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Introduction

Citywide Stormwater Master Plan
City of Kirkwood, Missouri
August 18, 2025

The City of Kirkwood’s Stormwater Management Program is a three-phased initiative to alleviate stormwater
concerns in the community. The three phases of the Program are:

> Phase 1: Data Collection and Analysis to Identify Stormwater Problems
> Phase 2: Conceptual Development and Prioritization of Stormwater Projects

>  Phase 3: Implementation

The objective of the program is to identify stormwater problems (Phase 1), determine approximate costs and
benefits to specific projects (Phase 2), and design and construct those projects (Phase 3). This report summarizes
the efforts completed for Phase 1 and 2 of the program. Phase 1 occurred from August 2024 through December

2024. Phase 2 followed and was completed in April 2025.

Background

The City of Kirkwood has experienced an increase
in stormwater runoff, resulting in increased
flooding and erosion. The increase in runoff can
be attributed to several reasons, including both an
increase in large storm events and an increase in
watershed imperviousness. This problem is not
unique to Kirkwood; it is a problem throughout the
St. Louis region.

Stormwater runoff is collected in streets, ditches,
and swales before being collected by the storm
sewer system. The storm sewer system is largely
owned and maintained by the Metropolitan St.
Louis Sewer District (MSD). MSD is the stormwater
utility for St. Louis City and St. Louis County,
including the City of Kirkwood.

Watersheds. The City of Kirkwood is located in
four watersheds: Grand Glaize Creek, Deer Creek,
Gravois Creek, and the Lower Meramec River. See
Figure 1.

Basement Backups. Flooding due to basement
backups is a problem for many in Kirkwood. A
basement backup occurs when water flows up out
of drains in the floor, tub, toilet, or shower.
Basement backups can occur for many different
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reasons, including a clogged sanitary sewer lateral or overcharged sanitary main. Basement backups are a sanitary
sewer system problem, and addressing basement backups involves improvements to the sanitary sewer system.
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For this reason, the Stormwater Management Program does not address basement backups. The Metropolitan St.
Louis Sewer District (MSD) should be notified when basement backups happen.

Phase 1: Data Collection and Analysis to Identify
Stormwater Problems

Phase 1 is where data was gathered to help understand the nature, severity, and frequency of problems. The data
was then analyzed to determine the areas with the greatest need for further evaluation during Phase 2.

Data Collection and Generation

Ownership of Stormwater Collection System. The City of Kirkwood provided a list of City-owned culverts. A
map of those City assets is included in Appendix A. The City should complete routine inspection of their culverts for
possible maintenance, rehabilitation, or replacement. The map also identifies the culverts and storm sewers owned
by the Metropolitan St. Louis Sewer District (MSD), St. Louis County, and the Missouri Department of Transportation
(MoDOT). The ownership information for those entities was obtained from MSD’s GIS data.

MSD Data. MSD provided information on storm sewer projects in Kirkwood that have been studied by MSD. A list
of the MSD-studied stormwater projects is included in Appendix B. MSD has identified 34 stormwater projects in
the City of Kirkwood. Each project has a conceptual project scope and cost estimate. MSD’s project implementation
is spread out over decades, so not all projects are currently scheduled or funded.

There are four projects scheduled between fiscal year 2024 and 2028; those projects are shown in Table 1 below.
In addition to the list of projects, MSD provided additional project-specific data if available, including Preliminary
Studies, project exhibits, project narratives, cost estimates, and project correspondence. The project-specific data
is not included in this report and instead has been provided to the City of Kirkwood separately. Information on the
MSD-studied stormwater projects was used while investigating problems during the Master Planning process.

