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Executive Summary

Background

The City of Madison (City) is conducting a multi-faceted approach to understand and address
stormwater flooding. As one component of that approach, the City is developing comprehensive
stormwater management studies for each watershed within the City. The studies are conducted in
two phases. Throughout both phases, the City incorporates multiple opportunities for public
involvement and interaction.

Phase 1: Development of a hydrologic/hydraulic stormwater runoff model representing the physical
and drainage properties of the watershed under existing conditions. The model is then calibrated to
measured runoff events and used to identify the areas of the watershed most likely to flood under
various rain conditions.

Phase 2: Using the model, evaluate alternative methods and/or infrastructure improvements to
eliminate or reduce flooding impacts from large rain events. It should be noted that the
improvements documented in this report are not meant to be full design-level efforts; they are
conceptual solutions that help the City’s Engineering Division understand the magnitude of solutions
needed in a given area to meet the targets. As projects are looked at further, and if they move to the
point they are contemplated for programming, then projects will proceed into a more detailed design
phase. This project phase collects detailed data needed for design and looks at refined design,
permitting, and environmental issues associated with the particular project.

This document reports the methods, procedures, and results of the Warner Park and Cherokee
Marsh Watershed Project. The project area covers approximately 3,912 acres (6.1 square miles) on
the north side of Madison. Figure ES-1 shows the extent of the watershed.

City’s Flood Mitigation Targets

The analyses conducted for the watershed studies referred to the City’s flood mitigation targets to

understand where targets were being met and where there is room for improvement. The City has

the following flood mitigation targets that were the focus of this study. Please note, these targets

may change in the future as more information becomes available.

1. No surcharging onto the street for up to the 10-year (10% chance event) design storm; what
should be contained within the pipes and structures.

2. Centerline of street to remain passable during 25-year (4% chance event) design storm with no
more than a 100-ft segment of roadway with 0.5ft of water at the centerline.

3. No home or business will be flooded during the 100-year (1% chance event) design storm. This
is defined as no more than 0.5-feet of water at the 5-foot buffer around a house.

4. Greenway crossings at streets to be served to the 100-year (1% chance event) design storm,
meaning all the water would pass under the street.

5. Provide flooding solutions that do not negatively impact downstream properties.

Existing Conditions and Proposed Solutions Results

The existing conditions analysis identified locations where the existing stormwater conveyance
system did not meet the City’s flood mitigation targets. Table ES-1 summarizes the how the system’s
performance compares to the targets. Figure ES-1 shows surface flooding locations under the 4%
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Section 1

Introduction

1.1 Project Background and Purpose

The City has experienced increased frequency and intensity of rainfall events over the past ten to
fifteen years. In August 2018, an unprecedented rainfall event occurred on the City’s west side. A
nearby United States Geological Survey (USGS) rain gauge recorded 10.5in. of rain over a 12-hour
period. For reference, National Oceanographic and Atmospheric Administration (NOAA) Atlas 14
statistics show the average 12-hour, 0.1% chance event at 8.92in. for the Madison area. This event
caused flash flooding, most significantly across the western half of Madison, and prompted the City
to begin a comprehensive watershed planning process. This process began with watersheds hardest
hit by 2018 flooding and subsequently expanded to additional areas within the City. In May 2022,
the City contracted with Brown and Caldwell (BC) to conduct the Warner Park and Cherokee Marsh
Watershed study.

The overall purpose of this study is to develop a comprehensive stormwater management plan
(SWMP) for the Warner Park and Cherokee Marsh watershed that will guide the City in meeting its
flood mitigation goals.

This document generally consists of two parts. The first part, including Sections 2 through 6,
describes the first phase of the project, which was comprised of:

1. The development of input parameters for the watershed’s hydrologic/hydraulic model.
2. Construction of the stormwater hydrologic and hydraulic (H&H) model.

3. The calibration process for that model.

4. The modeling results showing flooding under the watershed’s existing physical conditions.
The second phase of the project involved:

1. The analyses of alternative flood mitigation measures.

2. The flood reductions that can be expected from those mitigation measures.

3. Specific recommendations for flood reduction actions.

Sections 9 through 15 of this report document the second phase of the project.

Figure 1-1 shows the location of the study area within the City. Figure 1-2 provides a more detailed
view of the watershed.

1.2 Scope of Study

The project’s scope of work included the tasks listed below:
1. Review existing data and provide support for field data collection
— This task focused on analyzing existing information provided by the City and other agencies

to use in the development of the H&H model. Additionally, a field survey was conducted for
specific locations based on data gaps identified by BC.
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Warner Park and Cherokee Marsh Watershed Study Report Section 1

2. Public engagement

— BC assisted the City in conducting public engagement events. The events included three
Public Information Meetings (PIMs) and community outreach and education at five events.
The 3rd PIM also included focus groups using four breakout rooms associated with different
proposed solutions. Section 7 and Appendix F contains additional information regarding
these public engagement events.

3. Develop and calibrate existing conditions XPSWMM™ Model for the watershed

— The process of model development was a core component of this project. A detailed
explanation of the process is provided in Sections 4 and 5 of this document.

4. Execute existing conditions XPSWMM™ Model

— The calibrated model was then used to model the watershed under its existing physical
conditions for a series of rain events. The results of the model runs are documented in
tabular and graphical formats and were presented at a Public Informational Meeting.

5. Evaluation of flood mitigation measures

— Potential solutions to reduce flooding and meet the City’s flood mitigation goals were
developed and evaluated within the XPSWMM™ model. Solutions were developed in
conjunction with City staff. Selected solutions were evaluated under a series of storm
events, and the results were documented. The solutions were also presented at a PIM.

Each task is described in more detail in the remainder of this document.

1.3 Historic Flooding in Watershed

Within the Warner Park and Cherokee Marsh watershed there are several areas that have
experienced repeated flooding in the past. Figure 1-3 depicts known flooding areas as provided by
the City within the Warner Park and Cherokee Marsh watershed. The known flooding locations are
based on reports from a variety of data sources, including resident reports, emergency services
reports, City operations staff reports, and inlets with repetitive clogging history.

It should be noted that flooding was reported at several locations within the watershed as a result of
storm events in the summers of 2024 and 2025, while this study was on-going. Reports were
provided through the City’s flood report portal and as part of outreach efforts in the watershed. Of
particular note is flooding which occurred along Trailsway and Sherman Avenue, near and south of
Warner Park, which resulted in stranded vehicles. Pictures were provided that show ponding covering
the roadway during rainfall events.

This also correlates with conversations with residents the occurred during the outreach efforts.
Approximately five residents along Trailsway reported experiencing flooding while living in the area.
This includes not being able to access their residence with their vehicle, having water extend from
the Castle Creek greenway into the road and approach buildings, and observing children playing in
the flooded street. At the outreach events, multiple residents from outside the watershed, who travel
through and into the watershed, also reported Sherman Avenue being impassable by vehicles during
rain events.
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Warner Park and Cherokee Marsh Watershed Study Report Section 1

1.4 Past Studies

Within the Warner Park and Cherokee Marsh watershed there have been numerous small scale,
local stormwater studies conducted as part of private developments within the watershed. These
studies were focused on meeting local and state stormwater regulations for the developments. In
addition, the Warner Lagoon Water Quality Planning Report was completed in 2021, by the City of
Madison Engineering Division, which included the Warner Lagoon Water Quality Analysis
(MARS-EOR, June 2019). This report focused on the water quality in the Warner Lagoon and did not
consider flooding. Additional information and the report can be found on the City’s project webpage,
https://www.cityofmadison.com/engineering/projects/warner-lagoon-water-quality-plan.

1.5 Flood Mitigation Goals

The City established consistent goals for stormwater management flood control (Level of Service or
LOS) throughout the City. It is the City’s policy to meet the LOS with reconstruction and new
construction of its municipal stormwater conveyance system. Specifically, the LOS stormwater flood
management goals are:

1. No home or business flooding during the 1%, 24-hour design storm event (6.6in.).

2. Eliminate flooding (surcharging of the storm sewer system onto the municipal streets) for up to
the 10%, 24-hour design storm event (4.1in.), with the exception of road low-points.

3. Allow no more than 0.5ft of stormwater ponding above storm sewer inlet rim elevations at inlet-
restricted low points for the 10%, 24-hour design storm event (4.1in.).

4. Maintain drivability of municipal streets (center of the street with no more than 0.5ft of water for
more than 100ft) for the 4%, 24-hour design storm event (5.0in.).

5. Enclosed depressions should provide safe storage, or overflow, of stormwater during the 1%, 24-
hour design storm event (6.6in.). Flooding should be contained within public lands (streets,
greenways, easements, etc.).

6. Where greenways cross streets, there should be no road overtopping during the 1%, 24-hour
design storm event (6.6in.).

7. Flooding solutions should not negatively impact downstream properties.

It should be noted that although the City strives to meet the above goals with each of its stormwater
infrastructure projects, fully achieving these goals is not always feasible because of specific site
conditions, or other factors which cannot be controlled.
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Water Resources Inventory

2.1 Study Setting

The Warner Park and Cherokee Marsh watershed is located on the northwest side of the City (see
Figure 1-1) and covers approximately 3,912 acres. The majority of the watershed is within the City;
however, portions are also within the Town of Burke and the Town of Westport. The extent of the
watershed is shown on Figure 1-2. The watershed includes areas that drain north into Cherokee
Marsh, and south into Lake Mendota.

The prominent drainage system features in this watershed are Warner Lagoon within Warner Park
and open channels within Cherokee Park that are tributary to Cherokee Marsh. The northeastern
portion of the watershed is generally open space / wetlands. Other areas of the watershed are
mostly urbanized with a mixture of stormwater drainage infrastructure including storm sewer, open
channels, and detention ponds.

2.2 Topography

The topographic data (provided by the City) was compiled from light detecting and ranging (LiDAR)
data on the North American Vertical Datum of 1988 (NAVD88). It should be noted that some data
available for the project (such as past construction drawings) are in the previously used City vertical
datum. The conversion factor from the historical City datum to NAVD88 was to add 845.6 ft to the
City datum elevation. Data provided included 2-ft contours and a digital elevation model (raster
format).

Elevations in the watershed range between elevations 850ft and 1,016ft, approximately. The highest
elevations are located in the center of the watershed and lowest elevations on the southern side
near Warner Park and northwestern side of Cherokee Marsh.

2.3 Drainage System

The Warner Park and Cherokee Marsh drainage system generally consists of a mix of constructed
urban and natural components. The constructed urban stormwater conveyance system including a
mix of open-channels, storm sewers, and detention facilities.

2.3.1 Natural Drainage System and Wetlands

The natural drainage system includes Warner Lagoon within Warner Park and open channels within
Cherokee Park. There are also areas within the watershed identified by the Wisconsin Wetland
Inventory (WWI). The wetlands are primarily located along Lake Mendota, the Yahara River, and
Cherokee Marsh, along with the northeast portions of the watershed. Figure 2-1 is a map showing
the natural waterbodies and wetland mapping for the watershed based on the data available from
the WDNR. It should be noted that this data is only a screening tool for the presence of wetlands and
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Warner Park and Cherokee Marsh Watershed Study Report Section 2

waterways. Field investigations would be required to confirm the presence or absence of these
features.

2.3.2 Constructed Drainage System

The constructed drainage system includes open channels (greenways and roadside swales),
detention ponds, storm sewers, and culverts. Within the watershed the City has seven defined
greenway segments and eight public detention ponds.

There are approximately 16.1 miles of modeled storm sewer within the Warner Park and Cherokee
Marsh watershed that range in size from 8-in. circular pipes to 3.5 by 7ft box culverts. Generally, all
City-owned trunk line storm sewers were included within the model. Private storm sewers were not
included as part of the model.

Figure 2-2 displays the existing drainage system within the Warner Park and Cherokee Marsh
Watershed.

2.4 Runoff Conditions

Stormwater runoff generated from a land surface will vary depending upon several factors, including
land use, imperious surfaces, soil types, and topography. The factors within the Warner Park and
Cherokee Marsh watershed are discussed in this section.

2.4.1 Land Use

The Warner Park and Cherokee Marsh watershed includes a mix of land uses, with the largest
category being residential. Land use data was provided by the City that categorized the areas within
the City into 19 different land uses. Land use data was also obtained from Dane County for areas
outside of the City of Madison. Table 2-1 provides a generalized breakdown of the land use within
the watershed. A map of the generalized land use categories is shown on Figure 2-3.

Table 2-1. Existing Land Use

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Land Use Type Area (acres) Percent (%)
Residential 1,238 31%
Institutional 107 3%

Commercial/Industrial 279 7%
Agriculture 26 1%
Open Space/Parks 1,840 47%
Street Right-of-Way 422 11%
Total 3,912 100%

2.4.2 Impervious Area

Impervious area data for the watershed was provided by the City as part of the GIS data. The
impervious area dataset was prepared by the University of Northern lowa Geolnformatics Training,
Research, Education, and Extension Center (GeoTREE). The impervious area dataset delineates all
impervious areas within its coverage area including private parcels, public parcels, and right-of-way
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Warner Park and Cherokee Marsh Watershed Study Report Section 2

areas. These areas were used directly for hydrologic conditions. The impervious areas provided by
the City were based on 2020 aerial photography. See Figure 2-4 for a map of the impervious areas
provided by the City.

2.4.3 Soil Types

Soils in the Warner Park and Cherokee Marsh watershed are predominantly hydrologic soil group
(HSG) B soils. The HSG classifications were used to estimate the infiltration parameters for pervious
surfaces within the watershed (see Section 4.3.2.4). Table 2-2 shows the areas for each soil group in
the watershed and the extent of soil group areas are shown on Figure 2-5. This data was obtained
directly from the City and is based on the NRCS Soil Survey for Dane County.

