function in this aggrading environment are negative
consequences associated with this area and are a cause for concern in the Pewaukee River. Continued aggradation
could lead to channel avulsion (complete abandonment and initiation of a new channel) and continued transport of
sand loads into the Pewaukee River. Although sand is a natural substrate within the Pewaukee River, too much
sand load can lead to smothering of the gravel, cobble, and boulder substrates that would degrade the fishery and
aquatic life within this system.

Habitat Quality

The amount, quality, and diversity of available instream fisheries habitat range from fair to excellent within the
Pewaukee River watershed based upon results of the QHEI that incorporates all of the dimensions described
below and shown in Table 14. The Pewaukee-1, 2, 4, and 5 reaches contained the highest quality habitat with
QHEI scores that ranged from fair to excellent. The Pewaukee-3 reach and Pewaukee Lake Outlet QHEI scores
ranged from fair to good, mostly due to the combination of channelization and limited riparian buffers within a
highly urban area. Although only the lower portion, or about one mile, was assessed for Meadowbrook Creek,
Coco Creek, and the CTH JJ Tributary systems, these reaches had QHEI scores that were poor-fair, fair-good, and
fair-excellent, respectively. It is important to note that the lowest habitat scores in all cases were associated with
the modified sections of streams that were highly channelized. Although the streams continue to recover from past
channelization, it is clear that the channelized segments continue to limit habitat quality and will not likely
recover on their own without more intensive intervention.

The overall distribution of instream habitat types as characterized by pools (deep water and slower water
velocities), riffles (shallow water, large substrates, and higher water velocities), and runs (intermediate depth and
water velocities) are shown on Map 22. Pool, riffle, and run habitat units are the fundamental instream features
upon which the entire QHEI is based to determine overall habitat quality within the Pewaukee River watershed.
The quality of habitat scores within the QHEI is predicated upon the presence and distribution of these discrete
habitat types and their associated cover types, such as woody debris, undercut banks, boulders, and other
substrates, submergent and emergent macrophyte vegetation, and overhanging riparian vegetation. As shown in
Table 14 and Map 22, the diversity of the pool and riffle structure (i.e., number of pools compared to the number
of riffles) is very poor in the middle reaches (Pewaukee-2,-3, and -4) of the Pewaukee River. In fact, only two
riffles were found in each of the Pewaukee-2 and -3 reaches. Thus, riffle habitat availability is limited within these
reaches. In contrast, the pool and riffle distribution is more balanced in the upstream Pewaukee-5 and downstream
Pewaukee-1 reaches of the watershed.

In addition, several high-quality riffles were observed in the CTH JJ Tributary. Although this tributary does not
provide as much flow to the Pewaukee River as does the Pewaukee Lake Outlet, it is a perennial tributary that was
observed to be flowing throughout the drought of 2012. The mean width for this tributary was 8.3 feet; mean
depths ranged from about 0.5 foot to more than 2.0 feet for the lower portion of this system to the confluence with
the Pewaukee River. Figure 37 shows the relationship between water depth, sediment depth, and dominant
substrate changes that show major changes or shifts in one or more of these physical characteristics due to past
stream channelization in the upper portion of this reach where unconsolidated sediments accumulate. However,
the lower section of this reach, downstream of the CTH JJ road crossing, contains a high proportion of gravel and
cobble and in some cases boulder substrates, which were associated with the highest QHEI scores.

The general lack of riffle habitats within the middle reaches of the Pewaukee River is due to these areas being
dominated by organic peat and silt substrates and deep pool and run habitats. Since riffle habitats are important
spawning and feeding areas for many native fish species, the numbers and distribution of riffle habitats can affect
fish species distribution. Therefore, maintaining access to the existing riffle habitats throughout the Pewaukee
River system will be the key to protecting and enhancing the native fishery. For example, although the Pewaukee-
2 reach has limited riffle habitats, it is connected to the CTH JJ Tributary that contains several riffle habitats. So,
maintaining connections between the mainstem of the Pewaukee River and tributaries and access to key habitats
is the key to protecting and maintaining a more diverse fishery.
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Map 22

AQUATIC HABITAT TYPES SURVEYED WITHIN THE PEWAUKEE RIVER WATERSHED: 2012
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Figure 37 Figure 38

MEAN WATER DEPTH, UNCONSOLIDATED SEDIMENT MEAN WATER DEPTH, UNCONSOLIDATED SEDIMENT
DEPTH, AND DOMINANT SUBSTRATE COMPOSITION DEPTH, AND DOMINANT SUBSTRATE COMPOSITION
WITHIN THE HWY JJ TRIBUTARY: 2012 WITHIN THE LOWER REACH OF COCO CREEK: 2012

S : SEWRPC.
Source: SEWRPC. ource

In terms of the tributaries to Pewaukee Lake, no riffles were present in Meadowbrook Creek and only two were
observed in Coco Creek. However, it is possible that there are riffle habitats further upstream of both Coco Creek
and Meadowbrook Creek. The lower reaches of both of these tributaries have mean water depths that range from
about one to two feet and have a good connection to Pewaukee Lake. However, while Coco Creek has an average
width of 10.1 feet and is dominated by sand and gravel substrates (see Figure 38), Meadowbrook Creek is nearly
twice as wide, with an average width of 24.5 feet, and is dominated by silt substrates (see Figure 39). Although
both of these tributaries have been heavily channelized since long before 1941, Coco Creek exhibits a much better
relationship between width and depth and overall habitat quality than Meadowbrook Creek, despite also having a
subwatershed that is more than double the size of Meadowbrook Creek’s subwatershed. Figure 39 shows that the
unconsolidated sediment depths within this portion of the system range from about one to two feet over harder
substrates, such as claypan or sand and gravel. These excessively wide and deep features associated with the
lower portion of Meadowbrook Creek are likely the result of overly aggressive channel deepening and widening
during the time of channelization. Therefore, despite the chance to recover from the effects of channelization for
at least the past 72 years, Meadowbrook Creek continues to remain highly impaired. This is strong evidence that
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Figure 39 Meadowbrook Creek will never recover from the

MEAN WATER DEPTH, UNCONSOLIDATED effects of the channelization without intervention,

SEDIMENT DEPTH, AND DOMINANT SUBSTRATE which is not that uncommon in low gradient stream
COMPOSITION WITHIN THE LOWER REACH OF systems. In other words, it took heavy excavation
MEADOWBROOK CREEK: 2012 equipment to channelize Meadowbrook Creek, so it

will also require excavation equipment to recreate a
more natural meandering stream with appropriate
width and depth and pool and riffle habitats.