Table 1: Scheduled MSD Storm Projects in Kirkwood

LS Scheduled
Oracle | Project Name Problem Description Conceptual Scope f .
Number or Design
10172 | Grand & Harrison Flooding of residential Construct 40 feet of triple 6'x3’ FY28
Storm Improvements | and commercial box culvert, 90 feet of 96” RCP
properties and street storm sewer, and 145’ of 10’ wide
flooding. rock lined trapezoidal channel.
11330 | Grandview Dr #1309 | Yard erosion. Construct 115’ of 15” storm FY25
Storm Sewer sewer, rock blanket, and
biostabilized slope.
12898 | Dickson #615 Storm Yard flooding. Construct 155’ of 12” storm FY24
Sewer sewer, new inlet, and manhole.
13615 | North Harrison Parking garage flooding | Construct 250’ of 12” to 21” storm FY24
Avenue 1030 Storm at 1030 North Harrison sewer.
Sewer Avenue.
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FEMA Flood Hazard Areas. The current effective Flood Insurance Study is 29189CV001A, revised February 4,
2015, which includes all of St. Louis County. The floodplain mapping for St. Louis County is in the process of being
revised and are expected to become effective at the end of 2026. HR Green obtained the preliminary models and
mapping. The Missouri State Emergency Management Agency (SEMA) has recommended that St. Louis County
communities use the preliminary maps as effective. Appendix C includes the preliminary flood hazard zones in
Kirkwood.

Flow Path and Watershed Maps. HR Green utilized the GIS software ArcMap to generate maps which show
hydrologic features — flow paths and watersheds. See Appendix D. These features are created using LIiDAR
surfaces. Flow paths show the path of water flowing on the ground surface. The flow path line begins where there
is at least one acre of tributary drainage area. Flow paths can be diches, swales, gutters, or creeks. Flow paths are
helpful in understanding the way water moves through an area.

A watershed map was also created for the City of Kirkwood. This map shows the tributary area to various points
throughout the City. Knowing the tributary drainage area to a property is helpful to understand the scale of a
problem.

Stream Buffer Maps. HR Green also generated stream buffer maps using the GIS software ArcMap. These maps
show the potential risk of erosion near creeks. There are three levels of risk based on the ratio of the bank height
over the horizontal distance, both in feet. The risk levels are:

= Chronic — a ratio greater than 0.70
= Frequent — a ratio between 0.36 and 0.70
= |nfrequent — a ratio between 0.15 and 0.35.

These risk levels coincide with MSD’s definition of chronic, frequent, and infrequent risk of erosion in their benefit
point calculation. See Appendix E for the Stream Buffer Maps. These maps can be used to better understand the
locations where there is potential for erosion risk to structures. A geomorphic assessment of the creek should be
completed by an engineer or scientist if erosion is threatening a structure.

Public Outreach

Public participation was key to Phase 1, since the public experiences stormwater problems firsthand. Stormwater
problems are not always visible since they can occur in backyards of private property. Additionally, drainage is
always evolving so new problems can develop. Since public participation was so important, HR Green developed
a public outreach program which gives the public multiple options for participation.

Questionnaire. HR Green created a stormwater questionnaire for collecting data about stormwater in the
community. The questions were created to understand the impacts from stormwater problems as well as the
frequency of the problem. For example, questions about flooding problems were organized to understand what was
impacted, such as the yard, street, or house, and how often the flooding occurred.

The questionnaire was available in both paper and online. A copy of the paper version of the questionnaire is in
Appendix F. Questionnaire responses are discussed in a later subsection titled “Response.”

HR Green® | Bullding Communities. Improving Lives.
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Website. HR Green created a website for the Stormwater Program. The website provided information about the
program and included an online version of the questionnaire. Residents could complete the online questionnaire at
any time using their web browser. A screenshot of the website is shown in Figure 2.

CITY OF KIRKWOOD

STORMWATER

Understanding the City of Kirkwood's Stormwater

Management Program

Fact Sheet. A Fact Sheet flyer was created to provide information about the Stormwater Program to the pubilic.
The Fact Sheet included information about how they can participate in the program. The flyer was posted on the
Stormwater Program website and shared on social media. See Appendix F for a copy of the Fact Sheet.

Social Media. HR Green worked with the City’s Social Media department to produce Facebook posts to advertise
the questionnaire and Public Open House meetings. Appendix F includes screenshots of each Facebook post.

