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PREFACE

CONTENTS

The Baird Creek Watershed Modeling Project Report contains a preface, four chapters, an
appendix, and a bibliography. The preface offers a description of the contents of the report as
well as information on the Bay-Lake Regional Planning Commission (the “Commission”) and the
Baird Creek Preservation Foundation.

Chapter 1 introduces the project with some background information on the project, the Baird
Creek watershed, the project area, and the origin of funding for the project.

Chapter 2 introduces the L-THIA NPS model with a description of the model, the process used to
model the project, and a discussion on the necessary inputs to the model.

Chapter 3 provides the project results with a summary of the findings for each modeled scenario.

Chapter 4 is the final chapter of the Baird Creek Watershed Modeling Project Report. It provides
an evaluation of the project, GIS software needs, data needs, data availability, and a discussion
on the limitations of the model.

Appendix A contains the graphical output information from the study with output tables and
graphs for each scenario modeled.

Lastly, a bibliography has been included at the end of the document to reference publications and
papers used in the development of this study.

BAY-LAKE REGIONAL PLANNING COMMISSION

The Bay-Lake Regional Planning Commission was created in April 1972 under section 66.945 of
the Wisconsin Statutes as the official area-wide planning agency for northeastern Wisconsin.

At the request of seven county boards within the region, Governor Lucey established the
Commission by Executive Order 35. In December 1973, Florence County joined the
Commission, bringing the total number of counties within the region to eight.

The Commission serves a region in northeastern Wisconsin consisting of the counties of Brown,
Door, Florence, Kewaunee, Manitowoc, Marinette, Oconto, and Sheboygan. The Bay-Lake
Region is comprised of 185 units of government: 8 counties, 17 cities, 39 villages, 120 towns,
and the Oneida Nation of Wisconsin. The total area of the region is 5,433 square miles or 9.7
percent of the area of the State of Wisconsin (Map 1). The region has over 400 miles of coastal
shoreline along Lake Michigan and Green Bay and contains 12 major watershed areas that drain
to Green Bay and Lake Michigan.

The official Wisconsin Department of Administration 2005 population estimate of the region is
579,267 persons or 10.4 percent of the State of Wisconsin’s estimated population of 5,580,000
persons.

Baird Creek Watershed Modeling Project Report 1 Bay-Lake Regional Planning Commission



Map 1: Bay-Lake Region

Source: Bay-Lake Regional Planning Commission, 2003.

BAIRD CREEK PRESERVATION FOUNDATION

The Baird Creek Parkway Preservation Foundation (the “Foundation”) was established in 1997
when a group of concerned citizens spearheaded the acquisition of a key link in the Baird Creek
Parkway system (the “Parkway”). The Parkway is a 34.5-acre parcel of land containing areas of
old growth forest and a high diversity of plants, shrubs, trees, and animals. A community-wide
fundraising campaign resulted in individuals, community organizations, school groups,
foundations, and government successfully working together to purchase the parcel.

It is the mission of the Baird Creek Preservation Foundation to assist the City of Green Bay in
acquiring land in the Baird Creek Parkway and to help enhance the Parkway’s value as an
ecological, recreational, and educational resource for northeastern Wisconsin.

The goal and vision of the Foundation is to preserve and expand the Parkway as a quality natural
woodland in the Green Bay metropolitan area that can be used and enjoyed by everyone for
hiking, biking, and skiing on trails throughout the Parkway. The Foundation envisions a
connection of the Parkway trails to the Wisconsin Ice Age Trail, providing trail access to Door
and Kewaunee Counties with additional connections to local nature trails such a Mahon Creek,
Bay Beach Wildlife Sanctuary, and Cofrin Arboretum.

The Baird Creek Preservation Foundation Officers at the time of this report include Steve
Lambert (President), David Hemstreet (Vice President), Paul Hartman (Secretary), and Paul
Abrahams (Treasurer), and Charles Frisk (Past President). The Foundation Directors are Jodi
Arndt, Rebecca Cleveland, Matthew Cole, Gary Fewless, Dave Hemstreet, Kevin Hendrickson,
Vicki Medland, Ron Tillmann, and Neal Van Ess.