The maximum depths of pool, riffle, and run habitats
also change from headwater areas to the confluence of
the Fox River as shown in Figure 40. These differ-
ences indicate that although nominally the same types
of habitat areas, the pools, riffles, and runs in the
upper portions of the watershed effectively form
smaller habitat areas than the corresponding habitat
areas in the lower reaches of the watershed. These
differences can affect and determine the biological
community type, abundance, and distribution present
within distinct hydrologic reaches, which, in effect,
can result in significant differences in species com-
position within each of the reaches. The upstream
reaches naturally contain a lower abundance and
diversity of fishes compared to the downstream reaches,
because these reaches contain less water volume.
However, it is also important to note that these
upstream areas provide vital spawning habitats for the
sustained quality and productivity of the entire fishery
within the Pewaukee River watershed.

Pool habitats are the opposite of riffle habitats, but
they are also important components of fish habitat in
streams, especially for larger fish, because their greater
depth offers protection from predators, provides
feeding areas, and provides refuge from high tempera-
tures in the summer and cold temperatures in the winter. As shown in Figure 40, pool habitats are deepest within
the two lowest Pewaukee-1 and -2 reaches, with more than 25 percent of the pools in these areas greater than
three feet deep. The remaining three reaches contain pool depths that in general are much less than three feet in
depth. Pools are often monitored to follow the effects of enhancement projects and natural stream processes, but
variations of water depth with discharge can complicate assessment of changes in the depth and volume of pools.
To subtract the effect of discharge on depth of pools, residual depth can be measured. Residual depth is the
difference in water depth or bed elevation between a pool and the downstream water depth or bed elevation of the
riffle crest (upstream edge of the riffle).'® This residual dimension represents extreme low-flow conditions, which
often determine the capacity of streams to produce fish, especially during summer months when water
temperatures are highest.

Source: SEWRPC.

>Thomas E. Lisle, Using “residual depths™ to monitor pool depths independently of discharge, Research Note
PSW-394, Berkeley California, Pacific Southwest Forest and Range Experiment Station, Forest Service, U.S.
Department of Agriculture, December 1987.
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Figure 40 Figure 41

MAXIMUM WATER DEPTH AMONG RESIDUAL POOL DEPTH
HABITAT TYPES AND REACHES IN THE AMONG REACHES IN THE PEWAUKEE
PEWAUKEE RIVER WATERSHED: 2012 RIVER WATERSHED: 2012

_ o NOTE: See Figure 35 for description of symbols.
NOTE: See Figure 35 for description of symbols.

Source: SEWRPC.
Source: SEWRPC.

Residual pool depth was calculated by reaches in the Pewaukee River by subtracting the average water depths of
all riffles within a reach from the maximum pool depth recorded within each individual pool. As shown in
Figure 41, residual pool depths were highest within the Pewaukee-1 through 3 reaches, with more than 25 percent
of the residual pool depths greater than 2.0 feet. A small percentage of residual pools within Pewaukee-1 and 2
even exceed 3.0 feet, indicating fish communities have access to a greater number and distribution of deep-water
areas during low-flow conditions compared to the other reaches in Pewaukee River. These lower reaches also
have the added benefit of being connected with the Fox River, which provides a potential avenue of protection if
water levels get too low or stream temperatures get too high within these areas of the Pewaukee River. This
connection also promotes maintenance of fish species abundance and diversity by providing access to many miles
of additional habitats and large populations of diverse fish species to reproduce in and/or recolonize the Pewaukee
River, as well as to provide genetic diversity through access to larger population sizes. In contrast, the Pewaukee-
4 and 5 reaches contain the lowest residual pool depths compared to all other areas inventoried within the
watershed (see Figure 41). This indicates that this section of stream would in general not contain many areas with
depths greater than one foot and in most cases much less than one foot under low-flow conditions.

In addition to water width and depth, which are major determinants of pool, riffle, and run habitat quality scores
as discussed above, the QHEI scores can be further enhanced by the presence of one or more of the following
features: 1) fallen trees or branches (woody debris), 2) undercut banks, 3) boulders and other substrates, 4)
submergent and emergent macrophyte vegetation, and 5) overhanging riparian vegetation, as shown in Figure 42.
In general, the Pewaukee River was comprised of 4 to 50 percent low abundance of cover, 37 to 76 percent
moderate abundance of cover, and 8 to 30 percent high abundance of cover types as shown in Table 14.
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Figure 42

EXAMPLES OF INSTREAM COVER WITHIN THE PEWAUKEE RIVER WATERSHED: 2012

Source: SEWRPC.

Boulders are considered to be one of the highest quality substrates in terms of providing good cover for fishes.
However, all substrate types and their composition are important and contribute to overall habitat quality.
Table 14 and Figure 34 show that there is a high diversity of substrates among reaches within the Pewaukee River
watershed from smaller organic silt and peat, to sand and gravel, to larger cobbles and boulders. For more detail
on substrate diversity, refer to the Stream Reach Dynamics subsection above.