Email and Phone. HR Green created a dedicated email address and phone number for the Kirkwood Stormwater
Program which was advertised on the flyer as another avenue for residents to share information. The email address
received emails with photos and videos of stormwater problems from over 40 residents.

Open House Meetings. Two public open houses were held to collect information from the public. The meetings
were held at the Kirkwood Performing Arts Center (KPAC) at 210 E. Monroe Avenue in Kirkwood. Both meetings
were scheduled from 4pm to 7pm.

The first meeting was advertised for commercial business owners and was held on Tuesday, October 8t, 2024.
Approximately 25-35 people attended this open house, mostly from the builder and engineering community. Photo

6
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1 was taken during the public open house held on October 8, 2024. The second meeting was advertised for
residents and was held on Tuesday, October 224, 2024. Approximately 80-100 residents attended this open house.

Photo 1: Public Open House Heldon October 8, 2024

Response. The data collection in Phase 1 resulted in over 250 questionnaire responses. A table with the answers
submitted for each questionnaire response is in Appendix G. Each questionnaire response was reviewed by HR
Green and mapped geographically. Duplicate questionnaire responses were removed from the mapping. In some
cases, two people who lived in the same house separately submitted a questionnaire response for their property.
In cases like that, the most severe response was used and the less severe response was removedfrom the mapping.

The majority of responses were submitted online. See Figure 3 for a breakdown of questionnaire response types.
Paper responses completed during the open houses was the next highest response type. Some questionnaires
were completed by HR Green engineers while out in the field looking at stormwater problems. A summary of the
data is in Appendix H. This information can inform future data collection efforts by the City.

HR Green® | Bullding Communities. Improving Lives.
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Figure 3: Form of Questionnaire Response

Problem Investigation

HR Green engineers brought the questionnaire responses into ArcMap, which is a GIS software. Responses were
geolocated to the address; each questionnaire response became a point on the map. Every questionnaire response
received in Phase 1 was read by HR Green engineers. The responses were grouped geographically for further
evaluation.

Public Versus Private Problems. Determining whether a problem is worthy of spending public dollars is an
important part of the stormwater planning process. A stormwater problem can be considered a public problem when
one of the following conditions is met:

= The tributary drainage area is significant. The exact minimum threshold varies by problem type, but a common
rule of thumb is 3 acres.

* The solution would need to pass through more than one property, requiring permission from more than one
property owner and typically requiring a public entity to own and maintain the new system.

= The problem causes damage to a structure such as a house or business. Generally, yard flooding and erosion
that does not threaten a structure are not thought of as public problems.

Selecting Locations for Further Investigation. Next, we developed a system to determine the areas to
investigate further. Each response point was given a severity value based on the problem type and frequency.
Higher severity values were given to problems that affect houses, while lower severity values were given to
problems that affect only the yard. The severity weightings are shown in Appendix I.

HR Green® | Building Communities. Improving Lives.
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We then completed an analysis called kernel density, which takes the severity value at each point and applies a
search radius. This analysis highlights locations of high severity problems that are near each other. This analysis
results in a heat map; a portion of which is shown in Figure 4. The full map can be found in Appendix I.
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Figure 4: A Portion of the Heat Map Developed for Kirkwood

Using the heat map, over 20 locations throughout Kirkwood were selected for further investigation. First, a desktop
analysis of the area was completed. This includes looking at the drainage area size, site grading, and existing storm
infrastructure in ArcMap while also thoughtfully reading again through the questionnaire responses.

Site Visits. Once the desktop analysis was complete, HR Green engineers completed site visits to better
understand the stormwater problem and to validate the concerns. The engineers took photos, observed drainage
patterns, looked for indications of flooding or erosion, and spoke with residents in some cases. It was also
determined whether adjacent problems are related. For example, a house with basement backups could be next
door to a house with overland basement flooding. The solution to those problems would likely be separate.

