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INTRODUCTION

eople live, work, and play in areas of land known as

watersheds. A watershed is best described as an area
of land where surface water drains to a common location
such as a stream, river, or lake (see image, right). The
source of groundwater recharge to aquifers, streams, and
lakes is also considered part of a watershed. Watersheds
are complex systems because there is interaction
between natural elements such as climate, surface water,
groundwater, and vegetation and human elements.
Human influences can produce polluted stormwater
runoff, increase impervious surfaces, alter stormwater
flows, and degrade or fragment natural areas.

he Fredonia-Newburg Area watersheds planning area

encompasses three HUC12 watersheds: Town of Fredonia-
Milwaukee River (HUC: 040400030602), Milwaukee River
North Branch (HUC: 040400030107), and Village of Newburg-
Milwaukee River (HUC: 040400030209). The planning area
is located in southeast Wisconsin between Milwaukee and
Sheboygan. Together, the three watersheds drain nearly
47,000 acres (73 square miles) of land surface.

Source: USEPA

Collectively, there are 378,341 linear feet or 71.6 miles
stream miles and 8,441 acres

of wetlands in the Fredonia- _ =
Newburg Area watersheds. "\qlﬁ ;’
Three counties and four o
municipalities comprise the

watershed. Thewatershedis split L
almost evenly between Ozaukee i
and Washington Counties , with
a small portion extending into
Sheboygan County, and includes
the Town of Fredonia, Village
of Newburg, unincorporated
Waubeka and the southeastern el
portion of West Bend.
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WATERSHED PLANNING

Watershed planning is a collaborative approach to
address natural resource issues and improve water
quality protection. This approach allows stakeholders to
share information, better target limited financial resources,
and address common water-related challenges. These
challenges can include improving water quality, preserving
and protecting groundwater resources, managing
stormwater, reducing flooding, conserving open space,
protecting wildlife habitat, supporting opportunities for
economic development, and other issues of concern.

oals were drafted from the concerns expressed by

watershed stakeholders during a May 7, 2019 workshop.
Participants were given the opportunity to vote across eight
goal topics as to which they felt were most important. Then,
a facilitator led successive groups of stakeholders through
questions and prompting around the mission statement and
each goal, taking notes on stakeholder ideas and feedback.
This information was then used to refine the mission, the
goals, and the objectives of the plan.

MISSION

The communities of the Fredonia-Newburg
Area watersheds are dedicated to the
protection, preservation, and improvement
of our area watersheds through planning,
implementation, education and stewardship
for shared health and area wellbeing.

GOALS

Goal 1: Improve surface water quality to meet
water quality standards.

Goal 2: Encourage agricultural techniques and
soil conservation practices that will protect
and conserve topsoil and bolster our water
resources.

Goal 3: Increase stakeholder awareness of
watershed issues through education and
stewardship.

Goal 4: Protect groundwater quantity & quality.

Goal 5: Increase communication and
coordination among stakeholders.

Goal 6: Manage and mitigate for existing and
future structural flood problems.

Goal 7: Protect and manage natural
and cultural components of the Green
Infrastructure Network, including fish and
wildlife habitat.




THE WATERSHED OVER TIME

diverse network of forests, prairies and wetlands

remained intact in the Fredonia-Newburg Area
watersheds until European settlers began to alter
significant portions of the watershed’s natural landscape,
hydrology and wetland processes in the 1800s. Where it
was feasible, trees were cleared, prairies were tilled under
and wet prairie and marsh communities commonly found
in floodplain areas were drained, streams channelized, and
existing vegetation cleared to farm the rich soils. Today,
the Fredonia-Newburg Area watersheds are collectively
approximately 46% agricultural and 30% open space.

hile these changes increased the agricultural
productivity of the watershed, they created other
problems resulting from the channelization of streams
and removal of riparian buffers. Functional wetlands and

Example of the pre-settlement landscape. Source: Riveredge.

riparian buffers do more for water quality improvement
and flood reduction than any other natural resource. In
addition, intact wetlands and riparian buffers typically
provide habitat for a wide variety of plant and animal
species. They also provide groundwater recharge, filter
sediments and nutrients, and slowly discharge to streams
thereby maintaining water levels in streams during
drought periods.

hannelization is detrimental for the health of streams and

rivers because it increases the speed and force of water
through a channel, eliminates suitable in-stream habitat for
fish and wildlife and limits the number of natural in-stream
features such as pool-riffle sequences in the channel. In many
locations, a berm comprised of historic side-cast dredge
spoils cuts off the stream channels from the floodplain.



LAND USE

In all three watersheds agriculture is far and away the most
prevalentlanduse. In the Village of Newburg, Town of Fredonia,
and North Branch Milwaukee River watersheds this amounts
to 8,390.6 acres (44.9%), 7,154.7 acres (50.7%), and 7,499.2 acres
(53.1%) respectively. This includes row crop agriculture (largely
corn and soybean) as well as livestock (largely dairy.)

etlands make up the next most abundantland use.The

wetland areas are largely adjacent to the Milwaukee
River and accompanying floodplain areas, as well as a large
lowland area in the North Branch watershed. The Village of
Newburg, Town of Fredonia, and North Branch Milwaukee
River watersheds this amounts to 3,117.7 acres (16.7%),
1,929.9 acres (13.7%), and 3,392.9 acres (24.0%) respectively.

ithin the Town of Fredonia and North Branch

watersheds the third largest land use results from
woodland areas. These account for 822.2 acres (5.8%) and
1,327.4 acres (9.4%) respectively. These woodland areas are
also largely adjacent to the Milwaukee River. Woodlands
are the fourth largest land use type within the Village of
Newburg watershed spanning 1,877.2 acres (10.1%).

he third largest land use within the Village of Newburg
is open land which makes up 1,980.9 acres (10.6%); this
is generally defined as undeveloped land which has no
discernable natural resource type. Open land is the fourth

CHALLENGES
& THREATS

During the planning process a number of
challenges and threats to water quality were
identifiedin the Fredonia-Newburg Area watersheds.
These challenges and threats were identified while
documenting existing conditions and assessment of
the watershed and by stakeholders throughout the
planning process. They include:

e Degraded or missing riparian areas and
management

e Agricultural runoff

e Channelization of tributaries

e Funding challenges for large scale water
quality, habitat, and flood prevention
projects

e Funding challenges for implementation of
additional agricultural management practices

e Thereis agap in science and knowledge on

I3 how to cost effectively monitor water quality

o using E. coli as the indicator for bacteria-
based surface water impairments.

largest land use in both the Town of Fredonia and North
Branch watersheds, covering 1,308.2 acres (9.3%) and 742.7
acres (5.3%) respectively.