Table 2-2. Hydrologic Soil Groups

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

HSG (ziz) Percent (%)

A 32 0.8%

B 2,291 59%

c 221 6%

D 1,318 33%
Water 50 1.2%
Total 3,912 100%
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Guidance and Data Sources

3.1 City of Madison Modeling Guidance

As part of the City’s watershed study program, a Modeling Guidance document was developed by the
City. This document is used to define consistent modeling parameters across the various watersheds
that are being analyzed. The Modeling Guidance was developed at the onset of the program and
updated as needed. The version of the Modeling Guidance dated February 9, 2021, was utilized as
part of this report. A copy of the Modeling Guidance as of the date of this report is included in
Appendix A.

3.2 Data Sources

The Warner Park and Cherokee Marsh watershed study relies on a variety of data sources. A
summary of the data sources is provided below.
Provided by City of Madison:

1. Various datasets from the City’'s Geographic Information System (GIS). GIS data includes land
use, storm sewer (including associated structures), city limits, greenways and ponds, parcels,
roads, and other pertinent datasets.

2. Construction plans provided by the City for existing ponds and greenways within the watershed.

w

As-built plans and narrative for the TPC Wisconsin golf course.

4. Monitoring data to support this study was collected by the City, in conjunction with the USGS.
Monitoring data included rainfall and water level data at select locations. Additional information
about the data collected and how the data was collected is provided in Section 4.2.2 for rainfall
data and Section 5.1 for water level data.

Provided by Wisconsin Department of Administration
1. Storm sewer map for the Mendota Mental Health Institution.

Collected by Brown and Caldwell

1. Photographs of various drainage features were obtained from field investigations conducted by
BC.

2. Field surveys of culverts with missing data within the watershed. As part of the model
development process, survey locations were identified, and the data was collected by
Burse Surveying and Engineering.

It should be noted that the City previously used a City vertical datum, and the City is in the process of
transitioning all data into the NAVD88. The watershed study was conducted in NAVD88 and data that
was in the City datum was converted to NAVD88. The City provided the appropriate conversion of
adding 845.6 ft to the City datum.
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Warner Park and Cherokee Marsh Watershed Study Report Section 3

The specific file name and date of the file is listed in Table 3-1.

Table 3-1. Source Files

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Data Type File Name File Date
Land Use WinSLAMMLanduse.mdb 4/16/2019
Dane Cﬁunty Land LandUse2020 5/9/2023
se

Building Building_Footprints

Footprints 171072023
LiDAR City_of_Madison_DEM_2022 10/19/2022

Aerial Imagery 2022_CITY_COLOR_2011 2022

Roads Street_Centerlines_and_Pavement_Data 6/24/2022

Municipal City_Limit

Boundary 6/24/2022

Data_Updates_2023_02_24 Geodatabase Feature Classes

Pipes_2023_02_24 2/24/2023
Private_pipe_2023_02_24 2/24/2023
Storm Sewer

Private_structures_2023_02_24 2/24/2023
Sto_structures_2023_02_24 2/24/2023

2023 Watershed Studies Geodatabase Feature Classes
Greenways Pond_Greenway 11/2/2022
Planimetric Data STO_Modeling_Impervious 11/2/2022
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Section 4

Model Development

4.1 Modeling Software

To evaluate flooding and stormwater conveyance system capacity within the Warner Park and
Cherokee Marsh watershed an XPSWMM™ version 2023.2 model was created to simulate the
hydrology and hydraulics (H&H) within the watershed. XPSWMM™ is a proprietary software product
of Innovyze® (see www.innovyze.com/en-us). The model created for the Warner Park and Cherokee
Marsh watershed is a combination One-Dimensional (1D)/ Two-Dimensional (2D) H&H model.

4.2 Rainfall Events

The flooding analyses included an evaluation of both design storms and recorded rainfall events. A
series of storm events were evaluated as part of this study to identify which event(s) result in
flooding, and the severity of that flooding. Both theoretical “design storms”, as well as measured
local storm events, were considered as part of the study. The rainfall events that were used in the
analysis are described in the following sections.

4.2.1 Design Rain Events

The watershed flooding analysis included a series of different recurrence interval design storms

(50, 20, 10, 4, 2, 1, and 0.2% chance events) with a 24-hour duration. The design storm events used
rainfall depths from the NOAA Atlas 14. The Midwest/Southeast states (MSE) 4 rainfall distribution,
developed by the NRCS, was used for the rainfall. Table 4-1 lists the rainfall depths that were used in
the H&H modeling of this study.

Table 4-1. Design Rain Events

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Annual Storm Probability Rainfall Depth*
(24 hour) (inches)
50% chance 2.84
20% chance 3.45
10% chance 4.09
4% chance 5.02
2% chance 5.74
1% chance 6.66
0.2% chance 8.94

*as reported in the City’s Modelling Guidance document.
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Warner Park and Cherokee Marsh Watershed Study Report Section 4

4.2.2 Measured Rain Events

To support the watershed studies program, the City has established a rain gauge network across the
City. The Warner Park and Cherokee Marsh watershed study utilized a rain gauge from this network,
along with a USGS rain gage, within the watershed to characterize actual, measured rainfall events.

Two rain gauges were used as part of the study and their locations are provided in Table 4-2.

Figure 4-1 shows the locations of each station.

Table 4-2. Rain Gauge Locations

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Gauge Location

Meadow Ridge Park, north of stormwater pond (City gage)

Wheeler East, southeast corner of pond located north of intersection of
Wheeler Road and Delaware Boulevard (USGS gage)

Rainfall data was obtained from the Trimble Unity website, the City’s partner for providing the
monitoring data. From the monitoring period, three measured rainfall events were selected to be
utilized as part of the calibration process under this study. The events selected are provided in Table
4-3. A graph of each event’s rainfall distribution at the Wheeler East location is provided in Appendix
D as Figures D-1 through D-3. These events are the largest rain events that were successfully
measured and had good corresponding water surface elevation measurements at the monitoring
stations (see Sections 5.1 and 5.2).

Table 4-3. Rain Events Selected for Calibration Process

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Rain Depth Rain Approximate Annual
Event Date (inches)* | Duration Exceedance Probability
July 4-5, 2022 3.3 37 hours 10%, 1-hr
August 24-25, 2022 1.8 6 hours 50%, 2-hr
July 28,2023 12-15 1 hour 100%, 1-hr

* rain depth varied by station

The July 2022 storm event was the largest event in 2022-2023 at the relevant rain gauges. The
event (total rain depth and duration) falls in the range of a 10% chance event based on NOAA Atlas
14, Volume 8, Version 2 data. The August event (total rain depth/duration and peak intensity) is
approximately a 50% recurrence interval. The July 2023 event is approximately a 100% chance
event in terms of total rain depth and intensity.
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Warner Park and Cherokee Marsh Watershed Study Report Section 4

4.3 Hydrologic Model Development

This section describes the steps taken to generate the hydrologic factors used in the XPSWMM™
model.

4.3.1 SWMM Runoff Description

Hydrologic calculations were performed in the XPSWMM™ model using Storm Water Management
Model (SWMM) runoff methodology, which is consistent with the Modeling Guidance document.
SWMM hydrology uses a combination of drainage area size and shape, slope, land cover (pervious,
impervious not connected, impervious connected), and soil infiltration parameters to generate runoff
from a rain event.

The calculations were performed for each subwatershed that was delineated within the watershed.
The model simulates rainfall on each subwatershed and generates runoff, accounting for initial
abstraction and infiltration in determining the surface runoff. The model developed a runoff
hydrograph based on the input parameters and this is entered by the model into the hydraulic
portion of the software at a node.

4.3.2 Subwatershed Input Data

The Warner Park and Cherokee Marsh watershed was divided into 282 subwatersheds. The
subwatersheds are shown on Figure 4-2. Subwatersheds were delineated based on the storm sewer
maps, drainage features (such as open channel versus storm sewer), land use, and topography. For
each subwatershed, hydrologic input parameters were calculated. Each subwatershed included
three subcatchments based on the land use within the subwatershed. The subcatchments were
defined as:

1. Directly connected impervious area (DCIA): impervious areas that drain directly to the
conveyance system

2. Indirectly connected impervious area: impervious areas that drain over a pervious surface prior
to entering the conveyance system

3. Pervious area: vegetated land surfaces or areas with no impervious surface

The input parameters and calculation methodology for hydrologic input parameters are described
below. The XPSWMM™ model input parameters for each subwatershed are listed in Table B-2.

4.3.2.1 Subwatershed and Subcatchment Areas

The area for each subwatershed was calculated using the GIS data developed for the project.
Subsequently, for each subwatershed, the areas for each of the three subcatchments were
calculated. Subcatchment areas were calculated using the impervious area information provided by
the City (see Section 2.4.2). How each subcatchment area was calculated is described below.

1. The total impervious area for each subwatershed was calculated based on the impervious area
data from the City.

a. The DCIA was estimated using WinSLAMM Standard Land Use (SLU) files. The SLU files
estimate the source areas for typical land cover conditions for a variety of land uses. As part
of the source area data, the SLU files identified whether a source area was directly or
indirectly connected to the municipal stormwater conveyance system. For each land use, the
percentage of DCIA was calculated (see Table B-1). Based on the land use presentin a
subwatershed, the total DCIA was calculated.

b. Indirectly connected impervious area was calculated by subtracting the DCIA from the total
impervious area in a subwatershed.
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2. Pervious area was calculated by subtracting the total impervious area from the subwatershed
area.

It should be noted that the WinSLAMM SLU files incorporate the street right-of-way as part of the
land use category. For example, Medium Density Single Family Residential (No Alleys) SLU data
includes the impervious areas of the associated streets and sidewalks. The City’s GIS land use
coverage did not include street right-of-ways under a land use category and treated street
right-of-ways as a separate “land use”. This meant that the calculated directly connected and
disconnected impervious areas for each land use had to account for this difference between the
WIinSLAMM and City’s GIS land use categories. As such, the street areas were subtracted from the
DCIA and total impervious area in the SLU files. The percentage of DCIA was calculated based on the
impervious areas outside of the street areas.

Within XPSWMMT™ the indirectly connected impervious area was routed onto the pervious area
within each subwatershed.

4.3.2.2 Subwatershed and Subcatchment Width

In SWMM hydrology, “width” refers to the general shape of a hydrologic unit (subwatershed) and the
relationship of the surface flow path to the shape of the subwatershed. A line was drawn to
represent the longest typical flow path for each subwatershed. The length of this line was calculated
and the subwatershed area was divided by the flow path length to calculate the overall width.

4.3.2.3 Slope

A slope for the flow path described under in Section 4.3.2.2 was calculated. The elevation at the
upstream and downstream end of the flow path was assigned based on the topographic data
provided by the City. The elevations were used with the flow path length to calculate the slope.

4.3.2.4 Soils and Infiltration

Soils within the watershed are classified by the HSG. The soils conditions of the watershed are
represented in the hydrologic calculations through the infiltration parameters selected for the study.

The Horton soil infiltration methodology was used within XPSWMM™, and this approach is consistent
with the City’s Modeling Guidance. This methodology establishes a maximum infiltration rate, a
minimum infiltration rate, and the decay rate of infiltration for each HSG. Input parameters were
developed for each of HSG and Table 4-4 provides the infiltration values. These values are utilized
for urban areas. In accordance with the City Modeling Guidance the maximum and minimum
infiltration rates were adjusted for farmland and forest areas. The adjustments are listed in

Table 4-4. Figure 4-3 identifies the locations of the different land uses in the watershed that had the
infiltration parameters adjusted.

Table 4-4. Horton Infiltration Parameters

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Maximum Minimum Decay
Infiltration Rate | Infiltration Rate Rate
HSG! (inches/hour) | (inches/hour) | (1/hour) | Dry Days
A 4.0 1.0 4.0 3.1
B 2.0 0.5 4.0 4.4
C 1.0 0.2 4.0 7.0
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Section 4

Table 4-4. Horton Infiltration Parameters

Warner Park and Cherokee Marsh Watershed Study

City of Madison, WI

Maximum Minimum Decay
Infiltration Rate| Infiltration Rate Rate
HSG! | (inches/hour) | (inches/hour) | (1/hour) | Dry Days
D 0.5 0.1 4.0 9.9
Water 0 0 0 0

1Where soils are classified as A/D, B/D, or C/D an HSG D was assumed.

Forest Land Use: Maximum and minimum infiltration rates multiplied by 2.

The pervious area within each subwatershed was classified by HSG. For each subwatershed
composite, infiltration parameters were developed by area-weighting by each parameter based on
the amount of each HSG within a subwatershed. For example, if a pervious portion of a
subwatershed is 50-percent HSG A and 50-percent HSB B, the maximum infiltration rate would be
3.0in./hour.

It should be noted that the values shown in Table 4-4 are the “base conditions” values. Infiltration
rates that were used as a calibration parameter may be modified to better represent actual
conditions. See Section 5 for modifications that were made to develop the “calibrated existing
conditions” model.

4.3.2.5 Antecedent Moisture Conditions

The antecedent moisture condition represents whether there are saturated or exceptionally dry soil
conditions at the start of a storm event. In saturated conditions, the maximum infiltration rate of
soils would be decreased and the depressional storage may be reduced. In dry conditions, the
maximum infiltration rate may be higher than typical. For this analysis, typical antecedent moisture
conditions were used and are represented by the parameters listed in Table 4-4.