The following areas were visited:

= Applewood Drive = N Clay Avenue at Way = Sweetbriar Lane
= Avery Court/Avery Drive Avenue = Walker Lake
= Argonne Drive near Filmore = N Harrison Avenue between
Avenue Barter Avenue and Wilson
= Danworth Court/Maeville Avenue
Drive = N Woodlawn Avenue at
= Hawbrook Lane Woodleaf Court
= Hillcrest Place = S Harrison Avenue and
= Kirkwood Road near Garden Grand Avenue
Lane = S Harrison Avenue near
= |effingwell Avenue Woodbine Avenue
= Laven Del Lane = Several locations along
= Mitchell Park Sugar Creek

HR Green® | Building Communities. Improving Lives.
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Selection of Capital Improvement Projects. Following the desktop analysis and site visits, the highest priority
problem areas were selected for capital improvement projects through discussions with City staff. All the selected
problem areas had one or both of the following:

= Overland flooding to more than one home or business
= Significant street flooding that is dangerous or restricts emergency access to homes

The selected problem areas for capital improvement projects are included in the next section.

Additionally, a list of road drainage projects was created which could be completed during routine maintenance of
the roadways. These projects could include inlet adjustments to increase inlet capacity. These locations are
included in the next section.

Phase 2: Conceptual Development and Prioritization of
Stormwater Projects

Phase 2 utilized the data collection completed in Phase 1. HR Green evaluated capital projects, identified future
road drainage projects, and reviewed city code.

Capital Improvement Projects
Seven capital improvement projects were created. A workbook was completed for each project which includes:

> Project Summary. The project summary includes a description of the problem, the proposed conceptual
solution, and noteworthy information.

> Project Exhibit. This shows an aerial view of the project area with proposed project improvements
sketched in red.

> Opinion of Probable Cost (OPC). This is an itemized breakdown of expected construction costs to
complete the project. Unit costs are in 2025 dollars and utilize the current MSD unit costs with a 10%
increase. Engineering, survey, and geotechnical estimates are included.

> Benefit Point Calculation. A benefit point calculation using MSD’s methodology was completed so that
each project can be easily brought into MSD’s capital improvements projects list.

The projects were then ranked by benefit to cost ratio, which is calculated by dividing the project benefit points by
the OPC in thousands. Table 2 shows the prioritized list of capital improvement projects. Project workbooks are
included in Appendix J.

HR Green® | Building Communities. Improving Lives.
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Table 2. Prioritized List of Stormwater Capital Improvement Projects

Opmiem e Project | Benefit
. Project Probable Jec
Rank | Project Name ) Benefit | to Cost
Number Construction : X
Points Ratio
Cost

1 Laven Del Ln Storm Improvements 2505 $206,210.84 5780 28.03
2 Avery Dr Storm Improvements 2502 $762,039.04 8485 11.13
3 Grand Ave Storm Improvements 2501 $2,906,410.00 3380 1.16
4 Hillcrest Pl Storm Sewer 2506 $663,417.72 325 0.49
5 Danworth Ct Storm Improvements — Alternative B 2503B $1,496,304.84 690 0.46
6 Kirkwood Rd Storm Improvements 2507 $764,303.59 165 0.22
7 N Harrison Ave Storm Sewer 2504 $1,292,396.46 170 0.13

Road Drainage Projects

In addition to the capital improvement projects, seven road drainage projects have been identified. Stormwater
improvements in these areas should be assessed during routine maintenance of the streets. These locations are
shown on a map in Appendix K.

> Applewood Drive cul-de-sac. There is a sag on the Applewood Drive cul-de-sac with a curb inlet.
The sag fills with water and causes yard and garage flooding. The problem could be due to lack of
inlets on Applewood Drive or insufficient pipe capacity in the system downstream. If it is determined
that inlet capacity is the issue, then additional inlets could be added to Applewood Drive to reduce the
risk of flooding at the sag.

> Intersection of E Madison Avenue and Smith Street. The intersection of E Madison Avenue and
Smith Street is low-lying but does not currently have any storm sewer inlets. Poor grading causes
ponding on the northeast corner of the intersection. The storm sewer system could be extended to
this area to collect the ponded water. Alternatively, the road pavement could be warped so that runoff
flows down the street.