Baird Creek Watershed Modeling Project Report 2 Bay-Lake Regional Planning Commission



CHAPTER 1: INTRODUCTION TO PROJECT

BACKGROUND

The Baird Creek watershed is facing land use changes that have, and will continue to, increase
urban development and impervious surfaces. Paul Abrahams, the Treasurer of the Baird Creek
Preservation Foundation, approached the Bay-Lake Regional Planning Commission with the idea
to conduct a study on the effects of urbanization on the Baird Creek watershed. Knowing the
impacts of nonpoint source pollution on water quality, the Commission felt that the outputs of
the Long-Term Hydrologic Impact Assessment and Non-Point Source Pollutant Model (L-THIA
NPS Model) would be a sufficient tool to look into how urbanization may affect the water quality
of the Baird Creek watershed.

BAIRD CREEK WATERSHED

Baird Creek watershed is a subwatershed draining 25 square miles in the easternmost part of the
East River watershed, near Green Bay, Wisconsin (Map 2). The Baird Creek is 31 miles long;
originating in agricultural lands, it flows west through wetland, park, and urban areas. The creek
becomes urban as it joins the East River in Green Bay. The upper reaches of the watershed is
dominantly agricultural land use, but is rapidly developing into low density residential as the
population of the Green Bay metropolitan area expands eastward.

The Baird Creek watershed is a unique watershed in that 330 acres along the stream corridor
within the City of Green Bay have been designated as parkland, which includes the 270-acre
Baird Creek Parkway. The Parkway is a mix of City, County, nonprofit and private ownership.

PROJECT AREA

The Bay-Lake Regional Planning Commission defined the project area as the Upper Baird Creek
watershed (Map 2) because the Lower Baird Creek watershed is presently an urban landscape
within the City of Green Bay. In order to study the effects of urbanization over time, the
Commission felt it would be most effective to look at the remaining non-urbanized part of the
Baird Creek watershed that lies primarily within the towns of Humboldt and Eaton, with a small
triangle of the eastern part of the village of Bellevue (Map 2).

FUNDING

The Baird Creek Watershed Modeling Project was funded by the Baird Creek Preservation
Foundation. A contribution of software was provided by the Wisconsin Coastal Management
Program (WCMP). WCMP provided ArcView Spatial Analyst, a Geographic Information
Systems (GIS) software extension that enables models to be run on the GIS platform. Therefore,
the Commission was able to run the more powerful GIS version of L-THIA NPS for this project.

Baird Creek Watershed Modeling Project Report 3 Bay-Lake Regional Planning Commission



Baird Creek Watershed Map 2

Upper Baird Creek Watershed Modeling Project

Town of Eaton, Town of Humboldt & Village of Bellevue
Brown County, Wisconsin
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CHAPTER 2: INTRODUCTION TO L-THIANPS MODEL

L-THIA NPS MODEL DESCRIPTION

L-THIA has been developed as a straightforward analysis tool that provides estimates of changes
in runoff, recharge, and nonpoint source pollution resulting from land use changes. It gives long-
term average annual runoff for a land use pattern, based on actual long-term climate data for that
area. By using 30 years of climate data in the analysis, L-THIA focuses on the average impact,
rather than an extreme year or storm. The L-THIA NPS Model is unlike conventional hydrologic
models that address short-term runoff management issues at a limited-scale. L-THIA NPS can
assess the long-term impacts of land use change within a watershed.

As a quick and easy approach, L-THIA results are intended to provide insight into the relative
hydrologic impacts of different land use scenarios. The results can be used to generate
community awareness of potential long-term problems and to support physical planning aimed at
minimizing disturbance of critical areas. It is an ideal tool to assist in the evaluation of potential
effects of land use change and to identify the best location of a particular land use in order to
have minimum impact on the natural environment of the area. Recent concern over urban sprawl
has focused on several land use change issues, including the failure to account for hydrologic
aspects of land use change that can result in flooding, stream degradation, erosion, and loss of
groundwater supply. L-THIA was developed to provide an accessible tool to use in assessing the
long-term impacts of land use change.