4.3.2.6 Depressional Storage

Within a subwatershed, there are surface depressions that collect runoff (puddles) and reduce the
amount of runoff generated from a rainfall. Depressional storage is incorporated into the runoff
calculations to account for these areas. For each subwatershed, a depression storage of 0.05in. for
impervious areas and 0.15in. for pervious areas was included. These values meet the criteria
defined in the City’'s Modeling Guidance.

4.3.3 Runoff Routing

The runoff hydrograph generated by the hydrologic portion of the model is then routed into the
hydraulic portion of the model. Within areas of the watershed where storm sewer is present, the
runoff is routed directly into the 1D storm sewer system. Within other areas the runoff is routed onto
the 2D surface. Examples of where the runoff is routed onto the 2D surface are the TPC Wisconsin
golf course pond system and the Castle Creek greenway.
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4.3.4 Internally Drained Areas

Within the Warner Park and Cherokee Marsh watershed, there are several internally drained areas
that were identified and delineated. These areas are enclosed depressions with no known storm
sewer, or defined open channel, outlet. For each of these areas, a subwatershed was delineated,
hydrologic parameters were developed, and the runoff was incorporated into the XPSWMM™ model.
The internally drained areas were part of the 2D model. Runoff was allowed to pond in the internally
drained areas and overland flow either into or out of the areas was allowed. Figure 4-4 identifies the
locations of the internally drained areas. The internally drained areas are summarized below.

1. Southwest of the intersection of Barnett Street and Harvey Road: A small depression is
located the backyards of residential properties and collects runoff before it overtops and
sheet flows to the north towards Harvey Road.

2. There are two depressions within residential backyards in the Cherokee Park neighborhood
north of Menomonie Lane, south of Burning Wood Way, and west of Namekagon Lane. These
areas collect runoff from adjacent properties before overtopping and sheet flowing onto
adjacent streets.

There are additional depressional areas that do not have internally drained subwatersheds
delineated. These areas may consist of backyards or other small, local depressions. These
depressions are accounted for in the hydrology calculations through the depressional storage
parameters described in Section 4.3.2.6. It is possible that small depressions not incorporated may
have localized flooding conditions (such as individual back yards); however, the scope of this study
did not allow for the evaluation of each individual area.

4.4 1D Hydraulic Model Development

The 1D hydraulic portion of the XPSWMM™ model represents the storm sewers, culverts, and
detention basin outlet structures within the drainage system within the Warner Park and Cherokee
Marsh watershed. The hydraulic input parameters required by XPSWMM™ vary depending on the
different parts of the drainage system. The source data used to compile the hydraulic model input
data is summarized below. Table C-1 (pipes), C-2 (orifices), C-3 (weirs) and C-4 (nodes) in Appendix C
provides hydraulic input parameters for links and nodes from the XPSWMM™ model. Figure C-1 in
Appendix C shows a layout of the model network.

441 Storm Sewers

City-owned storm sewer mains and storm access structures were included in the XPSWMM™ model,
per the project’s scope of work. Additionally, inlet lead storm sewers and inlets were included to
collect overland flow from the 2D model. Inlet capacity was not considered as part of the analysis.
Accurate analysis of inlet capacity required additional data regarding the number and type of inlets
within the study area. Further there are limitations regarding modeling of inlets in the 2D portion of
the XPSWMM™ software. Thus, it was beyond the scope of this analysis to consider inlet capacity.

Each storm sewer “link” requires upstream and downstream invert elevations, pipe length, and
Manning’s n (roughness). Additionally, hydraulic minor losses were added to the model.
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4.5 2D Hydraulic Model Development

The 2D portion of the hydraulic model is utilized to represent the overland flow across the land’s
surface. The 2D model uses topographic data to simulate the overland flow which may occur
throughout the watershed in areas, such as within open channels or creeks, within detention basins,
along streets, between buildings, or over undeveloped lands. All areas of the Warner Park and
Cherokee Marsh watershed are modeled in 2D. The 2D model is connected to the 1D model to allow
runoff to pass from the 1D elements in the model into the 2D part of the model and vice-versa. The
components of the 2D model are further described in the sections below.

451 Topographic Data

A triangular irregular network (TIN) was created within XPSWMM™ to represent the topography within
the study area. The City-provided elevation raster (City_of_Madison_DEM_2022) was used as the
basis for the TIN creation. This raster file was clipped to the approximate project extents. It was
converted to an Environmental Systems Research Institute (ESRI) grid format and imported into the
XPSWMM™ model.

Within the Warner Park and Cherokee Marsh watershed, there are two situations where the TIN
surface created by XPSWMM™ was modified.

1. The existing weir used for the Meadow Ridge Park pond outlet structure is not depicted by the
topographic data used to generate the TIN. The weir controls outflow from the pond and is
hydraulically important to the model. Within XPSWMM™, a ridge breakline was used to add the
weir walls. Aerial photography was used to digitize the weir. The weir is then represented as a 1D
link.

2. Within the TPC Wisconsin Golf Course the excavation and construction of the existing ponds
were on-going during the LiDAR flight that generated the elevation raster. Fills areas were used
to simulate the completed permanent pool of water that would be present in the full build-out
condition.

45.2 2D Grid

XPSWMM™ uses a grid comprised of squares to complete the 2D model calculations. Water enters
the grid and is transferred between grid cells. Elevations are assigned to the vertices and center of
each grid cell from the topographic data. The grid size for this project is 10 by 10ft. The 2D grid
covers the entire project area.

4.5.3 2D Land Use and Roughness Values

As part of the 2D model, the land cover is defined, and each land use is assighed a Manning’s n.
This factor represents the roughness of the land’s surface and ability to impede flow. For Warner
Park and Cherokee Marsh watershed, the land cover was divided into nine categories and each
category was assigned a unique Manning’s n value. The land cover was imported to XPSWMM™ from
GIS data developed for the watershed.

The land cover categories were selected based on available data. For areas with impervious area
delineations the data was used to classify land use as either impervious or pervious and a Manning’s
n was assigned. Due to the size and complexity of the watershed, the impervious area could not be
imported as 2D land use shapes into the model. Attempts to import the impervious data resulted in
the model crashing. To simplify the land use right-of-way areas were given a composite roughness
and the pervious and impervious areas within the right-of-way were not imported.
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For areas within the study area that do not have impervious areas delineated the impervious
percentage associated with the WinSLAMM SLU for that land use was utilized to develop a
composite Manning’s n. The Manning’s n was initially selected based on the standard values in the
City’s Modeling Guidance. These standard values are based on sheet flow conditions.

The Manning’s n corresponding to each land use is provided in Table 4-5. The land use for the
2D roughness is shown in Figure 4-5.

Table 4-5. 2D Manning’s Roughness

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Land Use Manning’s n Land Use Manning’s n
Commercial 0.18 Right-of-Way 0.16
Impervious 0.1 Water 0.01
Open Space 0.24 Wetland 0.15

Pervious 0.24 Wooded 0.4
Residential 0.2

4.5.4 Inactive Areas

Inactive areas are defined as areas where surface water cannot flow because of physical barriers
(such as buildings). Inactive areas were identified and added to the 2D model to represent building
footprints. These are areas where the 2D modeled flow will not occur. Building footprints were
imported from the Dane County GIS data.

4.5.5 1D/2D Interface

The 1D and 2D models interfaced at model nodes. Runoff can be transferred from the 1D storm
sewer network onto the 2D grids at selected nodes within the model. Runoff from the subwatersheds
are entered directly into the 1D system (at nodes). The runoff is passed from the 1D model into the
2D portion of the model when capacity of the 1D system is exceeded, or where the 1D system
discharges into portions of the drainage system that are modeled in 2D, such as ponds and open
channels. Nodes representing inlets or sewer access structures are connected to the 2D grid at the
rim elevation. Nodes represent apron end walls or culvert ends are connected to the 2D grid at the
invert elevation.

4.6 Boundary Conditions

The model includes various outlets into Lake Mendota and the Yahara River / Cherokee Marsh.
There are two primary outlets through which the majority of the watershed discharges.

1. The Menomonie Channel that discharges inlet Cherokee Marsh. The channel begins at the
culvert (2 - 43 by 68in. horizontal elliptical pipes) under Comanche Way on the east and flows
west, parallel to Menomonie Drive.

2. The outlet culvert (72in. diameter) from Warner Lagoon underneath Woodward Drive and inlet
Lake Mendota.

Additionally, there are approximately seven smaller storm sewers that discharge into Lake Mendota
at various locations along the south and western sides of the study area. There are also eight smaller
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storm sewers that discharge into Cherokee Marsh from the Cherokee Marsh neighborhood on the
north side of the study area. A fixed tailwater elevation of 850.1, which is equal to the target summer
maximum water level for Lake Mendota was used as the boundary condition for each outfall. It
should be noted that the lake level fluctuates. Changes in the lake level can impact the model
results.

4.6.1 2D Boundary Conditions

The boundary of the 2D model—the perimeter of the 2D grid defined for the study—is created in the
model to be closed and acts as a vertical wall. The model results were reviewed, and overland flow
outfalls were added (termed by XPSWMM™ as “head boundaries”) at locations where water ponded
along the “edge” of the model. These are locations where overland flow leaves the study area and
enters an adjacent watershed. Overland flow outfalls are listed below.

Along the edge of Cherokee Marsh, parallel to Burning Wood Way.

Along the west side of Wheeler Road, between Northport Drive and School Road.
Northwest of the Sauthoff Pond.

Along the edge of Lake Mendota, west of Veith Avenue.

Along the west side of Harper Road.

Along Heath Avenue, east of Huxley Drive.

o0 s NP

Each overland flow outfall was assumed to be a free outfall (no tailwater). It was also assumed that
there is not overland flow that enters from any adjacent areas.
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Section 5

Model Calibration

The scope of work for the calibration effort as specified in the project’s contract is identified below.

Calibration will be attempted for no more than three (3) 2022-2023-monitored storm
events. The three (3) events will be selected by the City and BC. For purposes of this
project, the model will be considered to be calibrated if the overall average model
bias for water surface elevations is within +/- 5% with reasonable effort made to
minimize the largest absolute error while at the same time balancing that effort with
the relative importance of the model results at each monitoring site location. The
largest absolute error at each monitored location is defined as +/- 25 percent. It is
understood that there may be some circumstances where calibration cannot be
accomplished. If calibration cannot be accomplished, BC and the City will discuss and
decide on an acceptable course of action.

The calibration process focused on identifying consistent model input parameters that would provide
reasonably comparable results for each of the three storm events. However, it is understood that the
hydrologic conditions, and how runoff is generated from the land surface will vary from storm to
storm. Also, it is commonly found that hydrologic factors that best represent larger rain events may
not be appropriate for use in smaller rain events. The storm events during the monitoring period did
not result in any known flooding within the watershed.

5.1 Monitoring Data

There were ten monitoring locations within the Warner Park and Cherokee Marsh watershed that
could be used in the calibration process. All of the monitoring data was collected by the City or the
USGS and BC obtained the data from the Trimble Unity website (City data) or via email (USGS data).
The monitoring locations are listed below and shown in Figure 5-1.

1. Sherman Avenue at Manley Street: City gage that monitored water level in a 36-in. storm sewer
located underneath Sherman Avenue, just north of the intersection with Manley Street. The
drainage area to this gage is approximately 102 acres, is fully developed, and is predominantly
residential land use.

2. Sherman Avenue at Northport Drive: City gage that monitored water level and flow in a 42-in.
storm sewer, with a 119-acre drainage area, located underneath Sherman Avenue, just north of
the intersection with Northport Drive. This pipe has a steep slope (approximately 10-percent)
and the flow data collected was not useable.

3. Warner Lagoon: City gage that monitored water level within Warner Lagoon. The gage was
located on the northeast side of the lagoon, within Warner Park. The lagoon has a drainage area
of approximately 1,035 acres of mixed-use land. There are also several other gages upstream of
the lagoon, including Sherman Avenue at Manley Street, Sherman Avenue at Northport Drive,
Camino Del Sol, and the Trailsway Storm Sewer Outfall.

4. Camino Del Sol: City gage that monitored water level in a 48-in. storm sewer that runs southeast,
parallel to railroad tracks, at the southern end of the Camino Del Sol cul-de-sac. This storm
sewer has a drainage area of approximately 186 acres of single family residential, multi-family
residential, and school areas.
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5. Bonner Lane: City gage that monitored water level and flow in a 36-in. diameter storm sewer
located underneath Bonner Lane at the intersection with Elgar Lane. This storm sewer has a
drainage area of approximately 109 acres of single family residential, multi-family residential,
and school areas.

6. Cherokee West Inlet and Outlet: USGS gages monitoring flow and water level at the inlets (36-in.
and 3.5 by 7ft box culvert) and outlet weir of the wet detention pond located north of the
intersection of Wheeler Road and Delaware Boulevard, within Cherokee Park. The pond has a
drainage area of approximately 104 acres of mixed use land.

7. Cherokee East Inlet and Outlet: USGS gages monitoring flow and water level at the inlets (two
48-in. storm sewers) and 36-in. outlet pipe of the wet detention pond located northwest of the
intersection of Wheeler Road and llene Lane, within Cherokee Park. The pond has a drainage
area of approximately 224 acres of mixed use land.

8. Trailsway Storm Sewer Outfall: USGS gage monitoring water level at the outfall of a 42-in. storm
sewer into the Caste Creek greenway, northwest of the intersection of Sherman Avenue and
Trailsway. This gage has a 365-acre drainage area of fully developed mixed-use land. It should
be noted that, the Sherman Avenue at Manley Street and Sherman Avenue at Northport Drive
gages are located upstream of this location.

