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FORWARD 

This document would not be possible without the extensive contributions of many organizations, committees and 
individuals, listed below.  We offer many thanks to all who wrote, edited, discussed, shaped, reviewed, 
commented on and otherwise contributed to this watershed planning endeavor.   
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EXECUTIVE SUMMARY 
DEER CREEK WATERSHED PLAN 

HISTORY OF WATERSHED PLANNING EFFORTS  

The Deer Creek Watershed is a sub-watershed of the River des Peres Watershed.   Due to the size and complexity of 
the River des Peres watershed, watershed planning efforts need to begin at the sub-watershed level.   The Deer Creek 
Watershed is a good candidate for planning efforts due to the amount of citizen involvement, previous studies 
conducted, and historical water data available.  Numerous studies have been carried out for the purpose of improving 
the management of Deer Creek.    In April of 2008 a group of citizens concerned about Deer Creek approached Missouri 
Botanical Garden to sponsor their work.   

To help facilitate cleaner, safer water in the Deer Creek Watershed, Missouri Botanical Garden established a Deer 
Creek Watershed Alliance in partnership with Metropolitan St. Louis Sewer District, Washington University, East-West 
Gateway Council of Governments, American Society of Civil Engineers, Great Rivers Greenway, Missouri Department of 
Conservation, Missouri Department of Natural Resources, Missouri Stream Teams, River des Peres Watershed 
Coalition, U.S. Army Corps of Engineers, St. Louis County, local garden clubs, local municipalities, and the Deer Creek 
Watershed Friends, a citizen-led Missouri Botanical Garden committee.   The overall mission of the Alliance is to assess 
and improve the Deer Creek Watershed, with a focus on plant-based solutions.     The first step in accomplishing this 
mission is the development of a Deer Creek Watershed Plan. 

Three key groups were formed in order to drive the watershed planning process 1) Deer Creek Watershed Friends, a 
citizen-led committee operating with the guidance and support of Missouri Botanical Garden.  2) Deer Creek Watershed 
Community Leaders Task Force, representing entities with jurisdictional or planning authority in the watershed, and 3) 
Deer Creek Technical Advisory Group with representatives from government agencies, consulting firms, & non-profits. 

WATERSHED DESCRIPTION 

Deer Creek Watershed (HUC 071401010504) drains approximately 37 square miles (23,500 acres) of St. Louis County.  
Deer Creek originates in the northwest in Creve Coeur near Interstate 270 and Olive, and flows in a southeasterly 
direction approximately 10.76 miles before it enters the River des Peres at Maplewood, near Interstate 44 and 
McCausland.  The major contributing streams within the watershed are Deer Creek, Twomile Creek, Sebago Creek, 
Shady Grove Creek, and Black Creek. 

PHYSICAL AND NATURAL FEATURES 

GEOLOGY 

Deer Creek contains Mississippian limestone which includes chert (or flint). Because chert is much harder and more 
resistant to weathering than limestone, erosion of the softer limestone has left a thick blanket of chert gravel on the 
hilltops and ridges.   Due to the presence of limestone the region has an extensive karst features including caves, 
springs, sink holes and losing streams that are created as groundwater dissolves soluble rock.   Karst aquifers are also 
susceptible to surface contamination.  Approximately 166 sinks holes have been identified.  A majority of the sink holes 
are concentrated in the central area of the watershed and tend to follow the creek drainages. 

SOILS 

The majority of soils in Deer Creek are classified as Group D soils with high runoff potential and low permeability.  They 
also have greater than 40% clay content.  Group C soils have moderately slow infiltration rates with 20 to 40% clay.  
Group B soils have moderately high infiltration rates and are composed of 10 to 20 percent clay.  Within the Deer Creek 
Watershed, 51% of the area is characterized by Group D soils, 39% Group C, and 6% Group B, with 4% not rated.   
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Soils with slow or very slow infiltration rates can limit stormwater volume reduction though ground infiltration.  Low 
infiltration also reduces the bio-remediation of organic and inorganic contaminants and pollutants in stormwater. The 
ability of these soils to support plant material can be further degraded due to compaction from construction activities. 
As a result, some soils in the watershed may need to be amended or restored in order to achieve the intents of the 
stormwater best management practices. 

TOPOGRAPHY & LAND COVER 

The land cover is 82.21% urban with just 8.42% forest, 8.38% grassland, 0.47% crop land, 0.40% water, and 0.12% 
wetland.  Consideration of slope will influence the location and selection of stormwater BMP methods and their 
effectiveness.  Steep slopes can convert 90% of rainfall to runoff. 

FLORA AND FAUNA 

The Deer Creek Watershed is in the middle of a major metropolitan area yet the creek and riparian corridor provides 
important habitat and functions as a travel corridor for an assortment of wildlife species such as deer, coyotes, fox, 
raccoon, mink, great blue herons, kingfishers, various ducks, turtles, fish, frogs, and macro-invertebrates.   Although 
large lots in the central portion of the watershed provide minimally disturbed habitat for wildlife, many parts of the 
stream bank, backyards, and other natural areas throughout the watershed have been overtaken by invasive species of 
plants, notably bush honeysuckle, which drives out other plants, increases erosion, and reduces the quality of the 
habitat for birds and mammals.  

RIPARIAN CORRIDOR 

Prior to 1953, much of Deer Creek from the center north to highway 40/64 was undeveloped forest.   Over time, 
hardening of the stream banks and straightening of the channel has increased the velocity of water and disconnected 
the stream channel from its floodplain.  Similar changes have occurred in smaller tributary streams, all of which serve 
to increase volume and time of concentration in flood events.   Many parts of the stream bank along Deer Creek are 
highly eroded and the stream has become incised and wider in places. Remarkably, Deer Creek still maintains its more 
natural flow in certain areas where it has room to move.  These meanders also create in-stream habitat such as riffles, 
runs, and pools.  

PRECIPITATION AND HYDROLOGY 

Precipitation in the St. Louis region has ranged from thirty-nine to forty-two inches of precipitation annually. This rate 
is among the higher precipitation rates in the nation.  Largely due to impervious surface areas that include 
infrastructure designed to convey flow to the stream as quickly as possible during rain events, tributary streams within 
the Deer Creek watershed experience a rapid rise after a rainfall, and tend to be flashy.  In large storms, the creek and 
its tributaries flood beyond its banks. Major floods have occurred in Deer Creek on five occasions in the last half-
century: June 1957, April 1973, April 1979, July 1991, and September 2008.  

FEMA FLOODPLAIN 

 Significant development has been permitted in the flood plain of Deer Creek and its tributaries. This development 
occurred before the adoption of the FEMA Flood Insurance Rate Maps (FIRMs) and the National Floodplain Insurance 
Program (NFIP) by the cities and county.  Mostly commercial and industrial structures are affected by floodwaters.  A 
few retail shops and residences are also in the floodplain. In September 2008, flash flooding on interior streams did 
significant damage in St. Louis County impacting 302 commercial properties. The City of Brentwood, which is entirely in 
the Deer Creek Watershed, experienced 45% of the commercial property damage of the county as a whole. 
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DEMOGRAPHIC CHARACTERISTICS 

The Deer Creek watershed lies in central St. Louis County, (~2,513 persons per square mile) and includes all or parts of 
21 municipalities.  Although one sewer district, the Metropolitan St. Louis Sewer District (MSD), is responsible for 
stormwater planning and preparation of the Phase II stormwater permit for the larger communities, each community is 
responsible for development and enforcement of its own practices on publicly owned land and for management of 
development within its borders.  In addition, Missouri Department of Natural Resources, U.S. Army Corps of Engineers, 
Great Rivers Greenway District, East West Gateway Council of Governments, St. Louis County and St. Louis County 
Municipal League each have jurisdictional or regional planning roles in the watershed.    The number of municipalities 
and other agencies involved in land management decisions in the watershed greatly complicates any concerted effort 
at watershed planning.  

The St. Louis county population as a whole grew rapidly from 1960-1990 but since that time it has flattened out and 
even declined slightly.   The population in the watershed was approximately 93,000 in 2000.  Employment in the 
watershed at the time of the 2000 census was 108,000.   The highest population density is located along the east and 
southeast portions of the watershed.    The Deer Creek area is predominantly residential; however the floodplain areas 
of Deer Creek and Black Creek have a variety of small businesses and light industry.   

IDENTIFYING IMPAIRMENTS   

WATERSHED INVENTORY 

A watershed inventory documents what previous studies have been conducted in the Deer Creek Watershed, 
stakeholder concerns, 303(d) classification and impairment identification, existing watershed data, and interpretation 
of the data.  

PREVIOUS WATERSHED ASSESSMENT STUDIES AND REPORTS 

This watershed planning document does not represent the first time that Deer Creek has been studied or analyzed.  
Numerous studies have been conducted in the Deer Creek watershed, dating back as far as 1963.  For a complete 
listing of studies, see Chapter 2 of the watershed plan document. 

STAKEHOLDER CONCERNS  

Areas of concern that were expressed during the citizen, community and technical meetings conducted, included issues 
related to stormwater best management practices;  the need for watershed studies; industrial contamination; flooding; 
infrastructure damage; yard waste, trash and construction debris; stream bank erosion and sedimentation; downspout 
disconnection concerns; fertilizer and salt pollution;  sink hole issues;  tree loss;  riparian corridor development;  
invasive species;  animal waste;  and the need for education and public awareness.   

303(D) IMPAIRMENTS 

The Deer Creek Watershed is a major sub-watershed of the River des Peres Watershed.  River des Peres is listed as 
impaired for chloride due to nonpoint source urban runoff on the 2008 303(d) list and shown on the 2010 proposed list 
as impaired for low dissolved oxygen, source unknown.  Water quality improvements in the Deer Creek Watershed will 
have a positive effect on River des Peres.    Both Deer Creek and Black Creek are classified streams 1.6. miles up from 
mouth in the revised 9-30-2009 Code of State Regulations (CSR).   
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EXISTING WATERSHED DATA 

VOLUNTEER WATERSHED MONITORING EFFORTS AND VISUAL ASSESSMENTS  

There is high public interest in the Deer Creek watershed.  As a result many volunteers with the Missouri Stream Team 
volunteer water quality monitoring program have adopted monitoring sites on Deer Creek and its tributaries.  Stream 
Team database and visual inspections have recorded in the Deer Creek watershed since 1998.  Additional data can be 
obtained from the stream team website at  http://www.mostreamteam.org/interactivemap.as.  In addition to 
performing visual inspections during their water quality monitoring activities, Missouri Stream Teams also conduct 
visual assessments during special events, i.e. creek cleanups. On April 25th, 2009, 571 volunteers collected 9,740 
pounds of trash in the City of Ladue in the heart of the watershed.   

USGS MEASUREMENTS  

Six USGS gauging stations are located throughout the Deer Creek watershed.  Water quality parameters monitored by 
USGS include water temperature, instantaneous discharge, dissolved oxygen, pH, carbon dioxide, carbonate, bi-
carbonate, suspended solids, total nitrogen, organic nitrogen, ammonia, nitrate, phosphate, hardness, calcium 
magnesium, and chloride.   

LITZSINGER ROAD ECOLOGY CENTER STREAM TEAM DATA 

The Litzsinger Road Ecology Center (LREC) Stream Team data is collected on a monthly basis at seven points in the 
upper Deer Creek watershed, including the tributaries of Twomile Creek and Sebago Creek.  This type of sampling is 
ideal for getting a picture of typical conditions in various portions of Deer Creek and its tributaries.  The LREC team is 
unlikely to be capturing either the highest or lowest values for the parameters that they measure.   

MSD MONITORING 

Metropolitan St. Louis Sewer District currently monitors 34 sites throughout its service area for the Stream Monitoring 
Program.  The purpose of the Stream Monitoring Program is to gather information during storm and non-storm events, 
to assess the impacts of CSOs/SSOs and gather background data for these water bodies.   Currently the goal for the 
monitoring program is to monitor all streams monthly. 

The current list of parameters for the stream monitoring program is as follows:  Chemical Oxygen Demand, pH, 
Temperature, Ammonia (as N), Chloride, Dissolved Oxygen, E- coli, Enterococcus, Fecal  Streptococci, Hardness, 
Cadmium dissolved, Chromium dissolved, Copper dissolved, Iron dissolved, Lead dissolved, Nickel dissolved and Zinc 
dissolved.  In order to determine impact from the various contributing streams, sampling locations were established at 
the mouth of the contributing stream.   

WASHINGTON UNIVERSITY STABLE ISOTOPE LAB (WUSIL)  

The Washington University Stable Isotope Lab (WUSIL) conducted biweekly sampling operations in the Deer Creek 
basin during Fall 2008.   The monitoring effort included field data (specific conductivity, temperature, pH, DO, and 
turbidity) and laboratory work (total coliform, E. coli, ammonia, nitrate, phosphorus, and chloride).  WUSIL also set up 
sampling sites at three BMPs located in the Deer Creek.   

WATER QUALITY ANALYSIS 

The four sources of data listed above have been used to establish baseline water quality data for the Deer Creek 
Watershed.   Pollutant parameters measured included specific conductivity, temperature, pH, dissolved oxygen, 
turbidity (suspended solids), total coliform, E.coli, ammonia, nitrate, phosphorus, chloride.  A Water Quality Analysis 
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and Report was conducted by Robert E. Criss and Elizabeth A. Hasnmueller of Washington University.  The analysis 
found that Deer Creek failed to meet water quality standards established by State of Missouri for Dissolved Oxygen, 
Chloride, and E.Coli.  In addition, there was a clear demonstrated correlation between volume of discharge into the 
stream and increase of total suspended solids.   

IDENTIFYING NONPOINT SOURCE STRESSORS:  SUMMARY OF WATERSHED IMPAIRMENTS, 
POLLUTANTS, AND INDICATORS 

NonPoint Source 
Causes/Sources Watershed Problems/Concerns Pollutant Loads Other Assessment 

Indicators 

Increased impervious 
surface area 

Increased creek widening, 
property loss, bridge damage, 
gabion wall damage, erosion, 
flash flooding; reduced habitat, 
species diversity 

Low dissolved 
oxygen 

Geomorphologic 
assessment 

Channel straightening and 
loss of riparian corridor High TSS, E. Coli Resident reports 

High clay soil content, soil 
compaction from 
construction 

Low soil infiltration, 
Erosion/sedimentation, 
stormwater runoff 

Low DO 
High TSS, E. Coli 
 

GIS soil analysis chart 
Onsite soil samples 

Increased precipitation 
from global climate change 

Flooding, erosion, sedimentation, 
creek widening, property loss, 
sewer overflows 

High TSS, E. Coli 
Climate change 
prediction models, 
scientific papers  

Commercial/industrial 
properties clustered in 
lower floodplain 

Economic damage from flooding 
causing property damage/loss 

Industrial 
pollutants in 
stream. 

GIS Land Use mapping, 
List  of potential 
industrial point-source 
polluters 

1950’s home construction 
Potential erosion/ sedimentation, 
basement flooding from 
increases in overland flow stress 

High TSS,  ID locations of and 
number of homes with 
inappropriate 
downspout connect. 

practices E. Coli 
  Low DO 
  Habitat Dest. 
Human waste from CSO’s & 
SSO’s and animal waste 
from pets and wildlife in 
stream. 

Human health hazard High E. Coli count, 
Low DO Homeowner surveys 

Municipal winter road 
salting operations, 
landowner salt use 

Human/pet health impact, 
reduced species diversity 

High chloride 
count 

Survey road salt 
operations 

High specific 
conductivity   

Lawn monoculture and 
pervasive invasive species 
with shallow root structure 

Erosion/sedimentation High TSS, Low DO Visual plant location 
assessments 

Landowner yard 
maintenance patterns Increase in eutrophication; 

channel obstruction; reduction in 
scenic beauty 

Low DO Visual assessments 

Yard waste, organic debris, 
trash, lawn fertilizers  in 
stream 

High phosphorus Landowner reports 
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Tree loss from construction 
and disease 

Erosion, sedimentation, and 
flooding Low DO, High TSS Tree inventory 

Presence of karst 
topography/sinkholes Potential groundwater pollution Depends on 

source 
GIS mapping of 
karst/sinkhole locations 

Building in floodplain & 
floodplain infill Residential flooding High TSS, Habitat 

loss 
Citizen reports/MSD 
database 

IDENTIFYING POINT SOURCE STRESSORS 

PERMITTED ACTIVITIES 

Point source stressors in the Deer Creek Watershed include land disturbance associated with construction activity.  
Permitted activities are handled by the appropriate regulatory entity (e.g. MSD, Municipality, County, MoDNR, Corp of 
Engineers, etc.)  Missouri Department of Natural Resources issues land disturbance permits when an acre or more of 
land is disturbed.   

SANITARY SEWERS 

An additional point source stressor contributing to the degradation of stream quality is pollution from combined sewer 
overflows and from constructed separate sewer discharges into the creek.  In the eastern areas of the watershed, the 
combined sewer system contributes to overflows (CSO’s) to the stream.  In the rest of the watershed, stormwater 
mixed with raw sewage is released into the stream from constructed sanitary sewer overflows (SSO’s) during wet 
weather conditions. The constructed sewer overflow mechanisms protect homeowners from having sewage back up in 
their basements, but these systems leave the stream to carry pollutants such as bacteria, viruses and microbes from 
the sewage.  As of April 2010 there are 51 constructed SSO's in the Deer Creek Watershed.  Metropolitan St. Louis 
Sewer District is working on a plan to eliminate all SSO’s in the watershed.  

INDUSTRIAL CORRIDOR 

Petrolite is a former industrial site with a history of contaminated soils.  EPA has established a Superfund to address 
contaminated soils.  MSD tracks industrial users that discharge into MSD’s sanitary sewer and combined systems in a 
PIMS (Pretreatment Information Management System) database.   MSD received two approvals for stormwater 
discharges in soil remediation excavations associated with the removal of contaminated soil from property.  The impact 
on stormwater meets the regulatory requirements of EPA and MDNR.  MSD has also been given special approval for 
discharges to their sanitary sewer system for tests and to purge water from their onsite monitoring wells used for site 
investigations to evaluate contamination.   

Following the Hurricane Ike flood in 2008, Stream Teams from the River des Peres Watershed Coalition were mobilized 
to accomplish cleanups and assessment.  In this process, forty-two 55 gallon drums were found; initial examinations 
identified drums containing toxic waste.  Stream Team AmeriCorps assisted with locational identification of the drums.  
Several EPA contractors performed recovery, characterization and disposal.   

IDENTIFYING CRITICAL AREAS 

In order to prioritize the location of implementation of Best Management Practices, a criteria grid will be developed.  
The criteria grid will include factors that influence the prioritization process.  Potential identified sites must meet a 
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majority of the established criteria.  These criteria may include:  1) Addresses an identified water quality issue.  2) Pre-
prioritization of site in municipal stormwater master plan  3) Identification by municipal officials as a priority site.  4)  
Higher infiltration rate with soil type B or C.   5) Slope or other landscape features lends itself to effective green 
infrastructure BMP implementation 6) Budgeted funds for re-development allocated, 7) Ability to use the site to 
educate, motivate and inspire others.    

ESTIMATING LOAD REDUCTIONS  

Below is a list of long range goals for target pollutant loads, level, or value for 6 identified indicators or pollutants in the 
Deer Creek Watershed.  Due to the nature of urban streams, reaching targeted standards for dissolved oxygen, 
chloride, E. Coli and other pollutants must of necessity be long range, and may take 20 or more years to achieve. 

Indicator 
Present pollutant load, baseline level, or 
benchmark value Target Load, Level or Value 

Dissolved Oxygen Avg. mean D.O 7.1 milligrams /liter Deer Creek @ 
Maplewood  (23 samples, 2001-2004) 

No more than 10% of all samples 
exceed criterion (5 mg/L for AQL) 
State of Missouri standard for the 
protection of aquatic life.   

Chloride Avg mean chloride 407 milligrams /liter Deer 
Creek @ Maplewood 

No more than one acute toxic event 
(230 milligrams/liter) in 3 years 
during periods of stable, low flow 
conditions.  No more than one 
exceedence in three years of the 860 
mg/L chloride acute criterion under 
any flow conditions. 