Assessment of the hydrologic impacts or urban land use change traditionally utilizes models that
evaluate how land use change alters peak runoff rates, and these results are then used in the
design of drainage systems. However, such methods do not address the long-term hydrologic
impacts of urban land use changes and often do not consider the affect that runoff pollutants from
different land uses have on water quality. Techniques traditionally used to assess the impacts of
land use changes on runoff typically focus on individual short-term “design” storm events of
specific recurrence intervals, and are used to calculate peak discharge rates and hydrographs.
Single storm methods are suitable engineering techniques in estimating flood intensities for
stormwater facility management; however, they do not address the long-term, cumulative
hydrologic impacts of land use change.

It is essential for communities to consider the effects that land use changes have on surface
runoff, stream flow, and groundwater recharge. Urban development significantly affects the
natural processes of groundwater recharge, water pollution, and stormwater drainage. As
development creates more impervious surfaces, surface runoff volumes increase and contribute
to downstream flooding and less groundwater recharge. Residential, municipal, and agricultural
water supplies are endangered when groundwater recharge does not keep pace with withdrawals.
Minimizing the disturbance on an urbanizing watershed is one way of ensuring continued water
supply. Since each land use has a varying level of impact on natural environmental processes,
careful landscape planning is necessary to minimize negative impacts.

Descriptive information about the L-THIA NPS Model was obtained from the L-THIA NPS
User’s Manual Version 2.3 by Professor Bernard Engel at Purdue University. Professor Engel
can be contact by calling (765) 494-1198 or by e-mail at engelb@burdue.edu.

Baird Creek Watershed Modeling Project Report 5 Bay-Lake Regional Planning Commission



L-THIA NPS PROCESS

L-THIA is based on computations of daily runoff obtained from long-term climate records, soil
data, Curve Number (CN) value, and land use of the area. By applying the CN method to actual
and planned development, the long-term effects of past, present, and future land use can be
determined. The geographic location, in terms of State and County, can be used to select
precipitation data stored in the L-THIA database. The precipitation data is used in the L-THIA
analysis. Areas of past, present, and future land uses can be obtained from paper or digital maps,
satellite images, air photos, or on-the-ground surveying. Hydrologic soil groups for land use areas
can be obtained from the standard soils data layer in GIS or from the local Soil and Water
Conservation District (SWCD).

The CN was developed from real-world data by the U.S. Department of Agriculture, Soil
Conservation Service’. The CN is used in an empirically based formula to determine how much
of a given rainfall event becomes surface runoff. The relationship between rainfall, runoff, and
CN value is non-linear, meaning that small changes in land use or rainfall can produce large
changes in runoff. The use of the CN equation in L-THIA is a simple alternative to far more
complicated hydrological models that require extensive data inputs, which are often not available
for most areas (L-THIA NPS User’s Manual Version 2.3; Prof. Engel).

Rainfall Data

By using many years of climate data in the analysis, L-THIA focuses on the average impact,
rather than an extreme year or storm. L-THIA results do not predict what will happen in a
specific year.

Hydrologic Soil Groups

Hydrologic Soil Groups are used to estimate runoff from precipitation. Soils are assigned one of
four groups by the Natural Resource Conservation Service according to the intake of water when
the soils are thoroughly wet and receive precipitation from long-duration storms. The four
Hydrologic Soils Groups are A, B, C, and D. Soil Group A generally has the smallest runoff
potential, and Soil Group D generally has the greatest runoff potential.

Hydrologic Soil Group A soils are sand, loamy sand, or sandy loam types of soils. They have low
runoff potential and high infiltration rates even when thoroughly wet. They consist primarily of
deep, well to excessively well drained sands or gravels and have a high rate of water
transmission.

Hydrologic Soil Group B soils are silt loam or loam. They have a moderate infiltration rate when
thoroughly wet and consist primarily of moderately deep to deep, moderately well- to well-
drained soils with moderately fine to moderately coarse textures.

Hydrologic Soil Group C soils are sandy clay loam. They have low infiltration rates when
thoroughly wet and consist primarily of soils with a layer that impedes downward movement of
water and soils with moderately fine to fine structure.

Hydrologic Soil Group D soils are clay loam, silty clay loam, sandy clay, silty clay, or clay. This
hydrologic soil group has the highest runoff potential. They have very low infiltration rates when
thoroughly wet and consist primarily of clay soils with high swelling potential, soils with a
permanent high water table, soils with a claypan or a clay layer at or near the surface and shallow

1. USDA Soil Conservation Service, 1986, Urban Hydrology for Small Watersheds. Technical Release 55, 2nd ed., NTIS PB87-101580,
Springfield, VA.
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soils over nearly impervious material.