5.2 Selected Runoff Events

The rain events selected for the calibration process are defined in Section 4.2.2. The events were
selected based on the completeness of recorded data and the severity of the rain event. The

July 4-5, 2022 event was the largest rain (3.3in. over approximately 37 hours with a peak intensity of
2.0in. in an hour). This event (based on peak hourly intensity) falls within the range of a 10%
recurrence interval based on NOAA Atlas 14, Volume 8, Version 2 data.

There are no known flooding reports that occurred as a result of this rainfall event. However, a site
visit was made by BC during a rainfall event on July 12, 2023 and ponding within Trailsway, along
the Castle Creek greenway was observed. This storm event had approximately 1.5in. of rain in

6 hours and was of a lower intensity than the calibration events selected.

5.3 Selected Gages

The scope of work includes calibration at up to six gages. The information collected by the gages for
the calibration events was reviewed to determine which gages to utilize as part of the calibration
process. The Sherman Avenue at Northport gage did not collect data during the 2022 monitoring
season and the flow data collected in 2023 was not useable for calibration as the flow values
collected were small and inconsistent. Additionally, the Trailsway Storm Sewer outfall gage was
installed in 2023, and thus data was not available from the 2022 monitoring season, which included
two of the selected calibration events. This gage was also eliminated from consideration for use in
calibration. The Bonner Lane gage did not include data for the July 2022 storm event, and the
August 2022 event included questionable flow data. As a result, other gages were prioritized. The
monitoring at the Cherokee ponds included inlet and outlet monitoring. The monitoring of the inlets
was determined to be of more interest for this study. The outlets from these ponds are downstream
of developed areas of the City. Thus, monitoring at the inlets to the pond, and calibration to these
results, has a more direct impact on the area of interest for this study. The remaining gages were
used for calibration.
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5.4 Calibration Process

An extensive calibration process was conducted on the Warner Park and Cherokee Marsh watershed
using the three selected measured rain events. The process is fully documented below.

Initially, the monitoring data was compared to the uncalibrated, base, model results. These results
showed that the model over-predicted water surface elevations and flow rates at each of the
monitoring locations for all storm events. The observed error ranged from 2- to 150-percent at the
various locations and overall error was 71-percent.

As a result of these initial results, the calibration process focused on modifying parameters to reduce
the runoff volume and peak runoff rates. The parameters that the analysis focused on were
maximum and minimum infiltration rates and the percentage of directly connected impervious area.
These parameters were found to have the largest impact in moving results toward an acceptable
calibration. Other factors that were also considered were updated drainage areas and the infiltration
decay rate.

During the consideration of various calibration factors, the rainfall for the calibration events was also
investigated. Inconsistencies were observed in monitoring responses during two of the storm events.
During the July 5, 2022 event, there was significant variability in the rainfall reports at three of the
rain gages near the project area. The USGS rain gage located at the Cherokee East Pond, located
within the study area, reported 2.63ins. of rainfall. The Dane County Regional Airport rain gage,
located just northeast of the study area, reported 1.7in. The Sycamore Park city rain gage, located
southeast of the study area, reported 1.6in. of rainfall. Based on the variation in rainfall, and the
different responses observed in the monitoring data, it is believed that the rainfall amount collected
by the USGS rain gage was not representative of the entire study area. Only the monitoring locations
closest to this gage (the Cherokee East and Cherokee West ponds) were considered as part of this
calibration event.

Another inconsistency with rainfall and monitoring data occurred during the August 25, 2022 storm
for the Sherman Avenue at Manley Street gage. The rainfall data for this event showed a distinct
second rainfall peak, that was of greater intensity than the first peak in the rainfall event. The
Sherman Avenue at Manley Street gage data showed a smaller second peak. Thus, this gage was
ignored during this storm event.

The calibration factors that were ultimately selected are listed below.

o Increased the maximum and minimum infiltration rates by 50 percent for the entire watershed.
« Reduced the directly connected percentage by 50 percent for the entire watershed.

« Adjusted the drainage basin boundary for the area draining to the Cherokee East Pond.

These factors produced the best balance of results to meet the goals of the project. With these
adjustments the overall observed error was reduced to 3 percent.

5.5 Calibration Results

Calibration results are provided in Appendix D. As a summary, Tables 5-1 through 5-7 provide an
overall summary of the calibration performance and show the calibration results in comparison to
the measured results.

The model results generally compare favorably in terms of the shape of hydrographs and the timing
of peaks and troughs. Additionally, the percent error is within the acceptable range (+/- 25-percent)
except for two gages during the July 28, 2023 event (Warner Lagoon and Sherman Road at Manley
Street). However, the overall error for this event is still within the acceptable range.
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Table 5-1. Overall Calibration Summary

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Average Percent
Event Difference
7/5/2022 -5%
8/25/2022 14%
7/28/2023 -2%
All Events 3%

Table 5-2. Warner Lagoon Calibration Results - Storm Sewer Level (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Sewer Level (ft)

7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm
Starting Level 849.6 849.6 849.6
Gauge Peak Water 850.5 850.2 850.1
Level
Modeled Peak Water 850.8 850.2 8499
Level
Absolute Difference (ft) 0.3 0.0 -0.2
% Difference
(calculated based on 44%* 10% -32%
increase in water level)

*Not used for calibration

Table 5-3. Sherman and Manley Calibration Results - Storm Sewer Level (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Sewer Level (ft)
7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm

Starting Level 857.0 857.0 857.0
fa”ge Peak Water 860.4 860.0 860.3

evel
Modeled Peak Water 862.7 862.3 861.8
Level
Absolute Difference (ft) 2.3 2.3 1.5
% Difference
(calculated based on 69%* 17%* 49%
increase in water level)

*Not used for calibration
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Table 5-4. Camino Del Sol Calibration Results - Storm Sewer Level (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Sewer Level (ft)

7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm
Starting Level 862.7 862.7 862.7
Gauge Peak Water 866.8 865.2 866.0
Level ! ’ ’
Modeled Peak Water 869.4 865.5 866.1
Level
Absolute Difference (ft) 2.6 0.3 0.1
% Difference
(calculated based on 66% 11% 3%
increase in water level)

*Not used for calibration

Table 5-5. Cherokee East Pond Box Culvert Inlet Calibration Results - Storm Sewer Flow (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Flow Rate (cfs)

7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm
Starting Flow Rate 0 0 0
Gauge Peak Flow Rate 148 59 86
Modeled Peak Flow 130 73 65
Rate
Absolute Difference 18 14 21
(cfs)
% Difference
(calculated based on -12% 25% -24%
increase in flow)

Table 5-6. Cherokee East Pond Pipe Inlet Calibration Results - Storm Sewer Flow (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Flow Rate (cfs)
7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm
Starting Flow Rate 0 0 0
Gauge Peak Flow Rate 32 14 18
Modeled Peak Flow 34 17 17
Rate
Absolute Difference 2 3 1
(cfs)
u
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Table 5-6. Cherokee East Pond Pipe Inlet Calibration Results - Storm Sewer Flow (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Flow Rate (cfs)

7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm

% Difference
(calculated based on 5% 25% -6%
increase in flow)

Table 5-7. Cherokee East Pond Calibration Results Pond Level (ft)

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Pond Level (ft)

7/5/2022 Storm 8/25/2022 Storm 7/28/2023 Storm
Starting Level 852.3 852.3 No Data
Gauge Peak Water 853.1 853.4 No Data
Level ! ’
Modeled Peak Water 853.9 853.4 No Data
Level
Absolute Difference (ft) -0.2 0.0 No Data
% Difference
(calculated based on -9% -1%
increase in water level)
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Model Results

6.1 Evaluation of Desigh Storm Model Results

The calibrated XPSWMM™ model executed for each of the design storms. Table E-1 in Appendix E
summarizes the peak water surface elevation at selected locations throughout the Warner Park and
Cherokee Marsh watershed. Figure 6-1 provides the location of each of the reporting locations in
Table E-1.

The Existing “Maximum Water Depth” maps for each modeled event are found in Figures 6-2 through
6-8 (rain events from the 50% chance event to the 0.2% chance event). As expected, widespread
surface flooding is shown for the larger rain events (2, 1, and 0.2% chance events). It should also be
noted that presence of shallow water (O — 0.25ft) in the street right-of-way under the smallest
modeled event (50% chance event), does not necessarily indicate “flooding” or a stormwater
conveyance capacity problem. Runoff water is expected in the streets during this event as streets,
and their curblines, are a part of the City’s stormwater conveyance network.

6.2 Model Results Evaluation

By reviewing the 20% and 10% chance events, the most flood-prone areas can begin to be identified.
Flooding depths greater than 0.5ft in the 20% and 10% chance events are indications of flood-prone
areas. The areas that appear to be most flood-prone, based on a review of the 10% chance event,
include:

1. Trailsway from Sherman Avenue to Monterrey Drive.
Brentwood Parkway and Calypso Road south of Trailsway.
The intersection of Schlimgen Avenue and Huxley Street.
The intersection of Melrose Street and Huxley Street.

The intersection of Vahlen Street and Ruskin Street.
Sherman Avenue from Northport Drive to Manley Street.
Lakeview Avenue and Drewery Lane, west of Hanover Street.
Delaware Boulevard, west of Dakota Drive.

. Bonner Land, between Claremont Lane and Wheeler Road.
10. Camino Del Sol, south of Troy Drive.

11. The intersection of Troy Drive and Toban Drive.

© 00N AW

Several conditions can influence the flooding including inlet capacity, storm sewer capacity, overland
flow from other sources, or a combination of all of these conditions. During Phase 2 of the project,
these areas will be further evaluated to assess the causes and develop mitigation measures.

6.2.1 Comparison to City Flood Control Goals

The existing conditions flooding results were compared to the City’s flood control goals to quantify
the performance of the stormwater conveyance system in the Warner Park and Cherokee Marsh
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watershed. The performance of the system relative to greenway crossings, pipe capacity, and street
flooding were considered.

6.2.1.1 Greenway Crossings

At locations where a greenway crosses under a street, the City’s goal is to safely pass the 1% chance
event without overtopping the street. The crossing was determined to be overtopped if the elevation
at the upstream side of the culvert is above the street crossing elevation. Within the Warner Park
and Cherokee Marsh watershed there are two greenway crossings. The performance, whether the
street is overtopped, at these locations is summarized in Table 6-1.

Table 6-1. Greenway Crossing Performance

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

. 1%, 24-hr Design Storm
Location ” g Notes
Performance
Comanche Way Meets Criteria Ponding observed on street from
local storm sewer
Meadow Valley Drive Meets Criteria Ponding observed on street from
local storm sewer

6.2.1.2 Pipe Capacity

The City’s goal is to eliminate surcharging from the storm sewer system onto city streets for up to the
10% chance event. The pipe capacity was determined to be exceeded if the peak water surface
elevation at the upstream end of the pipe was above the ground surface elevation. Within the
XPSWMM™ model, there are a total of 610 pipes, of which 262 are surcharged at the upstream end
during the 10% chance event. This equates to 43 percent of the pipes not meeting the pipe capacity
goal. Figure 6-9 graphically displays the pipes that have their capacity exceeded.

The 610 pipes result in a total pipe length of 84,888ft, of which 39,557ft are surcharged during the
10% chance event. This equates to 47 percent of the pipe length not meeting the capacity goal.

6.2.1.3 Street Flooding

Within streets, the City’s goal is to maintain drivability of municipal streets for the 4% chance event.
Drivability is defined as having no more than a 100-ft segment of roadway with 0.5ft, or more, of
flooding at the center of the street. Within the watershed there are a total of 49.8 miles of streets, of
which 3.4 miles have a water depth of more than 0.5ft at the street centerline, for a length of more
than 100-ft during the 4% chance event. This equates to 7 percent of the streets not meeting the
drivability goal. Street areas where the flood mitigation goal is not met are identified on Figure 6-10.

6.2.1.4 Structure Flooding

For structures (buildings), the City’s goal is to prevent structure flooding for up to and including the
1% chance event. Structure flooding is defined as having 0.5ft of more water within 5ft of a building.
To assess structure flooding the model results for maximum flooding depth were intersected with the
buildings (including a 5-ft buffer) to determine if the maximum water depth is exceeded. Under the
existing conditions for the 1% chance event there are 232 structures impacted by flooding.
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6.2.2 Comparison to Known Flooding in Watershed

There are various areas of known flooding within the watershed (see Section 1-3). The modeling
results were reviewed and reflect consistency with the reported flooding. In particular, flood reports
along Trailsway and in the area southeast of Warner Park are consistent with flooding observed in
the model. A number of flood reports are also present along Wheeler Road and Delaware Boulevard,
which is also reflected in the modeling. Flood reports are also present in various other areas of the
study, and the modeling displays inundation in these areas.

6.2.3 Comparison to Focus Group Flooding Reports

As part of the public engagement effort for this project, PIM #2 shared model results with residents.
The meeting included a presentation that shared inundation mapping results. After PIM #2, and in
advance of PIM #3, there were various outreach efforts in the watershed. As part of these efforts,
described in Section 7.3, BC met with residents at five events in the watershed. At these events,
inundation mapping results were shared and BC staff discussed the experience residences had with
flooding. The flooding described by residents during these meetings is similar to what is depicted on
the flood inundation mapping.

6.3 Discussion of Long Duration, Back-to-Back Model Results

An additional design storm model run was conducted to represent the extreme condition of
“back-to-back” 1% chance events occurring. Figure 6-11 is a hyetograph of the rain event showing
the peak rain intensities occurring 12 hours apart. Another way to describe this condition would be
having two 6.6-in. rain events occurring within 36 hours. The modeled results of the maximum water
depth map for this event is shown on Figure 6-12 and tabular results are shown in Table E-1. Under
this event, the results are similar to the 1% chance and 0.2% chance storm events. Results are more
similar to the 0.2% chance storm event where the overall volume of runoff is the driving factor in
flooding depth and extents. Where the peak runoff rate is the driving factor, the results are similar to
the 1% chance storm event.