The type and amounts of riparian vegetation are significant drivers of the types and amounts of instream cover
which include woody debris, overhanging vegetation, shading, algae, and macrophytes. Instream large and small
woody debris is an important component of stream ecosystems that provides essential food and habitat for aquatic
organisms. Woody debris can affect channel morphology and form pools; retain organic matter, gravel, and
sediment; influence invertebrate abundance; and provide cover and velocity refuge for fish.'® Woody debris is

1°B. Mossop and M.J. Bradford, Importance of large woody debris for juvenile Chinook salmon habitat in small
boreal forest streams in the upper Yukon River basin, Canada, Canadian Journal of Forestry Resources,
Volume 35, 2004, pages 1955-1966.
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very prevalent throughout the entire Pewaukee River system (see Map 23), which contained concentrations that
ranged from 25 to 80 percent of moderate to high abundance of woody debris (see Table 14). Excessive woody
debris can sometimes accumulate in some areas, causing debris jams that can function like a dam that may cause
significant disruption in the stream sediment dynamics and can lead to localized flooding and bank stability
problems. Given the overall high amount of wood within the river network, it is not surprising that there were a
total of 48 debris jams were observed in every reach, except for Pewaukee-3. The highest amount of debris jams
were observed in the CTH JJ Tributary and Pewaukee-5 reaches. The most significant or problem debris jams
associated with streambank erosion were observed in multiple locations among the CTH JJ Tributary and
Pewaukee-1, 2, and 5 reaches. Debris jams, particularly at road crossings, may inhibit fish movement to feeding
and spawning areas, which was often observed at Structures 2 at CTH F and 4 at Busse Road (see Table F-1),
which can lead to decreased reproductive success (see Stream Crossings and Dams section below). Therefore, it is
important to periodically monitor these woody debris accumulations and either partially or completely remove
them, as well as address any streambank erosion issues, where appropriate.

The high proportions of wooded riparian areas in most of the reaches throughout the watershed result in a high
amount of shading. These shaded stream reaches have low percentages of algae and macrophytes, except for
Pewaukee-4 and Meadowbrook Creek. In addition, the open canopy near the downtown Village of Pewaukee area
at the upper portion of the Pewaukee-3 reach can develop excessive aquatic plant growth problems as shown in
Figure 43.

Riparian zone and floodplain quality is another important dimension included within the QHEI scoring criteria to
assess instream habitat quality. More specifically, greater extent or width of riparian (stream side) vegetation is
associated with a greater quality and higher score for this feature. Riparian buffers greater than 50 meters
(approximately 164 feet) from each streambank are necessary to obtain the highest scores for this dimension of
the index. Riparian buffers are discussed more thoroughly in the Riparian Corridor Conditions section below, but,
in general, riparian buffer width and floodplain quality range from poor to excellent within the Pewaukee River
system. For example, the riparian buffer areas within the watershed have been significantly impacted particularly
within the Pewaukee-1, Pewaukee-3, and lower portions of the Pewaukee-4 reaches, which is the primary reason
that the cross sections within these areas contain the lowest QHEI scores within the entire Pewaukee River
system. In contrast, the most extensive and highest quality floodplain area is within the Pewaukee-2 reach. Such
areas allow high discharge events to dissipate across the landscape providing protection from flooding (while at
the same time reducing) water velocities which protects the streambed and streambanks from erosion.

Although undercut banks are related to streambank stability, these are also areas of overhead protection for fishes
and are ranked as an important habitat quality feature. The energy of flowing water in a stream is dissipated along
the stream length by frictional resistance of the bed and banks, meanders, turbulence, streambank and bed erosion,
and sediment resuspension. In general, increased urbanization may be expected to result in increased streamflow
rates and volumes, with potential increases in streambank erosion and bottom scour. Streambank erosion destroys
aquatic habitat, spawning, and feeding areas; contributes to downstream water quality degradation by releasing
sediments to the water; and provides material for subsequent sedimentation downstream, which, in turn, covers
valuable benthic habitats, impedes navigation, and fills wetlands. These effects may potentially be mitigated by
sound land use planning combined with proper stormwater management practices. Results indicate that undercut
banks and streambank erosion are occurring in several areas, particularly the Pewaukee-3 and Pewaukee-1
reaches. The majority of undercut banks observed generally ranged from 0.5 to 1.0 foot in depth, but several sites
within the Pewaukee-1 reach exceeded 1.0 foot in depth. The greatest percent of undercut banks and the deepest
undercuts were located within the Pewuakee-1 reach, which contains the greatest slope and highest energy to
scour undercut banks. It is also important to note that the majority of the upper portion of the Pewaukee-3 reach
within the urbanized areas is largely protected or armored with stone or cement or bricks. This seems to indicate
streambank erosion has been and continues to be an issue within this reach and that private residents, businesses,
and local municipalities have addressed it in one way or another. For example, the Pewaukee River Partnership
has been actively improving the downtown Village of Pewaukee area from the Pewaukee Lake Outlet
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Map 23

QUALITATIVE DISTRIBUTION OF WOODY DEBRIS WITHIN STREAMS
SURVEYED IN THE PEWAUKEE RIVER WATERSHED: 2012
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Figure 43

EXAMPLE OF EXCESSIVE AQUATIC PLANT GROWTH
WITHIN THE PEWAUKEE RIVER WATERSHED: 2012

Source: SEWRPC.

and River to Clark Street by armoring the streambanks with stone, debrushing shorelines of nuisance plants, and
installing brush bundles, since the 1990s (see Figure 44). However, there is evidence of failing retaining walls,
particularly just north and south of Oakton Bridge as shown in Figure 45.

Trash and Tires

Although the accumulation of trash and debris is not part of the QHEI scores as summarized above, these
materials degrade the aesthetics of the river system and can cause physical and/or chemical (i.e., toxic) damage to
aquatic and terrestrial wildlife. Therefore, Commission staff recorded and mapped the significant trash and debris
that was encountered during the comprehensive survey conducted in the spring of 2012 as shown on Map 24
(with specific details in Appendix E, Maps E-9 through E-16 and Table E-4). The majority of trash was observed
within the Pewaukee River, the CTH JJ tributary, and some portions of Coco Creek and Meadowbrook Creek.
Nearly 30 automobile tires were found in the Pewaukee River, which made up the largest portion of trash found
among the areas surveyed (see Map 24). Other types of trash included old wash machine parts, clothes, grocery
bags, plastic bottles, and various construction materials.

148



Figure 44
STREAMBANK STABILIZATION PROJECT NORTH OF OAKTON BRIDGE: 1990

BEFORE PROJECT

POST PROJECT

Source: Charlie Shong, Pewaukee River Partnership.

Stream Crossings and Dams

Bridges and culverts can affect stream widths, water and sediment depths, velocities, and substrates. These
structures also have the potential to pose physical and/or hydrologic barriers to fisheries and other aquatic
organisms. Therefore, SEWRPC staff conducted an inventory of 50 structures throughout the Pewaukee River
watershed, as summarized in Appendix F, that includes a description and photograph (see Figure F-1), location
map (see Map F-1), condition, as well as a fish passage and navigation hazard rating (see Table F-1). Based upon
this assessment conducted in 2012, the majority of the structures were identified to be passable, but 16 structures
were considered partial barriers and two were complete barriers to passage. Several of these structures that have
fish passage issues were also considered navigation hazards, which is addressed in the Recreational Conditions
section below.