Details of hydrologic soil group classifications can be found in Urban Hydrology for Small
Watersheds published by the Engineering Division of the Natural Resource Conservation
Service, United States Department of Agriculture (Technical Release-55). This report is often
referred to as “TR-55".

Conversion of Soil Groups

Soils are often assigned two hydrologic soil groups, the first letter is for drained areas, and the
second is for undrained areas. The L-THIA soil theme table may only contain a single hydrologic
soil group input of A, B, C, or D, so it was necessary to convert the two-letter assigned soils to a
single hydrologic soil group assignment.

For this Baird Creek L-THIA project, the most limiting hydrologic soil group was assigned for
the two-letter hydrologic soil groups. For example, a hydrologic soil group A/B became a
hydrologic soil group B, or a hydrologic soil group A/C became a hydrologic soil group C. Only
one hydrologic soil group required conversion for this project, hydrologic soil group A/D was
converted to hydrologic soil group D.

Land Use

The Bay-Lake Regional Planning Commission conducted a windshield survey of the Baird Creek
project area in May 2004 to inventory the land use in the area. L-THIA GIS allows eight different
land use types to be entered into the model; however, the Bay-Lake Regional Planning
Commission’s land use inventory is comprised of a minimum of nine overall categories with
many subcategories. Therefore, it was necessary to convert each Bay-Lake land use category to a
broad L-THIA category. Figure 1 displays the land use categories of L-THIA and the Bay-Lake
Regional Planning Commission.

Figure 1: L-THIA vs. BLRPC Land Use Categories

L-THIA Categories |Bay-Lake Categories

Water/Wetlands Natural Areas

Commercial Commercial

Agricultural Agriculture/Silviculture

HD Residential Residential

LD Residential Institutional/Governmental

Grass/Pasture Transportation

Forest Outdoor Recreation

Industrial Industrial
Communication/Utilities

Source: Bay-Lake Regional Planning Commission. 2005.

Baird Creek Watershed Modeling Project Report

Bay-Lake Regional Planning Commission



2004 Land Use (Bay-Lake RPC Land Use Categories) Map 3
Upper Baird Creek Watershed Modeling Project

Town of Eaton, Town of Humboldt & Village of Bellevue

Brown County, Wisconsin
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2004 Land Use (L-THIA GIS Land Use Categories) Map 4
Upper Baird Creek Watershed Modeling Project
Town of Eaton, Town of Humboldt & Village of Bellevue

Brown County, Wisconsin
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CHAPTER 3: BAIRD CREEK WATERSHED RESULTS

SUMMARY OF FINDINGS

Once all inputs are entered into the L-THIA GIS model, various land use scenarios can be
modeled. The scenario output maps are projected with a range of colored polygons for each land
use type to display the average annual runoff volumes that the model predicts would result from
the various land use scenarios.

For this project, seven different land use scenarios were modeled. These land use scenarios were
referred to as:

e 2004 Land Use Scenario;

« Conservation Scenario;

« High Density Development Scenario, which was ran with and without wetlands;
o General Plan Design Scenario; and

e 2004 Land Use with 250-foot and 500-foot buffers around environmentally sensitive
areas.

Description of Land Use Scenarios

The land use scenarios used to run through the L-THIA model were selected to represent a range
of possible future build out scenarios. The 2004 Land Use Scenario provides a “control or
benchmark scenario”. A “best case scenario”, a “moderate scenario”, and a “worst case scenario”
were also modeled. The best case and worst case scenarios provide an extreme comparison from
no further development and extensive preservation to extreme over-development of the project
area.

The *“worst case scenario” was modeled with and without wetlands developed to show the value
of wetlands to minimize runoff volumes. Two additional scenarios were modeled to show the
benefits of buffering environmentally sensitive areas.

Environmentally sensitive areas (ESAs) are identified through Brown County sewer service area
planning. ESAs are areas to be excluded from development. The Brown County Sewage Plan
(1997) defines ESAs as “geographic areas of the landscape encompassing especially valuable
natural resource features such as lakes, rivers, streams, wetlands, and their associated
undeveloped shorelands, floodlands and areas of steep slopes, which should be protected from
intensive development”. Map 5 displays the environmentally sensitive areas of the Upper Baird
Creek Watershed.