E.Coli Avg. geometric mean E. coli 1860 colony forming 
units /100 mililiters Deer Creek @ Maplewood 

During the recreational season not 
to exceed geometric mean of 206 
cfu/dL- State of Missouri standard 
for whole body contact. 

Volume as a 
surrogate for TSS 

TSS increases with flow rates, and at first flush  Capture 1st 1.14 in rainfall onsite 
(90% of storms)-MSD standard 

Phosporous Avg mean of .63 milligrams /liter Deer Creek@ 
Maplewood 

60% reduction of load in targeted 
subwatersheds as per STEP-L model 
indications = .25 miligrams/liter 

   

WATERSHED AND BMP MODELING 

Once a load has been estimated using models, then various types of BMP implementation simulations can be run 
through the model to determine the location and the number of BMP’s needed to obtain pollutant load reductions.  
Though there are many computation methods for calculating annual pollutant loading, the methods generally fall into 
either simple or complex with respect to level of effort.  Simple models are defined as those models that make 
assumptions about hydrology that allow the user to bypass the effort required to model the complex relationship 
between landuse, soil, topography, and detention facilities.  STEPL and THIA are examples of simple models.  Though 
the accuracy of pollutant load estimates are compromised by this simplification, the accuracy may be sufficient to 
provide valuable feedback.  In contrast, typical “complex” computer models used to estimate loading include EPA’s 
SWMM, SUSTAIN, and MoHAT. Data obtained from the simple models may also be used as a check on the complex 
model results.  

A list of appropriate BMPs to address water quality threats or impairments discussed above will be outlined. This list 
will include structural stormwater BMPs (i.e. detention basins, bioretention systems), other site design changes, (i.e. 
disconnecting impervious areas, vegetated filter strips, soil amendments), and behavior management strategies 
(i.e.optimization of road salt application and improving pet waste practices).  Simple stormwater pollutant loading 



Executive Summary 
Deer Creek Watershed Plan 

Page ES-8 

 

models are appropriate to roughly rank the list in terms of pollutant load reduction potential.  After ranking BMPs, 
complex models may then be applied to “break a tie” where the simple method does not clearly select one BMP over 
another. The complex models will also be used to quantify the number/size of preferred BMPs needed to achieve the 
target load, level, or value of pollutant desired. This strategy minimizes application of complex models, thereby 
economizing time and effort. 

DEER CREEK DEMONSTRATION PROJECTS 

MSD has designed and plans to implement in 2010 three demonstration projects in the cities of Brentwood, University 
City, and Creve Coeur to assess effectiveness of raingarden and bioretention BMP’s in reducing pollutant loads.  These 
demonstration projects will be monitored over a 5 year period by Washington University and Litzsinger Road Ecology 
staff.  The STEPL model has been employed to estimate projected nutrient and sediment load reductions, and BMP 
effectiveness.   In addition, raw data from pre- and post-BMP implementation will be evaluated using statistical 
comparisons such as the mean, minimum, and maximum nutrient, sediment, and coliform loads for similar storms 
before and after implementation.  This raw data will be compared against STEPL predictions to weigh the accuracy of 
the STEPL model under local conditions.   

The primary performance goal of all three demonstration projects will be capturing, treating, and detaining stormwater 
runoff from 90% of the recorded daily rainfall events, which is based on a rainfall amount of 1.14 inches, with the 
understanding that in an urban environment, the most effective way to remove pollutants from stormwater is to 
remove the stormwater.  Opportunities to design for larger events and incorporate enhanced infiltration techniques 
will be taken as downstream conditions warrant and with recognition that retrofitting in urban settings is challenging.   

MANAGEMENT MEASURES 

GOALS FOR DEER CREEK WATERSHED 

The Deer Creek Technical Committee and the Community Leader Task Force established goals for the Deer Creek 
watershed based on the issues and concerns developed during their meetings and those expressed by citizens in the 
watershed.  The goals established consist of the following: 

A. Maintain and improve water quality and quantity in watershed related to a one-year storm event or less.  
1. Retain stormwater onsite through the following identified green infrastructure efforts: 
2. Reduce identified pollutants and other impairments.  

B. Reduce the risk of stream bank erosion, sedimentation, and flooding from a one year or greater storm 
event. 

1. Maintain and improve the natural stream physical stability and reduce stream widening 
and bank erosion. 

2. Provide adequate stream buffer zones (or stream riparian corridor) to reduce erosion and 
sedimentation to enable streams to carry large volumes of water associated with heavy rains without 
damage to property. 

C. Facilitate sustainable development and re-development as it impacts water quality and water quantity. 
1. Engage residential property owners in managing stormwater.  (71% of land is privately owned) 
2. Support the development of municipal planning and zoning efforts that may include a 

combination of incentives, ordinances, removal of barriers and/or case studies. 
3. Develop strategies to assist commercial property owners to engage as responsible 

watershed stakeholders. 
D. Analyze/assess both existing conditions and effectiveness of management measures.  

1. Expand and improve watershed modeling efforts. 
2. Continue and refine watershed monitoring efforts. 
3. Develop or refine ratings systems. 
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After defining and outlining goals to be accomplished in the watershed, the planning committees and 
subcommittees collaborated to identify a detailed list of management measures associated with each goal.   

NPDES PERMIT DISCHARGE AND COMPLIANCE INFORMATION  

Metropolitan Sewer District’s Saint Louis County NPDES Phase II Permit requires compliance with six MCM’s (Minimum 
Control Measures).  Their strategy for implementation addresses each of the six required minimum management 
measures:  public education and outreach, public involvement and participation, illicit discharge detection and 
elimination, construction site stormwater runoff control, post-construction stormwater management, and pollution 
prevention/good housekeeping for municipal operations.   

LOCAL MUNICIPALITY STORMWATER MANAGEMENT PLANS  

The Cities of Frontenac, Clayton, and Richmond Heights have completed stormwater management master plans.  The 
Cities of Webster Groves, Brentwood and Ladue have developed lists of priority areas for water quality improvements.  
Where municipalities have pre-prioritized their water quality needs will be a key factor in guiding the location of water 
quality improvement projects.   

EDUCATION OUTREACH AND PUBLIC ENGAGEMENT OBJECTIVES 

1. Grow a watershed citizen contact list to at least 1-2% of the watershed in five years (1,000- 2,000 names) by 
tabling at festivals; encouraging peer-to-peer networking, making PowerPoint presentations, and conducting 
media outreach campaigns.   

2. Educate, grow the interest of, and motivate to action this core group, resulting in the publication of monthly email 
newsletters, website updates, and semi-annual educational public meetings.    

3. Plan and develop citizen-led annual public engagement projects as prioritized by citizens in the watershed. 

4. Support municipalities in conducting outreach to their citizens to take positive voluntary action in their own yards, 
resulting in at least 20 landowners with demonstration projects over a five-year period. 

5. Facilitate communication between municipalities regarding model ordinances, incentives, pilot projects, and 
barrier removal mechanisms. 

6. Identify key schools to implement demonstration projects that can be a source of ongoing education for students, 
parents, and the local community, resulting in at least 8 schools in the watershed with implemented 
demonstration projects over a five-year period. 

7. Conduct workshops for area professionals as identified in the plan to improve project implementation success 
rates, resulting in at least one professional training workshop per year for a five-year period. 

TECHNICAL & FINANCIAL ASSISTANCE 

The chart below describes the planned order of implementation of management measures, the time requirements for 
implementing the plan, as well as identifying technical and financial resources for short term goals.  Management 
measures highlighted in yellow indicate prioritized objectives.  Deer Creek is an urban stream, located across several 
municipalities. The water quality issues cannot and will not be resolved/corrected overnight.  It will take time, 
resources, and local buy-in.  Each municipality has its own schedule and geographical priorities.  The intent of the 
Watershed Management Plan (WMP) is to incorporate their priorities over time as funding/resources allow.  Funding 
sources will be continually sought and based upon political leadership.   Milestones, priority areas, and funding 
resources will be re-evaluated and updated and with each scheduled WMP revision. 
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GOALS Management Objectives Timeline Tech Resources Financial Resources 

A1 RETAIN STORMWATER ONSITE THROUGH GREEN INFRASTRUCTURE        
a. Raingardens, 
bioswales and 
bioretention 

1)  Provide incentives to encourage the design and installation of at least 20 
demonstration bioretention/raingarden/bioswale projects at residences, churches, 
schools, parks or places of business in the watershed  1 to 5 years 

MBG, Show Me Rain 
Gardens, MSD, munis 

319 funds, MSD, MBG, 
MDC, private donors 

2) Support the development & implementation of stormwater master plans in each 
municipality.  Implement at least one demonstration project in each municipality. 1 to 5 years Munis 319 funds, munis 

3)  Develop a long term rain garden maintenance strategy that includes training for 
landscapers, education for installers, and provide technical assistance.    1 to 5 years MBG, SNR   
4)   Develop a plan for implementing bioretention systems along roadways. 5 to 10 years     
5)  Develop a “dip it, don’t mound it” educational campaign for parking lot design.   5 to 10 years     

b. Stormwater 
harvesting 

1)  Document the relative effectiveness of different rain barrel designs  1 to 5 years RdPWC  319 funds, RdPWC 
2)  Make rain barrels available to landowners in the watershed through a public 
participation program 1 to 2 times/year.   Ongoing MSD, RdPWC 

MSD, private 
landowners 

3)  Install 5 to 10 cisterns/stormwater harvesting systems as demonstration projects 
for education and technology transfer and to assess effectiveness. 1 to 10 years 

 
  

4)  Identify other appropriate stormwater harvesting technologies.  10 years     
c.  Urban tree 
protection and 
urban forest 
management  

1)  Engage citizens in tree inventory, tree maintenance, and tree planting efforts 
with emphasis on native trees. 1 to 5 years 

Forest Releaf, MBG, Webster Groves Nature 
Study Society (WGNSS) 

2)  Identify and share local and model urban forest management programs.  1 to 5 years See City of Chesterfield model 
3)  Ensure that trees do not compromise buried utility lines or traffic sight distance.  1 to 5 years MSD   

d. Porous 
pavement 

1)  Identify potential porous pavement demonstration projects. 5 to 10 years     
2)   Establish a Muni/BMP workgroup that will document the installation of porous 
pavement demonstration projects for education and technology transfer.  10 years     

3)  Encourage municipal road maintenance folks to use porous pavement in parking 
lots and sidewalks. 5 to 10 years     

e. Green roofs 1)  Identify potential green roof demonstration projects.  10 to 15 yrs     

2)  Document the installation of green roof demonstration projects for education 
and technology transfer. 

20 year 
vision     
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GOALS Management Objectives Timeline Tech Resources Financial Resources 

A2 REDUCE IDENTIFIED POLLUTANTS AND OTHER IMPAIRMENTS       
a. Trash, yard 
waste and organic 
debris removal. 

1)  Identify and prioritize parcels in the watershed needing yard waste and organic 
debris removal as recommended by watershed municipalities. 1 to 5 years City of Brentwood 

319 funds, City of 
Brentwood 

2)  Support annual volunteer trash clean ups in the watershed. (Local as well as 
larger) Ongoing 

MSD, Muni's, RdPWC, 
MO Stream Team   

3)  Change yard maintenance patterns (including fertilizer reduction, trash, yard 
waste, and organic debris removal). 1 to 5 years     
4)  Develop education campaign on disposal of “road-kill” animals. 5 to 10 years     

b. Reduce pet 
waste through 
education. 

1)  Distribute brochures on pet waste management. Ongoing  MSD Phase II   
2)  Reduce bacteria pollution contributed by animal feces in the watershed through 
the implementation of a pilot dog waste composter program that installs and 
evaluates effectiveness of 10 animal waste composting systems. 1 to 5 years 

River des Peres 
Watershed Coalition 

 3) Promote horse manure recycling. 
  

  
c. Reduce road 
salt in runoff. 

1)  Collect salt usage data.   Ongoing MSD and co-permittees  

2)  Research alternatives to road salt or the removal of road salt from runoff, with 
the recognition that once road salt becomes dissolved, it is very difficult to remove. 1 to 5 years 

MSD and co-
permittees  

3)  Collect and share data on the effectiveness of pervious pavement in reducing the 
need for road salt applications.   1 to 5 years 

MSD and co-
permittees   

4)  Conduct trainings for “road salt guy” and “maintenance guy” on private 
developments. 1 to 5 years 

St. Louis Earth Day 
Symposium   

5) Educate the public on the hazards of excessive salt use. 1 to 5 years Deer Creek Friends   
d. Illicit discharge 
detection and 
elimination (see 
msd phase ii 
npdes). 

1)  Develop and maintain a map of the area streams, storm sewers and storm sewer 
outfalls.  Ongoing MSD   
2)  Survey the creeks for illicit connections to storm sewers, Illegal dumping, and 
failing septic systems. Ongoing MSD   

3)  Develop and implement a program to detect and eliminate illicit discharges into 
area streams.  Ongoing MSD   

e. Eliminate SSO’s 
& address CSO’s.  1)  Plan for eliminating SSO's and addressing CSO's currently underway. TBD by MSD MSD   
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GOALS Management Objectives Timeline TechResources Financial Resources 
B1 MAINTAIN AND IMPROVE THE NATURAL STREAM PHYSICAL STABILITY AND REDUCE STREAM WIDENING AND BANK EROSION. 
a. Assess, 
implement, and 
maintain regional 
detention 
systems to 
manage channel 
protection .  

1)  Assess technical and cost feasibility of regional detention systems. 
10 to 15 
years MSD and muni's   

2)  Build and/or retrofit regional detention systems. 
15 to 20 
years     

3)  Reassess protocols for regional detention maintenance and implement best 
management strategies. 

15 to 20 
years     

4)  Assess existing detention facilities for opportunities for channel protection 
retrofitting (i.e. changing outlet structures to provide channel protection function). 

15 to 20 
years     

b. Utilize best 
available 
technology to 
improve channel 
protection and 
function.  

1)  Conduct a fluvial geomorphic assessment of Deer Creek and tributaries.  Identify 
current conditions and/or current morphological trends.  Use the assessment to 
identify areas that can be stabilized easily before the morphological trends 
compound issues on Deer Creek or its tributaries.   1 to 5 years 

Local engineering 
firms, local 
universities   

2)  Conduct seminars on the mechanics of stream dynamics related to flow.  For 
planners, public works staff, developers.   1 to 5 years 

St. Louis Earth Day 
Symposium   

3)  Explore opportunities to restore pool-riffle-pool sequences in the creek and  
tributaries. 

10 to 15 
years     

4)  Maintain instream flow and explore other opportunities to restore habitat and  
species diversity 

10 to 15 
years     

c. Promote 
invasive species 
removal and 
native plant 
establishment. 

1)  Assess invasive species and types and extents along the riparian corridor. Ongoing     

2)  Implement 5 to 10 model invasive species removal projects. 1 to 10 years  RdPWC  RdPWC/ MDC 
3) Replant native species Ongoing  RdPWC  RdPWC/ MDC 
4)  Engage citizens in invasive species removal efforts. 1 to 5 years  RdPWC  RdPWC/ MDC 
5)  Provide invasive species education for planning, public works, and parks and 
recreation departments, landscape architects, and the general public. Ongoing 

  6)  Partner with local nurseries to promote native plants. Ongoing 
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GOALS Management Objectives Timeline Tech Resources Financial Resources 
B2 PROVIDE ADEQUATE STREAM BUFFER ZONES (OR STREAM RIPARIAN CORRIDOR) to reduce erosion & sedimentation and to enable stream to carry large volumes of 
water associated with heavy rains without damage to property. 

a. greenway/trail 
development 
along riparian 
corridors. 

1)   Trail construction along sections of creek provide additional public access to the 
creek, serve to heighten awareness and interest in the creek and its condition, and 
highlight water quality management strategies to the public.  1 to 5 years  GRG  GRG 
2)  Develop riparian corridor demonstration restoration projects  1 to 5 years GRG GRG 

b. model set-back 
ordinances.  

1)   Riparian corridor set-back ordinances adopted by 80% of key municipalities  1 to 5 years Muni's   

2)   Research opportunities to expand the width of riparian corridor set back  20 year      
c. Identify willing 
landowners 
located in the 
floodplain for 
voluntary 
purchase/sale and 
permanent 
removal from 
development. 

1)  Identify and prioritize parcels for purchase in the riparian corridor and set aside 
development rights in perpetuity as recommended by watershed municipalities. 1 to 5 years City of Brentwood   
2)  Facilitate the purchase and set-aside of development rights of these properties  1 to 5 years City of Brentwood   
3) Use FEMA buy out opportunities to buy back floodplains. 1 to 5 years Munis   

4)  Educate FEMA Administrators at municipalities on floodplain development/ 
redevelopment restrictions (as a tool for opening floodplains). ongoing     
5)  Solicit FEMA and others for additional floodplain buyout funding.   1 to 5 years   FEMA 

6) Explore opportunities to pass municipal ordinances that restrict or eliminate 
building in the floodplain. 

5 to 10 
years   

  
 

d. Research 
appropriateness 
of wetland 
restoration. 

1) Identify and prioritize appropriate areas in the watershed for wetland restoration. 1 to 5 years   Fish and Wildlife 

2) Develop a wetlands mitigation bank (FEMA, USACE and Municipalities) to serve as 
both a funding source and for riparian protection  

5 to 10 
years FEMA FEMA, Fish and Wildlife 

B3 PROTECT GROUNDWATER SUPPLIES IN SENSITIVE HIGH KARST AREAS 

a. Prevent 
sinkhole 
contamination. 

1) Assess if any sinkholes are currently employed for stormwater drainage. 5 to 10 years     
2) Redirect stormwater to prevent it from directly draining in sinkholes 

5 to 10 years 
    

b. Prevent 
groundwater 
contamination. 

1) Assess the effectiveness of the incorporation of forebays/underdrains in 
bioretention systems to prevent groundwater contamination in high karst areas. 1 to 5 years     
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GOALS Management Objectives Timeline Tech Resources Financial Resources 
C1 ENGAGE SINGLE PARTY RESIDENTIAL PROPERTY OWNERS IN MANAGING STORMWATER. 
a. Provide 
technical support 
(fact sheets)  1)  Consider creative strategies to disseminate information (i.e. Competition).  1 to 5 years 

East West Gateway, 
MSD   

b. Provide 
financial 
incentives  

1)  Possible strategies include cost-share reimbursement program, reverse auction 
approach. 1 to 5 years     

c. Encourage 
downspout 
disconnections.  

1)  Target appropriate properties, i.e. some lawns too steep, no lawn, nuisance to 
neighbor).   5 to 10 years     

2)  Consider using mapping to select strategy appropriate for different houses. 5 to 10 years 
  d.  Develop 

demonstration 
green stormwater 
infrastructure 
projects. 

1)  Develop and implement a voluntary demonstration green stormwater 
infrastructure project that provides financial incentives to home-owners that 
manage stormwater on site.  Over a five year period, target at least 20 key forward-
thinking citizens throughout the watershed who will serve as agents of social change 
in their respective neighborhoods.   1 to 5 years MBG, Munis, MSD 

319 funds, MBG, 
private donors 

e. Support annual 
citizen 
engagement 
projects in the 
watershed.  

1)  Trash clean up.  On going     
2)  Invasive species removal. On going 

  3)  Tree planting. On going 
  

4)  Celebrate food yards, “Best Use of Natives”, “Best Rain Garden” , etc. On going 
  f.  Educate 

homeowners to 
reduce leaf litter 
entering streams  

1)  Provide positive reinforcement to residents who prevent leaf litter from entering 
streams (e.g. Signs for front yard “I’ve done My Part to Protect Water Quality”). 5 to 10 years     

g. Engage 
residents in tree 
inventory, tree 
maintenance, and 
tree planting 
efforts. 