CURRENT LAND USE

Agricultural Runoff

Riparian Condition

Channelization



AGRICULTURAL LAND MANAGEMENT

hile Wisconsin is known for its food production, how ince roughly half of the Fredonia-Newburg Area

this land is managed can have a significant effect on watersheds are used for agricultural purposes, the use
water quality. According to the Environmental Protection  of additional conservation practices on agricultural land is
Agency’s National Water Quality Inventory, “agricultural  imperative to ensure the protection and improvement of
nonpoint source (NPS) pollution was the leading source  water quality in the watershed. Selecting specific locations
of water quality impacts on surveyed rivers and lakes... for agricultural BMPs is complicated and involves many

Agricultural activities that cause NPS pollution include poorly  considerations including owner willingness to participate,
located or managed animal feeding operations; overgrazing;  land configuration, and crop management practices already
plowing too often or at the wrong time; and improper, in place. Individual land owners are encouraged to work
excessive or poorly timed application of pesticides, irrigation ~ with NRCS and the Counties to appropriately manage
water and fertilizer. ” nutrient and sediment loss on their lands.

grlcultural land can be a significant contributor of he Watershed-Based Plan includes a list of general

nutrlents, sediment, and bacteria to local streams when practices that should be |mplemented throughout the ﬁ
ractlces such as filter strips, grass swales, no or reduced watershed where practlcable g
tlllage, waste (manure) management, and fencing to restrict

livestock access to streams are notin place. Some agricultural Reco mended agricultural BMPs include: Ly~
parcels within the watershed are already utlhzmg appropriate "" ~ Conservation crop rotation " “-" - i“- ——
- conservation practices, including no-till farming, vegetated ... e No-till or Conservation tlllage e
swales, or cattle fencing in order to reduce nutrient and - .g Grass waterways

sediment loading to streams. Most farmers understand the = o Filter strlps
inherent value in reducmg soil and nutrient losses on their W‘Fencmg
arms "and consider it good business practice to do so. For%o “Injection ;
those parcels where conservation practlces-a'ppeared to be ° & Nutrlent m‘Sna ent plans o
- cklng‘pd‘tentlal recommendations were noted durlng the‘ﬁ-"“ v éste (manure) ma*négement Ty

. watershed’ﬁ'eldmvehto?y-.- E o el -
_ ' B

-1— *_lu; " "'1.,

ormation on a ko ra tlce
ﬁ%’ih?full \ﬁatef‘ﬂ’ie document :-_

Images: Background Conservatlon Tlllage ‘;l;o tlII) farmlng
Sour:ce farmprogress com. 1 / \ ﬂ / _‘__‘__

" = ‘__-{
Right, top to bottom Stakeholdersdévelopmg and prlorltlzmg
goals. Conservatlorf crop rotatlon, and grass waterways Ill
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GREEN INFRASTRUCTURE & YOUR BACKYARD

Green Infrastructure Network is a connected system of

naturalareasandotheropenspacethat conservesnatural
ecosystem values and functions, sustains clean air and water,
and provides a wide array of benefits to wildlife and people.
The network is made up of hubs and linking corridors. Hubs
generally consist of the largest and least fragmented areas
such as Huiras Lake, Fellenz Woods, Kratzsch Conservancy,
Mayhew Preserve, and Riveredge Nature Preserve. Corridors
are generally formed by private agricultural or residential
parcels along the Milwaukee River and its tributaries as
well as along the primary SEWRPC Environmental Corridors.
Corridors are extremely important because they provide
habitat conduits between hubs. However, most parcels
forming corridors are not ideal green infrastructure until
landowners embrace the idea of managing stream corridors
or creating backyard habitats. Source: greeninfrastructure.net

Any property owner can improve green
infrastructure. Create a safe place for

wildlife by providing a few simple things such
as food, water, cover, and a place for wildlife
to raise their young. The National Wildlife
Federation’s Certified Wildlife Habitat® and the
Conservation Foundation’s Conservation@
Home programs can help you get started.

reating a rain garden, or a small vegetated

depression, to capture water is another
way of promoting infiltration while beautifying
your yard and providing additional habitat.
Disconnecting your roof downspouts and
capturing that runoff in rain barrels not
only reduces the amount of runoff entering
streams, but also serves as a great source of
water for irrigating your yard.

Fellenz Woods:(Source: OWLT)

RAIN BARREL RAIN GARDEN



f a portion of a stream runs through your backyard, here are some tips to
help properly manage your piece of the green infrastructure network:

1. A NATURAL, MEANDERING STREAM IS A HAPPY STREAM
Work with experts to restore degraded streams.

2. REMOVE NON-NATIVE SPECIES
Identify and remove plants that are out of place (see photo guide, right).

3. PLANT NATIVE VEGETATION
Plants adapted to the Midwest climate can help control erosion by
stabilizing banks.

4. NO DUMPING
Avoid dumping yard waste and clear heavy debris jams.

5. MANAGE CHEMICAL USE
Avoid over fertilizing or spilling/dumping chemicals near waterways.

STREAM RESTORATION
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ACTION PLAN

He Fredonia-Newburg Area Watershed-

Based Plan includes an Action Plan
developed to provide stakeholders with
recommendations to address plan goals.
The Action Plan includes programmatic
and site-specific recommendations.
Programmatic = recommendations are
general watershed-wide remedial,
preventatitve, and regulatory actions.
Site-specific recommendations include
actual locations where projects can be
implemented to improve water quality,
green infrastructure, and aquatic and
terrestrial habitats.

Programmatic recommendations include...
¢ Ordinance and Policy Recommendation
e Rainwater Harvesting & Re-use

Native Landscaping

Street Sweeping

Septic System Maintenance

Green Infrastructure Planning

e Conservation Design & Low Impact
Development

Water Quality Trading & Adaptive
Management

Site-specific recommendations include...
e Stream & Riparian Area Restoration
e Agricultural Management Practices
e Other Management Measures:

e Wetland Restoration

e Natural Area Restoration

e Bioinfiltration Swales

e Golf Course Naturalization

e Rain Gardens

he recommended programmatic and

site-specific management measures
provide a solid foundation for protecting
and improving watershed conditions
over time but should be updated
as projects are completed or other
opportunities arise. Key implementation
stakeholders are encouraged to organize
partnerships and develop various funding
arrangements to help delegate and
implement the recommended actions.
More details on the action plan and
implementation can be found in the full
waterhsed plan document.

Stream & Riparian Area Restoration

PRIORITY AREAS

Agricultural Manag



ement Practices

MILWAUKEE RIVER TOTAL MAXIMUM
DAILY LOAD (TMDL) STUDY

or the Fredonia-Newburg Area watersheds, reduction targets for total phosphorus and

total suspended solids were based on the Milwaukee River Total Maximum Daily Load
(TMDL) pollutant load allocations for the corresponding watersheds within the Fredonia-
Newburg watersheds, under the guidance of WDNR. In order to meet the Milwaukee River
TMDL requirements, we need to reduce the total load of ...

Phosphorus by And total suspended solids by
* 45% for Newburg (MI-7) * 68% for Newburg (MI-7)
* 33% for North Branch (MI-13) * 66% for North Branch (MI-13)
¢ 51% for Fredonia (MI-15) * 57% for Fredonia (MI-15)

For fecal coliform, no percent reductions were developed under the TMDL, there was not
enough existing water quality data to determine an annual load reduction target, and
available models could not caluculate load reductions.

water quality monitoring plan is an essential part of any watershed plan to evaluate
plan implementation outcomes. Physical, chemical, and biological data will be collected
over time to track progress towards acheiving the TMDL targets.