Baird Creek Watershed Modeling Project Report 11 Bay-Lake Regional Planning Commission



Upper Baird Creek Watershed Environmentally Sensitive Areas Map 5
Upper Baird Creek Watershed Modeling Project

Town of Eaton, Town of Humboldt & Village of Bellevue
Brown County, Wisconsin
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2004 Land Use Scenario

The 2004 Land Use Scenario serves as the control or benchmark scenario of the current situation
(as of May 2004). This scenario is useful to make comparisons to the other modeled scenarios.

Conservation Scenario

The Conservation Scenario presents a best case scenario that represents no change in existing
development with all wetlands left intact and all undeveloped lands such as agricultural lands,
displayed as grassland/pasture (Map 6). This scenario provides an extreme of no further
development and extensive preservation. The average annual runoff volume for this scenario is
very low.

General Plan Design Scenario

The General Plan Design (GPD) Scenario presents a moderate or middle ground scenario that
lies somewhere between the two extremes of the best case scenario and the worst case scenario.
The GPD scenario displays the planned design created by the municipalities of the project area
(Map 7). The GPD scenario is made up of each of the GPDs designed by the village of Bellevue
and the towns of Eaton and Humboldt as part of their comprehensive planning process. The
GPDs are current as of December 2004.

High Density Development Scenario

The High Density Development Scenario presents a worst case scenario with a complete build-
out of the area with high density development, which is defined as 1/8-acre lots. This land use
scenario was modeled with wetlands left intact and with wetlands developed at high density to
show the benefits of wetlands in minimizing runoff. Map 8 displays the high density
development scenario with the wetlands left intact.

The average annual runoff volume for this scenario is very high when compared to the
conservation scenario and just as one would expect, the average annual runoff volume from the
land use scenario without wetlands is higher than the one with the wetlands left intact, thereby
showing the value of wetlands from a water quality standpoint.

2004 Land Use with Buffers

The 2004 Land Use with Buffers Scenario presents two scenarios with the 2004 Land Use but
with differing buffer widths on the environmentally sensitive areas; 250-foot and 500-foot
buffers. The value of buffers on ESAs is evident when comparing the average annual runoff
volume for the two scenarios.

Pollutant Loadings

In addition to outputting maps and average annual runoff volumes, the L-THIA GIS model
provides an output table on pollutant loadings for various runoff contaminates such as Total
Nitrogen, Total Phosphorus, Dissolved Phosphorus, Suspended Solids, Dissolved Solids, Total
Lead, Total Copper, Total Zinc, Total Cadmium, Total Chromium, Total Nickel, and BOD.

The data from these output tables enabled additional comparisons to be made on the various land
use scenarios as part of this project. Tables were created for this project to make comparisons
between the land use scenarios and the land use types for Total Nitrogen, Total Phosphorus, and
Suspended Solids. Appendix A: Output Tables and Charts displays comparisons of the pollutant
loading data for the land use scenarios and land use types.
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Conservation Scenario
Upper Baird Creek Watershed Modeling Project
Town of Eaton, Town of Humboldt & Village of Bellevue
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General Plan Design Scenario Map 7
Upper Baird Creek Watershed Modeling Project
Town of Eaton, Town of Humboldt & Village of Bellevue
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CHAPTER 4: PROJECT EVALUATION

GIS SOFTWARE NEEDS

Early applications of L-THIA were conducted using L-THIA as a spreadsheet application. Like
the TR-55 manual (USDA, 1986), the original spreadsheet L-THIA model calculated runoff
generation only on a watershed or sub-basin level, using an area-weighted or "composite” CN. In
this approach, CN values for large areas are averaged prior to calculating runoff. L-THIA has
since evolved into a GIS application enabling a simple implementation of a "distributed”
approach to runoff calculation. With this distributed approach, runoff is calculated for all unique
areas in the watershed, and then summed, eliminating the need for averaging CNs, which was
required of the original L-THIA composite approach. In a GIS application, L-THIA can handle
the computationally intensive task of distributing runoff calculations for numerous land use
polygons over space (L-THIA NPS User’s Manual Version 2.3; Prof. Engel).