Eight of the structures rated as partial barriers and one complete barrier were located within the Pewaukee River
that included the following structure numbers and associated River Miles (RM): 2 (RM 0.11), 8 (RM 5.83),
11 (RM 6.68), 14 (RM 7.54), 18 (RM 8.62), 20 (RM 8.74), 21 (RM 8.91), 25 (RM 9.59), and 27 (RM 9.79).
Structure Number 18 is a drop structure that is acting like a dam at RM 8.62 and is a complete barrier to fish
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Figure 45

STREAMBANK CONDITIONS DOWNSTREAM AND UPSTREAM OF OAKTON BRIDGE: 2012

DOWNSTREAM
EAST BANK (LOOKING DOWNSTREAM) WEST BANK (LOOKING DOWNSTREAM)
UPSTREAM
WEST BANK (LOOKING WEST) WEST BANK (LOOKING WEST)

Source: SEWRPC.
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Map 24

TIRES AND OTHER TRASH OBSERVED WITHIN THE PEWAUKEE RIVER WATERSHED: 2012
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passage. Structure numbers 8, 20, 21, 25, and 27 are only considered to be limiting fish passage under low-flow
conditions, due to inadequate water depths. Although structures 8 and 11 are bridges and are well elevated above
the Pewaukee River, the limited depths at these structures are due to a high amount of large stone that was placed
on the streambed and streambanks underneath these bridges. This stone is causing a significant backwater effect
under low-flow conditions that creates ponding and sediment deposition upstream of these structures (see
Figure 34). Although the stone obstructions are certainly acting like dams, the water depths at these structures are
likely only limiting fish passage during low-flow periods, so they were only considered partial barriers to fish
passage. Hence, these crossings illustrate why it is important to be vigilant in the design construction and/or
reconstruction of roadways, which can have unintended consequences to aquatic communities. This also is a good
example of why it is important to continue to monitor all road crossings periodically in order to ensure that they
have not accumulated debris and become barriers to fish and other aquatic organisms. In contrast, the most
downstream structure, number 2, is limiting to passage due to high water velocities combined with the length of
the culvert, which makes this structure difficult for passage during higher water discharge events.

Except for the one complete barrier on the Pewaukee Lake Outlet—the dam impounding Pewaukee Lake—the
remaining structures in the other areas of the Pewaukee River watershed were considered partial barriers to fish
passage under low-flow conditions. One partial barrier was located on the CTH JJ Tributary at structure
number 29 (RM 0.53). Two partial barriers were identified on the Coco Creek at structure numbers 36 (RM 0.81)
and 39 (RM 3.20). Two partial barriers also were located on the tributary to Coco Creek at structure
numbers 41 (RM 0.04) and 42 (RM 1.34). Three partial barriers were observed on Meadowbrook Creek at
structure numbers 44a (RM 1.45), 44b (RM 1.64), and 46 (RM 2.35). The descriptions and recommended actions
for each of these structures are listed in Table F-1.

Because of the number of culverts within the Pewaukee River watershed, their combined impact on fish com-
munities could potentially be significant.*” Culverts tend to have a destabilizing influence on stream morphology
that can create selective barriers to fish migration because swimming abilities vary substantially among species
and size-classes of fish, affecting their ability to traverse the altered hydrologic regime within the culverts.*® Fish
of all ages require freedom of movement to fulfill needs for feeding, growth, and spawning. Such needs generally
cannot be found in only one particular area of a stream system. These movements may be upstream or down-
stream and occur over an extended period of time, especially in regard to feeding. In addition, before winter
freeze-up, fish tend to move downstream to deeper pools for overwintering. Fry and juvenile fish also require
access up and down the stream system while seeking rearing habitat for feeding and protection from predators.
The recognition that fish populations are often adversely affected by culverts has resulted in numerous designs
and guidelines that have been developed to allow for better fish passage and to help ensure a healthy sustainable
fisheries community.*®

Beaver Activity

Beavers can cut trees and alter environments to a greater extent than any other mammal except humans. Their
ability to increase landscape heterogeneity by felling trees and constructing impoundments and canals goes
beyond their immediate needs for food and shelter. They can dramatically alter nutrient cycles and food webs in

"Thomas M. Slawski and Timothy J. Ehlinger, “Fish Habitat Improvement in Box Culverts: Management in the
Dark?” North American Journal of Fisheries Management, Volume 18, 1998, pages 676-685.

18stream Enhancement Research Committee, “Stream Enhancement Guide,” Province of British of Columbia and
the British Columbia Ministry of Environment, Vancouver, 1980.

9B.G. Dane, A Review and Resolution of Fish Passage Problems at Culvert Sites in British Columbia, Canada

Fisheries and Marine Sciences Technical Report 810, 1978. Chris Katopodis, “Introduction to Fishway Design,”
Freshwater Institute Central and Arctic Region Department of Fisheries and Oceans, January, 1992.
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aquatic and terrestrial ecosystems by modifying hydrology and selectively removing riparian trees.”® The activi-
ties of beavers in streams provides an example of a natural alteration to ecosystem structure and dynamics. Beaver
activity may result in differing degrees of alterations that: 1) modify channel geomorphology and hydrology; 2)
increase retention of sediment and organic matter; 3) create and maintain wetlands; 4) modify nutrient cycling and
decomposition dynamics by wetting soils, altering the hydrologic regime, and creating anaerobic zones in soils
and sediments; 5) modify the riparian zone, including the species composition and growth form of plants; 6)
influence the character of water and materials transported downstream; and 7) modify instream aquatic habitat,
which ultimately influences community composition (e.g., fish and macroinvertebrates) and diversity.?

Beaver dams are not permanent structures; without constant maintenance the dams will be breached and blowouts
will occur. In addition, dams are frequently abandoned when beavers move on to new areas, depending on food
and habitat availability. There is no set time frame within which beavers inhabit areas and maintain dams. It has
been documented that dams can be maintained over long periods of time, or used only seasonally. It is likely that,
under normal conditions, beaver dams are obstructions for most fish species in terms of upstream passage. Most
fish species can go downstream without problems; however, it is unknown how passable beaver dams are under
high flow conditions.