Water Quality Monitoring & Education

Source: D. Johnson
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WHERE DO WE GO
FROM HERE?

Historical land uses have played a significant role in
the degradation of water resources in the Fredonia-
Newburg Area watersheds.  Fortunately, there are actions
outlined in the plan that can be taken to mitigate existing
issues and prevent additional problems. The future health
of the watershed is largely dependent on how the landscape
and stormwater are managed. That includes implementing
proven and environmentally-conscious landscape practices
and approaches to stormwater management, such as those
identified in this executive summary, to improve water quality
and stream health in the watershed.

here is no single fix for the water quality and landscape

challenges in the Fredonia-Newburg Area watersheds.
These problems are the cumulative result of decisions made
since people moved to the watershed in the 1800s. It will
take all stakeholders and actions at every scale in order to
positively impact watershed resources. This watershed-
based plan is the first step in helping watershed residents and
stakeholders understand what can be done to restore the
valuable resources of the Fredonia-Newburg Area watersheds.

M ilwaukee ‘Metropolitan Sewerage District (MMSD) is
a regional government agency that provides water
reclamation and flood management services for more
than one million people across the Greater Milwaukee
region. MMSD is a leader in protecting public health and the
drinking water through their wastewater treatment, flood
management, and green infrastructure programs. Funding for
this watershed planning process was made possible through
a WDNR aid agreement with MMSD and is funded by a Great
Lakes Restoration Initiative Nearshore Nonpoint Source grant.
The findings and recommendations herein are not necessarily
those of the funding agencies.

For more information on how you can help,
contact the Counties:

Ozaukee County - Andy Holschbach
Land & Water Management Department
121 W. Main St, P.O. Boz 994, Port Washington, WI 53074
262-284-8271

Washington County - Paul Sebo
Land & Water Conservation Division
333 E. Washington St, Ste. 2300
P.O. Box 2003, West Bend WI 53095

262-335-4805

All photos by AES unless otherwise noted.

Applied Ecological Services, Inc.”
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1.0 INTRODUCTION
1.1 Fredonia-Newburg Area Watersheds Setting

People live, work, and recreate in areas of land
known as “Watersheds”. A watershed is best
described as an area of land where surface water
drains to a common location such as a stream, river,
or lake (Figure 1). The source of groundwater
recharge to streams, rivers, and lakes is also
considered part of a watershed. Despite the simple
definition for a watershed, they are complex systems
with interaction between natural elements such as
climate, surface water, groundwater, vegetation, and
wildlife as well as human interactions. Urban
development and agriculture can produce stormwater
runoff, increase impervious surfaces thereby altering
stormwater flows, and degrade or fragment natural
areas. Other common names given to watersheds,
depending on size, include basins, sub-basins,
subwatersheds, and Subwatershed

Management Units (SMUs). Figure 1. Hypothetical watershed setting (Source: USEPA)

The Fredonia-Newburg Area watersheds planning area encompasses three HUC 12 watersheds:
Town of Fredonia- Milwaukee River (HUC: 040400030602), Milwaukee River North Branch (HUC:
040400030107), and Village of Newburg- Milwaukee River (HUC: 040400030209). The planning
area is located in southeast Wisconsin in Washington, Ozaukee, and Sheboygan Counties (Figure 2).
Together, the three watersheds drain nearly 47,000 acres (73 square miles) of land surface between
Milwaukee and Sheboygan. Municipalities found in the watershed include Fredonia, Newburg,
Waubeka, and West Bend. The watershed area lies across portions of Town of Fredonia, Town of
Farmington, Town of Saukville,and Town of Trenton.

Prior to European settlement, the Fredonia-Newburg Area watersheds were ecologically intact, with
clean water and a diversity of plant and wildlife populations. The area was a mosaic of southern
mesic or dry-mesic forests and southern lowland forest or wetland communities and was shaped and
maintained by frequent wildfires. During these times most of the water that fell as precipitation was
absorbed in these forested and wetland areas. Southeast Wisconsin was inhabited by the Potawatomi
Indian tribe until 1833 when the U.S. Government purchased 5 million acres of land and moved the
Potawatomi to areas in the western United States.

Ecological conditions changed quickly and drastically following European settlement in the mid-
1800s. Large scale fires no longer occurred, and bison and elk were extirpated. Significant portions
of wooded communities and nearly all prairies were tilled, and tile systems were installed to drain
wetland areas as farming became the primary land use by the early 1900s. Conversion from farmland
to primarily residential and commercial uses followed, particularly over the past 30 years because of
the close proximity to Milwaukee and Chicago, affordable land costs, and existing

transportation.
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networks. The Fredonia-Newburg Area watershed is presently dominated by agricultural land,
natural areas, and residential neighborhoods centered around few village centers.

While the Fredonia-Newburg Area watersheds have not experienced the levels of development seen
in more urbanized areas, ongoing development and landscape change in the watershed has brought
forth negative impacts to the environment. Increases in impervious surfaces greatly reduce the
ability of precipitation to infiltrate into the ground. The channelization or straightening of streams
has caused stormwater to run off of the land and in streams more quickly resulting in downcutting,
widening, and moderate bank erosion, which in turn causes sediment and nutrient loading
downstream. Meanwhile, invasive species established in adjacent floodplain wetlands are causing loss
of wildlife habitat and reduced floodplain function. Discharged water from various sources that is
not propetly filtered is referred to as “non-point source pollution” and is the primary focus of this
plan.

According to the Wisconsin Department of Natural Resources (WDNR) 2018 Water Quality Report
and Section 303d List (WDNR 2018), the Milwaukee River, North Branch Milwaukee River, and
Fredonia Creek within the Fredonia-Newburg Area watersheds are all listed as impaired. Under the
Federal Clean Water Act, waterbodies that do not meet water quality standards are considered to be
impaired. States are required to submit a list of impaired waterbodies to the U.S. Environmental
Protection Agency every other year.

This section of the Milwaukee Riveris 303(d) listed because of an unknown pollutant and total
phosphorus resultingin elevated water temperatures and an unknown impairment; this section was
also 303(d) listed for PCBs at one time but was delisted in 2006. The North Branch Milwaukee River
is 303(d) listed because of excessive amounts of phosphorus resulting in a degraded biological
community. Finally, Fredonia Creek is 303(d) listed because of excessive amounts of phosphorus
resulting in an unknown impairment.

Noteworthy- Watershed at a Glance
Southern mesic, dry-mesic, lowland forests were common prior to European settlement in the 1830s.
Tributaries in the watershed drain 73 square miles in Ozaukee, Washington, & Sheboygan Counties, W1.

The dominant land uses in 2018 include agricultural land, open space, and residential areas.
Municipalities include Fredonia, Newburg, and West Bend.