6.4 Menominee Channel Additional Investigation

The Menominee Channel was the subject of additional investigation and modeling as a result of
questions raised regarding the drainage channel from nearby residents as part of PIM #2. The
channel is directly connected to the Yahara River and Cherokee Marsh meaning that there is no
culvert, bridge, or other restriction separating the channel from the river/marsh. Because of its
location, the sensitivity to changes in modeling inputs from the modeling guidance document may be
increased.

As part of the standard model set-up the model ended near the west end of the greenway, where the
channel would enter the Yahara River / Cherokee Marsh. A fixed tailwater level of 850.1 was used as
the boundary condition (see Section 4.6), which is consistent with the summer target water level for
Lake Mendota. The channel outlet is located upstream of Lake Mendota, and upstream of the STH
113 bridge. As a result, it was desired to understand the potential impacts of a higher tailwater level,
which could be caused by flow being restricted by the bridge. The FEMA floodplain mapping and
Flood Insurance Study Dane County, Wisconsin (June, 2016) were reviewed. At the outfall from the
Menominee Channel, FEMA reports a flood elevation of 851.7 for the 10-percent chance flood event
and 853.5 for the 1-percent flood event.

The Menominee Channel is also classified as open water as part of the land use mapping. Open
water utilizes a low manning’s roughness (0.01). Site visits to the channel have shown vegetation
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growth within the channel and heavy vegetation on portions of the banks. These conditions would
warrant a higher roughness value. The range of expected values would be from approximately 0.05
for a channel with dense weeds as high as the flow depth to 0.1 for a channel with dense brush.

To understand the sensitivity of channel water surface elevations to changes in model parameters
three scenarios were evaluated with modified manning’s roughness within the channel. Each
scenario used an elevated tailwater level equal to the 10-percent chance flood event as reported by
the FEMA Flood Insurance Study (elevation 851.7). The results are summarized in Table 6-2.

Table 6-2. Menominee Channel Sensitivity Analysis - 1% Chance Storm Event

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Peak Water Surface Elevation at Peak Water Surface Elevation at
Tailwater Elevation | Manning’s Roughness | Chinook Ln Extended (1% Chance Downstream Side of Comanche Way
Storm Event) Culvert (1% Chance Storm Event)
850.1 0.01 850.8 851.1
851.7 0.05 852.3 852.5
851.7 0.08 852.6 852.8
851.7 0.1 852.7 852.9

The FEMA estimated 100-year flood (1% chance) elevation is 853.5-feet. The different scenarios for
the 1% chance storm event show the water surface elevation is lower than the FEMA 1% chance
flood elevation, indicating that the channel is still functioning to convey water even with increased
vegetation.

6.5 Model Uncertainty

In general, all models are approximations, and as such, there is a certain amount of uncertainty in
the results. This uncertainty is due to approximations in the input data, simplification of the methods
used to calculate flow and level, uncertainty in the measured flow and level data, etc. This model is
built following the City’s Modeling Guidance document and is calibrated to monitored storm events
as described in previous sections. The model was constructed at the watershed-level and is intended
to identify flooding problems at that scale. It can be used to determine if the City’s flood control goals
are met within the watershed. Caution should be exercised when evaluating flooding problems at
finer scales, additional refinement of model input parameters may be required.

The model calibration was focused on developing a single set of input parameters that would
represent large storm events. Additionally, only a limited amount of calibration data was available for
this study. The number of field monitoring locations and the length of the monitoring period were
limited. The largest calibration event used in this project was less than a 10-year storm event. There
is uncertainty with how model input parameters and the results associated with them project to
larger design storm events, such as the 1% chance event. It is believed that the calibrated model
accurately depicts the impacts of flooding from storm events because the input parameters are
within accepted ranges and the model results correlate to anecdotal flooding information from both
City staff and residents.

The model includes a fixed tailwater level to represent the boundary condition for Lake Mendota.
This water level varies and can impact flooding associated with a given storm event. An event that
occurs during a period of higher lake level would result in increased flooding. The impact of the lake
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level will also vary throughout the watershed. In general, the closer an area is in elevation to the lake
level, the more significant the influence of lake level will be.

As part of the design and implementation of flood mitigation solutions, the City may wish to further
evaluate the model uncertainty and consider how mitigation solutions could be impacted.

1. Design flexibility. To address model uncertainty, as well as uncertainty associated with changing
future conditions, design flexibility could be considered. An example of design flexibility is to
consider increases (or decreases) in pipe sizes as part of a storm sewer improvement flood
mitigation measure. For instance, a 48-in. diameter storm sewer may be identified as the
required size to provide the desired LOS (elimination of surcharging from the 10% chance event).
Increased pipe sizes could be considered to determine the added LOS that is provided (i.e., is
surcharging prevented in the 4% chance event?). This can then be evaluated to determine if it
provides a cost-effective factor of safety/increase in LOS.

2. Sensitivity analysis. A sensitivity analysis could be conducted to determine how changes to
model input parameters impact the model results and performance of mitigation measures. If
changes to input parameters result in only limited impacts, the level of uncertainty associated
with the model would be decreased.
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Section 7

Public Engagement

As part of the Warner Park and Cherokee Marsh watershed study, the City carried out an extensive
public information effort with assistance from BC. In addition to various social media and web-based
communication methods, public meetings were held as summarized below. Additional information
regarding the public engagement is included in Appendix F.

7.1  Public Information Meeting #1

An initial PIM was held on July 20, 2023, as a virtual meeting via Zoom. The purpose of this meeting
was to inform the public of the initiation of the study, provide an overview of what will be
accomplished during the study, and to collect feedback from residents on flooding experienced.
Additional information, including a copy of the presentation and a recoding of the meeting, are
provided on the City’s project website:
https://www.cityofmadison.com/engineering/projects/warner-park-and-cherokee-marsh-watershed-

study.

7.2 Public Information Meeting #2

A second PIM was held on October 21, 2024. This meeting was held virtually and presented an
update on the status of the study. The purpose of the meeting was to provide an overview of the
work conducted to date, and to display flood inundation mapping for the watershed. The PIM
included a presentation and a questions and answer session. Flood inundation mapping for the 10%,
1%, and August 2018 storm events were shared at the meeting. A copy of the presentation and a
recording of the meeting are available on the City’s project website listed above. In addition, posters
showing the flood inundation mapping, and advertising the meeting, were displayed at the Lakeview
Library and Warner Park Community Center in advance of the meeting,

7.3 Public Information Meeting #3 & Outreach

The third PIM was held on September 23, 2025. In advance of the meeting a number of outreach
activities were undertaken to publicize the forthcoming meeting. The outreach activities were
focused on trying to meet residents at community events to share information about the project,
gather feedback regarding inundation mapping and past flooding, and to spread awareness for the
public meeting. At each of these events a poster was displayed showing the existing conditions flood
inundation results. Flyers were also distributed with the inundation results, flood resources, and
pertinent information for the public meeting. The events attended were:

o Pizza nights on August 7 and 28 hosted by the Rooted community group at the Troy Farm
gardens.

o Parks Alive, hosted by the City’s parks department, at Warner Park near Trailsway on August 13.

o Northside Farmer’s Market at the Northside Town Center east of Sherman Avenue on August 24
and September 7.
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In addition to the community events, the City mailed postcards to residents that lived nearby the
existing flood mapping results informing them that the watershed study predicted flooding in their
area, in order to share flood risk information directly without residents needing to attend the public
meeting, or view the project webpage. The north and east sides of Madison haven't experienced as
large of storms as the west side, therefore part of the intent of the outreach was to let neighbors
know what areas are at risk of flooding during large storms. Additionally, similar to the second PIM,
the City displayed posters showing the flood extents, and advertising the third PIM at the Warner
Park Community Center, and Lakeview Library in advance of the meeting. Fliers were available that
had additional information and resources about how to prepare for flooding.

At the public meeting, a presentation was provided that summarized existing conditions inundation
mapping and provided information regarding proposed flood mitigation measures. The meeting was
followed by a general question and answer session. Focus group meetings were then held in
breakout rooms to discuss the various proposed mitigation measures. A copy of the presentation
and recording of the meeting is available on the City’s project website listed above.
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Proposed Solutions Development

8.1 Overall Evaluation Process Methodology

The process utilized to evaluate potential solutions, and ultimately to select solutions proposed for
implementation, is described in the following sections. This section (Section 8.1) includes the
process used for solution development. Section 8.2 describes various processes considered, for
solutions that were selected and solutions that were not selected.

8.1.1 Data Review

To commence the solutions development process, the existing conditions results were further
reviewed to identify constriction points within the watershed. Constriction points were identified by
considering existing flooding conditions and identifying the cause, or causes, of flooding at individual
areas. Constriction points identified included the following types of areas: where a larger storm
sewer discharges into a smaller sewer, a storm sewer that is undersized, and/or the lack of an
overland flow path.

8.1.2 Solution Brainstorming

Following the initial data review, discussions were held as part of monthly project update meetings
with City Engineering Staff and BC to consider various constriction points across the watershed,
discuss conceptual scenarios, and identify potential opportunities for flood mitigation measures.
Generally, the evaluation of potential solutions was conducted iteratively, within various areas of the
watershed.

8.1.3 Evaluation of Potential Solutions

Following the solutions brainstorming, BC evaluated various potential solutions to flooding. The
calibrated existing conditions XPSWMM™ model developed as part of this study was utilized to
evaluate the flood control performance of the various potential solutions. Within the XPSWMM™
model, the hydraulic input parameters for various components of the storm water conveyance
system were modified to simulate potential improvements. The evaluation of various potential
solutions is described below.

1. Local Storm Sewers: Throughout the Warner Park and Cherokee Marsh watershed there is also
flooding caused by insufficient storm sewer capacity. An initial step of the evaluation of potential
solutions was to identify proposed “local” storm sewer improvements. Improvements to these
storm sewers can have an impact on the sizing of other mitigation measures such as greenway
and relief sewer improvements. To determine potential improvements to these areas the
following steps were taken.

a. Based on the layout of the storm sewer system within the watershed, individual sections of
storm sewer were isolated and evaluated for improvements.

b. Improvements were incorporated into the isolated section of storm sewer with a target of
meeting the City’'s 10% chance event level of service goal.

c. After the 10% chance event target was met, the 1% chance event was executed in the
XPSWMM™ model, and the results were reviewed. Additional storm sewer enhancements
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were made until the 1% chance event goal, of maintaining flooding within the right-of-way
was met. In cases, where the 1% chance event could not be maintained within the
right-of-way an alternative goal of preventing structure flooding was considered.

d. Subsequent sections of the storm sewer system were then evaluated until all areas of local
storm sewer were evaluated.

e. The local storm sewer improvements were consolidated into an overall watershed
XPSWMM™ model the impacts of the local improvements in conjunction with regional
improvements were considered. Local storm sewer were then modified iteratively with
regional improvements.

2. Castle Creek Greenway: Various modifications to the Castle Creek greenway were considered.
Improvements considered included creation of relief sewers, expansion of the greenway,
removal and/or expansion of bridges, and conversion of the area to a wet pond.

3. Regional Stormwater Detention Improvements: The addition of new detention areas were
considered. However, the Warner Park and Cherokee Marsh watershed is nearly fully developed
and open space for the creation of detention areas is limited. Open space areas that were
identified were deemed to not be suitable for regional stormwater detention because of
topography or site usage, such as being existing park space. As a result of these constraints
there were no regional detention areas evaluated within the model.

4. Relief Sewer Improvements: At several locations around the watershed relief sewers were
considered to address existing deficiencies in the drainage system. These relief sewers are
generally located within the City ROW in alignments where there are not existing mainline storm
sewers.

8.1.4 Discussion of Potential Solutions with City Engineering Staff

During the course of the evaluation of potential solutions various update meetings were held with
City Engineering Staff. Ultimately, all areas within the watershed were discussed and consensus
reached with City staff prior to, or during, a meeting on April 16, 2025.

8.1.5 Convergence on Solutions

As the evaluation progressed, a set of solutions (described below) were determined to provide the
most viable path towards meeting the flood control goals for the project. This convergence of
solutions was based upon performance of the solutions, technical feasibility, and the input from City
Engineering Staff.

8.1.6 City Agency Meetings

Following the convergence on solutions for the Warner Park and Cherokee Marsh Watershed, City
Engineering Staff met with various City of Madison agencies to discuss the potential solutions and
challenges/obstacles to implementation of those solutions. A meeting was held with the Public
Works Improvement (PWI) team on July 1, 2025, which includes the Mayor’s Office, Water Utility,
Operations Department, Streets/Forestry, Transportation Engineering, and Streets Design Division.
The attendees of the meeting were supportive of the improvements. The potential solutions, with a
focus on proposed improvements within Warner Park were shared with the Parks Commission at a
meeting on July 8, 2025.

8.1.7 Other Stakeholder Meetings

City Engineering Staff invited stakeholders who were previously involved in the development of the
2021 Warner Lagoon Water Quality Planning Report to discuss flood mitigation solutions that
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overlapped both studies. Wild Warner Park, the Yahara Fishing Club, the engineering consultant that
assisted in the development of the Warner Lagoon Water Quality Planning Report, and the District 12
Alder attended a meeting held on July 23, 2025. These stakeholders indicated they were supportive
of infrastructure improvements. Wild Warner Park offered specific design elements to be considered
during detailed design of projects around Warner Park, and a general request was for all the flood
mitigation improvement projects to include design elements to enhance sediment trapping, which
would be consistent with the prior water quality planning report. The City plans to thoughtfully
incorporate water quality elements into the design of all proposed projects during the detailed design
phase of each project.