Beaver dams have been shown to enhance fisheries over watershedwide scales. When beaver impound streams by
building dams, they substantially alter stream hydraulics in ways that benefit many fish species.?? Early research
suggested that beaver dams might be detrimental to fish, primarily by hindering fish passage, and it has been
demonstrated that beaver dams seasonally restrict movement of fishes.”® Until recently, it was common for fish
managers to remove beaver dams. However, more than 80 North American fishes have been documented in
beaver ponds, including 48 species that commonly use these habitats, and the beaver ponds’ overall benefit to
numerous fishes has been well documented, causing managers to rethink the practice of removing beaver dams.**
In agricultural areas, beaver dams may impound water and submerge drain tile outlets, reducing the effectiveness
of the tile systems and adversely affecting crops. Therefore, for the reasons cited above, this is a complicated and
controversial issue, so decisions to remove beaver dams should be addressed on a case-by-case basis.

While there was notable beaver activity in terms of beaver chew and felled trees throughout the Pewaukee River
system, only two beaver dams were observed on the Pewaukee River. The first was in Reach 2, and the second
was in Reach 5. Meadowbrook Creek also contained two beaver dams.

Based on these observations it is probable that beaver dams were not likely to be significantly affecting the

abundance and diversity of the fishery in Pewaukee River watershed during the time of this inventory, but they do
have the potential to limit fish passage, particularly by northern pike trying to migrate into upstream tributaries to

200 M. Ray, et al., Macrophyte succession in Minnesota beaver ponds, Canadian Journal of Botany, Volume 79,
2001, pages 487-499.

2IR.J. Naiman, J.M. Melillo, J.E. Hobbie, Ecosystem alteration of boreal forest streams by Beaver (Castor
canadensis), Ecology, Volume 67, 1986, pages 1254-12609.

22].W. Snodgrass, and G.K. Meffe, Influence of beavers on stream fish assemblages: effects of pond age and
watershed position, Ecology, Volume 79, 1998, pages 926-942.

#1J. Schlosser, Dispersal, boundary processes, and trophic-level interactions in streams adjacent to beaver
ponds, Ecology, Volume 76, 1995, pages 908-925.

24M.M. Pollock, et al., The importance of beaver ponds to coho salmon production in the Stillaguamish River
Basin, Washington, USA, North American Journal of Fisheries Management, Volume 24, 2004, pages 749-760.
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lay their eggs. Therefore, it is important to continue to monitor beaver activity and take action where appropriate.
These efforts should be particularly focused in the following locations: along migratory routes for northern pike
spawning habitat, particularly Meadowbrook Creek and Coco Creek to the confluence with Pewaukee Lake;
locations where structures may become threatened with flooding; and, where navigation can become obstructed,
particularly at culverts and bridges.

Summary

In summary, the Pewaukee-1, 2, 4, and 5 reaches contained the highest quality habitat, ranging from fair to
excellent. The Pewaukee-3 reach and Pewaukee Lake Outlet scores ranged from fair to good, mostly due to the
combination of channelization and limited riparian buffers within a highly urban area. Although only the lower
portion or about one mile was assessed for Meadowbrook Creek, Coco Creek, and the CTH JJ Tributary systems,
these reaches contained habitat scores that ranged from poor-fair, fair-good, and fair-excellent, respectively.
However, this analysis does indicate that there have been a number of modifications to the Pewaukee River
system and that there are opportunities to improve habitat quantity and quality throughout the watershed (see
Instream Restoration Priorities section in Chapter VI of this report).

Channelization has been extensive throughout the Pewaukee River watershed and this is one of the major
determinants of limited instream habitat and biological condition—particularly in the headwaters of the Pewaukee
River, as well as Coco Creek, Meadowbrook Creek, and the CTH JJ Tributary. In all cases despite having more
than 70 to 100 years to recover from channelization, these reaches have not been able to redevelop more natural or
appropriate sinuosities. Therefore, it is obvious that due to the low slopes or energies within this river system, the
only way to restore stream function within this system is to physically reconstruct it. Reconstructing meanders or
restoring a more natural sinuosity, particularly in low-gradient systems like the Pewaukee River, is one of the
most effective ways to restore instream habitat and the ability of this system to transport sediment and to function
more like a healthy river system. In particular, the highest priorities or best locations to restore stream function are
where the pre-existing channel lengths that were cut off during channel straightening still exist. For example,
several locations on the mainstem of the Pewaukee River in reach Pewaukee-2 and some more extensive reaches
within Coco Creek, as shown on Map 21 (see Insets 3 and 4), that could easily be restored to flow back into the
old channel with minimal effort and cost. Even if the old stream channel has been buried or cannot be determined,
there are many opportunities to rehabilitate or increase stream sinuosities and associated habitat and stream
function within these channelized sections of stream.

Streambank erosion does not seem to be an excessive problem throughout the majority of the Pewaukee River
system. However, streambank erosion and undercut banks are an issue, particularly within Pewaukee-3 and
Pewaukee-1 reaches.

HYDROLOGIC CONDITIONS

Modeled Groundwater and Surface Water Interactions

The Pewaukee River is one of several main tributaries that comprise the surface-water network of the Upper Fox
River that were recently modeled to evaluate groundwater flow patterns in the shallow aquifer system within the
Upper Fox River watershed in southeastern Wisconsin.?®> This report section summarizes data and model results
applicable to the Pewaukee River watershed for quantifying groundwater/surface water interactions in the shallow
aquifer, and defining sources and sinks of groundwater, including recharge, boundary fluxes, interactions with
surface water, and discharge to wells and quarries. For example, one of the primary objectives of the Upper Fox
River Basin model was to simulate base flow to the surface water network, which included results for both
Pewaukee Lake and Pewaukee River, as summarized below.