1)  Work with Forest Relief, MBG, Webster Groves Nature Study Society (WGNSS), 
and other orgs.  1 to 5 years     

2)  Assist citizens in proper tree maintenance. 1 to 5 years 
  3)  Suggest quality native, disease-resistant varieties.     1 to 5 years 
  4)  Conduct tree identification (tree blitz) activities in local parks. 1 to 5 years 
  5)  Engage citizens in municipal tree inventory efforts. 1 to 5 years 
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C2 SUPPORT THE DEVELOPMENT OF MUNICIPAL PLANNING AND ZONING EFFORTS  May include a combination of incentives, ordinances, removal of barriers and/or case 
study implementation.   

  
a. Develop policies that reduce impacts of overland flow from downspout 
disconnections. 5 to 10 years     

  

b. Develop and adopt ordinances or policies that encourage and promote 
stormwater retention and detention practices associated with less than one acre (of 
disturbance) redevelopment in 80% of key municipalities in the watershed.  1 to 10 years 

WG, Frontenac, 
Brentwood, Clayton, 
Creve Coeur   

  

c. Develop a set of urban forestry management protocols adopted by both 
municipalities and MSD.  Studies show that trees have a positive impact on dollar 
investment. (OK to remove tree if you plant trees) 5 to 10 years 

 
  

  
d. Develop a set of positive incentives to encourage tree protection and tree 
planting, adopted by 80% of key municipalities in the watershed. 5 to 10 years     

  
e. Support communities in addressing land disturbance of less than one acre to 
reduce erosion, and/or contain stormwater.  1 to 10 years St. Louis County   

  f. Identify appropriate conditions for porous pavement installation.   1 to 5 years MSD& copermittees   

  
g. Assist municipalities in managing parks and existing public lands for stormwater 
management. Ongoing     

  

h. Consider establishing quick review process for new development that do more 
than bare minimum stormwater management. (i.e. implementation of treatment 
trains) 5 to 10 years HBA, MSD, Munis   

  i. Identify certain plants as undesirable for appropriate stormwater management. 1 to 5 years  LREC, MBG, RdPWC   

  
j. Document and share model ordinances that impact water quality and stormwater 
quantity. 1 to 5 years 

MSD, Municipal 
Committee   

C3 DEVELOP STRATEGIES TO ASSIST COMMERCIAL PROPERTY OWNERS TO ENGAGE AS RESPONSIBLE 
WATERSHED STAKEHOLDERS.       

  

a. Encourage retail to stock/sell LID products;  rain barrels & attachments, rain 
garden kits/instructions, rain garden plants, soil amendments, etc. ongoing MSD, MBG, muni's   

b. Encourage use of pervious pavement and bioretention in parking lots.   ongoing 
MSD, EWG, MBG, 
USGBC   

c. Green roofing. 15 to 20  
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D1 EXPAND AND IMPROVE WATERSHED MODELING EFFORTS.  Take into account high cost of modeling 
efforts in a large watershed.  Use L-Thia and/or STEP-L as a screening tool. Use SWMM, SUSTAIN and/or 
MoHAT for more detailed analysis. 

      

  

a. Model the existing conditions of the watershed as a basis to compare and evaluate 
proposed improvements or proposed policies. 1 to 5 years     

b. Add BMP’s to model to be implemented during 5 year period.  Run model for the 
projected 5 years. Repeat with subsequent addition of increased BMP 
implementation.  Run model for subsequent 2 years, etc. 1 to 5 years     

D2 CONTINUE AND REFINE WATERSHED MONITORING EFFORTS.       

  

a. Explore ways to integrate MO Stream Team biological data into MoHat Model.  
Identify opportunities to utilize Mo Stream Team data to inform decision-making.  
Analyze biological data to identify potential “hot spots”.  Compare against “healthy 
stream” data to analyze. 1 to 10 years 

Mo Stream Team, 
MDC, MSD, USGS   

b. Monitor the effectiveness of at least three demonstration BMP’s over a 5 year 
period to inform future efforts.  Recalibrate models based upon empirical data 
collected. 1 to 5 years MSD, MBG, WU 319 funding 
c. Monitor effectiveness of bioretention systems – underdrains vs. no underdrains. 
 1 to 5 years MBG 319 funding 

  

d. Track and make available information on size, scope, location and effectiveness of 
area BMP's. 
 1 to 5 years 

Show Me Rain 
Gardens, MSD, 
RdPWC   

  e. Assess aquatic and riparian ecotone species diversity. 1 to 10 years     
  
 

f. Continue ongoing water quality monitoring efforts in Deer Creek. 
 1 to 5 years 

LREC, MDC, MSD, 
USGS   



Executive Summary 
Deer Creek Watershed Plan 

Page ES-17 

 

MILESTONES, SCHEDULE AND PERFORMANCE CRITERIA 

The plan identifies interim measurable milestones and performance criteria for the following water quality 
improvement or protection objectives, as well as a schedule for completing them.   

1.  Demonstrate the effectiveness of bioretention systems to improve water quality (increase D.O.; reduce E. coli, 
TSS, phosphorus) by retaining the first 1.14 inches (90% of rainfall) at 3 demonstration sites by March 2015.   

2.  Remove barriers to bioretention installation through training and incentives resulting in at least 20 
demonstration sites at area schools, churches, and residences by 2015.  

3.  Establish metrics on impact of trees on stormwater management and implement model urban forestry 
management program in the watershed by December 2014. 

4.  At least 5000 pounds of trash, leaf litter, and/or organic debris removed or prevented from entering Deer Creek 
annually. 

5.   At least 2 linear miles of riparian corridor permanently removed from development and appropriately 
landscaped to reduce impacts on erosion, sedimentation and creek widening by March 2014. 
 
6.   Reach state standard for chloride levels in Deer Creek by 2020. 

7.  Remove barriers to rain barrel effectiveness related to cost, capacity, and maintenance by December 2014. 

8.  Field test and document effectiveness of pet waste composting systems by November 2014. 

MONITORING 

The Deer Creek Watershed Management Plan reflects management measures that when implemented are 
intended to improve the water quality within the watershed.  Monitoring programs will be designed to track the 
progress in meeting load reduction goals and attaining water quality standards.  It is important to specify 
monitoring objectives that, if achieved, will provide the data necessary to satisfy relevant management objectives. 
The selection of monitoring designs, sites, parameters, and sampling frequencies will be driven by agreed-upon 
objectives and will include factors such as site accessibility, sample preservation concerns, staffing, logistics, and 
costs.   

Measurable progress is critical to ensuring continued support of watershed projects, and progress is best 
demonstrated with the use of monitoring data that accurately reflect water quality conditions relevant to the 
identified problems. Frequently watershed managers rely on modeling projections or other indirect measures of 
success (e.g., implementation of management measures) to document achievement; in some cases this approach 
can result in a backlash later when monitoring data shows that actual progress does not match the projections 
based on surrogate information. 

Because of natural variability, one of the challenges in water quality monitoring is to be able to demonstrate a link 
between the implementation of management measures and water quality improvements.  

MONITORING INDICATORS FOR BEST MANAGEMENT PRACTICES 

A monitoring program will assess the effectiveness of pollutant removal by three Best Management Practices.  
Other than anecdotal evidence there is no preexisting monitoring data for the three sites embodied by this project. 
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Monitoring results will guide Metropolitan St. Louis Sewer District and municipalities regarding the degree to 
which bioretention methods should be impelemented in the watershed.  Monitoring will be conducted for 
following: flow, nutrients (phosphorus), chloride, bacteria, DO, BOD, total nitrogen, temperature, pH and 
ammonia. 

Activities associated with the monitoring will include: reviewing past data,  journal articles , field monitoring,  
laboratory work, analysis, and reporting. 

EVALUATING, ADAPTING AND ADOPTING THE PLAN 

This Deer Creek Watershed Management Plan reflects the conditions in the watershed as of 2010.  This plan is 
intended to be working document and updated on a periodic basis.  This watershed plan reflects issues and 
concerns expressed by citizens, municipal organizations and technical participants.  Therefore joint ownership of 
this plan should be considered by all three entities and their continued involvement to evaluate its effectiveness 
and modify the plan as needed.  The municipalities within the watershed and St. Louis County should consider 
adopting this plan through either an ordinance or resolution. 

MONITORING OVERALL GOALS AND PROGRESS 

Litzsinger Road Ecology Center and Metropolitan St. Louis Sewer District currently plan to continue water quality 
monitoring in the Deer Creek Watershed.  USGS/MSD monitoring is high quality data that can be used to 
document water quality trends at 4 stations within the Deer Creek Watershed, which can also be used to model 
water quality pollutant loads.  Stream Team data can be used to document long-term trends documenting gross 
changes in water quality, while the Stream Team aquatic macroinvertebrate data can be used to document gross 
changes in aquatic life. 
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Map 1-1 River Des Peres Watershed
Source:  East West Gateway Council of Governments

CHAPTER 1 INTRODUCTION 

HISTORY OF WATERSHED PLANNING EFFORTS  

The Deer Creek Watershed is a sub-watershed of the River des Peres Watershed.   Due to the size and complexity of 
the River des Peres watershed, any watershed planning efforts need to occur on the sub-watershed (12-digit HUC) 
size.   The Deer Creek Watershed is a good candidate for planning efforts due to the amount of citizen involvement, 
previous studies conducted, and historical water data available. Implementation efforts in the Deer Creek 

Watershed will also improve the River 
des Peres.   In addition, other planning 
efforts for the remaining sub-watersheds 
of the River des Peres will also be 
necessary in order to remove the River 
des Peres from the 303(d) list of 
impaired waters, which is currently listed 
as impaired for low DO and chlorides.    

The earliest known research conducted 
in the Deer Creek Watershed was “A 
Study of Water Quality in Deer Creek”, 
conducted August of 1963. This study 
was completed by the Missouri Water 
Pollution Control Board following the 
construction of a trunk sewer from the 
City of Kirkwood to its confluence with 
River Des Peres.  Four sites were chosen 
along Deer Creek and tests were 
conducted on the physical, chemical, 
biological, and bacteriological 
characteristics of the creek over a three-
day period.   Since then, numerous 
studies have been carried out for the 
purpose of improving the management 
of Deer Creek, including multiple FEMA 
and SWMM modeling efforts, as well as 
water quality monitoring by 

Metropolitan St. Louis Sewer District,  and ongoing stream monitoring efforts undertaken by Missouri Stream 
Teams in the Deer Creek Watershed.  

In May of 1998 Metropolitan Sewer District completed a major study of the Deer Creek Watershed as 
part of its Stormwater System Master Improvement Plan.  The study was conducted and submitted by 
CH2MHILL in association with Kowelman Engineering, Inc. In the study, Stormwater Management Model (SWMM) 
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simulates watershed discharge, stream flow depths and velocities for both existing and future development using a 
2, 15 and 100-year rainfall event.   

A complete literature survey of previous studies conducted in the watershed can be found in Chapter 2 of this 
document.

In April of 2008 a group of citizens concerned about Deer Creek formed a Creeks Committee and approached 
Missouri Botanical Garden to sponsor their work.  Missouri Botanical Garden agreed, provided the scope of the 
project included the entire Deer Creek Watershed.  In July of 2008 Missouri Botanical Garden received a planning 
grant from the Mabel Dorn Reeder Foundation to study the feasibility of a Deer Creek Watershed Initiative.  The 
goal of the study was to examine the feasibility of implementing plant-based strategies to reduce erosion, property 
loss, infrastructure damage, flooding, sedimentation, and water pollution in the watershed.  Dr. Peter Raven, 
President of Missouri Botanical Garden, met with Jeff Theerman, Executive Director of Metropolitan St. Louis Sewer 
District, to explore a partnership between the two institutions in the watershed.  Dr. Peter Raven also hosted a 
meeting of 30 citizen leaders in September 2009 to seek their guidance in the planning process.   

In June 2009, a 319 grant (G09-NPS-13) from U.S. EPA through Missouri Department of Natural Resources was 
awarded to Missouri Botanical Garden for a Missouri Botanical Garden Deer Creek Watershed Initiative.  The goal of 
the grant-funded project was to reduce organic waste pollution in the Deer Creek watershed, primarily through the 
implementation of bioretention and other green infrastructure methods. Strategies included working with schools, 
demonstration projects, data collection, and community outreach.  

DEER CREEK WATERSHED ALLIANCE 

To help facilitate cleaner, safer water in the 
Deer Creek Watershed, Missouri Botanical 
Garden established a Deer Creek Watershed 
Alliance in partnership with Metropolitan St. 
Louis Sewer District, Washington University, 
East-West Gateway Council of Governments, 
American Society of Civil Engineers, Great 
Rivers Greenway, Missouri Department of 
Conservation, Missouri Department of Natural 
Resources, Missouri Stream Teams, River des 
Peres Watershed Coalition, U.S. Army Corps of 
Engineers, St. Louis County, local garden clubs, 
local municipalities, and the Deer Creek 
Watershed Friends, a citizen-led Missouri 
Botanical Garden committee.   The overall 
mission of the Alliance is to assess and 
improve the Deer Creek Watershed, with a 
focus on plant-based solutions.     The first 
step in accomplishing this mission is the 
development of a Deer Creek Watershed Plan.
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CITIZEN INPUT INTO THE WATERSHED PLANNING PROCESS 

Deer Creek Watershed Friends, a citizen-led committee operating with the guidance and support of Missouri 
Botanical Garden, actively encourages citizens to participate in the watershed planning process.

Mechanisms for generating this input include monthly email newsletters, a website (www.deercreekalliance.org), 
two to four Deer Creek Friends meetings per year, and annual citizen engagement projects. 

At the September 2009 Deer Creek Watershed Friends Quarterly meeting, the watershed planning process was 
described to the 55 attendees, seeking their input on issues and concerns they, as citizens, have regarding water 
quality in the watershed.  A form was distributed, as well as made available on the Deer Creek Watershed Friends 
website for this purpose.  

Invitations to submit information and ideas have also been solicited through the email newsletters, and at creek 
naming committee and other citizen meetings.  Opportunities to provide input into and feedback to the plan will 
continue at future Deer Creek Watershed Friends meetings. 

Anyone who registers for the monthly email newsletter is considered a member of the Deer Creek Watershed 
Friends.   As of March 2010, there are 425 active email newsletter recipients/ Deer Creek Watershed Friends 
participants. 

PLANNING COMMITTEES 

Two additional committees have been established to facilitate the engagement of those with jurisdictional 
authority and those with technical expertise to actively participate in the development of a watershed plan. These 
committees are responsible for identifying issues and concerns, reviewing and editing goals and objectives, and 
recommending strategies and management measures that are to be documented in the plan. 

DEER CREEK WATERSHED COMMUNITY LEADERS TASK FORCE 

The Deer Creek Watershed intersects with all or part of 21 municipalities in St. Louis County. In addition, other 
entities with jurisdictional or planning authority in the watershed include Metropolitan St. Louis Sewer District, 
East-West Gateway Council of Governments, St. Louis County Government, Great Rivers Greenway District, 
Missouri Department of Natural Resources, and the U.S. Army Corps of Engineers.  A Deer Creek Watershed 
Community Leaders Task Force has been established, chaired by David Wilson, East-West Gateway Council of 
Governments.  Invitations to participate were sent out on East-West Gateway stationary under Acting Director 
Maggie Hale’s signature.     

An initial meeting to introduce the watershed initiative and identify watershed problems and concerns was 
conducted at Ladue City Hall in November 2009.  A second meeting to establish goals and objectives for the issues 
expressed was conducted in February 2010.  
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COMMUNITY LEADERS STEERING COMMITTEE 

At the February 2010 Community Leaders Task Force meeting, a Steering Committee for the Community Leaders 
Task Force was established.  The Steering Committee reviews and edits goals identified by the task force.  The 
Steering Committee also identifies strategies and management measures to recommend to the Community Leaders 
Task force.    

FUNDRAISING SUBCOMMITTEE 

 The purpose of the Fundraising Subcommittee is to identify and pursue sources of financial support for the 
implementation of the watershed plan.  The first meeting of the Fundraising subcommittee was In November 2009.  
A second meeting was held in August 2010. 

DEER CREEK WATERSHED TECHNICAL ADVISORY GROUP 

The Technical Advisory Group includes representatives from government agencies, consulting firms, and non-profit 
organizations with technical expertise to offer.  The American Society of Civil Engineers (ASCE) coordinates this 
committee, with Chairman of the ASCE Water and Environment Committee Gene Rovak from Horner & Shifrin as 
committee chairman.  

The first meeting was conducted at the St. Louis Engineers Club in January 2010.  Watershed goals and potential 
modeling strategies were discussed in the first meeting.  In addition, at the first technical committee meeting, a 
sub-committee to review and recommend a model(s) for Deer Creek, and a Biological Sub-Committee to review and 
recommend processes and procedures for analyzing biological data were formed.  At subsequent meetings in spring 
and fall of 2010, objectives and strategies were discussed, and the draft management plan reviewed. 

ADDITIONAL KEY PARTNERSHIPS 

AMERICAN SOCIETY OF CIVIL ENGINEERS-ST. LOUIS SECTION 

The American Society of Civil Engineers-St. Louis Section organizes and chairs Deer Creek Watershed Technical 
Committee activities.  

EAST WEST GATEWAY COUNCIL OF GOVERNMENTS 

East-West Gateway Council of Governments is the regional planning agency for the Greater St. Louis Region.  They 
have an Environment and Community Planning Division and a GIS Division, as well as experience in watershed 
planning.  East West Gateway provides GIS mapping services and background data information and chairs the 
activities of the Deer Creek Watershed Community Leaders Task Force. 

METROPOLITAN ST. LOUIS SEWER DISTRICT 

Metropolitan St. Louis Sewer District is playing a significant watershed planning role through participation on the 
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Community Leaders Task Force and Deer Creek Technical Committee. In addition, MSD leads regional stormwater 
NPDES management efforts, and has initiated the development of a regional plan to address flood concerns. 
Furthermore, MSD has developed and submitted to U.S. EPA a plan for addressing CSO discharges in the St. Louis 
region, and is developing a plan to address SSO’s in the region as well. 

MISSOURI BOTANICAL GARDEN 

Missouri Botanical Garden plays a facilitation role between project partners on watershed planning efforts. 

MISSOURI DEPARTMENT OF NATURAL RESOURCES & U.S. EPA REGION 7 

The watershed planning process for the Deer Creek Watershed is partially funded by US EPA Region 7 through the 
Department of Natural Resources (sub grant number G09-NPS-13), under Section 319 of the Clean Water Act.  In 
addition, Missouri Department of Natural Resources staff provides technical expertise to assist in watershed 
planning efforts. 

MUNICIPAL PARTNERSHIPS 

The cities of Brentwood, Clayton, Creve Coeur, Des Peres, Frontenac, Huntleigh, Ladue, Maplewood, Rock Hill, 
University City and Webster Groves are active participants in the watershed planning process.  Each of these 
municipalities has a representative participating in the Community Leaders Task Force.  In addition, the City of 
Frontenac and the City of Clayton have separately conducted their own stormwater master planning efforts.   

WASHINGTON UNIVERSITY 

For the purpose of assisting with this planning effort, Washington University conducts water quality analyses of 
data compiled from Deer Creek water quality monitoring to help inform the watershed planning process. 

WATERSHED DESCRIPTION 

The Deer Creek Watershed is a sub-watershed of the River des Peres watershed, which is included in the St. Louis 
Tributaries (HUC Number 07140101 and referred to as #21 on Map 1-3) to the Mississippi River. Deer Creek 
Watershed (HUC 071401010504) drains approximately 37 square miles (23,500 acres) of St. Louis County.  Deer 
Creek originates in the northwest in Creve Coeur near Interstate 270 and Olive, and flows in a southeasterly 
direction approximately 10.76 miles before it enters the River des Peres at Maplewood, near Interstate 44 and 
McCausland. 
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Figure 1-3 Regional Watershed Boundaries (above)
Source: East-West Gateway Council of Governments   

  Figure 1-4 Deer Creek Watershed Streams (below)
Source: East-West Gateway Council of Governments 
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PHYSICAL AND NATURAL FEATURES 

STREAMS 

The major contributing streams within the watershed are Deer Creek, stream order 4; Twomile Creek, stream order 
3; Sebago Creek, stream order 2; Shady Grove Creek, stream order 2; and Black Creek, stream order 3 (Map 1-4). 
For several miles above Twomile Creek, Deer Creek is a third order stream.  In a 1993 report from the Litzsinger 
Ecology Center (LREC), which is located five miles upstream from the confluence with River Des Peres, Deer Creek is 
described as perennial stream although in “mid- summer when precipitation is least and evapo-transpiration is 
highest” it may experience only intermittent pools.  (Ochs, 1992).                      