The GIS version of L-THIA is an ESRI ArcView 3.x extension, which is a free extension.
However, to run L-THIA GIS you need the ESRI Spatial Analyst extension installed in ArcView
3.X.

DATA NEEDS
Data inputs to L-THIA GIS include:

e Land use information
o Source: Bay-Lake Regional Planning Commission.
e Soil information
o Source: US. Department of Agriculture, Natural Resource Conservation Service
(NRCS) Digital Soils
e  Geographical location
o Source: Wisconsin Department of Natural Resources (DNR), Brown County,
Wisconsin, Wisconsin Department of Transportation (DOT), and Bay-
Lake Regional Planning Commission.
e Precipitation data

o Source: The L-THIA website provides access to US climatological stations in the
United States.

DATA AVAILABILITY

The Bay-Lake Regional Planning Commission completed a windshield land use inventory for this
study. The soils information was obtained from NRCS for the study. Base map data was
collected from Wisconsin DNR, Wisconsin DOT, and Brown County, Wisconsin.

LIMITATIONS OF THE MODEL

The United States Department of Agriculture, Soil Conservation Service (SCS) CN method,
which is a core component of many traditional hydrologic models, has been used in a
straightforward, simple fashion to assess the long-term hydrological impacts of land use change.
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With the intention of minimizing the complexity of the SCS CN method, certain elements were
simplified by:

= Neglecting the contributions of melting snow

= Neglecting the effect of frozen ground that increases storm water runoff during cold
months

= Creating a non-detailed model.

These simplifications are necessary to keep the technique straightforward and accessible but
could be removed if a more sophisticated analysis was required.

L-THIA has been developed as a tool to assess the long-term impact that changes in land use have
on hydrology of an area. It is to be used with data that is readily available to planners and
decision makers. It is not meant to assess the details for requirements of a stormwater drainage
system and other such urban planning concerns.
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APPENDIX A: OUTPUT TABLES AND CHARTS

Table 1: Non-Point Source Pollutant Loading for 2004 Land Use

Total Nitrogen |Total Phosphorus Suspended
Land Use (kg) (kg) Solids (kg)
Agricultural 21,628.0 6,390.1 525,952.4
Commercial 30,887.3 7,376.1 1,279,286.6
Forest 985.0 14.1 1,407.1
Grass/Pasture 1,413.4 20.2 2,019.2
Industrial 13,070.7 2,904.6 627,599.2
LD Residential 7,487.6 2,345.0 168,677.3
Water 0.0 0.0 0.0

Source: Bay-Lake Regional Planning Commission. 2005.
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Table 2: Non-Point Source Pollutant Loading for Conservation Scenario

Total Nitrogen |Total Phosphorus Suspended
Land Use (kg) (kg) Solids (kg)
Commercial 32,665.7 6,338.1 2,201,125.4
Forest 1,041.7 595.3 3,286.8
Grass/Pasture 1,611.6 920.9 159,065.2
Industrial 13,823.2 3,291.2 25,910.6
LD Residential 7,918.7 1,000.7 1,406,033.2
Water 0.0 0.0 0.0
Source: Bay-Lake Regional Planning Commission. 2005.
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Table 3: Non-Point Source Pollutant Loading for High Density Development Scenario (with Wetlands)

Total Nitrogen |Total Phosphorus Suspended
Land Use (kg) (kg) Solids (kg)
Commercial 33,154.4 7,917.5 1,373,186.6
HD Residential 24,222.6 7,586.2 545,674.1
Industrial 14,030.1 3,117.8 673,665.2
LD Residential 8,037.2 2,517.1 181,058.3
Water 0.0 0.0 0.0

Source: Bay-Lake Regional Planning Commission. 2005.
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Table 4: Non-Point Source Pollutant Loading for High Density Development Scenario (without Wetlands)

Total Nitrogen | Total Phosphorus | Suspended Solids
Land Use (kg) (kg) (kg)
Commercial 34,536.7 8,247.6 1,430,436.2
HD Residential 25,232.5 7,902.5 568,423.8
Industrial 14,615.0 3,247.8 701,751.0
LD Residential 8,372.3 2,622.1 188,606.8