8.1.8 Finalization of Solutions

The solutions developed as part of the discussions with City Engineering staff were deemed feasible
and acceptable by other City agencies and the Parks Commission. The meetings did not result in any
revisions to the solutions developed and thus, the solutions were finalized.

8.2 Description of Solutions Considered

Stormwater control measures were considered in various locations across the Warner Park and
Cherokee Marsh watershed. Ultimately, a variety of solutions were selected for implementation, and
there were a number of solutions that were reviewed but not selected. The following sections provide
information about all solutions that were considered.

8.2.1 Solutions Reviewed - Not Selected

The following flood mitigation measures were considered as part of the evaluation process; however,
they were not selected for implementation. It should be noted that the potential solutions which were
reviewed but eliminated from consideration were not evaluated in as much detail as the selected
solutions. It may be possible that if the selected solutions cannot be implemented, these solutions
could be implemented instead. However, there may be barriers to implementation that were not
identified due to the less-thorough evaluation.

8.2.1.1 Trailsway Relief Sewer

1. Conceptual Project Description: Install a relief sewer (4-ft by 10-ft box culvert) along Trailsway
and continuing west to Warner Lagoon to supplement the capacity of the Castle Creek greenway.

2. Reason for Exclusion: Improvements to the greenway would still be required to meet flood
mitigation goals. Due to limited elevation difference between Trailsway and the Warner Lagoon
elevation, the size of the relief sewer is limited and adequate capacity could not be achieved.

8.2.1.2 Castle Creek Wet Pond

1. Conceptual Project Description: Create a wet pond to maximize storage within the Castle Creek
greenway along Trailsway. This concept had a larger footprint than the selected solution and
resulted in a greater impact to the park, including greater tree loss.

2. Reason for Exclusion: Concern regarding permitting, tree loss, and public acceptability.

8.2.2 Solutions Reviewed - Selected

This section provides a brief description of solutions that are selected for implementation as flood
mitigation measures in the Warner Park and Cherokee Marsh watershed. The locations of the
various solutions are displayed on Figure 8-1. Further detail for each of the proposed solutions is
provided in Section 9. The selected solutions generally fall into two categories 1) local storm sewer
improvements that are dispersed across the watershed and will be implemented as part of street
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reconstruction projects, and 2) stand-alone solutions that will be implemented as individual Capital
Improvement Plan (CIP) projects.

8.2.2.1 Local Storm Sewer Improvements

1. Conceptual Project Description: Improve storm sewers along various streets throughout the
watershed. Improvements include increasing pipe size and/or modifying pipe elevations/slopes.

2. lterations Considered: Various pipe sizes were considered.

8.2.2.2 Castle Creek Greenway Improvements

1. Conceptual Project Description: Remove concrete cunnette and expand/lower greenway.
Remove and replace existing bridges.

2. lIterations Considered: Various sizes and configurations of channels and ponds.

8.2.2.3 Warner Park Relief Sewer

1. Conceptual Project Description: Construct a 10 by 4ft box culvert to divert runoff west to Warner
Lagoon from Sherman Avenue, immediately south of the Warner Park entrance. This project
diverts runoff away from the Castle Creek greenway.

2. lterations Considered: Various sizes of the relief sewer were considered in conjunction with
improvements to the Castle Creek greenway improvements.

8.2.2.4 Camino Del Sol Relief Sewer

1. Conceptual Project Description: Enlarge the existing 48-in. storm sewer to 84in. located parallel
to the existing railroad tracks from the intersection of Troy Drive and Camino Del Sol to the
Warner Park Lagoon.

2. lterations Considered: Various storm sewer sizes were considered.

8.2.2.5 Lake View Avenue and Drewery Lane Diversion Sewers

1. Conceptual Project Description: Install new storm sewers to direct runoff east along Lake View
Avenue and Drewery Lane to Hanover Street, where it flows south within improved storm sewers
to Warner Lagoon. Existing storm sewers located within private property between Lake View
Avenue and Northport Drive are abandoned.

2. lterations Considered: Various storm sewer sizes were considered.
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Section 9

Selected Solutions

The selected solutions were introduced in Section 8 of this report. Figure 8-1 shows an overall
proposed improvement map for the Warner Park and Cherokee Marsh watershed.

In the following sections, the proposed improvements for the watershed are described in detail.
Included is pertinent information regarding the nature of the proposed solutions, the flood reduction
benefits, and other considerations. It should be noted that the improvements documented in this
report are not meant to be full design-level efforts; they are conceptual solutions that help the City’s
Engineering Division understand the magnitude of solution needed in a given area to meet the
targets. As projects are looked at further, and if they move to the point they are contemplated for
programming, projects will then go into a more detailed design phase. The design phase collects
detailed data needed and looks at refined design, permitting, and environmental issues associated
with the particular project

9.1 Local Storm Sewer Improvements

Detailed Project Description

During this study, BC determined that many of the existing flooding issues in the Warner Park and
Cherokee Marsh watershed are a result of undersized local storm sewers that are incapable of
conveying peak flows during intense rainfall events. During these events, the undersized pipes
operate in a surcharged condition, which pushes stormwater to the ground surface and results in
overland flow and flood impacts.

To better understand and ultimately address these issues, BC split the existing conditions
XPSWMM™ model for the watershed into smaller sections consisting of relatively independent
stretches of storm sewer. These sections were each run separately for the 10% chance event with
the model’s 2D engine inactive. BC assumed each separate model was drained by a free outfall at
the downstream end. Pipes were then upsized iteratively until the 10% chance event met the City’s
design goal of no surface flooding. Pipes were also lowered, and slopes were modified as needed to
meet the flood control goals.

The individual models were then incorporated into the overall watershed model which was run with
the 2D engine active. After verifying the proposed pipes continued to meet the 10% chance event
goal of no street surcharging in the combined model, BC ran the model for the 4% and 1% chance
event. Where the proposed pipes did not meet the 4% and 1% chance event goals, they were further
modified until City goals were met, where feasible. It should be noted that there are some locations
where goals were not met. These are described in further detail in Section 11.1.

Locations of local storm sewer improvements are shown on Figure 9-1.

Associated Flood Reduction Benefits

As a result of the local storm sewer improvements, the City’s flood control goals will be met in
various locations throughout the watershed. In general, the benefits associated with local storm
sewer improvements occurs in close proximity to where the improvements are proposed.
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Project Constraints/Considerations

Because local storm sewer improvements involve the replacement of storm sewer in its existing
alignment, there are relatively few project constraints. Work will be contained within City-owned
right-of-way and will not impact privately owned property.

Potential conflicts with existing utilities may occur in some locations where upsized pipes must be
lowered to maintain cover requirements. As part of this, there are likely to be conflicts with existing
water mains and water laterals, which would need to be lowered. There were no sanitary sewer
conflicts identified as clearance between storm sewer improvements and sanitary sewer was
attempted to be maintained. However, it is anticipated that there will likely be sanitary sewer
conflicts that are encountered due to the widespread nature of the local storm sewer improvements.
Conflicts encountered can be resolved by lowering sanitary sewer, if feasible, or installing a sanitary
sewer siphon.

Water Quality Benefits

Local storm sewer improvements will not provide water quality benefits but during street
reconstruction projects, opportunities to install easily maintainable catch basins to capture sediment
would be assessed during the design process.

Anticipated Permits

Local storm sewer projects will generally be implemented as part of street reconstruction projects.
The location and scale of these projects will vary, and thus, the permits associated with these
projects may vary. The following permit requirements are expected;

o City of Madison Erosion Control (any project).

«  WDNR/USACE Outfall Permit (potentially applicable for storm sewers discharges to Warner
Lagoon, Lake Mendota, or Cherokee Marsh).

« WDNR Construction Site Stormwater NOI (potentially applicable based on size of project).

Additional Notes/Information

Local storm sewer improvements will increase peak flows to downstream discharge locations. The
impact of these increased flows should be considered as projects are implemented.

9.2 Castle Creek Greenway Improvements

Detailed Project Description

An existing channel exists on the south side of Warner Park extending from the intersection of
Sherman Avenue and Trailsway west into Warner Lagoon. The western portion of the greenway,
between Monterrey Drive extended and Warner Lagoon, has a concrete lined bottom. The portion of
the greenway adjacent to Trailsway is vegetated, however, it is shallow, with less than three feet of
elevation drop between Trailsway and the channel bottom. This section previously had a concrete
lined bottom, which was removed and replaced with riprap and vegetation in the early 2010's. This
section currently captures sediment, but there is not a way for the City to maintain it and remove the
sediment.

The proposed project would remove the concrete channel, widen the channel, and lower the bottom
of the channel to create an additional 5.4 ac-ft of storage volume, while allowing the channel to
convey higher flows within its banks. Existing bridges would be removed and replaced with new
bridges or culverts to increase flow capacity. Within the model culverts were included near the
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downstream end of the greenway, where the greenway discharges into Warner Lagoon, and at and
existing bridge near the intersection of Calypso Road and Trailsway.

The project would include a wet pool within the main channel, along with vernal pools on floodplain
benches adjacent to the main channel. A sediment trap would be included at the upstream end. The
sediment trap and wet pool within the main channel are easier for the City to perform maintenance
and remove accumulated sediment as it aggregates in the channel, before it is washed downstream
into the lagoon. Native vegetation would be used to restore and stabilize the channel. Figure 9-2
shows the concept for this project.

Associated Flood Reduction Benefits

The Castle Creek Greenway Improvements would contain runoff within the greenway corridor and
reduce flooding of Trailsway and Sherman Avenue. Additionally, building flooding within the
Brentwood Neighborhood south of Trailsway would be reduced. It should be noted that these flood
reduction benefits are achieved in conjunction with the Warner Park Relief Sewer and Local Storm
Sewer improvements within the area.

Project Constraints/Considerations

The project will be located within Warner Park and existing trails, bridges, and athletics fields are
present within, or near, the project corridor. The conceptual improvements would be located within
the same corridor as the current greenway (i.e. the width is not expanded). Any changes or expansion
of the corridor would impact existing and planned park uses and further consideration would be
needed. The concept also includes provisions for maintaining trails and connectivity with bridges or
culvert crossings. Subsequent design phases should consider trails and connectivity to verify it is
incorporated into the design adequately.

A tree survey for the area was conducted by the City as part of a separate planning effort in the area.
The results of the tree survey were used to inform the extents and location of the channel
improvements. Any improvements in the channel would require tree removal. The planning efforts
aimed to avoid impacts on healthy, native trees. Further consideration should be given to tree
removal and protection as the project advances.

Parallel to Trailsway the existing channel is shallow with less than 3 ft of elevation difference
between the channel bottom and the road. Lowering of the channel is needed to provide the desired
level of flood relief and also allow for upstream local storm sewer improvements.

This project will require WDNR wetland and waterway permitting. WDNR mapping identifies the area
as a stream and there are wetland indicators present.

Water Quality Benefits

The planned project includes removal of the existing concrete channel, creation of a natural cross
section, and inclusion of vernal pools, and a sediment trap. These measures will provide for water
quality improvements by trapping sediments and preventing them from reaching Warner Lagoon by
creating a more maintainable channel.

Anticipated Permits

The Castle Creek Greenway Improvements will include work within the existing greenway, which is
also identified as a stream by WDNR mapping. Substantial permitting requirements are expected
based on this designation and the nature of the work. The following permit requirements are
expected;

o City of Madison Erosion Control.
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« WDNR Construction Site Stormwater NOI.
«  WDNR Culvert / Bridge.
« WDNR / USACE Stream Realignment, Dredging, Outfall, and Wetland disturbance.

Additional Notes/Information

The greenway improvements should be implemented prior to upstream local storm sewer
improvements to allow those sewers to function properly.

The Warner Park Relief Sewer (See Section 9.3) will divert runoff away from the Castle Creek
Greenway. Changes in flows that will result from implementation of that project should be
considered. This project assumed all upstream projects were implemented in conjunction with the
Castle Creek Greenway Improvements, including local storm sewers and the relief sewer. The
existing flows that reach the greenway as compared to future flows may need to be considered as
part of the design.

The greenway is located immediately upstream of Warner Lagoon. Generally, the water level of the
lagoon is equal to the level of Lake Mendota. Fluctuations in lake level will impact the greenway.
Periods of high water will result in backwater into the greenway and elevated water levels. This will
impact the flood control performance of the greenway improvements. It may also impact the
aesthetics and survival rate of vegetation in the channel and should be considered in any restoration
plan.

9.3 Warner Park Relief Sewer

Detailed Project Description

Under existing conditions a storm sewer flowing south along Sherman Avenue discharges into the
upstream end of the Castle Creek Greenway just south of the entrance into Warner Park from
Sherman Avenue. The Warner Park Relief Sewer would connect to the existing storm sewer and
divert flow west to Warner Lagoon. The relief sewer would be a box culvert ranging in size from 8 by
4ft to 10 by 4ft and be approximately 1,600ft long. The conceptual route for the relief sewer is
located south along the south edge of the parking lot. Figure 9-3 shows the concept for this project.

Associated Flood Reduction Benefits

The project works in conjunction with upstream local storm sewer improvements to meet the City’s
level of service goals for areas upstream of the relief sewer, particularly to reduce flooding along
Sherman Avenue and Northport Drive. Additionally, the project will divert runoff away from the Castle
Creek Greenway. This will work in conjunction with improvements to the greenway near Trailsway to
reduce flooding south of Warner Park.