GEOLOGY 

Geology in the St. Louis region consists of limestone, sandstone, and shale.  Areas north of the River des Peres 
watershed consist of sandstone, whereas areas further south in the watershed lay on alluvium deposits from 
former flood events.   Northern reaches of the River des Peres watershed itself as well as the northern part of its 
sub-watershed, Deer Creek, include Pennsylvanian limestone and sandstone, whereas western portions of the River 
Des Peres watershed and the southern half of the Deer Creek Watershed include Mississippian limestone and shale. 
(Map 1-5)

This region contains the oldest surface rocks in the state;   limestone that was formed about 345 million years ago 
during the later part of the Mississippian Period.   Meramecian series is a sequence of Mississippian rocks in the 
Mississippi River Valley and is named for the Meramec River.  

These rocks show that during the Late Mississippian, the land was alternately above and below sea level.   When 
the sea advanced, limestone (and occasionally shale) was deposited. When the sea retreated, erosion set in. 

The Mississipian limestone contains chert (or flint). Because chert is much harder and more resistant to weathering 
than limestone, erosion of the softer limestone has left a thick blanket of chert gravel on the hilltops and ridges.  
The Deer Creek watershed consists of Residuum which is a cherty limestone – clay and gravel -- up to 50 feet thick. 
(Map 1-6)



Deer Creek Watershed Management Plan 
Chapter 1 - Introduction 

Page 1-8 

Map 1-6 Deer Creek Surface Geology 
Source: East West Gateway Council of Govts.

Map 1-6 Deer Creek Surface Geology 
Source: East West Gateway Council of Govts.

Map 1-5 Deer Creek Bedrock Geology
Source: East West Gateway Council of Govts.
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KARST TOPOGRAPHY AND GEOGRAPHY 

The region has an extensive karst landscape due to the presence of limestone.  The Ozark Plateau’s aquifer system 
(Map 1-7) generally is characterized as a carbonate aquifer with numerous karst features throughout, including 
caves, springs, sink holes and losing streams that are created as groundwater dissolves soluble rock such as 
limestone or dolomite.  Karst aquifers have relatively free exchange of surface and ground water with limited 
geologic restrictions on water movement, which makes the aquifers susceptible to surface contamination.  
Microbiological activity in ground water can be affected by the presence of fractures, faults, and karst features such 
as losing streams, sinkholes, or solution channels in ground-water recharge areas that can affect the ability of 
viruses and bacteria to enter and move rapidly through the aquifers. 

Limestone is a sedimentary rock composed of calcium carbonate.   Approximately 166 sinks holes, rounded 
depression in the landscape formed when an underground cavity collapses, have been identified throughout the 
watershed (Map 1-8).  A majority of the sink holes are concentrated in the central area of the watershed between 
Ladue Road, Brentwood Blvd., and Rock Hill Road.  The sinkholes tend to follow the creek drainages. 

SOILS 

In the River des Peres watershed, the majority of soils have high runoff potential and low permeability, with some 
areas of lower runoff and higher permeability interspersed in the region.  The majority of soils in the River des Peres 
watershed are classified as Group D soils using the NRCS-USDA soil classification system.  Group D soils have very 
high runoff potential and very slow infiltration rate.  They also have the highest clay content (greater than 40%) of 
any group.  Small portions of the River des Peres watershed are classified as Group C and Group B soils.  Group C 
soils have moderately slow infiltration rates and contain between 20 and 40 percent clay.  Group B soils have 
moderately high infiltration rates and are composed of 10 to 20 percent clay.  Within the Deer Creek Sub-
Watershed, 51% of the area is characterized by Group D soils, 39% Group C, and 6% Group B, with 4% not rated.  
(Map 1-9)

Considering more specific soil types, much of the northern portions of the River des Peres watershed include soils in 
urban classes, which generally have low permeability and high runoff. Fishpot soil series, which have moderately 
low permeability, occur close the river.  Menfro soil types with silt and loam mixtures and moderate permeability 
occur in various areas throughout the watershed, sometimes with karst.  Winfield soils with moderate permeability 
also occur near Deer and Mackenzie Creeks in the River des Peres watershed. 

Within the Deer Creek Sub-watershed, approximately 50 to 60 percent consists of upland, which are classified as 
the Menfo-Winfield-Urban land association by the USDA-SCS (Map 1-10).   This classification consists of gently 
sloping to very steep slopes, and well drained and moderately well drained soils.  The remaining 40 to 50 percent of 
the watershed consists of the Urban land-Harvester-Fishpot association.  This classification consists of nearly level 
to moderately steep slopes, and somewhat poorly drained to moderately well drained soils.  (Source:  CH2MHill Deer 
Creek Watershed Study for MSD) 
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Map 1-7 Ozark Plateau Aquifer 
Source: East West Gateway Council of Govts. 

Map 1-8 Deer Creek Karst Areas and Sinkholes
Source: East West Gateway Council of Govts. 
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Hydrologic Soil Groups 

A: High Infiltration Rate 

B: Moderate Infiltration Rate 

C: Slow Infiltration Rate 

D: Very Slow Infiltration Rate 

Not Rated 

Group Type Acres Percent 

A 0         0%  

B 1,492         6% 

C 9,057       39%  

D 11,985       51% 

Not Rated 1,009         4%

Map 1-9:  Hydrologic Soil Groups 
Source: University of Missouri Center for Applied Research 

and Environmental Systems (CARES)

Map 1-10: Deer Creek Watershed Soil Types
Source: East West Gateway Council of Govts. 
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Source: East-West Gateway Council of Governments

Soil Type Acres       Percent

Fishpot-Urban land complex, 0 to 5 percent slopes 1,587 6.75%  

Iva-Urban land complex, 1 to 3 percent slopes 1,305 5.54%

Menfro-Urban land complex, 5 to 9 percent slopes 560 2.38%

Urban land, bottomland, 0 to 3 percent slopes 545 2.32%

Urban land, upland, 0 to 5 percent slopes 889 3.78%

Urban land-Harvester complex, 2 to 9 percent slopes 5,394 22.92%

Urban land-Harvester complex, 9 to 20 percent slopes 2,875 12.22%

Urban land-Harvester complex, karst, 2 to 9 percent slopes 1,279 5.43%

Wilbur silt loam, 0 to 2 percent slopes, frequently flooded 276 1.17%

Winfield silt loam, 9 to 14 percent slopes, eroded 245 1.04%

Winfield-Urban land complex, 2 to 5 percent slopes 1,980 8.41%

Winfield-Urban land complex, 5 to 9 percent slopes 3,654 15.53%

Winfield-Urban land complex, 9 to 20 percent slopes 1,509 6.41%

Other –individually less than 1.00% 1445 6.10%

Total 23,543 100%

The particular combination of soils, topography and underlying geology of this watershed present unique 
challenges which need to be carefully considered in the selection, design and implementation of the methods 
employed for effective stormwater management. Many of the soil types in the watershed are characterized as 
having slow or very slow infiltration rates which significantly limit stormwater volume reduction though ground 
infiltration.   

Low infiltration also reduces the bio-remediation of organic and inorganic contaminants and pollutants in 
stormwater. The ability of these soils to support plant material can be further degraded due to compaction from 
construction activities.   As a result, some soils in the watershed may need to be amended or restored in order to 
achieve the intents of the BMPs, such as volume reduction and improving water quality by elimination of 
contaminants. 
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HIGHLY ERODIBLE LANDS 

Where steep slopes or pavement can convert 
90% of rainfall to runoff, highly erodible land is 
subject to erosion and will subsequently 
deposit this sediment at a point where flow 
velocity slows.  Because stormwater BMPs are 
often at a low point or sump, this will be the 
location where sedimentation will occur.  We 
need to be aware of the locations of erodible 
areas in the watershed so that the right BMP is 
chosen for these areas.  For example, BMPs 
that utilize infiltration and filtration will likely 
require a higher level of maintenance in these 
areas, and this may impact our suggestion of 
which BMP is appropriate for areas downgrade 
of highly erodible soils.  Sediment deposition 
from soil erosion is the primary factor in 
reducing the effectiveness and functionality of 
stormwater BMPs. 

TOPOGRAPHY 

Consideration of slope, infiltration rate, soil composition, erosion potential, underlying geography, 
contaminant, and sediment loads will influence the location and selection of stormwater BMP 
methods and their effectiveness, as well as the maintenance required to keep them functioning as 
intended. 

The drainage patterns within the watershed are reflected in Map 1-12. 

WELLS 

Map 1-13 provides information about wells that are certified by the State of Missouri [Missouri 
Department of Natural Resources]. The information about well location, well ownership, well 
completion date, well construction, well yield, static water level, and borehole stratigraphy is 
provided by well drillers as required by state statute RSMo 256.600-256.640. 

Of the 768 documented wells in the watershed, 538 are monitoring wells, 6 are domestic wells, and 
61 wells do not have a "use" designated.

Highly Erodible Land
Potentially Highly Erodible Land
Not Highly Erodible Land
Not Rated
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Map 1-12 Deer Creek Topography
Source: East-West Gateway Council of Govts. 

Map 1-13 Deer Creek Well Site Locations 
Source: Missouri Spatial Data Information Service, 2007.
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LAND COVER 

The land cover is 82.21% urban with just 8.42% forest, 8.38% grassland, 0.47% crop land, 0.40% 
water, and 0.12% wetland.  Map 1-14 was obtained from CARES and characterizes the upper 
watershed as primarily low density urban, and the lower watershed as primarily high density urban. 

FLORA AND FAUNA 

The Deer Creek Watershed is in the middle of a major metropolitan area with a total population of 
2.5 million, and yet the creek and riparian corridor provides important habitat and functions as a 
travel corridor for an assortment of wildlife species such as deer, coyotes, fox, raccoon, mink, great 
blue herons, kingfishers, various ducks, turtles, fish, frogs, and macro-invertebrates.    

Although large lots in the central portion of the watershed provide minimally disturbed habitat for 
wildlife, many parts of the stream bank, backyards, and other natural areas throughout the 
watershed have been overtaken by invasive species of plants, notably bush honeysuckle, which 
drives out other plants and reduces the quality of the habitat for birds and mammals.  

Large lots in the watershed offer an excellent opportunity for implementing rain gardens, planting 
trees, removing invasive species, and other green infrastructure BMP’s to improve water quality by 
holding back and removing runoff and the non-point source pollutants it carries, as well as reducing 
the velocity that also contributes to erosion and sedimentation problems.   

Map 14: Land Cover Deer Creek
Source:  University of Missouri CARES 
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RIPARIAN CORRIDOR 

A geomorphic study conducted by Intuition & Logic, Inc for the Litzsinger Road Ecology Center found 
that prior to 1953, much of the Deer Creek Watershed from the center (at mile 5) north to highway 
40/64 was undeveloped forest.   Over the next thirty years, suburban development converted the 
forest to large residential lots and the channel was straightened to eliminate nearly 1000 linear feet 
of stream.   Hardening of the stream banks and straightening of the channel also contributed 
negatively to the health of Deer Creek by increasing the velocity of water and disconnecting the 
stream channel from its floodplain.  Similar changes have occurred in smaller tributary streams, all of 
which serve to increase volume and time of concentration in flood events.    

Many parts of the stream bank along Deer Creek are highly eroded and the stream has become 
incised and wider in places. Remarkably, Deer Creek still maintains its more natural flow in certain 
areas where it has room to move.  For example, in the area of the Litzsinger Road Ecology Center, 
managed by Missouri Botanical Garden, six meanders, or bends, represent the natural way in which 
water tends to flow as it is pulled by gravity, following the path of least resistance. These meanders 
also serve an important function in the dynamics of the stream by helping to create in-stream 
habitat such as riffles, runs, and pools. This natural flow with meanders and bends is possible 
because the natural riparian buffer is greater than 100 feet throughout the LREC and its 2500 linear 
feet of stream channel.  

HYDROLOGY 

Like most streams in urbanized areas, Deer 
Creek suffers from a dramatically altered 
hydrology characterized by flash flood events 
during times of heavy rains and by channel 
fragmentation during dry periods.  Historically, 
Deer Creek was a perennial flowing stream 
throughout most parts of its watershed. Deep-
rooted perennial plants with extensive fibrous 
root systems from native prairie, oak savannah, 
and oak woodlands that comprised much of the 
vegetative cover in this area prior to European 
settlement would have permitted rains to soak 
into the soil, entering into the groundwater 
system and slowly charging the creek with 
water. Flooding events after a heavy rain would 
be characterized by a gradual rise and recession 
of water in the streambed.   

Today, however, in part due to impervious surface areas that include infrastructure designed to 
convey flow to the stream as quickly as possible during rain events, tributary streams within the Deer 
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Creek watershed experience a rapid rise after even a small rain event, and tend to be flashy.  The 
U.S. Geological Survey stream gaging stations document this rapid rise and fall of stream level (Figure 
1-2 above and Appendix 1A).  Currently the stream is forced to transport much larger amounts of 
water and sediment through its banks even during small rain events.  In large storms, the Creek and 
its tributaries flood beyond its banks. Major floods have occurred in Deer Creek on five occasions in 
the last half-century: June 1957, April 1973, April 1979, July 1991, and September 2008.  

PRECIPITATION  

According to CARES data, precipitation in 
the St. Louis region has ranged from 
thirty-nine to forty-two inches of 
precipitation annually from 1971-2000 
(Map 1-15).  This rate is among the higher 
precipitation rates in the nation.  This 
high precipitation rate combined with 
urban development leads to saturated 
soils and steep flooding spikes as shown 
in Figure 1-2. 

39-40 inches
40-41 inches
41-42 inches

FEMA FLOODPLAIN 

Significant development has been permitted in the flood plain of Deer Creek and its tributaries. This 
development occurred before the adoption of the FEMA Flood Insurance Rate Maps (FIRMs) and the 
National Floodplain Insurance Program (NFIP) by the cities and county.  A majority of the structures 
affected by floodwaters include commercial and industrial structures (such as manufacturing 
buildings, industrial parks, warehousing, and distribution centers).     A few retail shops and 
residences are also in the floodplain. In September 2008, flash flooding on interior streams did 
significant damage in St. Louis County impacting 302 commercial properties. The City of Brentwood, 
which is entirely in the Deer Creek Watershed, experienced 45% of the commercial property damage 
of the county as a whole.  (Wilson, 2008).  Map 1-16 outlines the 100 Year Flood Zone in the Deer 
Creek Watershed. 

Min. Annual 
(in.) 

Max. Annual 
(in.) 

Avg. Annual 
(in.) 

39.81 41.13 40.33

Map 15: Precipitation Deer Creek
Source:  University of Missouri CARES 



Deer Creek Watershed Management Plan 
Chapter 1 - Introduction 

Page 1-18 

DEMOGRAPHIC CHARACTERISTICS 

POLITICAL DEMOGRAPHY 

The Deer Creek watershed lies completely within central St. Louis County, (~2,513 persons per 
square mile) and includes all or parts of 21 municipalities.  The number of municipalities involved in  
land management decisions in the watershed complicates any concerted effort at watershed 
planning.  Although one sewer district, the Metropolitan St. Louis Sewer District (MSD), is  
responsible for stormwater planning and preparation of the Phase II stormwater permit for the 
larger communities, each community is responsible for development and enforcement of its own 
practices on publicly owned land and for management of development within its borders.  In  
 addition, Missouri Department of Natural Resources, U.S. Army Corps of Engineers, Great Rivers 
Greenway District, East West Gateway Council of Governments,   St. Louis County and St. Louis 
County Municipal League each have jurisdictional or regional planning roles in the watershed.          
                                               

Map 16: Flood Plain Deer Creek
Source:  East West Gateway Council of Govts. 
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POPULATION LEVELS 

The population in the 
watershed was 
approximately 93,000 in 
2000.  Employment in the 
watershed at the time of 
the 2000 census was 
108,000. Table 1-1
provides a list of all the 
municipalities and the 
estimated population 
employed in the 
watershed and living in the 
watershed.  

Data Source: East-West Gateway 
Council of Governments 

POPULATION DENSITY
  

Map 1-17 was produced by 
the Center for Applied 
Research and 
Environmental Systems 
(CARES) and depicts the 2000 U.S. census data for the Deer Creek Watershed.  The highest 
population density is located along the east and southeast portions of the watershed.   

LAND USE 

Land use in the Deer Creek Watershed in 2008 is reflected Map 1-18.    The watershed is 71% 
residential, primarily made up of single-family homes.  In addition, 11% of the watershed is allocated 
for park, recreational or agricultural open space; 9% of the watershed is used for 
commercial/industrial purposes, 8% of the land is owned by institutions, and there is no data for 1% 
of the land area.

Location (Municipality) Employment 
(LEHD) 2006

Population 
2000

% of municipal
Population in 
Watershed

Deer Creek Watershed 108,159 92,981

Brentwood 14096 7693 100%
Clayton 27056 9998 78%
Country Life Acres 36 81 100%
Creve Coeur 18328 6398 39%
Crystal Lake Park 12 457 100%
Des Peres 3024 3240 38%
Frontenac 4441 3483 100%
Glendale 588 5245 91%
Huntleigh 17 323 100%
Kirkwood 4207 6794 25%
Ladue 8901 8645 100%
Maplewood 4369 5558 60%
Olivette 88 1926 26%
Richmond Heights 9783 8462 88%
Rock Hill 2159 4765 100%
Shrewsbury 328 524 8%
Town and Country 1937 1229 12%
University City 2441 3597 10%
Warson Woods 553 1970 100%
Webster Groves 5581 12297 53%
Westwood 144 284 100%

Table 1-1: Population by Municipality, Deer Creek Watershed
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Map 1-17:  Census 
Data Deer Creek 

Source:  University of 
Missouri CARES 

Map 1-18:  Existing Land Use Data Deer Creek
Source:  East West Gateway Council of Govts.
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ECONOMICS 

The St. Louis county population as a whole grew rapidly from 1960-1990 but since that time it has 
flattened out and even declined slightly. The Deer Creek watershed is situated in the center of the 
county and with a diversity of cities also represents and experiences the general trends of the 
county. 

The Deer Creek area is predominantly residential, however the floodplain areas of Deer Creek and 
Black Creek have a variety of small businesses and light industry most of which has been there for 
several decades or longer. 