> Evans Avenue between W Jewel Avenue and W Essex Avenue. The sag on Evans Avenue
collects about 6.5 acres of drainage. There is no comprehensive storm sewer system to help collect
the water. This results in frequent street and yard flooding near the sag. MSD has identified a project
to address this issue, called Essex — Geyer — West Essex Storm Sewer (11301). MSD’s project
includes extending the storm sewer system from west of the intersection of N Geyer Road and W
Essex Avenue to the east through residential yards and along Simmons Avenue, Cleveland Avenue,
and Evans Avenue. The project is not currently funded by MSD.

> N Clay Avenue at Way Avenue. The sag on N Clay Avenue near Way Avenue floods. The spread of
water onto the street during rain events is also a concern south of the sag. There are several inlets
near the sag, but no inlets higher up in the watershed. This causes issues because the inlets near the
sag are unable to collect runoff quickly enough to keep up with the flow of water reaching them. The
storm sewer system could be extended south to reduce the flooding at the sag.

11
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> N Woodlawn Avenue near Woodleaf Court. The sag on N Woodlawn Ave near Woodleaf Court
floods. The problem appears to be attributable to lack of inlet capacity. There are few inlets on N
Woodlawn Avenue, which are mostly situated near the sag. MSD has identified a project to address
this issue, called Woodlawn-Par-Julian-Quon Storm Sewer (11194). The project includes extending
the storm sewer system to reduce ponding at the sag. This project is not currently funded by MSD.

> 404-655 Leffingwell Avenue. Road flooding occurs on Leffingwell Avenue from south of E Elliott
Avenue to 655 Leffingwell Avenue. This area is in the floodplain, so flooding may occur when the
adjacent creek is high. Leffingwell Avenue is very flat so flooding could also be caused by lack of inlet
capacity. Before doing drainage work on Leffingwell Avenue, the source of the flooding problem
should be determined. If the problem is lack of inlet capacity, then the storm system could be
extended to reduce flooding during frequent rain events. MSD has identified a project to address
street drainage, called Leffingwell — E Elliot — E Clinton Storm Improvements (12744). The project
includes extending a new storm sewer system along Leffingwell Avenue and to the east of Leffingwell
Avenue on E Clinton Place and E Elliott Avenue. The project is not currently funded by MSD.

> Porter Avenue. An existing curb inlet between 403 and 411 Porter Avenue does not function
adequately. It appears that runoff on Porter Avenue bypasses the inlet and flows down the driveway
at 403 Porter Avenue. The inlet could be adjusted to better collect street runoff or the inlet could be
relocated.

> Sylvan Place. Inlets at the sag on Sylvan Place just south of Manchester Road do not appear to
provide adequate capture of runoff, resulting in street flooding. A 30-inch storm sewer exists through
this area and the sag on Sylvan Place is very low in comparison to the surrounding area. Therefore,
pipe capacity issues may also contribute to street flooding. The source of the problem should be
investigated prior to improving inlet capacity.

> W Essex Avenue at Goeth Avenue. The sag at W Essex Avenue near Goeth Avenue floods. The
flooding then spills south threatening yards and basements. The problem could be due to lack of
inlets on W Essex Avenue or issues with pipe capacity in the system downstream. If the problem is
attributable to a collection issue, then additional inlets should be added on W Essex Avenue.

> W Madison Avenue between S Geyer Road and S Van Buren Avenue. W Madison Avenue has
curb and gutter and collects about 9.5 acres of runoff. No curb inlets exist on the street besides two
inlets at the bottom of the street near S Geyer Road. Road flooding occurs as a result. The storm
sewer system could be extended east along W Madison Avenue to reduce the flooding problem.

City Code Review

As part of Phase 2, HR Green reviewed the City of Kirkwood’s codes and ordinances to identify potential areas of
improvement. This work was summarized in a document titled “Stormwater Code Review Memo” and included in
Appendix L.

HR Green® | Bullding Communities. Improving Lives.
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