The population of the watershed in 2010 was nearly 15,000 and is expected to increase to over 21,500 by
2050.

e Water quality is impacted by phosphorus and sediment.
e 56% of streams and tributaries are naturally meandering; 44% are moderately to highly channelized.
40% of streams exhibit no bank erosion; 60% are moderately eroded.
e 28% of the riparian areas are in “Good” ecological condition, 46% are “Average”; and 26% are “Poor”.
e There were 18,171 acres of wetlands prior to European settlement; 8,441 acres or 46% remain in 2018.
e Open space patcels comprise approximately 44,656 actes or 78% of the watershed.
e 7 “Important Natural Areas” make up 600 acres and are home to number of important species.
Shallow and deep groundwater aquifers provide the water supply for many private users and municipalities.
e Modeling indicates that agricultural land uses contribute the most to pollutant loading.
o Priority Area stream and riparian area restoration, agricultural management practice, and other management
measures were identified for potential implementation across the watershed.
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1.2 Project Scope & Purpose

Milwaukee Metropolitan Sewerage District (MMSD) is a regional government agency that provides
water reclamation and flood management services for more than one million people across the
Greater Milwaukee region. MMSD is a leader in protecting public health and the drinking water
through their wastewater treatment, flood management, and green infrastructure programs (MMSD
2019). Funding for this watershed planning process was made possible through a WDNR aid
agreement with MMSD and is provided via a Great Lakes Restoration Initiative Nearshore
Nonpoint Source grant. MMSD hired Applied Ecological Services, Inc. (AES) and AquaVitae (AV)
in August 2018 to develop the plan. MMSD, AES, and AV used the funding to conduct a watershed
planning effort and produce a comprehensive “Watershed-Based Plan” for the Fredonia-Newburg
Area watersheds that meets requirements as defined by the United States Environmental Protection
Agency (USEPA). Ultimately, the intent is to develop and implement a Watershed-Based Plan
designed to enable these waterbodies to achieve water quality standards /critetia.

The watershed planning process is a collaborative effort involving voluntary stakeholders who’s
primary intent is to restore impaired waters and protect unimpaired waters by developing an
ecologically-based management plan. The Fredonia-Newburg Area watershed-based plan focuses on
improving water quality by prioritizing cost effective projects in areas where progress in improving
water quality can be achieved. Water quality improvement projects include protecting green
infrastructure, creating protection policies, implementing ecological restoration, and educating the
public. Another important outcome is to improve the quality of life for people in the watershed for
current and future generations.

The primary purpose of this planis to spark interest and give stakeholders a be tter understanding of
the Fredonia-Newburg Area watersheds and to promote and initiate plan recommendations that will
accomplish the goals and objectives of this plan. This plan was produced via a comprehensive
watershed planning approach that involved input from stakeholders and analysis of complex
watershed issues by watershed planners, ecologists, GIS specialists, water quality specialists, and
environmental engineers. In addition, ideas and recommendations in this plan are designed to be
updated through adaptive management that will strengthen the plan over time as additional
information becomes available.

1.3 USEPA Watershed-Based Plan Requirements

In March 2008, the United States Environmental Protection Agency (USEPA) released watershed
protection guidance entitled “Non-point Source Program and Grant Guidelines for States and
Territories.” The document was created to ensure that Section 319 funded projects make progress
towards restoring waters impaired by non-point source pollution. Applied Ecological Services, Inc.
consulted USEPA’s “Handbook for Developing Watershed Plans to Restore and Protect Our
Waters” (USEPA 2008) and subsequent guidance to create this watershed plan. Having a
Watershed-Based Plan will allow Fredonia-Newburg Area watershed stakeholders to access 319
Grant funding and other funding for watershed improvement projects recommended in this plan.
Under USEPA guidance, “Nine Elements” are required in order for a plan to be considered a
Watershed-Based Plan.
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Noteworthy- USEPA Nine Elements

Element A: 1dentification of the causes and sources or groups of similar sources of pollution that will need to
be controlled to achieve the pollutant load reductions estimated in the watershed-based plan;

Element B: Estimate of the pollutant load reductions expected following implementation of the management
measures described under Element C below;

Element C: Description of the BMPs (non-point source management measures) that are expected to be
implemented to achieve the load reductions estimated under Element B above and an identification
of the critical areas in which those measures will be needed to implement;

Element D: Estimate of the amounts of technical and financial assistance needed, associated costs, and/or the
sources and authorities that will be relied upon, to implement the plan;

Element E: Public information/education component that will be implemented to enhance public
understanding of the project and encourage early and continued participation in selecting,
designing, and implementing/ maintaining non-point source management measures that will be
implemented;

Element F: Schedule for implementing the activities and non-point source management measures
recommended in the plan; identified in this plan that is reasonably expeditious;

Element G: Description of interim, measurable milestones for determining whether non-point source
management measures ot other control actions are being implemented;

Element H: Set of environmental or administrative criteria that can be used to determine whether loading
reductions are being achieved over time and substantial progressis being made towards attaining
water quality standards;

Element I Monitoring component to evaluate the effectiveness of the implementation efforts over time.

1.4 Planning Process

The planning process for the Fredonia-Newburg Area watersheds was designed to be stakeholder-
driven with assistance from MMSD and AES and other partner agencies. MMSD and AES
facilitated meetings between October 2018 and November 2019. Feedback gathered at these
meetings, best professional judgement, and the requirements outlined in USEPA’s Handbook for
Developing Watershed Plans to Restore and Protect Our Waters directed the development of the watershed-
based plan. AES provided technical assistance for the watershed-based plan and drafted the report
and AV provided technical assistance for the report, developed the GIS data/maps, and conducted
the modeling for the plan.

MMSD, SEWRPC, Ozaukee and Washington Counties, WDNR, municipal representatives, and
other active stakeholders played an important role in the early identification of watershed issues,
stakeholder goals, and an overall vision for watershed improvements. Meetings were initiated by the
Watershed Coordinator, Karen Nenahlo, and covered a wide range of topics specific to the
Fredonia-Newburg Area watersheds. Meeting schedules and topics of those meetings are included in
Table 1. Attendance lists and stakeholder meeting flyers are included in Appendix A.
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Table 1. Meeting dates, agendas and summaries.

Meeting Date

Agenda

Summary

October 9, 2018

e Background context to the
plan effort

e Introduction to Watershed
Planning Process

e Overview of Field Inventory

MMSD presented the context for putting together a
watershed plan for the Fredonia-Newburg Area and
Applied Ecological Services detailed the planning process
and what to expect. AES then detailed the results of the

watershed field inventory.

November 13,
2018

e Watershed Characteristics
Assessment, Part 1

AES detailed the geology, topology, soils, and
subwatersheds as well as summarized the jurisdictions
and demographics, existing and future land use, and
impervious cover in the watershed. AES then gave an
overview of the Code and Ordinance review process and
its importance in the planning process.

January 15, 2019

e Watershed Characteristics
Assessment, Part 2

AES detailed the watershed drainage network, highly
productive agricultural lands, important natural areas and
summarized groundwater conditions. Then AES walked
stakeholders through the process and results of the open
space inventory, prioritization and green infrastructure
network.

March 12, 2019

e Water Quality Data Summary
e Initial Pollutant Loading
Model Results

Applied Ecological Services presented plan Section 4.0
(Water Quality & Pollutant Modeling Assessment). It was
explained to the group that phosphorus and total
suspended solids are the primary water quality threats in
the watershed.