Place Name 
2000 Census 
Population 

2008 
Population 
Estimate 

2000 
Population 

Within Deer 
Creek 

2000 White 
Population 

Within 
Deer Creek 

2000 Black 
Population 

Within 
Deer Creek 

2000 Other 
Population 
(Including 
Hispanic) 

Within 
Deer Creek 

Brentwood city 7693 7182 7678 7027 135 516 
Clayton city 12825 16088 10011 8191 950 870 
Country Life Acres village 81 79 81 70 1 10
Creve Coeur city 16500 16868 6398 5893 122 383
Crystal Lake Park city 457 440 441 425 0 16 
Des Peres city 8592 8603 3240 3141 25 74 
Frontenac city 3483 3546 3483 3286 28 169 
Glendale city 5767 5490 5245 5065 51 129
Huntleigh city 323 328 323 314 0 9
Kirkwood city 27324 26760 6818 6524 88 206 
Ladue city 8645 8193 8641 8308 76 257 
Maplewood city 9228 8626 5558 4188 835 535 
Olivette city 7438 7449 1930 1760 88 82
Richmond Heights city 9602 9093 8462 6649 1252 561
Rock Hill city 4765 4580 4765 3206 1299 260 
Shrewsbury city 6644 6235 524 516 0 8 
St. Louis city 348189 354361 12 9 2 1
Town and Country city 10894 10710 1225 1086 15 124
University City city 37428 36289 3584 2471 670 443
Warson Woods city 1983 1865 1946 1897 10 39 
Webster Groves city 23230 22335 12297 10517 1368 412 
Westwood village 284 289 284 272 9 3

Sources: Census 2000 (all block level data), 2008 Census Estimates 
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Median 
household 
income in 

1999 

Per 
capita 

income 
in 1999 

Poverty 
Rate 

Entirely 
Within 

Watershed? 
Brentwood city, Missouri 50,643 30,645 5.5 YES
Clayton city, Missouri 64,184 48,055 7.7 NO
Country Life Acres village, Missouri 193,271 100,617 3.3 NO
Creve Coeur city, Missouri 75,032 47,905 2.9 NO 
Crystal Lake Park city, Missouri 78,441 55,596 3.1 YES 
Des Peres city, Missouri 96,433 40,916 1.5 NO 
Frontenac city, Missouri 119,508 64,532 1.2 YES 
Glendale city, Missouri 75,279 35,136 0.4 NO
Huntleigh city, Missouri 200,000+ 104,420 1.3 YES
Kirkwood city, Missouri 55,122 32,012 4.6 NO
Ladue city, Missouri 141,720 89,623 2.1 YES
Maplewood city, Missouri 29,151 19,087 14.1 NO 
Olivette city, Missouri 57,669 32,379 4.3 NO 
Richmond Heights city, Missouri 50,557 37,217 7.3 NO 
Rock Hill city, Missouri 47,869 25,803 5.1 YES 
Shrewsbury city, Missouri 40,896 27,479 8.7 NO
Town and Country city, Missouri 139,967 69,347 2.5 NO
University City city, Missouri 40,902 26,901 14.7 NO
Warson Woods city, Missouri 87,330 46,575 2.7 YES
Webster Groves city, Missouri 60,524 31,327 4.8 NO 
Westwood village, Missouri 119,618 80,990 0.7 YES 

Source: East-West Gateway Council of Governments 

SOURCES OF INFORMATION 

Missouri Spatial Data Information Service     www.msdis.missouri.edu  

St. Louis County Department of Planning GIS Service Center  www.co.st-louis.mo.us/plan/gis/  

Metropolitan St. Louis Sewer District     www.stlmsd.com  

Federal Emergency Management Agency Map Service Center 

Digital Flood Insurance Map Databases     www.msc.fema.gov

U.S. Department of Agriculture Geospatial Data Gateway     http://datagateway.nrcs.usda.gov/  

East-West Gateway Council of Governments   www.ewgateway.org

University of Missouri Center for Applied Research and Environmental Systems (CARES) Watershed 
Evaluation and Comparison Tool     www.cares.missouri.edu
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CHAPTER 2  ELEMENT A. - IDENTIFYING IMPAIRMENTS   

The Deer Creek Watershed is a major sub-watershed of the River des Peres Watershed.  River des Peres is 
listed as impaired for chloride due to nonpoint source urban runoff on the 2008 303(d) list and shown on the 
2010 proposed list as impaired for low dissolved oxygen with the source shown as unknown.  Any water 
quality improvements in the Deer Creek Watershed will have a positive effect on River des Peres.   

This chapter consists of four sections.  A watershed inventory identifies and analyzes base line water quality 
information that is available for the watershed. A second section identifies nonpoint source stressors, as well 
as the inputs that could be associated with the water quality threat or stressor.  In addition, the types of 
pollutants associated with the nonpoint stressor or threat are identified here.  A third section identifies point-
source stressors, and lastly, identification of critical areas is discussed. 

WATERSHED INVENTORY  

A watershed inventory, below, documents the following:  1) a summary of stakeholder concerns;  2) existing 
watershed data, including water quality monitoring and visual assessments conducted by citizen volunteers in 
the watershed  3) a discussion of 303(d) classification and impairments 4) interpretation of the data,  including 
a water quality analysis undertaken by Washington University professor Robert E. Criss; and 5) a summary of 
previous studies conducted in the Deer Creek Watershed.  

LIST OF STAKEHOLDER CONCERNS  

The following list summarizes areas of concern that were expressed during the citizen, community and 
technical meetings conducted, as well as from comments posted to the Deer Creek Friends Website.  For a 
complete accounting of stakeholder comments and concerns, see Appendix 2-A. 

1. Stormwater Best Management Practices (BMP) issues 
a. Prioritize establishment of BMPs in headwaters so that upstream sub-watersheds are a manageable 

size and additional downstream benefits accrue. 
b. For large tracts of land in City of Ladue, BMP maintenance is critical in absence of drainage rules. 
c. Guidelines needed for rain garden maintenance. 
d. Enforcement of rain garden maintenance needs to be addressed. 

2. Need for Watershed studies 
a. Volume based hydrology study of the entire watershed needed to help facilitate decision-making. 
b. Need to review BMP’s for detention design. 
c. Need for planning study to determine impact of BMP implementation, downspout disconnections, etc. 
d. Webster Groves needs model to address infill issues & rain garden placement on many small lots. 

3. Industrial Contamination 
a. A low spot in industrial area on the east side of Big Bend starting at River des Peres and continuing 

upstream on Deer Creek has possible industrial contamination. 
4. Flooding 

a. Flooding concerns in Cities of Maplewood, Rock Hill, Brentwood, Webster Groves, Ladue. 
b. Should fill in the floodplain be allowed? 
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5. Infrastructure Damage 
a. Bridge over Deer Creek at McKnight Road is an area of concern. 

6. Yard Waste, Trash and Construction Debris 
a. Trash is coming downstream and dead trees are blocking flow of stormwater in City of Huntleigh.   
b. Flooding north and south of Manchester Road causes lumber to float downstream. 
c. A 6 acre property in City of Brentwood is 70% in the floodway and 30% in the floodplain.  An 

architecture firm is currently using the site to store yard waste, lumber, and construction debris. 
d. Debris, contaminates carried with stormwater, and grass clippings find their way into lake at 

Brentwood Forest Condominiums in City of Brentwood. 
7. Stream Bank Erosion and Sedimentation  

a. Stream bank erosion mentioned as problem for City of Huntleigh and City of Des Peres.   
b. Bank stabilization needed off Des Peres Road in City of Rock Hill. 
c. Badly damaged retaining wall in creek near Glen Creek Lane in City of Ladue.  
d. Stream & lake bank erosion a problem for Brentwood Forest Condominiums in City of Brentwood. 
e. Damaged and misplaced flagstone riprap that lines drainage channel in City of Ladue due to increased 

volume and force of run-off originating near Litzsinger Rd. 
8. Downspout Disconnections 

a. Increased stress on overland flow needs to be addressed as citizens disconnect downspouts that are 
inappropriately connected to the sewer system.    

9. Fertilizer and Salt  
a. Fertilizers applied to grassy areas, and salt used in the winter on sidewalks run off into lake at 

Brentwood Forest Condominiums in City of Brentwood. 
10. Sink Hole Issues 

a. Underground caves and sink holes are predominant in the Deer Creek watershed.  Stormwater is 
currently flowing into most sink holes.  With build-outs occurring these issues will worsen.   

b. Shady Creek is a losing stream on one side of Manchester Road.  
c. Sinkholes exist adjacent to Oak Valley Drive and to Conway east of Spoede in the City of Frontenac 
d. Need to address sinkholes in Tilles Park and in Deerfield Road area. 

11. Tree Loss 
a. Trees bring value and absorb significant amounts of rainfall.  There is a need for tree protection and 

preservation – incentives and/or ordinances? 
b. Assess the environmental impact each type of tree, shrub, grasses etc has, and then promote planting 

the best plants.  
12. Riparian Corridor Development 

a. Coordinate with Great Rivers Greenway to identify areas that are best candidates for greenways. 
b. Buy-out existing homes and create green space along creek corridors in Brentwood and Maplewood. 
c. Need to prevent people from building too close to the creek in Rock Hill, Webster, and elsewhere. 
d. Need to prevent rebuilding at flooded lots across from Litzsinger Road Ecology Center in City of Ladue. 

13. Invasive Species  
a. There should be a shift towards a more pervasive and thriving native habitat in the "green edges" 
b. Need to eradicate non-natives, like Japanese Bush Honeysuckle. 

14. Animal Waste  
a. Need to quantify contaminants from animal waste, including a pre-measurement, an intervening 

action, and then a post-measurement.  
b. Need to publicize impact of dog waste on streams. 

15. Education, Public Awareness, and Water Quality 
a. Public education and outreach is necessary if we expect real change. 
b. Need public education to convince citizens to keep trash out of creek. 
c. Need incentives for doing things.  Look at other places that give credits for implementing need 

procedures 
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d. Contact Kirkwood Historical Society for information that exists on north Kirkwood stream headwaters. 
e. Springtime wildlife should be considered when planning upcoming events which would involve the 

creek ecosystem.  
f. Need for signage on Deer Creek where bridges cross it or in parks.  
g. Need to record human history of use of small creeks. 
h. Education is key so that everyone knows and understands their role. 

EXISTING WATERSHED DATA 

VOLUNTEER WATERSHED MONITORING EFFORTS AND VISUAL ASSESSMENTS  

There is high public interest in the Deer 
Creek watershed.  As a result many 
volunteers with the Missouri Stream Team 
volunteer water quality monitoring program 
have adopted monitoring sites on Deer 
Creek and its tributaries.   

Map 2-1 indicates the location of volunteer 
water quality monitoring site locations that 
have monitoring data ranging from ~1993 to 
present.    

Missouri Stream Teams often perform a 
visual inspection during their water quality 
monitoring activities.  See Appendix 2-B for 
a sampling of information obtained from the 
Missouri Stream Team database and visual inspections recorded in the Deer Creek watershed beginning in 
1998.  Additional data can be obtained from the stream team website at  
http://www.mostreamteam.org/interactivemap.as. 

In addition to performing visual inspections during their water quality monitoring activities, Missouri Stream 
Teams also conduct visual assessments during special events, i.e. creek cleanups. On April 25th, 2009, 571 
volunteers collected trash in the City of Ladue in the heart of the watershed.  The clean up was sponsored by 
the Deer Creek Watershed Alliance, a partnership that includes Missouri Botanical Garden, The City of Ladue, 
Missouri Department of Conservation, Metropolitan St. Louis Sewer District, Ladue Garden Club, Ladue 
businesses and citizens living in the watershed. The following visual data reports were provided by Randy 
Woods (Stream Team # 3851): 

Fauna sightings included a snapping turtle, 6 snakes, living fish and mating frogs. 

Stream Team Monitoring Sites (not verified) 

Stream Team Monitoring Sites (verified) 

Map 2-1:  Volunteer water quality monitoring site locations 
Source:  Missouri Stream Team Website 
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Visual observations related to organic debris 
included comments such as:   “Incredible amounts 
of brush, leaves,  trees dumped by adjacent 
homeowners”, “creek choked with honeysuckle”, 
“ Lots of brush & large trees need removal “,       “ 
Trees and honeysuckle in creek”,  “Creek choked 
by honeysuckle”,  “Lots of trees down and brush 
collecting on southern edge of Bogey Club / North 
end of Winding Brook Lane”, “Spillways at 
northern end of Wenneker & Louwen collect 
excessive amounts of debris “,  “At Warson Rd. 
huge downed tree is problem”, and   “Too many 
fallen trees & brush in creek”.   

Trash sightings were varied and humorous, with the most frequent offender being plastic bags and newspaper 
wrappers.  Citizens collected 4.87 tons, or 9,740 pounds of trash during the clean up.   

USGS MEASUREMENTS  

Six USGS gauging stations are located 
throughout the Deer Creek watershed.  
There are three USGS stations on Deer 
Creek, one on Sebago Creek, one on Black 
Creek and one on Twomile Creek (Map 2-2). 

Discharge and stage sampling are 
continuous; grab samples are random.  
Posted online there are 23 sets of data 
samples taken 2001-2004; USGS appears to 
have done no water quality sampling since 
2004. 

Water quality parameters monitored by 
USGS include water temperature, 
instantaneous discharge, dissolved oxygen, 
pH, carbon dioxide, carbonate, bi-carbonate, 
suspended solids, total nitrogen, organic 
nitrogen, ammonia, nitrate, phosphate, 
hardness, calcium magnesium, and chloride.  See Appendix 2-C for a spreadsheet of sampling values 2001-
2004 at Deer Creek @ Maplewood, the furthest downstream monitoring station on Deer Creek.   

  

Map 2-2:  USGS Gauging Station Locations 
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LITZSINGER ROAD ECOLOGY CENTER STREAM TEAM DATA 

The Litzsinger Road Ecology Center (LREC) Stream Team data is collected on a monthly basis at seven points in 
the upper Deer Creek watershed, including the tributaries of Twomile Creek and Sebago Creek.  This type of 
sampling is ideal for getting a picture of typical conditions in various portions of Deer Creek and its tributaries.  
The LREC team is unlikely to be capturing either the highest or lowest values for the parameters that they 
measure.   

It is important to note that LREC monitors do not collect samples during the high-flow periods associated with 
storm flow; LREC does not send staff or volunteers out during or immediately following major rainstorms due 
to concerns for their safety.  Avoidance of these high-flow conditions results in not measuring water quality 
during some of the periods with the greatest loads of pollutants. 

High concentrations of chloride have been found during the winter months (particularly early in 2008).  These 
high concentrations exceed state water pollution limits at four of the seven LREC sites.   

There have been several instances in which the saturation of dissolved oxygen was greater than 200% and up 
to 346%.  This situation is often caused by the excess production of oxygen by algae or macrophytes.  This is 
symptomatic of a system in which supersaturated daytime conditions are followed by sags in dissolved oxygen 
as overnight respiration causes oxygen concentrations to plummet once the sun goes down and 
photosynthesis ceases.      

Generally, nitrate concentration and turbidity are both below the detection limit of LREC equipment.  
However, there are noticeable amounts of turbidity during periods of higher flow.  For a detailed analysis of 
the water quality monitoring in Deer Creek and its tributaries as conducted by Stream Team 2760, see 
Appendix 2-E:  Analysis of Stream Team Water Quality Data. 

MSD MONITORING 

Metropolitan St. Louis Sewer District 
currently monitors 34 sites throughout 

its service area for the Stream 
Monitoring Program.  The purpose 
of the Stream Monitoring Program is 
to gather information during storm 
and non-storm events, to assess the 
impacts of CSOs/SSOs and gather 
background data for these water 
bodies.   The list of parameters and 
the monitoring frequency for this 
program is not static.  Currently the 

Map 2-3:  MSD Monitoring Sites 
Source: Metropolitan St. Louis Sewer District 
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goal for the monitoring program is to monitor all streams monthly. 

The current list of parameters for the stream monitoring program is as follows:  Chemical Oxygen Demand, 
pH, Temperature, Ammonia (as N), Chloride, Dissolved Oxygen, E- coli, Enterococcus, Fecal  Streptococci, 
Hardness, Cadmium dissolved, Chromium dissolved, Copper dissolved, Iron dissolved, Lead dissolved, Nickel 
dissolved and Zinc dissolved.  In order to determine impact from the various contributing streams, sampling 
locations were established at the mouth of the contributing stream.   

As part of the Stream Monitoring Program, Deer Creek is one of the streams being sampled.  Historically there 
have been three sampling sites in the Deer Creek watershed.  While the physical locations of these sites might 
have changed over time, sample locations were established to identify other streams which might impact Deer 
Creek.  The streams impacting Deer Creek are Black, Twomile, and Shady Grove (Map 2-3). 

Site 009 monitors the water quality of Shady Grove Creek before it enters Deer Creek.  Site 017 monitors the 
water quality of Twomile Creek before it enters Deer Creek.  Site 020 monitors the water quality of Black 
Creek before it enter Deer Creek. After being mixed with Black, Twomile and Shady Grove creeks, Site 067 
monitors Deer Creek’s water quality before it enters the River Des Peres.   

WASHINGTON UNIVERSITY STABLE ISOTOPE LAB (WUSIL)  

The Washington University Stable Isotope Lab (WUSIL) studies the regional hydrology of the City of St. Louis 
and St. Louis County by the examining historical records, stable isotopes, and water quality parameters to 
determine the effects of urban development on flood severity, water chemistry, karst landscapes, stream 
discharge, and shallow groundwater as well as the effectiveness of best management practices (BMPs) used to 
remediate problems found in urban watersheds.  The WUSIL conducted biweekly sampling operations in the 
Deer Creek basin during Fall 2008.  The primary objectives were to identify and quantify the timing and 
magnitude of organic related pollutants in the targeted streams, which was viewed as background data 
needed for the development of better guidelines for BMPs.  The monitoring effort included field data (specific 
conductivity, temperature, pH, DO, and turbidity) and laboratory work (total coliform, E. coli, 
ammonia, nitrate, phosphorus, and chloride).  Monitoring practices consist of four types of activities; 
continuous monitoring of water levels or water quality, quantifying rainfall amounts, grab sampling, and 
automated storm water sampling.  Six sampling sites located at US Geological Survey (USGS) gauging stations 
in the Deer Creek watershed are monitored by grab sampling and historically many more creeks and rivers 
have been sampled throughout the city and county.  WUSIL will also be setting up sampling sites at three 
BMPs located in the Deer Creek.  In addition to these locations, WUSIL also analyzed discharge and water 
quality data obtained by the USGS and the Metropolitan St. Louis Sewer District (see report, below). 

303(D) IMPAIRMENTS 

The Deer Creek Watershed is a major sub-watershed of the River des Peres Watershed.  River des Peres is 
listed as impaired for chloride due to nonpoint source urban runoff on the 2008 303(d) list and shown on the 
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2010 proposed list as impaired for low dissolved oxygen with the source shown as unknown.  Water quality 
improvements in the Deer Creek Watershed will have a positive effect on River des Peres.   

Both Deer Creek and Black Creek are classified streams 1.6. miles up from mouth in the revised 9-30-2009 
Code of State Regulations (CSR).  The listing is in 10 CSR Division 20, Chapter 7 – Water Quality, Table H – 
Stream Classifications and Use Designations available at http://www.sos.mo.gov/adrules/csr/current/10csr/ 
10c20-7.pdf.   

These streams have designated uses of whole body contact, which is referred to as Category B (206 E.coli 
bacteria/100 mL) and secondary contact recreation 1134 E. coli bacteria/100 mL).  For most protection, this 
report will assess the designated use for whole body contact, or Category B. This category applies to those 
water bodies designated for whole body contact recreation not contained within Category A.  While secondary 
contact recreation uses include fishing, wading, commercial and recreational boating, and limited contact 
incidental to shoreline activities, and activities in which users do not swim or float in the water. The following 
reflects the information contained in Code of State Regulations (CSR) Table H for Black Creek and Deer Creek:  

WATER BODY    CLASS    MILES      FROM       TO                    COUNTY      COUNTY  2      IRR   LWW   AQL   CLF   CDF   WBC   SCR   DWS    IND  

Black Cr.                   P             1.6        Mouth      21,45N,6E      St. Louis                                           x         x                             B         x  
Deer Cr.                    P             1.6        Mouth      1930,45N,6E  St. Louis    City St. Louis               x         x                              B         x  

P- Permanently Flowing, IRR-Irrigation, CLF-Cool Water Fishery, SCR-Secondary Contact Recreation, LWW-Livestock & Wildlife Watering ,CDF-
Cold Water Fishery, DWS-Drinking Water Supply, AQL-Protection of Warm Water Aquatic Life, WBC-Whole Body Contact Recreation , IND-
Industrial   

WATER QUALITY ANALYSIS 

Pollutant loads have been determined by assessing water monitoring information collected from four sources:  
1) water quality data collected at USGS monitoring stations;   2) Stream Team volunteer water monitoring data 
collected under the guidance of Danelle Haake, an aquatic ecologist and trained water quality monitor 
employed by Litzsinger Road Ecology Center (LREC), a division of Missouri Botanical Garden;   3) water quality 
data collected and supplied by Metropolitan St. Louis Sewer District; and  4)  water quality data collected by 
Washington University Stable Isotope Lab (WUSIL).    These four sources of data have been used to establish 
baseline water quality data for the Deer Creek Watershed.  Careful interpretation of any available water 
quality data is necessary to ensure comparability. When referencing existing water quality data, the reviewer 
needs to consider monitoring purpose, frequency, timing, collection and analytical methods.  The following 
information provides a general overview of the data collected within the Deer Creek watershed.  As additional 
water quality data becomes available, the data will be assessed and used where appropriate. 