Project Constraints/Considerations

The relief sewer route used for this project would run along the southern edge of the existing parking
lot. This route would reduce impacts to the parking lot and avoid existing storm sewer and ponds
associated with the parking lot. The current project layout would create a new outfall into Warner
Lagoon. This may require a WDNR outfall permit. An alternative route could run through the parking
lot and become integrated with the private storm sewer and ponds within the parking lot. This may
assist in reducing flooding within the parking lot and eliminate the need for a permit.

The project also diverts runoff from the Castle Creek greenway. The storm sewer being diverted is the
primary contributor of flow to the portion of the greenway that is parallel to Sherman Avenue.
Diversion of this runoff will change the characteristics of the flow in this part of the greenway.
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Smaller storm sewers along Sherman Avenue would continue to discharge into the greenway. The
impact of the diversion should be considered on the greenway.
Water Quality Benefits

While there are not water quality benefits from the relief sewer itself, the City would investigate ways
to treat the stormwater either with the diversion pipe project, and/or with storm sewer upgrades
upstream.

Anticipated Permits
Associated with the Warner Park Relief Sewer the following permit requirements are expected;
o City of Madison Erosion Control.

o« WDNR/USACE Outfall Permit.
« WDNR Construction Site Stormwater NOI.

Additional Notes/Information

The relief sewer should be installed prior to upstream local storm sewer improvements.

9.4 Camino Del Sol Relief Sewer

Detailed Project Description

Existing storm sewer along Wisconsin Southern Railroad extending from Troy Drive, past the
southern end of Camino Del Sol, and to the southeast to Warner Lagoon would be replaced. An
existing 48-in. storm sewer would be enlarged to 84in. from Camino Del Sol to Warner Lagoon. From
Troy Drive to Camino Del Sol a 7 by 5ft box culvert would be installed to replace the existing storm
sewer. Figure 9-4 shows the concept for this project.

Associated Flood Reduction Benefits

The project would prevent structure flooding for the 1-percent chance storm event along Camino Del
Sol and surrounding areas. The City’s 10-percent chance storm event level of service goal would also
be met.

Project Constraints/Considerations

The project will be located adjacent to an existing railroad. Coordination with Wisconsin Southern
railroad will be required. The project will likely be required to obtain permits from the railroad. It is
anticipated that archaeological impacts will need to be investigated.

Water Quality Benefits

While there are not water quality benefits from the relief sewer itself, the City would investigate ways
to treat the stormwater either with the diversion pipe project, and/or with storm sewer upgrades
upstream.

Anticipated Permits

Associated with the Camino Del Sol Relief Sewer the following permit requirements are expected;
o City of Madison Erosion Control.

o«  WDNR/USACE Outfall Permit.

« WDNR Construction Site Stormwater NOI.

o Wisconsin Southern Railroad permit for work within railroad right-of-way.
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Warner Park and Cherokee Marsh Watershed Study Report Section 9

Additional Notes/Information

The relief sewer should be installed prior to upstream local storm sewer improvements.

9.5 Lake View Avenue and Drewery Lane Diversion Sewers

Detailed Project Description

West of Hanover Street, Lake View Avenue and Drewery Street are unimproved roadway without curb
and gutter. The existing drainage system along these roads consists of a mix of storm sewers,
culverts, and roadside swales. In some locations runoff can flow directly to the south off the
roadways and onto private property. Storm sewer in the area runs north-south through private
property and easements. The poorly defined drainage system and undersized storm sewer and
culverts contribute to flooding in the area.

The proposed project would install storm sewer to convey runoff to the east along both Lake View
Avenue and Drewery Lane to Hanover Street. At Hanover Street existing storm sewer would be
replaced to convey runoff to the south. Improvements would continue along Troy Drive, and within
the northwest corner of Warner Park prior to discharging to Warner Lagoon.

Storm sewer sizes along Lake View Drive and Drewery Lane range in size from 18in. to 29in. by 45-
in. HERCP. The Hanover Street storm sewer would start as a 36-in. pipe and increase in size up to an
8 by 4ft box culvert within Warner Park. As part of the project the existing storm sewer running north-
south through private property between Lake View Avenue and Northport Drive would be abandoned,
or disconnected from the main line pipe and only provide very localized drainage for the properties
adjacent to it. Figure 9-5A and 9-5B show the concept for this project.

Associated Flood Reduction Benefits

The project would prevent overland flow through private property to the south from Lake View
Avenue and Drewery Avenue. Under existing conditions overland flow through private property
impacts various structures south of Lake View Avenue and north of Northport Drive. The proposed
storm sewer would prevent this overland flow for the 1-percent chance storm event.

Project Constraints/Considerations

Urbanization of Lake View Avenue and Drewery Lane was assumed as part of the project to collect
runoff and direct it into the proposed storm sewer. The analysis showed that curb and gutter is
needed to allow water to be collected. Without curb and gutter runoff from portions of Lake View
Avenue and Drewery Lane flows directly south onto private property.

The project proposes to abandon, or disconnect existing storm sewer from the main line. Private
connections will remain in place to serve properties from the interior of the block. These storm
sewers will need to be further reviewed to understand if there are private connections that need to
be considered as part of pipe abandonment.

Portions of the storm sewer within Lake View Avenue, Hanover Street, and Drewery Lane are more
than 15 ft deep and as much as 22 ft deep within Drewery Lane. This will create challenges with
construction. The use of trenchless construction methodology may be desirable. Additionally,
sanitary sewer conflicts existing within both Lake View Avenue and Drewery Lane. The City plans to
reconstruct the sanitary sewer system in addition to the storm sewer. These plans would need to
resolve conflicts.
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Warner Park and Cherokee Marsh Watershed Study Report Section 9

Water Quality Benefits

There would be no water quality benefits associated with the diversion sewers but opportunities to
install easily maintainable catch basins to capture sediment would be assessed during the design
process.

Anticipated Permits

Associated with the Lake View Avenue and Drewery Lane Diversion Sewers the following permit
requirements are expected;

o City of Madison Erosion Control.

o«  WDNR/USACE Outfall Permit.

« WDNR Construction Site Stormwater NOI.
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Section 10

Evaluation of Model Results with
Selected Solutions Implemented

The XPSWMM™ model that included all of the selected solutions (“Proposed Conditions”) was
executed for each of the design storms. Table E-2 in Appendix E summarizes the peak water surface
elevation at selected locations throughout the Warner Park and Cherokee Marsh watershed. Figure
6-1 provides the location of each of the reporting locations in Table E-2. The “Maximum Water
Depth” with the selected solutions implemented maps for each modeled event are found on Figures
10-1 through 10-7 (rain events from the 50% chance to the 0.2% chance events).

10.1 Comparison to City Flood Control Goals with Selected
Solutions

The proposed conditions flooding results were compared to the City’s flood control goals to quantify
the performance of the selected solutions in the Warner Park and Cherokee Marsh watershed. The
performance of the system relative to greenway crossings, pipe capacity, and street flooding were
considered.

10.1.1 Greenway Crossings

At locations where a greenway crosses under a street the City’s goal is to safely pass the 1% chance
event without overtopping the street. The crossing was determined to be overtopped if the elevation
at the upstream side of the culvert is above the street crossing elevation. Within the Warner Park
and Cherokee Marsh watershed there are two greenway crossings. The existing and proposed
conditions performance, whether the street is overtopped, at these locations is summarized in Table
10-1.

Table 10-1. Greenway Crossing Performance

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

. Existing 1% Chance Event Proposed 1%Chance Event
Location
Performance Performance
Comanche Way Meets Criteria Meets Criteria
Meadow Valley Drive Meets Criteria Meets Criteria

10.1.2 Pipe Capacity

The City’s goal is to eliminate surcharging from the storm sewer system onto city streets for up to the
10% chance event. The pipe capacity was determined to be exceeded if the peak water surface
elevation at the upstream end of the pipe was above the ground surface elevation. Under existing
conditions there are 43 percent of the pipes and 47 percent of the pipe length that do not meet the
pipe capacity goal (See Section 6.2.1.3).
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Within the proposed conditions XPSWMM™ model, there are a total of 615 pipes, of which 53 are
surcharged at the upstream end during the 10% chance event. This equates to 8.6 percent of the
pipes not meeting the pipe capacity goal. The 615 pipes result in a total pipe length of 87,800ft, of
which 6,600ft are surcharged during the 10% chance event. This equates to 7.5 percent of the pipe
length not meeting the capacity goal. This is an improvement in the length of pipe meeting the
capacity goal of 40 percent.

10.1.3 Street Flooding

Within streets, the City’s goal is to maintain drivability of municipal streets for the 4% chance event.
Drivability is defined as having no more than a 100-ft segment of roadway with 0.5ft, or more, of
flooding at the center of the street. Within the watershed there are a total of 49.8 miles of streets.
Under existing conditions, 3.4 miles (7 percent) of the streets do not meet the goal.

With the selected solutions implemented, the length of streets that do not meet the street flooding
goal is reduced to 0.04 miles (less than 1 percent). This is a 7 percent increase in the length of
streets meeting this target.

10.1.4 Structure Flooding

The City’s goal is to eliminate structure flooding during the 1% chance event. Structure flooding is
defined as having 0.5ft or more water within 5ft of a building. Under existing conditions, structure
flooding is identified at 232 structures.

In proposed conditions, this is reduced to 25 structures. Of this total, 16 are accessory structures
such as sheds or detached garages. It is believed that the majority of structures that are flagged to
be impacted under proposed conditions are a result of nuances of the XPSWMM™ model. The
locations where structure flooding was identified under the selected solutions were evaluated in
further detail. The analysis conducted is described in Section 11.3.

10.2 Improvements to Known Flooding in Watershed from
Selected Solutions

In Section 1-3, known flooding areas in the watershed were identified. The areas that were identified
are shown on Figure 1-3. The selected solutions were generally targeted at meeting the City’s flood
control goals throughout the watershed. Known flooding locations were also considered as part of
the process. The following text summarizes how known flooding locations are impacted by selected
solutions for four distinct areas.

1. Trailsway & Sherman Avenue

a. Solutions that Benefit Area: The Warner Park Relief sewer diverts runoff away from this area
and the Castle Creek Greenway improvements provide direct flood relief by containing runoff
within the greenway area. Local storm sewer improvements assist in providing proper
conveyance through the area to the greenway.

b. Flood Reductions Observed: In the 10% chance event, street flooding is greatly reduced, with
minor flooding remaining due to the low elevation of the roads in comparison to the
greenway and Lake Mendota. All streets meet the criteria for the 4% chance storm sewer. In
the 1% chance event structure flooding in the area is reduced to a single accessory building.

2. Southeast of Warner Park (east of Sherman Avenue and south of Windom Way)

a. Solutions that Benefit Area: Local storm sewer improvements reduce the impact of flooding
at this location. The Castle Creek Greenway improvement reduce downstream tailwater
levels to aide in the performance of the local sewer improvements.
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b. Flood Reductions Observed: The 10% chance event storm sewer capacity goal and the 4%
chance event street drivability goals are fully met in this area and structure flooding in the
1% chance event is reduced.

3. Delaware Boulevard

a. Solutions that Benefit Area: Local storm sewer improvements reduce the impact of flooding
along Delaware Boulevard.

b. Flood Reductions Observed: Delaware Boulevard (and adjacent streets) meet the road
drivability criteria for the 4% chance storm event and the pipe capacity goal for the 10%
chance event. Structure flooding is also eliminated in the area for the 1% chance event.

4. Troy Drive / Camino Del Sol

a. Solutions that Benefit Area: The Camino Del Sol relief sewer and adjacent local storm sewer
improvements benefit this area.

b. Flood Reductions Observed: Troy Drive and Camino Del Sol meet the meet the road
drivability criteria for the 4% chance storm event and the pipe capacity goal for the 10%
chance event. Building flooding is also reduced such that there is only one primary structure
and four accessory structures identified as impacted by the 1% chance event.

10.3 Discussion of Long Duration, Back-to-Back Model Results

As with the existing conditions, an additional design storm model run was conducted to represent
the extreme condition of “back-to-back” 1% chance events occurring (See Section 6.3). The
XPSWMM™ model with the selected solutions was executed for this back-to-back storm. The
modeled results of the maximum water depth map for this event is shown on Figure 10-8 and
tabular results are shown in Table E-2. Under the selected solutions scenario, the flooding depth and
extents during the back-to-back storm event scenario is reduced. The largest reductions in flooding
are observed in upstream areas where the conveyance capacity is improved as a result of the
selected solutions.
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Areas Where Flood Control Goals
are Not Met

In most of the Warner Park and Cherokee Marsh watershed, the City’s flood control goals are met. In
limited locations, there are cases where the goals are not met. Further consideration of areas not
meeting the LOS goals are provided in this section. Additionally, an analysis was conducted to
determine added infrastructure improvements that would be required to prevent structure flooding
for the 0.2% chance event (see Section 12).

11.1 10% Chance Storm Event

As part of the selected solutions scenario, 53 sewers are flagged as not meeting the pipe capacity
LOS target. As observed on the proposed conditions inundation mapping, the inundation depths
associated with these storm sewers are generally shallow. Refinement of the model during
subsequent planning, design and implementation phases for solutions can verify pipe sizing and
confirm whether the LOS is met. Refining the model could include revising topographic data (such as
supplementing LiDAR data with survey data), decreasing the grid size in specific locations of interest,
splitting subwatersheds, and/or adding additional storm sewer such as inlets, inlet leads, or smaller
storm sewer. In these locations the storm sewer improvements could be refined, and sizes
potentially increased to provide a greater level of flood protection. The general locations of storm
sewers not meeting the criteria are described below.

e A number of storm sewers within Warner Park and adjacent to Warner Lagoon are flagged as not
meeting the 10% chance event LOS criteria. Improvements to the storm sewer within the parking
lot were not considered as part of this analysis.