April 30,0219

e Watershed Overview
e Goal Building

MMSD and UW Extension Cooperative provided
overview of plan, plan purpose and requested input from
area farmers on their priorities for water quality

e Watershed Overview
Presentation

e Watershed Goal Priotitization

e World Café Exercise

Applied Ecological Services first gave summary of the
Fredonia-Newburg Area watershed conditions to prepare
stakeholders for a visioning session. The mission and
goal-setting session followed a World Café Exercise
format whereby stakeholders provided valuable

May 7, 2019 - Goal Building information about the group’s goals for the watershed.
Applied Ecological Services presented plan Section 5.0
o (Causes & Sources of Impairment & Reduction Targets)
® Priority Areas and 0.0 (Management Measures Action Plan). This also
e Programmatic Action Plan included a discussion of the Priority Areas within the
July 9, 2019 e Site Specific Action Plan watershed and potential project types.

August 1-20, 2019

e Plan Overview Presentations

MMSD presented an overview of the plan purpose and
content at local board and plan commission meetings

September 10, 2019

e Executive Summary

e Information & Education
Plan

e Future Water Quality
Monitoring

Applied Ecological Services presented the Executive
Summary. This was followed by an in-depth presentation
of plan Section 7.0 (Information & Education Plan) by
vatious partners. AES presented the Future Water
Quality Monitoring Plan from plan Section 8.0.

November 12,
2019

e Present Final Watershed Plan

e Discuss Implementation
Phase

MMSD presented the Final Watershed Plan and
discussed next steps with the stakeholder group.
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1.5 Using the Watershed-Based Plan

The information provided in this Watershed-Based Plan is prepared so that it can be easily used as a
tool by any stakeholder including elected officials, federal /state/ county/municipal staff, and the
general public to identify and take action related to watershed issues and opportunities. The pages
below summarize what the user can expect to find in each major “Section” of the plan.

Section 2.0: Mission, Goals, and Objectives

Section 2.0 of the plan contains the Fredonia-Newburg Area watershed goals and objectives. Goal
topics include Surface Water Quality, Agriculture, Education & Stewardship, Groundwater,
Communication & Coordination, Flooding, and Species and Habitat, and the Green Infrastructure
Network. In addition, “Measurable Objectives” were developed where possible for each goal so that
the progress toward meeting each goal can be measured in the future by evaluating information
included in Section 9.0 (Measuring Plan Progress & Success).

Section 3.0: Watershed Resource Inventory

An inventory of the characteristics, problems, and opportunities in the Fredonia-Newburg Area
watersheds is examined in Section 3.0. Resulting analysis of the inventory data led to recommended
watershed actions that are included in Section 6.0 (Management Measures Action Plan). Inventory
results also helped identify causes and sources of watershed impairment as required under USEPA’s
Element A.

Section 3.0 includes summaries and analysis of the following inventory topics:

Watershed Resource Inventory Topics Includedin the Plan
- 3.1 Geology & Climate - 3.10 Impervious Cover Impacts
- 3.2 Pre-European Settlement Landsape & Present Landsaape - 3.11 Open Space & Green Infrastructure
- 3.3 Topography, Watershed Boundary, Subwatersheds - 3.12 Highly Productive Agticultural Land
- 3.4 Soils - 3.13 Important Natural Areas
- 3.5 Jurisdictions, Roles & Protections - 3.14 Watershed Drainage System
- 3.6 Existing Polides & Ordinance Review - Streams
- 3.7 Demographics - Wetlands
- 3.8 Transportation Network - Floodplain
- 3.9 Existing & Future Land Use/Land Cover - 3.15 Groundwater

Section 4.0: Water Quality & Pollutant Modeling Assessment

A summary and analysis of available water quality data for the watershed and pollutant modeling
assessment is included in its own section because of its importance in the watershed planning
process. This section includes a detailed summary of physical, chemical, and biological data available
for the Fredonia-Newburg Area watersheds. Water quality data combined with pollutant loading
data provides information needed for developing pollutant reduction targets and identifying Priority
Areas, as outlined in Section 5.0 (Causes & Sources of Impairment & Reduction Targets).

Section 5.0: Causes & Sonrces of Impairment & Reduction Targets

This section of the plan includes a list of causes and sources of watershed impairment as identified
in Section 3.0 (Watershed Resource Inventory) and by watershed stakeholders that affect Wisconsin
DNR “Designated Uses” for water quality and other watershed features. As required by USEPA,
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Section 4.0 also addresses all or portions of Elements A, B, & C including an identification of the
Priority Areas, pollutant load reduction targets, and estimate of pollutant load reductions following
implementation of recommended Priority Area Management Measures identified in Section 6.0.
Section 6.0: Management Measures Action Plan

A “Management Measures Action Plan” is included in Section 6.0. The Action Plan is divided into a
Programmatic Action Plan and a Site-Specific Action Plan. Programmatic recommendations are
described in paragraph format; site specific recommendations are presented in paragraph, figure, and
table formats with references to entities that would provide consulting, permitting, or other technical
services needed to implement specific measures. The site-specific tables also outline project priotity,
pollutant reduction efficiency, implementation schedule, sources of technical and financial
assistance, and cost estimates. This section also contains a watershed-wide summary table of specific
information for all recommended site-specific management measures combined including “Units,”
“Cost,” and “Estimated Pollutant Load Reduction”. This section addresses all or a portion of
USEPA Elements C & D.

Section 7.0: Information & Education Plan

This section is designed to address USEPA Element E by providing an Information/Education
component to enhance public understanding and to encourage eatly and continued participation in
selecting, designing, and implementing recommendations provided in the Watershed-Based Plan.
This is accomplished by providing a matrix that outlines each recommended education action, target
audience, package or vehicle for implementing the action, who will lead the effort, what the
expected outcomes or behavior change will be, and estimated costs to implement.

Sections 8.0 & 9.0: Plan Implementation & Measuring Plan Progress & Success

A list of key stakeholders and discussion about forming a Watershed Implementation Committee
that forms partnerships to implement watershed improvement projects is in included in Section 8.0.
Section 9.0 includes two monitoring components; 1) a “Water Quality Monitoring Plan” that
includes specific locations and methods where future sampling should occur and a set of water
quality “Criteria” that can be used to determine whether pollutant load reduction targets are being
achieved over time and 2) “Report Cards” for each plan goal used to measure milestones and to
determine if Management Measures are being implemented on schedule, how effective they are at
achieving plan goals, and need for adaptive management if milestones are not being met. Sections
8.0 and 9.0 address USEPA Elements F, G, H, and 1.

Sections 10.0 & 11.0: Literature Cited and Glossary of Terms

Section 10.0 includes a list of literature that is cited throughout the report. The Glossary of Terms
(Section 11.0) includes definitions or descriptions for many of the technical words or agencies that
the user may find useful when reading or using the document.