Source: Bay-Lake Regional Planning Commission. 2005.
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Table 5: Non-Point Source Pollutant Loading for GPD Scenario

Total Nitrogen | Total Phosphorus | Suspended Solids
Land Use (kg) (kg) (kg)
Agricultural 505.0 149.2 12,281.8
Commercial 721.3 172.2 29,873.2
Forest 23.0 0.3 32.9
Grass/Pasture 33.0 0.5 47.2
Industrial 305.2 67.8 14,655.4
LD Residential 174.8 54.8 3,938.9
W ater 0.0 0.0 0.0

Source: Bay-Lake Regional Planning Commission. 2005.
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Table 6: Non-Point Source Pollutant Loading for 2004 Land Use with 250-foot Buffer on ESAs

Total Nitrogen | Total Phosphorus | Suspended Solids
Land Use (kg) (kg) (kg)
Agricultural 12,342.7 3,646.7 300,151.4
Commercial 17,626.8 4,209.4 730,065.5
Forest 562.1 8.0 803.0
Grass/Pasture 869.6 12.4 1,242.3
Industrial 3,262.3 724.9 156,640.3
LD Residential 4,207.5 1,317.7 94,784.7
Water 0.0 0.0 0.0
Source: Bay-Lake Regional Planning Commission. 2005.
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Table 7: Non-Point Source Pollutant Loading for 2004 Land Use with 500-foot Buffer on ESAs

Total Nitrogen | Total Phosphorus | Suspended Solids
Land Use (kg) (kg) (k9)
Agricultural 6,732.9 1,989.3 163,732.3
Commercial 8,123.0 1,939.8 336,435.6
Forest 306.6 4.4 438.0
Grass/Pasture 474.4 6.8 677.7
Industrial 1,779.6 395.5 85,447.1
LD Residential 2,295.2 718.8 51,704.9
Water 0.0 0.0 0.0

Source: Bay-Lake Regional Planning Commission. 2005.
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Non-Point Source Total Nitrogen Loading for each Scenario
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Non-Point Source Total Nitrogen Loading Comparison of 250-foot and 500-foot Buffer on Environmentally
Sensitive Areas (ESAS)

Buffer Comparison
Non-Point Source Nitrogen Loading

40,000.0
35,000.0 -
30,000.0 -
25,000.0 -
20,000.0 -
15,000.0 -
10,000.0 -
5,000.0
0.0 -

Total Nitrogen (kg)

250-Foot Buffer 500-Foot Buffer
2004 Land Use with Buffers on ESAs

Non-Point Source Total Phosphorus Loading Comparison of 250-foot and 500-foot Buffer on Environmentally
Sensitive Areas (ESAS)

Buffer Comparison
Non-Point Source Phosphorus Loading

12,000.0
)
& 10,000.0
0
g 8,000.0 9,919.2
S 6,000.0

0
2 40000
o 5,054.5
S 2,000.0

o
'_

0.0

250-Foot Buffer 500-Foot Buffer
2004 Land Use with Buffers on ESAs

Baird Creek Watershed Modeling Project Report 29 Bay-Lake Regional Planning Commission



Baird Creek Watershed Modeling Project Report 30 Bay-Lake Regional Planning Commission



BIBLIOGRAPHY

1995 Brown County Sewerage Plan. Revised and Adopted August 6, 1997. Brown County
Planning Commission. Staff Report Number 160.

Arendt, Randall. "Open Space” Zoning: What It Is & Why It Works. Planning Commissioners
Journal, Issue 5. July/August 1992.

Engel, Bernard. L-THIA NPS User’s Manual Version 2.3 (Long-Term Hydrologic Impact
Assessment and Non Point Source Pollutant Model); Professor Bernard Engel; Purdue
University. Update April 16, 2005.

Pruetz, Rick. Putting Growth In Its Place With Transfer of Development Rights. Planning
Commissioners Journal, Issue 31. Summer 1998.

Urban Hydrology for Small Watersheds. Published by the Engineering Division of the Natural
Resource Conservation Service. United States Department of Agriculture. Technical
Release-55.

Baird Creek Watershed Modeling Project Report 31 Bay-Lake Regional Planning Commission