For purposes of this summary, pollutant parameters assessed included specific conductivity, temperature, pH, 
dissolved oxygen, turbidity (suspended solids), total coliform, E.coli, ammonia, nitrate, phosphorus, and 
chloride.     
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WASHINGTON UNIVERSITY WATER QUALITY REPORT 
Robert E. Criss and Elizabeth A. Hasenmueller 

Data Availability   

Significant, reliable data on the water quality parameters in Deer Creek have been measured by several 
different agencies and groups, notably the US Geological Survey (USGS), the Metropolitan St. Louis Sewer 
District (MSD), the Litzsinger Road Ecology Center Stream Team (LREC), and the Washington University Stable 
Isotope Lab (WUSIL).   The number of samples analyzed is significant and the information is up to date.  The 
consistency of the data establishes that their reliability is very good to excellent.  However, some sampling 
bias exists; for example, the LREC and WUSIL data bases include fewer samples representing above average 
flow conditions than do the MSD or USGS data sets, and the WUSIL data include few winter samples so the 
reported chloride levels are lower.  

Identified Impairments 

Selected reaches of St. Louis County creeks have been placed on the 303d list for high chloride (e.g., River des 
Peres), bacteria (e.g., Creve Coeur Ck.), and low D.O. (e.g., Fishpot Ck), and some for all three (e.g., Coldwater 
Ck. and Gravois Ck.; see MoDNR, 2009a). Available data indicates that many reaches of Deer Creek are as 
impaired in these pollutants as are those listed examples.   

The methods used below for assessing compliance with the EPA water quality standards are taken from 
MoDNR (2009b), and regard standards that apply to the “Protection of Aquatic Life” (AQL) or for category B 
recreational waters.  Specifically: 

Low D.O.:    No more than 10% of all samples exceed criterion (5 mg/L for AQL).  
Chloride:     No more than one acute toxic event in 3 years  
E. coli:          Water quality standards not exceeded as a geometric mean (206 E.Coli bacteria/100mL)  
                      in any of the last three years, for samples collected during Apr 1 to Oct 31. 

Table 2-1 summarizes the available water quality data for Deer Creek and several of its tributaries for the 
aforementioned parameters.  The data establish anomalously low D.O. values in several reaches, and a 
particularly low mean value (7.1 mg/L) for D.O. for Deer Creek at Maplewood, where 17% of all samples 
analyzed by USGS have less oxygen than the mandated minimum of 5 mg/L. This condition is chronic at this 
site during the warm period of late April through August, when the mean D.O. is only 4.8 m/L.  Thus, this site 
alone establishes that low D.O. conditions exist in the Deer Creek watershed.  

Table 2-1 also establishes that high chloride events in Deer Creek are common over lengthy reaches.  The 
problems are most severe in the lower part of the basin, at and below the “Rock Hill” site, including the Black 
Creek tributary.  In these areas, the mean chloride concentration typically exceeds the level of 230 mg/L 
established by EPA for a “chronic” condition, and many individual samples are well above the established 
value of 860 mg/L established for an “acute” condition.  It is well understood that high chloride levels coincide 
with winter road salt applications, particularly with the first snowmelt events after such applications, as these 
quickly dissolve and mobilize the salt, then rapidly transport it over impervious road surfaces and through 
stormwater culverts into area streams (e.g., Shock et al., 2003).  However, the upper reaches of Deer Creek, 
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the tributary at Chaminade, and especially the Twomile Creek are much less impaired by chloride; these 
watersheds have a lower population density.  

Finally, Table 2-1 establishes that unhealthy levels of E. coli are common over lengthy reaches of Deer Creek.  
The problems are most severe in the lower part of the basin, at and below the “Rock Hill” site, including the 
Black Creek tributary.  Note that the geometric means for most of the WUSIL sites are minimum values, as E. 
coli levels in several individual samples exceeded the upper limit (2420 col/dL) for the techniques used in that 
lab.  Further study is needed in order to assess the lower geometric means for the MSD sites of Drury Avenue 
and Breckinridge Industrial Court when compared to other MSD, USGS or WUSIL data.   

Table 2-1: Summary Water Quality Data for Deer Creek and Several Tributaries  

Site Name Site # D.O. 
min mean 

max 
(# of 

samples) 

%  of all 
samples <5 
mg/l 

Chloride 
min  mean  

max 
(# of 

samples) 

% 
samples 
>230 
mg/l 

 E coli 
Geometric 
Mean  
(# of samples) 

 
Sampling 
Period 

Data 
Source 

Deer Creek  @ Ladue 07010075 3      8.1   
18.6  (23) 

13 94   256    
430    (6) 

50 1301    (14) May 2001 to 
Aug 2004        

USGS 

Black Creek near 
Brentwood 

07010082 7      9.2   
15.2   (6) 

0 180   455    
730    (2) 

50 1543     (3) Dec 2003 to 
Aug 2004 

USGS 

Deer Creek 
@Maplewood 

07010086 2.4   7.1  
12.2  (23) 

17 160   407    
800    (6) 

50 1860   (13) May 2001 to 
Aug 2004    

USGS 

Deer Creek @ Drury 
Ave. 

N/A 4      9.3  
13.9  (36) 

3 16    301  
3400   (36) 

28 171    (9) Feb 2006 to 
May 2009    

MSD 

Deer Creek @ 
Breckenridge 
Industrial Ct. 

N/A 3.5   8.2  
13.3  (37) 

5 20    239  
2710   (37) 

16 120   (11) Feb 2006 to 
June 2009    

MSD 

Deer Creek @ Big 
Bend Ave. 

N/A 5.3   7.5  
11.0  (11) 

0 34    151    
640   (11) 

18 3090     (4) May 2006 to 
July 2009    

MSD 

Deer Creek @ Malcom 
Terrace Park 

N/A 6    10.3   20   
(16) 

0 30    203    
592   (16) 

13 NA Feb 2008 to 
Sept 2009   

LREC* 

Tributary @ 
Chaminade 

N/A 1      9.6   23    
(17) 

6 130  162     
409   (16) 

25 NA Feb 2008 to 
Sept 2009   

LREC 

Deer Creek @ Log 
Cabin Ln. 

N/A 7    12.6   28   
(16) 

0 30   174  
1375    (17) 

12 NA Feb 2008 to 
Sept 2009   

LREC 

Deer Creek @ LREC 07010055 4      8.8   26    
(17) 

6 42   123    
600    (17) 

6 NA Feb 2008 to 
Sept 2009   

   LREC 

Deer Creek @ Rock 
Hill 

07010075 3    10.1   21   
(16) 

6 43   173  
1048    (15) 

20 NA Feb 2008 to 
Sept 2009   

LREC 

Sebago Creek @ Old 
Warson Rd.    

07010070 3    10.6   21   
(18) 

6 35   175    
504    (18) 

17 NA Feb 2008 to 
Sept 2009   

LREC 

Twomile Creek @ 
Overbrook 

07010061  3      8.7   18    
(17) 

12 31      42    
65     (17) 

0 NA Feb 2008 to 
Sept 2009   

LREC 

Twomile Creek @ 
Ladue 

07010061  5.3   8.4   
11.0   (8) 

0 29      36    
49     (7) 

0 73   (4) Sept 2008 to 
Dec 2008   

WUSIL 

Sebago Creek near 
Rock Hill 

07010070 1.5   9.6   
15.0   (8) 

25 8     140   
313   (6) 

17 >  645   (4) Sept 2008 to 
Dec 2008   

WUSIL 

Black Creek near 
Brentwood 

07010082 5.5   8.2     
11.9  (8) 

0 36    133  
195    (6) 

0 >1070   (4) Sept 2008 to 
Dec 2008   

WUSIL 

Deer Creek @ 07010055 5.1    9.1   0 67     79   0 >  325   (4) Sept 2008 to WUSIL 
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Litzinger Rd. @ Ladue 12.4   (8) 104    (6) Dec 2008   
Deer Creek @ Ladue 07010075 2.5   9.2    

13.5   (7) 
14 24     68   

104    (5) 
0 >  665   (3) Sept 2008 to 

Dec 2008   
WUSIL 

Deer Creek @ 
Maplewood 

07010086 3.7  7.8      
11.4  (9) 

22 43   107   
166    (6) 

0 >  671   (4) Sept 2008 to 
Dec 2008   

WUSIL 

*LREC is the Litzsinger Road Ecology Center 

DEER CREEK TSS ANALYSIS 

The chart at right is a scatter plot of USGS data on 
suspended solids at the Maplewood monitoring station on 
Deer Creek.  This monitoring station is located at the 
furthest downstream point in the Deer Creek Watershed 
before Deer Creek enters the River Des Peres.  The chart 
shows a relationship between suspend solids and volume 
of discharge into the stream at this site.  Overall, greater 
discharge volume is associated with higher TSS levels.   

PREVIOUS WATERSHED ASSESSMENT STUDIES 
AND REPORTS 

This watershed planning document does not represent the first time that Deer Creek has been studied or 
analyzed.  Numerous studies have been conducted in the Deer Creek watershed, dating back as far as 1963.  
Following is a known list of studies implemented to date: 

A Study of Water Quality in Deer Creek, Metropolitan St. Louis Sewer District, St. Louis County Aug 
1963     This study was completed by the Missouri Water Pollution Control Board following the construction of 
a trunk sewer from the City of Kirkwood to its confluence with River Des Peres.  Four sites were chosen along 
Deer Creek and tests were conducted on the physical, chemical, biological, and bacteriological characteristics 
of the creek over a three-day period.   

Study of the Ecology of Deer Creek, St. Louis County, 1973     By Walter Zachritz, Jr. , zoology student at 
University of Washington.  This study is a survey of watershed flora, fauna, weather and creek conditions at 
selected sites in the watershed. 

RIver Des Peres Interim Flood Protection Plan, Feb 1974     This study was prepared by St. Louis City, St. 
Louis County, MSD and the Corps of Engineers, St. Louis District. 

Metropolitan Sewer District: Deer Creek Drainage Survey, Phase I Stormwater Management Program, 
Jan 1981.  (Consultant: Havens and Emerson, Inc.)    This study was an inventory of drainage areas and 
results of US EPA’s Stormwater Model (SWMM) simulating a 25 year, 6 hour storm event.   
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Metropolitan Sewer District: Executive Summary Phase I Stormwater Management Program, Feb 1981     
Studies performed on 14 different watersheds throughout MSD’s district using computer models for 
hydrologic and hydraulic evaluations.   

HEC-1 Study, U.S. Army Corp Of Engineers & HEC-2 Flood Insurance Study by Booker for U.S. Army Corps of 
Engineers on behalf of FEMA. 

River Des Peres, Missouri, Feasibility Report, Environmental Assessment and Finding of No Significant 
Impact, Corps of Engineers, St. Louis District, Feb 1988     This report addressed the entire River Des Peres 
watershed and discussed the feasibility of channel modifications and alternatives to solving flooding problems.  
Most of the channel modifications in Deer Creek were very costly and did not provide a benefit to cost ratio 
sufficient to justify constructing improvements.  This study also proposed a flood warning system along Deer 
Creek. 

Metropolitan Sewer District: District-wide Analysis of Stormwater Problems, March 1989     This report 
compiled a list of stormwater-related problems throughout MSD’s service area.  Three thousand problems 
were field inventoried and prioritized with respect to potential for property damage and/or loss of life.   

An Ecological Survey of the Litzsinger Road Ecology Center, 1992  by Dr. Clifford Ochs     This report includes 
lists of the plants and animals observed at the site during the survey, with descriptions of the time of year and 
habitat in which various organisms are most likely to be found. In addition, there are descriptions of the soils, 
geology, hydrology, and ecological communities of the LREC, with suggestions for possible management 
options.  http://www.litzsinger.org/research/ochs.pdf 

Flood Insurance Study of St. Louis County and incorporated Areas, Federal Emergency Management 
Agency, Aug 1995  This study provides hydrologic and hydraulic data for Deer Creek including peak discharge 
estimates and flood elevations for the 10-, 100- and 500- year flood events.  The study also includes a map 
showing the regulatory floodway. 

Metropolitan Sewer District: Deer Creek Watershed Study for Stormwater System Master Improvement 
Plan, May 1998     Submitted by CH2MHILL in association with Kowelman Engineering, Inc.  Stormwater 
Management Model (SWMM) simulates watershed discharge, stream flow depths and velocities for both 
existing and future development using a 2, 15 and 100-year rainfall event.   

Intuition and Logic: Stream Reconnaissance City of Frontenac, Missouri, June 2000    Geomorphic 
analysis of the Deer Creek and Twomile Creek watersheds in the City of Frontenac.   

Federal Emergency Management Agency, Flood Insurance Study, Incorporated and Unincorporated 
Areas of St. Louis County, Missouri, Revised Aug 2000     Study to develop flood risk data for areas of the 
county to establish actuarial flood insurance rates and assist the county in its efforts to promote sound 
floodplain management. 

Metropolitan St. Louis Sewer District: Saint Louis County Phase II Stormwater Management Plan, Fall 
2002     Plan contains information on the Phase II government jurisdictions, demographics, watershed 
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configurations, current stormwater control activities, stream water quality, and coordinating and permitting 
strategies for stormwater management. 

HNTB Study: Proposed Trail for Great Rivers Greenway, 2005   Study using the Corps of Engineers HEC 
model to analyze the effects on lower Deer Creek of a proposed trail between Brentwood Park and Deer Creek 
Park. 

Intuition and Logic Stream Study of Deer Creek for Litzsinger Road Ecology Center, 2005    A 
geomorphology study of approximately 2,500 feet  of Deer Creek.  The study reach flows south from the 
northern property line of the Litzsinger Ecology Center to the Litzsinger Road Bridge. 
http://www.litzsinger.org/research/streamstudy.pdf 

EDM Evaluation Using XPSWMM of the Impact of Stormwater BMP’s, 2007     EDM associate Len 
Madalon, P.E. analyzes the consequences of development and evaluates the impact of Best Management 
Practices on the City of Frontenac’s watersheds using XPSWMM modeling techniques. 

River des Peres Watershed Characterization, 2008  Washington University students Nathan L. Frogge and Arthur 
J. Singletary analyze the geology, soils, topography, flood zones, climate, land cover, land use and population 
density of the River des Peres Watershed. 

IDENTIFYING NONPOINT SOURCE STRESSORS 

The following section identifies non-point source stressors contributing to poor water quality in the 
watershed.   Non-point source water quality threats in the Deer Creek watershed include stormwater runoff 
from impervious surfaces; yard and open space maintenance patterns; animal waste;  road salt;  channel 
straightening and loss of riparian corridor; stream bed and bank erosion; increased precipitation; future 
downspout disconnections; and increases in stormwater runoff volume.  

 IMPERVIOUS SURFACE COVER 

Impervious surfaces drain rainwater to storm drains that carry it directly into the streams.   Although this was 
not always the case, the tributary streams within the Deer Creek watershed now experience a rapid rise after 
even a small rain event, and tend to be flashy.  This altered hydrology is in large part due to the increase of 
impervious surfaces, such as roads, driveways, parking lots, and rooftops, throughout the watershed, which 
increases runoff often directed by storm drainage systems channeled straight into the creek itself.  Major 
water quality threats in the Deer Creek watershed derive from stormwater runoff over impervious surfaces; 
the runoff carries with it the accumulation of yard waste, debris & trash, sediments, animal waste, and in the 
winter, road salts.  In addition, the stream is forced to transport much larger amounts of water and sediment 
through its channel even during small rain events due to increased impervious surface cover in the watershed.   
The rapid rise and fall of the stream causes additional erosion directly to the streambed and stream banks.  As 
a result of these alterations, many parts of the stream bank along Deer Creek are highly eroded and the 
stream has become incised and wider in places.  According to a 2007 study conducted by Len Madalon, P.E., 
for the City of Frontenac (a municipality in the Deer Creek Watershed), a 5% increase in impervious surface 
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area in Frontenac can lead to the loss of 14 valuable acres of Frontenac land due to erosion and creek 
widening from increased storm water runoff.   In the study, a homeowner survey identified 474 creek-related 
problems; of these, 187 yard erosion problems were cited.  (Madalon, 2007).  The study further confirms that 
the first 2.5 inches of stormwater influences the channel-forming flow of the stream.   

Erosion from creek widening leads to increased suspended solids (TSS) in the water.  Furthermore, organic 
matter which falls on, and accumulates on impervious surfaces is washed off during run off events.  This 
organic matter utilizes oxygen in its decomposition.  The oxygen utilization places an oxygen demand on the 
receiving water body.  Biological oxygen demand (BOD) levels in urban runoff can exceed 10 to 20 mg/l during 
storm “pulses” which can lead to oxygen deprived conditions in shallow, slow moving or poorly flushed 
receiving waters (Shueler, 1987).  A National Urban Runoff Program (NURP) study found that oxygen-
demanding substances can be present in urban runoff at concentrations similar to secondary wastewater 
treatment discharges.  (United States Environmental Protection Agency, 1993).   

CHANNEL STRAIGHTENING AND LOSS OF RIPARIAN CORRIDOR 

The hydrology of Deer Creek has been further altered by channel straightening.  A geomorphic study by 
Intuition & Logic, Inc for the Litzsinger Road Ecology Center found that prior to 1953, much of the Deer Creek 
Watershed from the center (at mile 5) north to highway 40/64 was undeveloped forest. Over the next thirty 
years, suburban development converted the forest to large residential lots and the channel was straightened 
to eliminate nearly 1000 linear feet of stream. Hardening of the stream banks and straightening of the channel 
also contributes negatively to the health of Deer Creek by increasing the velocity of water and disconnecting 
the stream channel from its floodplain.  Similar changes have occurred in smaller tributary streams, all of 
which serve to increase velocity and time of concentration which further contributes to stream erosion and 
sedimentation issues.  

Remarkably, Deer Creek still maintains its more natural flow in certain areas where it has room to move.  For 
example, in the area of the Litzsinger Road Ecology Center (LREC), managed by Missouri Botanical Garden, six 
meanders, or bends, represent the natural way in which water tends to flow as it is pulled by gravity, following 
the path of least resistance. These meanders also serve an important function in the dynamics of the stream 
by helping to create in-stream habitat such as riffles, runs, and pools. This natural flow with meanders and 
bends is possible because the natural riparian buffer is greater than 100 feet throughout the LREC and its 2500 
linear feet of stream channel.   Restoration of the riparian buffer throughout the watershed would greatly 
contribute to improved water quality in the Deer Creek Watershed.   

SOIL COMPACTION FROM CONSTRUCTION PRACTICES 
Machinery operating on soils can compact soil, significantly reducing soil permeability and infiltration rates.  
Compacted soils result in high run off rates, which in turn result in an increase in suspended solids in creeks.    
In an urban north central Florida study, (Gregory et.al., 2006) it was found that the infiltration rate of 
compacted soils can be similar to that of impervious surfaces: 
 

Although there was wide variability in infiltration rates across both compacted and non-compacted sites, 
construction activity or compaction treatments reduced infiltration rates 70 to 99 percent.   Maximum 
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compaction as measured with a cone penetrometer occurred in the 20 to 30 cm (7.9 to 11.8 in) depth 
range. When studying the effect of different levels of compaction due to light and heavy construction 
equipment, it was not as important how heavy the equipment was but whether compaction occurred at 
all. Infiltration rates on compacted soils were generally much lower than the design storm infiltration rate 
of 254 mm hr-1 (10.0 inches hr-1) for the 100-yr, 24-hr storm used in the region. This implies that 
construction activity in this region increases the potential for runoff …not only due to the increase in 
impervious area associated with development but also because the compacted pervious area effectively 
approaches the infiltration behavior of an impervious surface. 

FUTURE DOWNSPOUT DISCONNECTIONS 

Because of the history of the way homes were constructed in St. Louis County in the 1950’s and beyond, there 
are a significant number of homes in the Deer Creek Watershed whose rooftop drains are connected to 
sanitary sewers.  Although CSO’s and SSO’s are point source problems, as homeowners disconnect their roof 
downspouts from sanitary sewers, the resolution of point source problems in the watershed may serve to 
generate additional non-point source pollution issues.  The increase in overland flow stress created by these 
disconnections will lead to further stream erosion and sedimentation, as well as the washing of yard waste 
and other pollutants into streams, unless strategies for detaining the stormwater from roof tops are 
developed and implemented.   