« Storm sewers on Calypso Road, Fremont Avenue, and Sherman Avenue that are near Trailsway
and the Castle Creek greenway are flagged. At the downstream end of these sewers, the
elevation of Castle Creek and the Lake Mendota water surface impact these sewers. There is
limited elevation difference between the street and the normal water level of Lake Mendota /
Castle Creek. This backwater impact extends upstream.

o Adjacent to existing ponds along Wheeler Road and Knutson Drive where backwater from the
ponds impact the pipes.

11.2 4% Chance Storm Event

A single location does not meet the LOS criteria in the 4% chance event. This is Toban Drive,
between Troy Drive and Blaine Drive. This street is upstream of the Camino Del Sol relief sewer and
includes local storm sewer improvements. The model results show this location meets the 10%
chance goal for storm sewer capacity and flood depths of approximately 0.6ft for the 4% chance
event. In this location there are challenges with sanitary sewer mains and pipe cover. Box culvert is
proposed downstream of Toban Drive and elliptical pipes are proposed on Toban Drive. Refinements
during subsequent planning and design can verify these pipe sizes and determine if the sewer
improvements could be modified to meet the 4% chance event target at this location.
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11.3 1% Chance Storm Event

As noted in Section 10.1.4, there are 25 structures that were identified as flooded under the
selected solutions scenario. Each of these structures were evaluated in greater detail to determine
the nature of the flooding and the additional capacity needed to eliminate the flooding. It is believed
that, for the majority of these structures, the identification that they are flooded is due to specific
topographic conditions within the XPSWMM™ model.

To attempt to quantify the additional drainage system capacity that would be required to prevent
flooding, the following methodology was followed. Within the XPSWMM™ model, a new node was
added to collect runoff from near the flooded structure. This node was connected to a hypothetical
pipe that was given a free outfall, meaning that any runoff collected by the node was discharged
directly from the model. The added pipes were given a 5-ft diameter and a 1% slope to allow free
passage and discharge of runoff. This was a theoretical analysis and not representative of the exact
size of improvements needed. The volume and peak runoff rate discharged through the outfall was
measured to quantify the extent of additional capacity needed to resolve flooding. The model was
then executed for the 1% chance event. Based on the review of the structures impacted by flooding,
the following observations were made.

« Sixteen of the impacted structures (7 primary and 9 secondary) are associated with local storm
sewer improvements. In general, these locations are associated with a small amount of runoff.
The maximum volume discharged through the added outfall is 0.4 ac-ft. The detailed nuances of
the modeling described above are identified as occurring in the vicinity of the various local storm
sewer impacted structures.

o The majority of these flooding locations are triggered by limitations of the XPSWMM™ 2D
model. The results were observed to show that shallow overland flow becomes trapped
against a building and results in triggering the flooding criteria. The 2D model uses a
10-ft grid system to simulate overland flow. The grid size is reflective of a watershed study of
this nature. However, it does not have the ability to capture, and simulate, all of the nuances
within an urban area. For instance, the detailed grading surrounding a building may not be
captured by the grid, or the 6-in. curb depth of a road might not be fully captured.

o In some locations there may be private storm sewer present that is not incorporated into the
model. The private storm sewer may prevent flooding if accounted for in the model.

o Refinement of the model during subsequent planning, design and implementation phases
for solutions can verify pipe sizing and confirm whether structures are flooded or not.
Refining the model could include revising topographic data (such as supplementing LiDAR
data with survey data), decreasing the grid size in specific locations of interest, splitting
subwatersheds, and/or adding additional storm sewer such as inlets, inlet leads, smaller
storm sewer, or private storm sewer. Additionally, further structure elevation data (such as
first floor or low opening elevations) could be obtained to verify where the structure would be
flooded.

o Afinal possibility in these locations is that the storm sewer improvements could be refined,
and sizes potentially increased to provide a greater level of flood protection.

o Five of the structures (1 primary structure and 4 secondary structures) are near the Camino Del
Sol Relief Sewer. The added outfalls show a total volume of 0.4 ac-ft impacting these structures
and a peak flow rate of 18cfs. The primary residence is flagged as inundated based on the back
corner of the structure being impacted. Based on LiDAR data, this back corner is approximately
3ft lower than the front of the house. It is not clear whether the structure is impacted or if there
is simply insufficient model resolution in this area. In this area there are challenges with sanitary

Brownsw Caldwell

11-2

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of this document.
2.13 Warner-Cherokee Watershed Draft Final Report.docx



Warner Park and Cherokee Marsh Watershed Study Report Section 11

sewer mains and pipe cover. Box culvert and elliptical pipes are proposed. Refinements during
subsequent planning and design can verify these pipe sizes and determine if the sewer
improvements could be modified to meet the 4% chance event target at this location. During
final design, a more detailed survey should be conducted in this area, and the model should be
refined to verify whether the structures will be impacted.

o One secondary structure near the intersection of Trailsway and Sherman Avenue is impacted by
flooding. This is at the upstream end of the Castle Creek Greenway Improvements and also in
the proximity of local storm sewer improvements. The structure is identified as flooding due to
runoff exceeding the capacity of local storm sewer improvements and flowing across a parking
lot towards Castle Creek. Detail elevation information for curbs and potential private storm
sewer may impact this area. As part of detailed design, additional information should be
collected, and the model can be refined. The storm sewer design can also be evaluated and
optimized to attempt to further lower peak water surface elevations if needed.

o One structure is a residential property located adjacent to the TPC Wisconsin golf course. The
rear of the structure is identified as being impacted by one of the private ponds within the golf
course. There is significant elevation change across the property (approximately 7ft). It is not
clear whether the structure is impacted or if there is simply insufficient model resolution in this
area. Improvements within the golf course were not considered as the property is privately
owned and was recently redeveloped.

« One structure is a secondary building located within TPC Wisconsin golf course. This structure is
adjacent to one of the private ponds within the golf course. Improvements within the golf course
were not considered as the property is privately owned and was recently redeveloped.

« One structure is a secondary building located west of Vera Court, adjacent to railroad tracks.
There is a lack of stormwater infrastructure and a poorly defined swale along the railroad tracks.
Runoff from the railroad tracks is shown to flow through properties along Vera Court. The added
outfall in this area discharges 0.2 ac-ft of runoff. More detailed evaluation and consideration for
potential private storm sewers or culverts to understand the flooding in this area and determine
if additional improvements are needed.
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Section 12
Climate Resiliency Analysis

An additional piece of this study was to consider the potential to provide additional flood relief for
larger storm events. This analysis focused on the 0.2% chance event and preventing structure
flooding for this event. This would represent increasing the level of service for structure flooding from
the City’s current goal of the 1% chance event to the larger, 0.2% chance event. This would provide
an increased level of resiliency within the stormwater management system.

Under existing conditions, there are 443 structures within the Warner Park and Cherokee Marsh
Watershed impacted by flooding in the 0.2% chance event. With the implementation of the selected
solutions, the number is reduced to 203 structures impacted. The study considered the level of
effort needed to prevent structure impacts from the 0.2% chance event. To consider this evaluation
the sizes of the selected solutions were modified to prevent structure flooding during this storm
event. The selected solutions XPSWMM™ model was utilized as the starting point for the 0.2%
chance event improvement scenario. The model was updated to reflect the increased infrastructure
size required to prevent structure flooding for the 0.2% chance event. Below is a summary of the
changes to the selected solutions. As a result of these improvements the number of structures
impacted by during the 0.2% chance event is reduced to 23 structures.

o Throughout the watershed, the sizes of local storm sewer and relief sewer improvements were
increased. This included increases to storm sewers that were included as part of the selected
improvements and enlargements of additional sewer that were previously not identified for
improvement. The enlargement of storm sewers was conceptual in nature. Generally, the storm
sewer was evaluated as a box culvert or elliptical pipe. An example would be where previously a
circular storm sewer was planned it was changed to an elliptical pipe with a similar height. The
elliptical pipe has a greater width, and thus an increased capacity. Where box culverts were
previously proposed the width was increased.

« The outfall from Warner Lagoon was increased to be a box culvert. This improvement was
required to prevent backwater from the lagoon impacting structures.

Figure 12-1 provides a graphical depiction of the improvements included as part of this scenario.
Table G-1 in Appendix G provides the pipe size increases included in the 0.2% chance event
enhancement scenario. This table identifies the existing pipe size and peak flow rate, the pipe size
and peak flow rate in the selected scenario, and the pipe size and peak flow rate in the enhanced
scenario. The analysis was completed to assist in determining whether additional capacity could
reasonably be added to provide a higher level of protection. The pipe sizes were not optimized, and
flooding may be “over solved” in some areas. The pipe sizes along with the flow rates included in the
table provide insight into the relative increase needed to provide flood protection for the 0.2%
chance event.
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Section 13

Cost Estimating

During the course of this study, planning level cost estimates were prepared for each of the
stand-alone solutions described in Section 10. The following paragraphs describe the methodology
used for estimating costs. Cost estimates were not prepared for local storm sewer improvements. In
general, these improvements will be implemented in conjunction with street reconstruction projects.
The costs associated with these storm sewer improvements will be developed by the City as they are
scheduled for implementation in the City’s five-year CIP.

To prepare the cost estimates, estimated quantities were developed for the project. The City of
Madison provided average units costs for typical bid items included as part of storm water
improvement projects. The standard unit costs were adjusted by BC based on specific project
conditions that may result in higher, or lower, than average unit costs.

The total estimated cost for each of the stand-alone projects is provided in Table 13-1. Detailed
breakdowns of the cost estimates for each project are included in Appendix H.

Table 13-1. Stand-Alone Project Cost Estimates

Warner Park and Cherokee Marsh Watershed Study
City of Madison, WI

Project Estimated Cost

Castle Creek Improvements $2.51 million
Warner Park Relief Sewer $3.87 million
Camino Del Sol Relief Sewer $3.90 million

Lake View & Drewery Diversion Sewers $1.81 million
Lake View Diversion Downstream Sewer $4.43 million
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Implementation Sequence

14.1 Watershed Specific Implementation Requirements

Implementation of individual selected solutions in the watershed can impact other parts of the
watershed. For instance, implementing a conveyance improvement project could have a negative
impact on a downstream area by increasing peak flows to the downstream area. Within the Warner
Park and Cherokee Marsh watershed there is some flexibility with implementing the various selected
solutions. The following guidelines for implementation are provided.

1. Storm sewer improvements, including local storm sewer and relief sewers, should generally be
implemented from downstream to upstream to prevent increased downstream flooding.
However, these improvements will typically be implemented with road reconstruction projects. A
variety of other factors contribute to the scheduling road reconstruction projects. These factors
may dictate that projects are implemented outside of the preferred sequence. As part of this
approach, the specific improvements can be reviewed as part of the design process to
determine if any temporary measures, such as bulkheads or restriction plates, are needed to
offset downstream concerns.

2. The Castle Creek Greenway improvements should be implemented prior to local storm sewer
improvements located upstream.

3. The Warner Park Relief Sewer will divert runoff away from the Castle Creek Greenway. This will
ultimately improve the flood reduction achieved by the greenway improvements. Local storm
sewer improvements upstream of the greenway will also result in increased flows to the
greenway. The complexity of how flows to the greenway will change as various improvements are
implemented was not evaluated as part of this study. Implementation of the greenway
improvements are expected to have an immediate benefit to flooding in the area; however,
additional evaluation would be needed to understand the impact and how it may change with
implementation of additional projects.

14.2 Citywide Implementation Prioritization

The City is conducting similar watershed studies for all the watersheds in the City. All watersheds are
expected to have numerous recommendations resulting from the studies. As part of the overall
program management for the watershed studies program, the City has developed a process to rank
and prioritize the order in which the solutions might be implemented if and when funding and public
support are obtained. The development of this process included public outreach to identify factors
important to the public in ranking of solutions. Various factors are considered including flood
reduction, impact to emergency service access, vulnerability of the area impacted, project cost, and
water quality benefits. The prioritization process is reviewed and updated annually as new studies
are completed and the City undertakes updates to the five-year capital improvement plan.
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Section 15

Next Steps

As part of the process to complete the watershed study this report will go through the following
process.

1. The report will be posted for a 30-day public comment period. Following which public comments
will be addressed.

2. The report will be presented for approval at a meeting of the Board of Parks Commissioners.

3. The report will be presented for approval at a meeting of the Board of Public Works.

Following these steps the report will be finalized. The report will then be shared internally with City
design staff that may implement, or be impacted by, solutions included within this study. The report
will also be shared internally with the Common Council and other City agencies. External outreach

will also continue with the report being shared with various project stakeholders, such as, those
involved in the Warner Lagoon Water Quality Plan.
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Section 16
Limitations

This document was prepared solely for City of Madison (City) in accordance with professional
standards at the time the services were performed and in accordance with the contract between the
City and Brown and Caldwell (BC) dated February 6, 2023. This document is governed by the specific
scope of work authorized by the City; it is not intended to be relied upon by any other party except for
regulatory authorities contemplated by the scope of work. We have relied on information or
instructions provided by the City and other parties and, unless otherwise expressly indicated, have
made no independent investigation as to the validity, completeness, or accuracy of such information.

Further, BC makes no warranties, express or implied, with respect to this document, except for
those, if any, contained in the agreement pursuant to which the document was prepared. All data,
drawings, documents, or information contained this report have been prepared exclusively for the
person or entity to whom it was addressed and may not be relied upon by any other person or entity
without the prior written consent of BC unless otherwise provided by the Agreement pursuant to
which these services were provided.
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https://websoilsurvey.nrcs.usda.gov/app

Wisconsin Department of Natural Resources. Surface Water Data Viewer.
https://dnr.wi.gov/topic/surfacewater/swdy,
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