3D T. Feinstein, M.N. Fienen, J.L. Kennedy, C.A. Buchwald, and M.M. Greenwood, ““Development and appli-
cation of a groundwater/surface-water flow model using MODFLOW-NWT for the Upper Fox River Basin,
Southeastern Wisconsin, U.S. Geological Survey Scientific Investigations Report 2012-5108, 2012, 124 pages.
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Water Sources and Withdrawals

It is important to note that there is no discharge from wastewater-treatment plants (WWTPs) anywhere within the
Pewaukee River system, so the only sources of discharge to the Pewaukee Lake and Pewaukee River are solely
from precipitation that runs off the land surface or that infiltrates as recharge to the water table. Although there are
no quarries within the boundaries of the Pewaukee River watershed, the contributing shallow groundwater areas
that discharge into the quarry adjacent to Sussex Creek do extend into headwaters of the Pewaukee River and are
reducing the amount of groundwater discharge to this area of Pewaukee River.

In 2005, about 34 million gallons per day (mgd) of groundwater were withdrawn for public, domestic, industrial,
commercial, and agricultural uses in Waukesha County.?® About 25 percent of that total is pumped by private
domestic wells penetrating shallow aquifers, while the remaining 75 percent is extracted from high-capacity wells
penetrating the shallow and deep aquifer systems primarily for public supply and industrial purposes. A high-
capacity well is defined as withdrawing on average more than 0.1 mgd. However, it was estimated that shallow
aquifer pumping within the Upper Fox River model domain totaled about 6.7 mgd, where the unconsolidated
material and Silurian dolomite pumped at rates of 1.62 and 5.07 mgd, respectively distributed among a total of 99
separate high-capacity wells. The greatest concentration of pumping in the model domain, which included the
Pewaukee River watershed, was from the dolomite wells in the eastern portion of the study area. In particular, a
total of eight high-capacity wells were located within the Pewaukee River watershed as of year 2005. One high-
capacity well is pumping from an unconsolidated deposit layer; the remaining seven high-capacity wells are
pumping from the Silurian dolomite layer. The model output shows the extent and location of the high-capacity
pumping wells on the shallow aquifer are primarily located in the lower portions of the Pewaukee River
watershed. Based upon the reported proportions of groundwater withdrawal in Waukesha County, it also is likely
that private domestic wells located within the Pewaukee River watershed can account for at least 25 percent of the
total local groundwater supply from the shallow aquifers.?” However, since the majority of domestic pumping is
assumed to be returned to the shallow aquifer via mound and/or septic system infiltration, this element was not
included in this modeling effort (see the “Groundwater Recharge” section below for further details).

Groundwater Recharge

The most important source for groundwater in southeastern Wisconsin is natural recharge to the water table.
Recharge is variable over time and space. The temporal variation is caused by climatic variability, or more
specifically, the timing and intensity of precipitation and temperature. These variables affect the processes of
runoff, infiltration, and evapotranspiration. In general, higher recharge rates are correlated to higher amounts of
precipitation, but specific recharge rates can be highly variable. The variability depends on a number of additional
factors, such as the antecedent soil moisture, amount of snow or timing of frozen soil conditions, intensity and
duration of rainfall, and the amount of evapotranspiration as controlled by temperature. The spatial variation of
recharge depends on the land use, soil type, and land surface topography. Thus, land use planning plays an
important role in protecting recharge areas.

The Upper Fox River Basin model identified recharge rates for each of the 27 drainage subbasins within the
model domain, which ranged from 1.6 inches per year to 9.5 inches per year. These rate differences are primarily
due to differences in soil type and surface topography as a result of the glaciers. The resulting recharge rates for

the three subbasins within the Pewaukee River watershed were identified to range between 2.6 to 3.9 inches per
year, which is consistent with previous studies for this part of Waukesha County.?® It is important to note that

SEWRPC Planning Report No. 52, A Regional Water Supply Plan for Southeastern Wisconsin, December 2010.
*'Feinstein, et al., op. cit.

ZSEWRPC Technical Report No. 48, Shallow Groundwater Quantity Sustainability Analysis Demonstration For
The Southeastern Wisconsin Region, November 2009.
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Pewaukee Lake was assigned a recharge of zero, because this Lake is a sink for groundwater, not a source for
groundwater. These recharge rates are estimates of long-term average rates and are not associated with any given
year. As described above, they can be highly variable among seasons and years.

These rates are derived from the regional model developed for Southeastern Wisconsin and are consistent with the
GIS-based water balance model for groundwater recharge potential as shown on Map 10 in Chapter Il of this
report. However, in addition to geologic features, the recharge potential Map 10 also accounts for land use
(specifically year 2000 existing land use), which can significantly affect recharge potential. Recharge potential in
the developed areas of the watershed is primarily medium or low, while undeveloped areas have a recharge
potential mostly of high and very high.

Urban development also increases the runoff potential of lands and nearly all of the new urban developments
within the Pewaukee River watershed are required to route stormwater runoff away to surface waters and not
allowed to recharge into the ground. Despite new NR 151 requirements to infiltrate runoff for new developments
where practicable, these development conditions still have the cumulative impact of reducing recharge compared
to the nondeveloped conditions. They illustrate how land use changes can impact recharge potential and why this
is such an important issue.

Soil water storage is secondary to land in controlling recharge potential. A low soil water storage allows
infiltration to quickly pass through the soil and become recharge (e.g., large particles like sand and gravels). A
high soil water storage holds the water longer (e.g., organic silts or clays), making it more available for
transpiration. Where the soil water storage is medium in the developed areas, the recharge potential is more likely
to be low. Where the soil water storage is low, the recharge potential is medium. Thus, in areas where urban
development with significant impervious areas is coupled with a medium or high soil water storage, recharge
potential would be expected to be low.*

Therefore, the high and very high recharge areas within the Pewaukee River watershed are located in open grassy
areas, such as parks and other open lands; woodlands, as well as upland areas with sparse development (primarily
agricultural lands); and soils with low runoff potential and low water storage capacity. If the parkland or
agricultural lands were removed and replaced with residential, commercial, and industrial development without
the provision of best management practices to promote infiltration, it is likely that the recharge potential would
decrease from high or very high to medium. Therefore, land use planning has significant potential for maintaining
or protecting recharge potential within this watershed.*