YARD & OPEN SPACE MAINTENANCE PATTERNS 

Multiple yard and open space maintenance patterns can lead to poor water quality, including problems 
associated with lawn monoculture, fertilizers, pesticides, tree loss and invasive species, as well as practices 
that lead to increased yard waste, organic debris and trash entering area streams.  

LAWN MONOCULTURE 

Native plants of the 
St. Louis region have 
root structures up to 
15 feet deep which 
serve to capture and 
infiltrate stormwater.  
(See diagram).  By 
contrast, turf grass 
(far left on diagram) 
has a root structure 
only a few inches 
deep.  As a result, 
turf grass, although 
considered 
“pervious” is actually 
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a partially impervious surface.  According to a study conducted by the Center for Watershed Protection, 70% 
of “pervious” (lawns) surfaces contributed to 60% of the runoff in compacted ground studies. (Thomas 
Schueler, Executive Director, Center for Watershed Protection, Ellicott City, Maryland)  

INVASIVE SPECIES  

In addition, many parts of the stream bank, backyards, and other natural areas throughout the watershed 
have been overtaken by invasive species of plants, notably bush honeysuckle, which drives out other plants.   
Bush honeysuckle also has a shallow root structure that reduces infiltration into the soil, further contributing 
to stormwater runoff and stream flashiness.  This shallow root structure therefore contributes both directly 
and indirectly to stream bank erosion.  

 

FERTILIZERS & PESTICIDES 

Fertilizers containing nitrogen and phosphorus can mix with stormwater runoff and enter area streams.  These 
nutrients promote the growth of algae in the water.  As algae decays, it uses up oxygen, thus contributing to 
lowered dissolved oxygen levels in the creek, in a process called eutrophication.   Although both nitrogen and 
phosphorus contribute to eutrophication, in the majority of cases, phosphorus is the limiting nutrient. While 
the effects of eutrophication such as algal blooms are readily visible, the process of eutrophication is complex 
and its measurement is difficult.  

In August of 2010 New York State passed a law prohibiting the application of phosphorus fertilizer on lawn or 
non-agricultural turf, except when: (1) a soil test demonstrates that additional phosphorus is needed for lawn 
or non-agricultural turf growth, or (2) new lawn or non-agricultural turf is being established.  
http://open.nysenate.gov/legislation/api/1.0/html-print/bill/S3780B 

Of 30 commonly used lawn pesticides, 17 are detected in groundwater, and 23 have the potential to leach. 
Runoff has resulted in a widespread presence of pesticides in streams and groundwater. 2,4-D, found in weed 
and feed and other lawn products, is the herbicide most frequently detected in streams and shallow ground 
water from urban lawns. Of the 50 chemicals on EPA’s list of unregulated drinking water contaminants, several 
are lawn chemicals including herbicides diazinon, diuron, naphthalene, and various triazines such as atrazine. 
Runoff from synthetic chemical fertilizers pollutes streams and causes algae blooms, depleted oxygen and 
damage to aquatic life. http://www.beyondpesticides.org/lawn/factsheets/facts&figures.htm 

TREE LOSS 

Multiple factors can lead to tree loss in an urban area, which in turn can negatively impact water quality.  
According to the Center for Urban Forest Research, trees act as mini-reservoirs, controlling runoff at the 
source. Trees reduce runoff by: 

• Intercepting and holding rain on leaves, branches and bark 
• Increasing infiltration and storage of rainwater through the tree's root system 
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• Reducing soil erosion by slowing rainfall before it strikes the soil.   

In a study of rainfall interception by Santa Monica’s municipal urban forest, (Xiao, 2003) rainfall interception 
ranged from 15.3% (0.8 m3/tree) for a small Jacaranda mimosifolia (3.5 cm diameter at breast height) to 
66.5% (20.8 m3/tree) for a mature Tristania conferta (38.1 cm).  A loss of trees in the urban environment 
increases surface pollutant wash off, as well as pollutant loading of that runoff.  There is a need to conduct 
tree inventories in the watershed in order to document tree species, size and location, as well as document 
more specifically their impact on water quality. 

YARD WASTE, ORGANIC DEBRIS AND TRASH 

During an April 2009 creek clean up, 10 out of 13 comments provided related to concerns about yard waste 
and organic debris.  Many area citizens do not realize that putting their leaf litter in the creek is not a good 
ecological practice.  In addition, watershed municipalities have identified parcels in the floodplain and 
floodway that need to have organic debris and trash removed in order to prevent it from entering the stream 
during high flow periods.  

ANIMAL WASTE 

Animal waste left in yards comes into contact with stormwater when it rains.  Stormwater can become 
contaminated from contact with this waste and carry pollutants into the storm drain system.  The storm 
sewers drain the water directly to area streams without any treatment.  Dogs are major contributors to animal 
waste in the environment, however all pets can contribute to the problem.  Studies have indicated that up to 
one third of people who walk their dogs do not pick up after their dog.  The average horse (1000 pounds) will 
produce about 50 pounds of manure a day, and 8 to 10 tons per year.   Manure should be handled in a way 
that it becomes an asset and a resource instead of a nuisance and pollutant.   

According to 1997 census of agriculture, U. S. Dept. of Agriculture, St. Louis County had 1040 cattle and cow 
inventoried, and 779 horses and ponies inventoried.  According to the AVMA (American Veterinary Medical 
Association), based on the population in the watershed in 2000, the estimated dog population was 23,506 and 
the cat population was 26,518. 

Pollutants associated with animal waste include: 

Bacteria—One gram of dog feces contains 23 million fecal coliform bacteria. 
Nutrients—Ammonia and nitrogen in the waste promotes unhealthy algae growth.  
Oxygen demand—As waste and algae decay, they use up the oxygen in the water that fish need. 

ROAD SALT 

As reported by Robert Criss in his water quality report on Deer Creek, “high chloride events in Deer Creek are 
common over lengthy reaches.  The problems are most severe in the lower part of the basin, at and below the 
‘Rock Hill’ site, including the Black Creek tributary. . . It is well understood that high chloride levels coincide 
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with winter road salt applications and particularly with the first snowmelt events after such applications, as 
these quickly dissolve and mobilize the salt, then rapidly transport it over impervious road surfaces and 
through stormwater culverts into area streams (e.g., Shock et al., 2003).  However, the upper reaches of Deer 
Creek, the tributary at Chaminade, and especially the Twomile Creek are much less impaired by chloride; these 
watersheds have a lower population density.” 

CLIMATE CHANGE 

According to several scientific studies, global climate change is also affecting the hydrological pattern of the 
region.   from the NWS/NCEP Climate Prediction Center identifies St. Louis as a future high precipitation area.  
Additionally, the scientific research paper “Climate Change and the Upper Mississippi River Basin” states the 
following; “Existing studies suggest that the Midwest….will likely see an overall increase in winter and spring 
precipitation in the coming decades” (Wubbles, et.al., 2008).   Furthermore, according to “Climate Change, 
Precipitation, and Stream Flow In The Central United States”, presented by Zaitao Pan at a St. Louis University 
Flood Forum,   “Climate models predict that annual precipitation in the Midwest will continue to increase, 
with extreme precipitation events increasing more rapidly than total rainfall.   Flooding on major rivers in the 
Midwest will worsen because direct runoff will increase even faster than extreme rainfall, as excessive rain 
falls on near saturated soils.” (Pan, 2008)   

 

 

Map 2-4 
Source:  Climate Prediction Center 
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IDENTIFYING POINT SOURCE STRESSORS 

PERMITTED ACTIVITIES 

Point source stressors in the Deer Creek Watershed include land disturbance associated with construction 
activity.  Permitted activities are handled by the appropriate regulatory entity (e.g. MSD, Municipality, County, 
MoDNR, Corp of Engineers, etc.)  Missouri Department of Natural Resources issues land disturbance permits 
when an acre or more of land is disturbed.  The permits are recorded on the DNR website which contained the 
following permits in the Deer Creek watershed on December 15, 2009. 

State Operating Permits: Water Pollution Control 
List of Active Records By Facility Name 

FACILITY NAME                ISSUE DATE    EXPIRE           STREAM        CITY NAME  FAC CODE 
 
CENTENE CORPORATION   09/22/2008 02/07/2012 TRIB DEER CK CLAYTON  SLAND 
MONSANTO - EAST CAMPUS            03/16/2009     02/07/2012    TRIB DEER CK    CREVE COEU  
ST. JOHN'S MERCY MEDICAL             03/16/2007     02/07/2012    TR DEER CR      CREVE COEU  SLAND 
RETAIL CENTER                                    11/05/2007     02/07/2012    TRIB TWOMILE   DES PERES  SLAND 
HILTON ST. LOUIS FRONTENA           08/22/2007     02/07/2012    TRIB TO TWO MI  FRONTENAC   SLAND 
LYNNBROOK SUBDIVISION                11/2008           02/07/2012     TRIB DEER CK    FRONTENAC   SLAND 
DENNY LANE COURT/JOHN WOO    05/21/2007     03/07/2012     TRIB TWOMILE   LADUE       SLAND 
OLD WARSON COUNTRY CLUB        10/01/2009      04/09/2014     TRIB DEER CR    LADUE       POOL 
WARRIDGE DR                                    05/14/2007      02/07/2012     SHEET FLOW/DEE  LADUE       SLAND 
WILLIAMS RESIDENCE                      07/17/2007      02/07/2012     TRIB DEER CK    LADUE       SLAND 
PROPOSED HILTON HOTEL               02/16/2007      02/07/2012     TR BLACK CR     RICHMOND H  SLAND 
EDIE'S MULCH SITE                            01/22/2008      11/29/2012     TRIB DEER CREE  ST. LOUIS   CMPST 
MISSOURI BAPTIST MEDICAL           05/28/2007      02/07/2012    TRIB DEER CK    ST. LOUIS   SLAND 
ROCK HILL QUARRIES COMPAN      10/26/2006      10/05/2011     DEER CR         ST. LOUIS   SLAND 
THE MERIDIAN AT BRENTWOOD    08/06/2007      02/07/2012     TRIB DEER CK    ST. LOUIS   SLAND 
THE NEW I-64                                     04/30/2007      03/07/2012    TRIB DEER CK    ST. LOUIS   SLAND 
TRAIL THROUGH DEER CK PAR       01/03/2008       02/07/2012     DEER CK         ST. LOUIS   SLAND 
THE GATESWORTH II ADDITIO        05/17/2007      02/07/2012    TRIB BLACK CK   UNIVERSITY  SLAND 

SANITARY SEWERS 

An additional point source stressor contributing to the degradation of stream quality is pollution from 
combined sewer overflows and from constructed separate sewer discharges into the creek.  In the eastern 
areas of the watershed, the combined sewer system contributes to overflows (CSO’s) to the stream (See Map 
2-5).  

In the rest of the watershed, stormwater mixed with raw sewage is released into the stream from constructed 
sanitary sewer overflows (SSO’s) during wet weather conditions. The sewer system is overwhelmed by water 
volume during many storm events. A number of storm drains in the watershed are connected to the sanitary 
sewer system; in other instances, stormwater infiltrates into the sanitary sewer pipes.   In addition, roof 
downspouts from many homes are inappropriately connected to the sanitary sewer system.  Therefore storm 
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events impact the separate sewer system, which releases stormwater mixed with raw sewage into the creek 
at many points in the watershed.  

The constructed sewer overflow mechanisms protect homeowners from having sewage back up in their 
basements, but these systems leave the stream to carry pollutants such as bacteria, viruses and microbes from 
the sewage.  As of April 2010 there are 51 constructed SSO's in the Deer Creek Watershed including those in 
Black, Shady Grove, Rock Hill, and Twomile sub-watersheds.  Fifty of these are monitored.  The only one 
without a monitor is 627, which is scheduled to get one soon.  Metropolitan St. Louis Sewer District is working 
on a plan to eliminate all SSO’s in the watershed. 

Location Number of SSO’s Monitor Numbers 
Deer Creek 25  
Black Creek Sub-Watershed 17 003, 004, 008, 013, 014, 015, 016, 017, 018, 

023, 094, 151, 478, 583, 584, 605, 623 
Rock Hill Creek Sub-Watershed 2 496, 545 
Twomile Creek Sub-Watershed 7 349, 181, 343, 555, 333, 556, 495 
TOTAL 51  

 (Source: Metropolitan St. Louis Sewer District) 

  

 

 

Map 2-5: Combined Sewer Overflows 
Source: MSD 
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INDUSTRIAL CORRIDOR 

Petrolite is a former industrial site with a history of contaminated soils.  A “Superfund” was established under 
the Comprehensive Environmental Response Compensation and Liability Act (CERCLA) as a funding mechanism 
to address contaminated soils.  EPA administers the superfund and uses public money to cleanup 
contaminated sites that pose a danger to human health and the environment and then is reimbursed from 
past owners and operators.   

MSD tracks industrial users that discharge into MSD’s sanitary sewer and combined systems in a PIMS 
(Pretreatment Information Management System) database.   See Appendix 2-D for a list of industries in the 
Deer Creek watershed.  

MSD has been given special one-time approval for discharges to their sanitary sewer system for tests and to 
purge water from their onsite monitoring wells used for site investigations to evaluate contamination.  MSD 
received two other approvals for stormwater discharges in soil remediation excavations associated with the 
removal of contaminated soil from property.  For these discharges, an onsite groundwater remediation system 
is used that includes a dense, non-aqueous phase liquid (DNAPL) separator, a solids separator and an aerator 
to reduce the levels of organic compounds in the discharge.  The impact on stormwater is minimal and meets 
the regulatory requirements of EPA and MDNR.   

Following the Hurricane Ike flood in 2008, Stream Teams from the River des Peres Watershed Coalition were 
mobilized to accomplish cleanups and assessment.  In this process, the first three 55 gallon drums found were 
identified as containing toxic waste.  Subsequent surveys of Deer Creek by kayak and the River des Peres by 
canoe found nine more 55 gallon drums of hazardous material. 

The Missouri Department of Natural Resources Environmental Emergency Response was contacted by Stream 
Team AmeriCorps and the affected locations reported.  EPA became involved as they were also cleaning up 
several flood related disaster locations.  Additional Stream Team surveys were conducted and the locations of 
30 more 55 gallon drums were determined by GPS and transmitted to EPA.  Several EPA contractors 
performed recovery, characterization and disposal.   

SUMMARY OF WATERSHED IMPAIRMENTS, POLLUTANTS, AND INDICATORS 

Causes/Sources Watershed Problems/Concerns Pollutant Loads Other Assessment 
Indicators 

Increased impervious 
surface area 

Increased creek widening, 
property loss, bridge damage, 
gabion wall damage, erosion, 
flash flooding; reduced habitat, 
species diversity 

Low dissolved 
oxygen 

Geomorphologic 
assessment 

Channel straightening and 
loss of riparian corridor High TSS, E. Coli Resident reports 
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High clay soil content, soil 
compaction from 
construction 

Low soil infiltration, 
Erosion/sedimentation, 
stormwater runoff 

Low DO 
High TSS, E. Coli 
 

GIS soil analysis chart 
Onsite soil samples 

Increased precipitation 
from global climate change 

Flooding, erosion, sedimentation, 
creek widening, property loss, 
sewer overflows 

High TSS, E. Coli 
Climate change 
prediction models, 
scientific papers  

Commercial/industrial 
properties clustered in 
lower floodplain 

Economic damage from flooding 
causing property damage/loss 

Industrial 
pollutants in 
stream. 

GIS Land Use mapping, 
List  of potential 
industrial point-source 
polluters 

1950’s home construction 
Potential erosion/ sedimentation, 
basement flooding from 
increases in overland flow stress 

High TSS,  ID locations of and 
number of homes with 
inappropriate 
downspout connect. 

practices E. Coli 
  Low DO 
  Habitat Dest. 
Human waste from CSO’s & 
SSO’s and animal waste 
from pets and wildlife in 
stream. 

Human health hazard High E. Coli count, 
Low DO Homeowner surveys 

Municipal winter road 
salting operations, 
landowner salt use 

Human/pet health impact, 
reduced species diversity 

High chloride 
count 

Survey road salt 
operations 

High specific 
conductivity   

Lawn monoculture and 
pervasive invasive species 
with shallow root structure 

Erosion/sedimentation High TSS, Low DO Visual plant location 
assessments 

Landowner yard 
maintenance patterns Increase in eutrophication; 

channel obstruction; reduction in 
scenic beauty 

Low DO Visual assessments 

Yard waste, organic debris, 
trash, lawn fertilizers  in 
stream 

High phosphorus Landowner reports 

Tree loss from construction 
and disease 

Erosion, sedimentation, and 
flooding Low DO, High TSS Tree inventory 

Presence of karst 
topography/sinkholes Potential groundwater pollution Depends on 

source 
GIS mapping of 
karst/sinkhole locations 

Building in floodplain & 
floodplain infill Residential flooding High TSS, Habitat 

loss 
Citizen reports/MSD 
database 

IDENTIFYING CRITICAL AREAS 

Metropolitan St. Louis Sewer District and partners developed a selection criteria road map for identifying and 
selecting priority areas in the watershed to implement initial green infrastructure demonstration projects.   
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First, the green infrastructure solution needed to address a watershed problem previously identified and 
prioritized by MSD in the watershed.   

Secondly, a set of criteria were selected to assist with the identification of critical areas in which to implement 
green infrastructure demonstration project water quality solutions.  Each parameter was assigned a numerical 
value of 1-10.  Each potential problem site is ranked by the sum of the numerical values given for each 
parameter.  The problem areas receiving the highest number of points using the chart below were ground-
truthed to make a final determination of feasibility of implementation.   

Selection Criteria Numerical 
Assignment 1-10 

Addresses problem area previously identified by MSD  
Size of subwatershed (ability to address entire uphill subwatershed)  
Neighborhood school willing to implement demonstration raingarden   
Additional downstream benefits (high up in the watershed)   
Medium density impervious surface area   
Community -matching resources/willing engagement of muni   
Number of property owners involved (low)  
Number of willing landowners (high)  

TOTAL PROJECT POINTS 
 

Utilizing the selection process as out lined above, three demonstration projects have been selected for 
implementation in the Deer Creek Watershed.  Project #1 is a commercial-sized bioretention cell below a 
church parking lot in City of Brentwood.  Project #2 is a collection of neighborhood rain garden cells in 
residential yards working together to address a single downstream issue in City of University City.  
Project #3 is a collection of neighborhood rain garden cells in residential yards and cul-de-sac 
working together to address a single downstream issue in City of Creve Coeur.   

A similar criteria grid will be developed and utilized to prioritize the implementation of future 
management measures in the watershed.  Metropolitan St. Louis Sewer District is in the process of 
revising their map of prioritized watershed problem areas, and will make this revised map available 
by February 2011.   

References 

Criss, Robert E. and Hasenmueller, Elizabeth (2009) Water Quality Report for Deer Creek Watershed Alliance 

Gregory, et. Al. (2006) Effect of urban soil compaction on infiltration rate, Journal of Soil and Water Conservation 
Volume 61, Number 3 http://www.floridadep.org/water/wetlands/erp/rules/stormwater/docs/compaction.pdf 

Madalon, Leonard  (2007) EDM Evaluation Using XPSWMM of the Impact of Stormwater BMP’s, World 
Environmental and Water Resources Congress 

MoDNR (2009a) Table 1.  Proposed Missouri 2008 Section 303(d) List as Approved by the Missouri Clean Water 
Commission, May 6, 2009. http://www.dnr.mo.gov/ENV/wpp/waterquality/303d/50609cwc-approvedlist.pdf 



Deer Creek Watershed Management Plan 
Chapter 2: Element a. – Identifying Impairment 

Page 2-23 

 

MoDNR (2009b)   Methodology for the development of the 2010 Section 303(d) List in Missouri.  

Missouri Department of Natural Resources, Division of Environmental Quality Water Protection Program.   
http://www.dnr.mo.gov/ENV/wpp/docs/final2010-lmd.pdf 

Pan, Wuebles, et.al., Finding the Balance Between Floods, Flood Protection, and River Navigation;  Proceedings 
of St. Louis University Flood Forum Nov. 8, 2008 
http://www.ces.slu.edu/annualreport/FloodForum_Book_final.pdf 

Shock, E.L. and many others (2003) Water and solute sources in an urban stream, River des Peres, St. Louis 
County, Missouri. in At the Confluence: Rivers, Floods, and Water Quality in the St. Louis Region, Criss, R.E. and 
Winston, D. A., eds., Missouri Botanical Garden Press, St. Louis, p.150-160. 