Appendix

The Appendix to this report is included on the attached CD located on the back cover (hard copies
only). It contains watershed stakeholder attendance lists and stakeholder meeting flyers (Appendix
A), Center for Watershed Protection local ordinance review results (Appendix B), map results of the
watershed resource field inventory (Appendix C), a list of the public wells in the Fredonia-Newburg
Area watersheds (Appendix D), the STEPL modelling results and assumptions used to develop
pollutant loading estimates and reductions (Appendix E), County maps of potentially failing private
onsite wastewater treatment systems (POWTS) (Appendix F), and a list of potential funding
programs and opportunities (Appendix G).
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1.6 Prior and Concurrent Studies and Projects

Various studies and other planning processes have been completed or are in progress describing and
analyzing conditions within the Fredonia-Newburg Area watersheds. This Watershed-Based Plan
uses existing data to analyze and summarize work that has been completed by others and integrates
new data and information and has been developed concurrent to several other planning projects. A
list of known studies and projects is summarized below.

1. Southeastern Wisconsin Regional Planning Commission (SEWRPC) developed a number of
stormwater or drainage management plans, environmental reports, or watershed planning
documents for various municipalities and contextual settings within the Fredonia-Newburg Area
watershed beginning in the 1960s and continues to develop and updates these plans.

2. In 1970, SEWRPC created a comprehensive plan for the Milwaukee River watershed (Planning
Report No.13). This report provides an overview of land and water resource quality and
identifies challenges within this basin.

3. Between 1989 and 1991, the WDNR in partnership with the Wisconsin Department of
Agriculture, Trade & Consumer Protection and county land conservation departments
developed three priority watershed plans that each cover portions of the Fredonia-Newburg
Area HUC-12s. These projects were designed to address nonpoint source pollution. The three
plans were: Nonpoint Source Control Plan for the East and West Branches of the Milwaukee
River Priority Watershed Project (1989), Nonpoint Source Control Plan for the North Branch
Milwaukee River Priority Watershed Project (1989), Nonpoint Source Control Plan for the
Milwaukee River South Priority Watershed Project (1991).

4. In 1999, SEWRPC developed a comprehensive land use plan for the Town of Fredonia. This
was updated to a comprehensive plan through 2035 in March of 2009.

5. In 2002, SEWRPC completed a study of groundwater entitled Groundwater Resources of
Southeastern Wisconsin (Technical Report No. 37). This report provides an overview of the
current extent and conditions of both deep and shallow aquifers in Southeastern Wisconsin.

6. In 2007, SEWRPCissued an update to the regional water quality management plan for the
greater Milwaukee watershed, including the Milwaukee River watershed. This plan was
accompanied by a technical report on water quality and sources of water pollution for the
watersheds addressed. SEWRPC set forth limited revisions to this plan update in a 2013 plan
amendment.”

7. In 2008, SEWRPC and the Ozaukee County Planning and Parks Department developed a
county comprehensive plan called A Multi-Jurisdictional Comprebhensive Plan for Ozankee County:
2035. This plan followed a “Smart Growth” framework and guidelines and was amended in 2009
and 2013.

8. In 2008, SEWRPC and the Washington County Planning and Parks Department Planning
Division developed a county comprehensive plan called A Multi-Jurisdictional Comprebensive Plan for
Washington County: 2035 This plan followed a “Smart Growth” framework and guidelines and
was adopted that same year. This plan is being updated to 2050 and a preliminary draft was
released in January 2019.

9. In 2009, SEWRPC and the Washington County Planning and Parks Department developed A
Park and Open Space Plan for Washington County. An update for this plan is in progress.
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10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

In 2011, SEWRPC and the Ozaukee County Planning and Parks Department developed A Park
and Open Space Plan for Ozaukee County. An update for this plan is in progress.

In 2012, SEWRPC developed a comprehensive land use plan for the City of West Bend.

The Milwaukee Metropolitan Sewerage District created a planin 2013 to implement widespread
green infrastructure throughout their planning region.

In 2013, SEWRPC and Ozaukee County developed A Farmland Preservation Plan for Ozaukee
County that extends to 2035. This plan is designed to preserve economically viable agriculture
and the rural character of the County.

In 2015, Ozaukee County developed a Land and Water Resource Management Plan (2011-2015).
The mission of this plan is “to protect, preserve and enhance natural resources, local ecology
and the quality of life in Ozaukee County.” An update for this plan is in progress.

In 2015, Ozaukee County developed a GIS-based Fish and Wildlife Decision Support Tool that
addresses the role of wetland protection and restoration within the larger context of landscape-
based fish and wildlife habitat conservation.

Wisconsin has also utilized Section 208, or the Priority Watershed Program, to develop a
nonpoint pollutant source program, the most recent of which was approved by EPA in 2015.
WDNR identified watersheds and lakes in most need of nonpoint pollution abatement and
encouraged the use of nonpoint source controls to improve water quality.

In 2016, SEWRPC completed its Vision 2050: A Regional I.and Use and Transportation System
Plan for Southeastern Wisconsin which forecasts various demographic, land use, and
transportation data for the planning area through 2050.

In 2016, Ozaukee County completed the Ozaukee County Coastal Resources Ecological
Prioritization Master Plan. The Plan is a parcel-level prioritization and planning effort for
preservation and restoration of critical land and water resources in the County.

The Community Rivers Program works to with communities in the Upper Milwaukee River
Watershed to create healthier ecosystems. In 2017, they completed a Report Card for the
Milwaukee River Basin that summarizes the water quality conditions within the planning area.

As a stipulation of MMSD’s new WPDES permit, a Water Quality Improvement Plan (WQIP) is
due to WDNR by March 1, 2020. The WQIP is intended to be a holistic plan to address water
quality issues and stream impairments, to build the framework behind an Intergovernmental
Cooperation Agreement to prioritize and implement cost-effective water quality improvement
measures, collaboratively between and across watershed stakeholders. The WQIP will
recommend a monitoring system that will measure and document water quality, and when
streams can be removed from the WDNR Section 303(d) list of impaired waterbodies (“delisting
streams”).

Approved by the USEPA in March 2018, the Milwaukee River Basin Total Maximum Daily
Load (MRB TMDL) Report provides documentation of the sources, loads, and required
reductions for three pollutants (total phosphorus, total suspended solids, and fecal coliform) in
the Milwaukee, Menomonee, and Kinnickinnic River Watersheds, as well as in the Milwaukee
Harbor Estuary. The MRB TMDL was a third-party TMDL (not created by WDNR)
commissioned by MMSD and produced by a consultant team led by CDM Smith, with input
from WDNR and SEWRPC.
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2.0 MISSION, GOALS, AND OBJECTIVES
2.1 Fredonia-Newburg Area Watershed-Based Plan Mission

The Watershed Coordinator and stakeholders of the Fredonia-Newburg Area watersheds developed
a mission statement to guide the watershed plan. That mission is as follows:

“The communities of the Fredonia-Newburg Area watersheds are dedicated to the protection, preservation, and
improvement of our area watersheds through planning, implementation, education, and stewardship for shared health
and area wellbeing.”