In addition to reducing rates of groundwater recharge, urban developments also have the potential to reduce the
amounts of local groundwater levels and baseflows in surface waterbodies through the use of shallow aquifers
(either Pleistocene sand and gravel or Silurian dolomite) for water supply. Wells developed in the shallow
aquifers often provide sufficient yield, but can impact nearby surface-water resources and are generally more
vulnerable to contamination than deeper bedrock wells. Communities tapping the shallow aquifer also face
choices between using individual low-capacity household wells or developing a municipal water system with
homeowners connecting to higher-capacity municipal wells. In some cases, these communities have an overall
negative groundwater balance because sewage treatment plant effluent leaves the community via surface water.
For example, a modeling simulation of shallow pumping was conducted for the Town the Lisbon to assess the
potential relationship between development density (wells, homes, or water use per acre) and groundwater

2%SEWRPC Technical Report No. 47, Groundwater Recharge in Southeastern Wisconsin Estimated by a GIS-
Based Water-Balance Model, July 2008.

lpid.
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Figure 46

SIMULATED WATER-TABLE DECLINE AND BASEFLOW CHANGES
WITHIN THE TOWN OF LISBON DEMONSTRATION AREA FOR VARIOUS LOT DENSITIES

Source: SEWRPC.

Source: SEWRPC.

impacts, such as baseflow reduction and shallow aquifer drawdown.®* The Town of Lisbon is just north of the
Pewaukee River watershed and is contained within the same glacial Pleistocene deposits called the New Berlin
Member,3? which provides a good level of confidence in the potential comparability of this modeling scenario to
the Pewaukee River watershed.

The detailed development simulations in the Town the Lisbon show that dense single-family subdivisions
developed with onsite wells have the potential to impact groundwater levels and surface water flows, if
wastewater is not returned to the aquifer from which the water supply is drawn. The magnitude of impacts
depends on development density, the location of the development, and on the character of existing water
resources. Not surprisingly, lot size, or density of wells, represents a critical control on groundwater impacts. Both
drawdown and reductions in stream baseflows increase linearly as lot size decreases. Under the most aggressive
development scenarios (0.5- or 1.0-acre lots, no return flow), simulated drawdowns beneath developed areas
range from five to 10 feet, and baseflow reductions range from about 15 to 25 percent in nearby streams as shown
in Figure 46. The reinfiltration of treated wastewater, or return flow, significantly mitigates the impacts of
development on groundwater levels and baseflows. Assuming 90 percent wastewater return, simulated
drawdowns under the most aggressive development scenarios (1.0-acre or smaller lots) decrease from five to 10
feet to less than one foot, and baseflow reductions decreased to less than 2.5 percent. In particular, small streams,
springs, and wetlands are expected to be typically far more sensitive to local reductions in baseflow than are
larger surface water features. In all cases, returning treated wastewater to the area of use largely mitigates these
water quantity impacts. However, wastewater return flow might degrade local groundwater and surface water

$ISEWRPC Technical Report No. 48, op. cit.

%2K.M. Syverson, L. Clayton, J.W. Attig, and D.M. Mickelson, Lexicon of Pleistocene Stratiographic Units of
Wisconsin: Wisconsin Geographical and Natural History Survey, Technical Report 1, 2011.
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quality. It must be recognized that sustainability of groundwater use must be considered within the context of the
impacts of such use on the surface water features potentially impacted. Such consideration and associated
analyses require underatanding of site-specific factors, such as surface water type, functions, and use objectives.

As identified in the regional water supply plan, in 2005 about one-third of the Pewaukee River watershed was
served by public water utilities, and there were significant areas of urban development using private domestic
wells pumping from the shallow aquifer.®® Since the majority of the Pewaukee River watershed is sewered and/or
is planned to be sewered as shown on Map 6 in Chapter Il of this report, these domestic wells combined with
routing wastewater to treatment plants could potentially have significant negative impacts to the local
groundwater levels and baseflows in the Pewaukee River. There also are municipal wells developed in the
shallow aquifer that could contribute to this situation. However, it is important to point out that the USGS Upper
Fox River Basin model can be used to investigate different development scenarios (e.g., adding or taking out
high-capacity wells, domestic wells, etc.) to help communities make land use decisions to balance water supply
needs and water quality needs within this watershed.3*

Water Budgets

Under the USGS Upper Fox River Basin study, it was calculated that the total base flow for the Upper Fox River
Basin modeled network ranged from about 88.0 to 89 cubic feet per second at Vernon Marsh on the mainstem of
the Fox River. About one-half of this total base flow (about 42 to 45 cubic feet per second) originates from among
eight tributaries as shown in Table 15. Comparison among these major tributaries indicates that Pewaukee Lake
and the Pewaukee River provide the greatest amount of baseflow (between 10.6 to 11.3 cubic feet per second) or
about 25 percent of the total contribution from the major tributaries or about 10 percent of the entire flow to the
Upper Fox River network. This demonstrates the importance of these waterbodies both locally and regionally
within Southeastern Wisconsin.

In particular, Pewaukee Lake is a very unique component of this integrated surface water network of the Upper
Fox River basin, which was modeled separately to simulate lake levels in terms of lake geometry and the balance
of inflow and outflow of water to the Pewaukee River. The models simulate the stage of the lake, which partly
controls the rate of the surface water outflow to the Pewaukee River. The elevation of the adjustable spillway weir
was averaged to be about 852.35 feet above National Geodetic Vertical Datum, 1929 adjustment (NGVD 29)
between January 2007 and August 2009, which allowed development of a rating curve. However, the Pewaukee
Lake spillway discharge rating developed for the Upper Fox River Basin model is no longer valid, because the
dam outlet was changed from a surface discharge weir gate to a bottom draw sluice gate. Fortunately, revised
discharge calculations for the Pewaukee Lake spillway were developed for the new bottom draw sluice gate as
shown in Figure 47. The outflow from the Lake also depends on discharges from tributaries into the Lake (Coco
Creek, Meadowbrook Creek, Zion Creek, and other small streams), by groundwater discharge into the Lake, and
by precipitation onto the Lake. The outflows from the Lake equal the inputs from the inflows minus what is lost to
evaporation and some limited groundwater outflow. All of these terms are shown in Table 16 and are important to
the overall lake water budget. Based upon this information it is possible to determine that Pewaukee Lake
contributes a base flow of about 7.5 to 8.0 cubic feet per second, which comprises about 70 percent of the total
discharge of the Pewaukee River (7.5-8.0 cfs divided by 10.6-11.3 cfs total Pewaukee Lake and River discharge).
This outflow component is almost one-half of the approximately 16-cubic-feet-per-second increase in base flow
estimated between the Watertown Road and Waukesha gauges. The remainder of this base-flow increase comes