Scenic view of the Fredonia-Newburg Area landscape

2.2 Places-of-the-Heart

During a May 7, 2019 meeting devoted to gathering feedback from the community on the
development of the plan and goals, stakeholders were given the opportunity to participate inan
exercise called Places-of-the-Heart. Participants were asked to place heart-shaped stickers on a map
of the watershed to indicate places they felt a connection to and to explain to the group why they
placed their stickers where they did. Figure 3 depicts where participants placed their hearts and
Table 2 summarizes what participants shared with the group (note: not all participants shared a
description of why they placed a heart where they did).
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Table 2. Location and description of Places-of-the-Heart group exercise.

Heart # Description

7 “I see lots of wild life there and hope to keep their wild land home into the future
(birds, deer, turtles, turkeys, ducks, etc.)”

“I've seen many snapping turtles killed on County Road W crossing the road”

9 “Riveredge — 379 acres of restored farmland and Hardwood forest — beautiful”

16 “Agricultural land and management. The Ag Component is a strong vibrant part of the
watershed, maintain the ag component, improve the vibrancy and management of the
land”

17 “I see this is a problem flooding area where I live”

18 “My home”

19 “Home, Waubeka runoff erosion brown water vs clean water/ *opened up a 10 acre
wetland north of our farm -> not closed back to pastlevel (destroyed owl habitat in
Hames Woods) *Woodbank was compromised in 1970s/ Floodwater force through
woods and our land.”

20 “This is where I cross the River when the cops are after me”

21 “Pioneer Rd South, South parcel — neighboring farmer dug ditch (a new ditch) right on
our property line in January within less than 1,000 feet of our pond. DNR first objected
to his clearing his own ditch but later said his ditching was for ag reasons (the new
ditch was never there before)”

22 “North Branch — our original family homestead pre-Civil War has had other owners
since. Neighbor to west built a pond right on the north branch within “feet” of the
north branch.

24 “A small wetland I own into which people throw tires and other junk to get rid of it.”

25 “The area where I am responsible for the quality of effluent that enters the river.”

26 “Riveris great for canoeing and kayak trips”

27 “Beautiful natural areas and a great park for community”
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Figure 3. Places-of-the-Heart mapping exercise results.
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2.3 Goals & Obijectives

Watershed stakeholders were first presented with information about the character, existing
conditions, and quality of watershed resources over the course of several meetings prior to
developing goals. Eight general goal topics that address issues that were brought up during those
meeting as important in the Fredonia-Newburg watershed were selected. Stakeholders were then
given the opportunity to vote on goals they felt were most important as a way of prioritizing those
goals.

The voting process occurred during the Goals meeting held on May 7, 2019. Each stakeholder was
given five votes. Each person was allowed to use up to two votes on a single goal if he or she felt
strongly about it. The voting process helped focus on goals that need to be adequately addressed in
the planning process and within this watershed plan report. Tallied votes by goal topic were as
follows:

1) Surface Water Quality — 27 votes

2) Agticulture — 20 votes

3) Education & Stewardship — 75 vozes

4) Groundwater — 73 votes

5) Communication & Coordination — 9 votes
6) Flooding — & votes

7) Species & Habitat — 5 votes

8) Green Infrastructure Network — 4 potes

Finally, stakeholders that attended the Goals meeting participated in a World café exercise dedicated
to a facilitated brainstorming session around the watershed plan mission statement and goals.
Facilitators led successive groups of stakeholders through questions and prompting around each
goal and the mission statement, taking notes on stakeholderideas and feedback. This information
was then used to refine the mission, the goals, and the objectives of the plan, as well as incorporated
into the plan document where appropriate.

Objectives for each goal were further refined to be specific where appropriate and designed to be
measurable so that future progress toward meeting goals can be assessed. Goals and objectives
ultimately lead to the development of action items and project recommendations. The Management
Measures Action Plan section of this report is geared toward addressing watershed goals by
recommending programmatic and site-specific Management Measure actions to address each goal.
The goals and objectives are examined in more detail in the discussion of the measurement of plan
progress and success via milestones and “Report Cards” givenin Section 9.2.

Goal 1: Improve surface water quality to meet water quality standards.

Objectives:

1) Restore 152,621 linear feet of riparian areas buffers and spot stream stabilization along High
Priority and Medium Priority stream reaches.

2) Implement 1,589 acres of other management measures recommended in this plan.

3) Implement agricultural best management practices on 5,052 acres of agricultural land identified
in the plan.

4) Continue existing water quality monitoring programs and implement the Water Quality
Monitoring Plan targeting assessment of Total Phosphorus, Total Nitrogen, Total Suspended
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5)

Solids, and E. w/i atidentified locations. Other parameters are identified for additional
monitoring within the water quality monitoring plan.

Track changes in water quality over time as related to the Milwaukee River TMDL and make
adaptive management changes to the plan as necessary to ensure water quality improvements
toward meeting the TMDL reductions.

Goal 2: Encourage agricultural techniques and soil conservation practices that will protect
and conserve topsoil and bolster our water resources.
Objectives:

1)

2)

3)
4)

5)

Encourage landowner to utilize existing programs and agencies such as the Natural Resource
Conservation Service (NRCS), the University of Wisconsin-Division of Extension, and the land
conservation departments of Ozaukee, Sheboygan, and Washington Counties to install
conservation practices that protect soil loss and water quality.

Educate and inform landowners about federal and state cost-share programs, which provide
incentives forlandowners to enroll in conservation programs and implement conservation
practices.

Increase support for and develop additional financial assistance programs targeted at increasing
the installation of conservation practices.

Encourage landowners and farmers to leave adequate buffers between agriculturalland and
waterways.

Implement agricultural best management practices on 5,052 acres of agricultural land identified
in the plan.

Goal 3: Increase stakeholder awareness of watershed issues through education and
stewardship.
Obyjectives:

D

2)
3)

4)
5)
6)

Increase environmental stewardship opportunities and encourage stakeholders to participate in
watershed plan implementation and restoration campaigns to increase activism in the watershed.
Implement the Fredonia-Newburg Watershed-Based Plan Information & Education Campaign.
Inform public officials of the benefits of conservation and low impact development and the
importance of ordinance language changes that promote these developments.

Create targeted educational information for riparianland owners.

Install watershed interpretation signage at public access points and major roads.

Develop recommendations and alternatives for the use of fertilizer and road salt and the disposal
of pet waste.

Goal 4: Protect groundwater quantity and quality.
Objectives:

D)

2)
3)

4)

Encourage county health departments or other appropriate entities to monitor the extent and
current condition of septic tanks in the watershed and to educate septic tank owners on how to
propetly maintain their systems.

Educate stakeholders about potential groundwater contamination issues and encourage private
well testing,.

Implement model groundwater recharge policies for development in all “High” and “Very
High” groundwater recharge potential areas.

Encourage landowners to install downspout disconnection practices such as rain gardens and
rain barrels and utilize pavement alternatives.
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5) Encourage use of Stormwater Treatment Train, Conservation Developments, or Low Impact
Designs within new and redevelopment.

6) Encourage additional studies and stakeholder education on connections between well -
abandonment and groundwater quality.

Goal 5: Increase communication and coordination among stakeholders.

Obyjectives:

1) Inform public officials on the benefits of conservation, low impact development, and the
importance of ordinance language changes.

2) Encourage adoption of the Fredonia-Newburg Area Watershed-Based Plan by local
municipalities in the watershed.

3) Leverage existing outreach programs and develop additional programs and vehicles dedicated to
conducting water quality outreach and grass roots communication within the Fredonia-Newburg
Area watersheds.

4) Increase awareness of surface water quality issues among the general public and agricultural
community.

5) Encourage amendments to municipal comprehensive plans, codes, and ordinances to include
watershed plan goals and objectives where necessary.

Goal 6: Manage and mitigate for existing and future structural flood problems.

Objectives:

1) Implement impervious reduction measures into development that is predicted to occur within
Subwatershed Management Units 3, 8, 11, 12, 25, 33, 34, and 35, which are “Highly Vulnerable”
to future development changes and associated impervious cover.

2) Mitigate for identified flood problem areas on a case by case basis where feasible.

3) Limit development in the identified FEMA 100-year floodplain.

4) Restore 489 acres of potential wetland restoration sites and maintain existing wetland
connectivity to streams.

Goal 7: Protect and manage natural and cultural components of the Green Infrastructure

Network, including fish and wildlife habitat.

Obyjectives:

1) Include the identified Green Infrastructure Network in all county and municipal comprehensive
plans and development review maps.

2) Encourage private land owners with parcels within the Green Infrastructure Network to manage
their land for ecological and water quality benefits.

3) Increase the width of and restore riparian buffers along 11 stream reaches identified as critical
stream reaches and reconnect the stream to the floodplain where possible.

4) Improve habitat in degraded stream reaches using natural design approaches.

5) Develop and implement restoration and management plans for all Natural Area Restoration
sites.

6) Implement conservation or low impact design standards where new or redevelopment occurs.

7) Incorporate natural landscaping into golf courses.
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3.0 WATERSHED RESOURCE INVENTORY
3.1 Geologic History & Climate

Geologic History

The terrain of the Midwestern United States is shaped by several significant features and processes
including The Niagara Escarpment and the Late Wisconsin Glaciation. The Niagara Escarpment is a
650-mile (1,050 km) long discontinuous bedrock ridge that runs from western New York near
Niagara Falls, through southern Ontario and the Upper Peninsula of Michigan into eastern
Wisconsin (Luczaj 2013). The ancient Niagara Escarpment has had a lot to do with creating the
familiar landscape of eastern Wisconsin. During the last ice age, this erosion-resistant rock ridge
caused the vast glacier to split into two lobes, which carved out Green Bay, Lake Winnebago and
Lake Michigan. It continues to lend a special sense of place to the region, as it snakes through the
countryside, affording a dramatic backdrop here or a spectacular view there (Kluessendorf 2010).

Figure 4. Phases of glaciations in Wisconsin. Source: Syverson & Colgan.
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After the 400-million-year-old Niagara Escarpment established the foundation, the subsequent
process of shaping the terrain we see now took thousands of years as glaciers advanced and retreated
during the Pleistocene Era or “Ice Age”. Some of these glaciers were a mile thick or more. The area
of east central Wisconsin where the Fredonia-Newburg Area watersheds now lie was covered by the
most recent glacial event known as the Late Wisconsin Glaciation that began approximately 30,000
years ago and ended around 9,500 years ago (Figure 4). During this period the earth’s temperature
warmed and the ice slowly retreated leaving behind moraines and glacial ridges where it stood for
long periods of time (Hansel 2005). As the glaciers from this period receded, they scoured out what
have become the Great Lakes and left behind a nearby terminal moraine known as the Kettle
Moraine. The Kettle Moraine geology defines the character of these watersheds and the
communities within them. Massive amounts of meltwater from the melting and receding glacier also
carved out many of the ravines found along the coastline.

The composition of the soil in the watershed area is also a remnant of the ancient ice movement.
Above the bedrock lies a layer of deposits left behind from the glaciers, consisting of clay, silt, sand,
and limestone cobble. A somewhat tundra-like environment covered by spruce forest was the first
ecological community to colonize after the glaciers retreated. As temperatures continued to rise, cool
moist deciduous forests dominated by maple, basswood, and beech trees developed along Lake
Michigan coastal areas and oak-hickory forests, oak savannas, marshes, and prairies developed more
inland. Black ash, relict cedar, and tamarack swamps were also part of the landscape.

Climate

The southeast Wisconsin climate can be described as temperate with cold winters and warm
summers where great variation in temperature, precipitation, and wind can occur on a daily basis.
Surges of polar air moving southward or tropical air moving northward cause daily and seasonal
temperature fluctuations. The action between these two air masses fosters the development of low -
pressure centers that generally move eastward and frequently pass over the study area, resulting in
abundant rainfall. Prevailing winds are generally from the west but are more persistent and blow
from a northerly direction during winter. Lake Michigan significantly influences the study area as it
reduces the heat of summer and buffers (warms) the cold of winter by several degrees on average.

The Weather Channel website (www.weather.com) provides an excellent summary of climate
statistics including monthly averages and records for most locations in Southeast Wisconsin. Data
for West Bend, W1 was selected to represent the climate and weather patterns experienced across
the three watersheds (Figure 5). The average temperature in West Bend ranges from a high of 81 °F
(July) to alow average temperature of 11 °F (January). Record high and low temperatures are 107 °F
and -30 °F, respectively. The average annual rainfall is 33.2inches. The average annual snow
measures 44.7 inches. (Sperling’s, 2018).
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Figure 5. Monthly averages, highs and lows for temperature and precipitation in West Bend, W1
(Source: the Weather Channel).

According to Wisconsin Initiative on Climate Change Impacts (WICCI) Wisconsin’s climate is
changing. On average, Wisconsin has become warmer and wetter over the past 60 years. Future
projections for Wisconsin created by University of Wisconsin-Madison suggest Wisconsin’s warming
trend will continue and increase considerably. By the middle of the century, statewide annual average
temperatures are likely to warm by 6-7 ° F.

3.2 Pre-European Settlement Landscape Compared to Present Landscape

The last Native American Indian tribe to call the area home was the Potawatomie. Per old historical
accounts: “The Milwaukee River was the boundary line between the Chippewas and the
Pottawatomies, the former holding all lands south of the entire length of the Milwaukee River, while
the latter occupied everything north of that stream” (Cigrand 1916). These people lived in relative
harmony with the environment until they signed a land cession treaty with the United Statesin 1816
at Prairie du Chien, Wisconsin. By the early 1830’s, Wisconsin and Illinois lands were rapidly
dwindling and pressure on natural resources by incoming white settlers on adjacent lands severely
affected supplies and game (Cigrand 1916). A subsequent treaty in 1833 resulted in their removal
from the land by the U.S. Government.

This treaty further paved the way for European settlement in the area that began with surveys of the
land. The original public land surveyors that worked for the office of U.S. Surveyor General in the
early and mid-1800s mapped and described natural and man-made features and vegetation
communities while creating the township, range, and section (“Rectangular Survey System”) for
mapping and sale of western public lands of the United States (Daly & Lutes et. al., 2011).
Ecologists know by interpreting survey notes and hand drawn Federal Township Plats of Wisconsin
(1833-18066) and from documents written