33SEWRPC Planning Report No. 52, op. cit., Volume One.
34D.T. Feinstein, et al. 2012-5108, these models are all public and archived with a data dictionary; URL:

http://pubs.usgs.gov/sir/2012/5108/index.html, For additional information contact: Director, Wisconsin Water
Science Center, U.S. Geological Survey, 8505 Research Way, Middleton, Wl 53562, http://wi.water.usgs.gov/

158



Table 15

SIMULATED BASE FLOW WITHIN THE UPPER FOX RIVER BASIN

Fine-Favored Model Course-Favored Model
Source (cubic feet per second) (cubic feet per second)
Tributary Base Flow at Confluence with Fox River

Fox Headwaters..........ccccccveiiiiiiiieeeeeeeee 2.1 2.1
Lannon Creek ... 1.2 1.2
SUSSEX CreK .ot 5.6 5.8
Poplar Creek ... 25 2.9
Pewaukee Lake and Pewaukee River....................c........... 10.6 11.3
Pebble Creek ... 5.9 6.0
GENESEE CrEEK .. .uvviiiiiiiiiiiiiiiiiiiiiiiairiereaarare e 7.1 7.0
Pebble BroOK .......cocvvviiiiiiiiiieiiieieeeeeieeeeeeeeeeeeeveee e 7.6 8.0
Sum of Base Flow from Major Tributaries............cccccceeeeennnes 42.5 44.1
Sum of Base Flow from Minor Tributaries.........ccccccvevvvevenenns 0.2 0.3
Sum of Tributary Flow to FOX RIiVer.........ccccoeiiiiiiiiieeees 42.7 44.5
Net Gain of Base Flow Along Main Trunk of Fox River.......... 7.6 8.1
Contribution of Riparian Wetlands ............cccccoiiiinienis 3.7 34
Sum of Return Flow from Quarries ...........ccccccoeieee. 2.0 1.6
Added Flow from Wastewater Treatment Plants................... 31.9 31.9
Fox River Base Flow above Vernon Marsh..............c.ccueeee... 88.0 894

Source: U.S. Geological Survey.

from the Pewaukee River and other inflows directly to the Fox River, which further demonstrates the importance
of the Pewaukee River system to the Upper Fox River basin.

These modeled baseflows on the Pewaukee River are also in general agreement with the baseflow discharge
measurements recorded on the Pewaukee River as part of the Water Action Volunteer monitoring, even after the
installation of the new bottom sluice draw gate opening. However, it is important to note the discharges on the
Pewaukee River have often been recorded to be less than 5.0 cubic feet per second during the summer months,
particularly during the drought of 2012, which indicates that discharges can be very limiting in this river system.

Installation of the sluice gate spillway of Pewaukee Lake has provided a much greater level of control for the dam
operator to balance the management of Pewaukee Lake levels versus discharges to the Pewaukee River. As shown
in Figure 47, there is a direct linear relationship between the gate height opening and discharges into the
Pewaukee Lake Outlet. The gate is maintained open at least 0.5 inch to provide a minimum baseflow discharge of
about 4.9 cubic feet per second into the Pewaukee River during the summer. However, the gate was opened to
12 inches in spring 2013 for about 10 days, due to rising levels on the lake, which indicates that it was discharging
more than 100 cfs as shown in Figure 48. Surprisingly, the velocity going past the gate appears to stay relatively
constant, which was calculated to be 9.7 feet per second (fps) when opened to 0.5 inch and 9.1 fps when opened
to 1.0 foot. Although these velocities are fairly consistent among the normal operation of the gate range of 0.5 to
12 inches, they also demonstrate why the streambed and streambanks within the Pewaukee Outlet need to be
armored with fieldstone and riprap to protect from erosion and failure from the high-velocity discharges. On
occasion, the gate has been opened to 18 inches for very short time periods (about five minutes) to flush
accumulations of lake weeds and other debris that collect at the opening. Hence, one disadvantage of the new
sluice gate as opposed to the old weir gate is that instead of material flowing over the weir they just pile up at the
sluice gate, creating a significant obstruction that needs to be periodically flushed.
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Figure 47
RELATIONSHIP BETWEEN THE BOTTOM DRAW

SLUICE GATE OPENING AND PEWAUKEE LAKE
OUTFLOW DISCHARGE
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The calculation is based on the water surface elevation being at

normal summer level. If the level is higher, the flows increase
slightly, if the level is lower, the flows decrease.

Source:David White, Engineer, Village of Pewaukee, and SEWRPC.

Although the dam gate has been periodically opened
up to provide adequate recreational discharges on the
Pewaukee River for the annual “River Run” paddling
event, there is no formal policy or provision to main-
tain discharges for recreational use or the minimum
baseflow discharge. Although there are regulations
requiring the maintenance of water levels on Pewau-
kee Lake, there are no such requirements to ensure
adequate base flows in the Pewaukee River. There-
fore, the management and needs of the Lake legally
supersede the needs of the River, based upon existing
requirements. A growing body of scientific evidence
demonstrates that water management practices aimed
at requiring some arbitrary “minimum” flows are
inadequate to protect the structure and function of
riverine systems.®® Therefore, increasing numbers of
scientists and managers agree that in order to protect
freshwater biodiversity and maintain healthy rivers, it
is vital to mimic components of natural flow varia-
bility which includes consideration of flow magni-
tude, frequency, timing, duration, rates of change and
predictability of flow events, including floods and

drought.®*® Hence, these relationships could be

determined and a more dynamic management policy
be pursued in order to better protect the biodiversity and maintain the goods and services that the Pewaukee Lake
and Pewaukee River systems provide.

Finally, the Upper Fox River model allows mapping of areas where groundwater contributes flow 1) to surface
water features and 2) to pumping wells and quarries as shown on Figure 49. The groundwater-contributing basins
tend to extend beyond the western boundary of the Upper Fox River watershed and fall short of the eastern
watershed boundary. Quarries and wells, which divert groundwater from its natural surface