Xiao, (2003) Rainfall interception by Santa Monica’s municipal urban forest, Center for Urban Forestry 
http://www.fs.fed.us/psw/programs/cufr/products/cufr420_UrbanEosystems_RISMUF.pdf 
 
Gregory, et. Al. (2006) Effect of urban soil compaction on infiltration rate, Journal of Soil and Water Conservation 
Volume 61, Number 3 http://www.floridadep.org/water/wetlands/erp/rules/stormwater/docs/compaction.pdf 
 

 
 



Deer Creek Watershed Management Plan 
Chapter 3: Estimating Load Reductions 

Page 3-1 

 

CHAPTER 3: ESTIMATING LOAD REDUCTIONS  

Below is a list of long range goals for target pollutant loads, level, or value for 6 identified indicators or 
pollutants in the Deer Creek Watershed.  The target loads are based upon the review of water quality data 
discussed in Chapter 2 (table 2-1).   Due to the nature of urban streams, reaching targeted standards for 
dissolved oxygen, chloride, E. Coli and other pollutants must of necessity be long range, and may take 20 or 
more years to achieve.  As additional water quality data becomes available the data will be assessed and 
targets values adjusted as necessary. 

Indicator 
Present pollutant load, baseline level, or 
benchmark value Target Load, Level or Value 

Dissolved 
Oxygen 

avg. mean D.O 7.1 milligrams/liter Deer 
Creek @ Maplewood  (23 samples, 2001-
2004) 

No more than 10% of all samples 
exceed criterion (5 mg/L for AQL) 
State of Missouri standard for the 
protection of aquatic life.   

Chloride 

Avg. mean chloride 407 milligrams/liter Deer 
Creek @ Maplewood 

No more than one acute toxic event 
(230 milligrams/liter) in 3 years 
during periods of stable, low flow 
conditions.  No more than one 
exceedence in three years of the 860 
mg/L chloride acute criterion under 
any flow conditions. 

E.Coli avg. geometric mean E. coli 1860 colony 
forming units /100 milliliters Deer Creek @ 
Maplewood 

During the recreational season not 
to exceed geometric mean of 206 
cfu/dL- State of Missouri standard 
for whole body contact. 

Volume as a 
surrogate for 
TSS 

TSS increases with flow rates, and at first 
flush  Capture 1st 1.14 in rainfall onsite 

(90% of storms)-MSD standard 
Phosphorus Avg. mean of .63 milligrams/liter Deer 

Creek@ Maplewood 
60% reduction of load in 
targeted sub-watersheds as per 
STEP-L model indications = .25 
milligrams/liter 

   

WATERSHED AND BMP MODELING 

Information based upon actual water quality data collected provides trend information regarding the quality 
of water within the Deer Creek watershed.   The data indicates sporadic excedences of the state’s water 
quality criteria does occur.  Further assessment of the frequency, timing and/or causes of excedences will be 
evaluated as additional water quality data becomes available.  Estimated pollutant loads can be estimated 
using a variety of watershed models.  Once a load has been estimated using models, then various types of 
BMP implementation simulations can be run through the model to determine the location and the number of 
BMP’s needed to obtain pollutant load reductions.  This chapter discusses a variety of models, their use, and 
pros and cons.  In addition, a simplified model was used to estimate the loads for the Deer Creek Watershed 
near the mouth of Deer Creek, and to estimate expected loads from three biorentention demonstration sites. 
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A subcommittee was established as part of the Technical Advisory Group to review and recommend models 
for the Deer Creek watershed.  The Deer Creek Watershed Technical Subcommittee on watershed modeling 
met on March 17, 2010. The purpose of the meeting was to review existing models and studies on Deer 
Creek, develop an overall approach with objectives for watershed modeling for water quality, and 
recommend specific modeling protocols/programs that could be used to accomplish these objectives.  The 
participants on this subcommittee consisted of: 

Len Madalon, Chairman  EDM 
 Elise Ibendahl  CH2MHill 
Susan Maag  Barr Engineering 
Eric Karch  River des Peres Watershed Coalition 
Jeff Riepe  Metropolitan St. Louis Sewer District 
Jay Haskins  Metropolitan St. Louis Sewer District 
George Tyhurst  Metropolitan St. Louis Sewer District 
Del Lobb   Missouri Department of Conservation 
Karla Wilson  EcoWorks Unlimited 
Bill Aho   EcoWorks Unlimited 

Jeff Riepe presented a summary of historical modeling efforts for Deer, Two Mile, and Black Creeks. (The 
summary that was presented does not reflect the modeling that was done for the City of Frontenac by EDM). 
The modeling performed to date does not specifically address stormwater quality, but many parameters 
needed to perform stormwater quality flow modeling (e.g. stream sections and land use) are available. Elise 
Ibendahl commented that CH2M Hill generated many of the existing models and has additional information 
that may be of interest.   

Susan Maag stated that public acceptance is important to implementation of controls and she offered to help 
with landscape architecture needed to address concerns.  

The watershed improvement goals should drive the studies to be performed. Many members of the technical 
committee (Hoskins, Lobb, & Karch) expressed concern that modeling, without specific objectives for 
watershed improvement, would not provide value commensurate with the expense of the modeling exercise. 
There is general consensus that the modeling should evaluate the extent controls (e.g., post-construction 
best management practices (BMPs)) reduce pollutant loads and promote ecological stream flows. However, 
an important component of the modeling effort should be an evaluation of whether these controls result in a 
meaningful improvement in stream ecology.  

One approach for restoring stream ecology would be to restore the stream hydrology to its pre-development 
flow regime. While the group agreed recreating the pre-development stream flow could be ideal, given the 
watershed is located in an existing highly urban area with multiple technical and political realities, this is 
unlikely to be practical in application. However, it may be possible to implement a sufficient number of 
controls such that a “nice urban stream” is established.  

The Missouri Hydrologic Assessment Tool (MOHAT) is a tool developed by USGS that could help modelers 
evaluate and recommend a watershed retrofitting plan by evaluating the effect of controls by developing 
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“ecological stream flows”. Dell Lobb presented a brief summary on MOHAT. MOHAT can examine how 
different flow regimes affect several ecological indices (up to 171 indices). The tool will not tell one “how 
much” control is needed or where controls should be located. Rather, with >20 years of real or simulated 
mean daily flow data (from another hydrology model, such as the Stormwater Management Model 
(SWMM)), MOHAT can help modelers evaluate whether the hydrology produced by controls results in 
meaningful improvement in stream ecology. While MOHAT is a new and untested model, there are no 
models proven and tested in Missouri that provide the same information. Given this, there was general 
consensus that MOHAT should be considered to help evaluate the effect of controls on ecological parameters 
in Deer Creek.   

Bill Aho presented to the group the Long-Term Hydrologic Impact Assessment (L-THIA) model, which was 
used to develop the Belews Creek Watershed Plan in Jefferson County. L-THIA is a screening-level tool that is 
helpful in showing the effect of land use changes on watershed pollutants, but not stream flow. However, the 
tool is straightforward and easy to use, and could provide some value in determining what areas of the 
watershed need the greatest attention for specific pollutants.   (The STEPL (Spreadsheet Tool for Estimating 
Pollutant Load) is another inexpensive and simple model to apply.   

The STEPL model is being used by Washington University to analyze three demonstration green infrastructure 
projects in Deer Creek.  The results of this data can be used to inform future efforts in the watershed.) 

After these presentations, the group discussed whether the overall watershed plan should address each of 
these concerns individually, or whether a surrogate should be used. The specific water quality and ecological 
parameters that the watershed plan will need to address are bacteria (e-coli), chloride, and habitat loss. 
Other problems that the plan could assist with are flash flooding and illicit discharges.1 In the National 
Research Council (NRC) report Urban Stormwater Management in the United States, key findings were “a 
straightforward way to regulate stormwater contributions to waterbody impairment would be to use flow or 
a surrogate, like impervious cover, as a measure of stormwater loading…” and “Efforts to reduce stormwater 
flow will automatically achieve reductions in pollutant loading. Moreover, flow is itself responsible for 
additional erosion and sedimentation that adversely affects surface water quality.” General consensus was 
that screening level tools, like L-THIA, could be beneficial in developing some estimate of the effect of 
imperviousness and land use on pollutant loading. Then, a more detailed modeling effort (SWMM and 
MOHAT combination) should focus on where controls would be applied and how these controls affect water 
quality by using flow as a surrogate for the water quality parameters. The new EPA model (System for Urban 
Stormwater Treatment and Analysis Integration, SUSTAIN), whose flow module is SWMM based but also 
generates pollutant removal data, may also be worth examining as part of the more detailed modeling effort 
(and for generating MOHAT input).   For a detailed discussion of the capabilities and benefits of the L-THIA, 
SWMM, SUSTAIN and STEPL models, see Appendix 3A:  Deer Creek Watershed Models.   

                                                             

1 It was noted that identifying and correcting illicit discharges are already addressed by MSD as part of the Phase II 
MS4 Permit. 
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STRATEGY TO APPLY MODELS 

The project goal is to estimate existing annual pollutant loadings and to make planning level decisions on 
which BMP’s most efficiently reduce loads of target pollutants.  An efficient analysis includes the selection of 
stormwater pollutant models that blend accuracy, reliability, and timeliness, while minimizing the cost of 
obtaining the information.  Though there are many computation methods for calculating annual pollutant 
loading, the methods generally fall into either simple or complex with respect to level of effort.  Simple 
models are defined as those models that make assumptions about hydrology that allow the user to bypass 
the effort required to model the complex relationship between landuse, soil, topography, and detention 
facilities.  STEPL and THIA are examples of simple models.  Though the accuracy of pollutant load estimates 
are compromised by this simplification, the accuracy may be sufficient to provide valuable feedback where a 
high level of accuracy is not necessary.  In contrast, typical “complex” computer models used to estimate 
loading include EPA’s SWMM, SUSTAIN, and MoHAT. Data obtained from the simple models may also be used 
as a check on the complex model results.  

National data for urban impairments will be used in the models to determine existing pollutant loadings by 
sub watershed. The national data will be checked against existing impairment data contained or described in 
this watershed plan and data that will be collected under this watershed plan. Existing pollutant loadings will 
be calculated in both simple and complex models. 

The Center for Watershed Protection conducted a study of simple and complex models and it is this 
comparison that provides confidence in the accuracy of simple models (Article 13 Watershed Protection 
Techniques. 2(2): 364-368).  The “Simple Method” was developed by Tom Schueler in 1987 to provide an easy 
yet reasonably accurate means of predicting the change in pollutant loadings in response to development.  
This method forms the basis of spreadsheet estimating tools like STEPL.  The Center for Watershed 
Protection conducted a study to compare the Simple Method and computer model results by computing a 
“maximum ratio” for various parameters.  (Article 13 Watershed Protection Techniques. 2(2): 364-368).  The 
maximum ratio represents the largest ratio between the simple and complex model pollutant load and runoff 
volume estimates.  Eighty seven percent of the maximum ratio values ranged from one to two, indicating 
that, in general, the computer model and Simple Method results were comparable.  We are therefore 
confident that where simple modeling is appropriate, STEPL will allow screening level assessment of one BMP 
strategy relative to another necessary rank of a list of BMP strategies. 
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Figure 3A: Ratio of Load Difference Computed by Simple Method Compared to SWMM or HSPS (124 annual comparisons) 

A list of appropriate BMPs to address water quality threats or impairments discussed in Chapter 2 will be 
outlined. This list will include structural stormwater BMPs (i.e. detention basins, bioretention systems), other 
site design changes, (i.e. disconnecting impervious areas, vegetated filter strips, soil amendments), and 
behavior management strategies (i.e.optimization of road salt application and improving pet waste 
practices).  Simple stormwater pollutant loading models are appropriate to roughly rank the list in terms of 
pollutant load reduction potential.  Even at this early stage of assessment, the nature of target pollutants like 
runoff volume, may require the use of complex models to evaluate the effectiveness of BMPs.  After ranking 
BMPs, complex models may then be applied to “break a tie” where the simple method does not clearly select 
one BMP over another. The complex models will also be used to quantify the number/size of preferred BMPs 
needed to achieve the target load, level, or value of pollutant desired. This strategy minimizes application of 
complex models, thereby economizing time and effort. 

STEPL (SPREADSHEET TOOL FOR ESTIMATING POLLUTANT LOAD) 

The STEP-L model can be employed to estimate the impact of BMP implementation in each of four identified 
sub-watersheds in the Deer Creek Watershed.  (See Appendix 3B and Appendix 3C).  BMP’s will be added to 
the BMP tab to determine type, drainage size, and number of BMP’s needed per subwatershed to achieve 
the desired load reductions (goals as stated in this watershed plan). 

The STEPL model was used to provide an estimated load for a subset of pollutants (T(N), T(P), BOD and TSS).  
The watershed estimates calculated using STEPL can be used as a starting point until additional funds become 
available to conduct more sophisticated watershed models or supplement additional water quality 
monitoring efforts.  The information input into the STEPL models was based on the landuse data found in 
Appendix 3C.  The Deer Creek was broken into four subwatersheds (Upper Deer Creek, Twomile Creek, Lower 
Deer Creek, and Black Creek).  The pollutant loads estimated by STEPL in pounds per year for each 
subwatershed are as follows: 
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 Upper Deer Creek: T(N) 36,888; T(P) 5,928; BOD 159,739; and TSS 801 
 Twomile Creek: T(N) 20,099; T(P) 3,417; BOD 87,963; and TSS 448 
 Lower Deer Creek: T(N) 26,807; T(P) 4,308; BOD 113,827; TSS 595 
 Black Creek: (T(N) 27,464; T(P) 4,408; BOD 117974; TSS 605 
 Total Estimated Load for Deer Creek at Outlet: T(N) 111258 T(P) 18,061, BOD 479,502; TSS 2,450 

The STEPL model was also used to predict impacts of three green Infrastructure demonstration projects on 
water quality in the Deer Creek Watershed and the information summarized in the following section.  The 
load estimates per BMP type can then be used to estimate the effects of similar BMP practices at both the 
subwatershed level or for the entire watershed.   

DEER CREEK DEMONSTRATION PROJECTS 

Three MSD demonstration BMP projects are to be implemented to assess effectiveness of raingarden and 
bioretention BMP’s  in the Deer Creek Watershed. The design goals for the projects are as follows:  

 Implement plant-based demonstration projects that reduce water pollution in the Deer Creek 
Watershed employing a green infrastructure approach. 

 The performance goal of all green infrastructure techniques will be capturing, treating, and detaining 
stormwater runoff from 90% of the recorded daily rainfall events, which is based on a rainfall 
amount of 1.14 inches.  Opportunities to design for larger events and incorporate enhanced 
infiltration techniques will be taken as downstream conditions warrant and with recognition that 
retrofitting in urban settings is challenging. 

 Measure and document, over a five year period, the effectiveness of the demonstration projects. 
 Monitor reduction in peak flow rates in relation to rainfall, overall volume reduction due to plant 

evapotranspiration and infiltration, and effectiveness of the system in filtering at least one organic 
pollutant.   

 Leverage the demonstration projects as a marketing tool to increase social acceptance of 
stormwater bioretention methods in the Deer Creek Watershed.  

 Support MSD in its process of developing appropriate processes and procedures that enhance its 
ability to implement green-infrastructure water pollution reduction projects moving forward.   

1. Mount Calvary Church and Adjacent Neighborhood – The Calvary Church and its adjacent urban 
neighborhood is located in the Deer Creek watershed. The low-lying neighborhood homes that are in the 
storm water flow path have experienced repeated yard and structure flooding (UTM coordinates: 0729913, 
4277911, elevation: 148 m).  The BMP for this project is a commercial-sized bioretention system designed to 
capture runoff from the adjacent parking lot and church roof.  Hardscape features include an underdrain and 
forbay. 

2. 10920 Chalet Court – The Chalet Court neighborhood is an urban neighborhood in the Deer Creek 
watershed where yard erosion is occurring at a pipe outlet.  A Deer Creek tributary that flows behind the 
home is undergoing significant erosion and entrenchment (UTM coordinates: 0724457, 4282986, elevation: 
188 m).  This BMP includes four residential scaled raingardens and a revised cul-de-sac center circle design to 
capture runoff flowing down the street before it enters the storm drain. 

3. 8360 Cornell Avenue – Homes along Cornell Avenue and Gannon Avenue are also located within an urban 
neighborhood in the Deer Creek watershed. The storm water flow path is behind the homes. The home at the 
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low point of the neighborhood has experienced repeated yard flooding and other yards have experienced 
erosion (UTM coordinates: 0730272, 4282615, elevation: 167 m).   This BMP includes seven residential scaled 
raingarden cells working together to address a single problem.  The treatment train will capture runoff 
flowing through backyards in a residential subdivision. 

The projects will confirm, identify, and qualify the timing and magnitude of water levels, suspended 
sediment, an organic related pollutant, and rainfall in the Deer Creek watershed.  This will be accomplished 
by collecting historical data on streams in the project area and broadly defining land use in the watershed.  In 
addition to these efforts, monitoring data and models using EPA’s Spreadsheet Tool for Estimating Pollutant 
Load program (STEPL) will assess the effectiveness of implemented green infrastructure demonstration 
projects on water quality in the Deer Creek watershed boundaries. 

The STEPL model has been employed to estimate nutrient and sediment load reductions, variations in system 
behavior, and BMP effectiveness. Input data for the model has been obtained from the field and from the 
EPA’s online data sources (http://it.tetratech-fx.com/stepl/; http://it.tetratech-
ffx.com/stepl/STEPLmain_files/STEPL%20Field%20Data%20Entry%20Sheets.pdf) for the STEPL program. 

In addition, raw data from pre- and post-BMP implementation will be evaluated using statistical comparisons 
such as the average, minimum, and maximum nutrient, sediment, and coliform loads for similar storms 
before and after implementation.  This raw data will be compared against STEPL predictions to weigh the 
accuracy of the STEPL model under local conditions.  Initial baseline monitoring data has been collected prior 
to BMP installation (See Appendix 3D) 

Below are STEP-L modeling results for three demonstration projects to be implemented in the Deer Creek 
Watershed: 

STEP-L MODELING RESULTS FOR THREE DEMONSTRATION PROJECTS 

Prepared by: Elizabeth Hasenmueller and Dr. Robert Criss 

MT. CALVARY 

N Load  
(no BMP) 

P Load  
(no BMP) 

BOD Load 
(no BMP) 

Sediment 
Load 

(no BMP) 
lb/year lb/year lb/year t/year 

27.3 4.5 118.2 0.5 
27.3 4.5 118.2 0.5 

N Reduction P Reduction BOD 
Reduction 

Sediment 
Reduction 

lb/year lb/year lb/year t/year 
16.4 3.0 0.0 0.4 
16.4 3.0 0.0 0.4 

N Load (with 
BMP) 

P Load (with 
BMP) 

BOD 
(with BMP) 

Sediment 
Load  

(with BMP) 
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lb/year lb/year lb/year t/year 
10.9 1.6 118.2 0.1 
10.9 1.6 118.2 0.1 
%N 

Reduction 
%P 

Reduction 
%BOD 

Reduction 
%Sed 

Reduction 
% % % % 

60.0 65.0 0.0 75.0 
60.0 65.0 0.0 75.0 
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CHALET CT. 

 

N Load (no 
BMP) 

P Load (no 
BMP) 

BOD Load 
(no BMP) 

Sediment 
Load  

(no BMP) 
lb/year lb/year lb/year t/year 

6.4 1.2 28.9 0.1 
6.4 1.2 28.9 0.1 

N Reduction P Reduction BOD 
Reduction 

Sediment 
Reduction 

lb/year lb/year lb/year t/year 
3.8 0.8 0.0 0.1 
3.8 0.8 0.0 0.1 
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N Load (with 
BMP) 

P Load 
(with BMP) 

BOD 
(with BMP) 

Sediment 
Load 

(with BMP) 
lb/year lb/year lb/year t/year 

2.5 0.4 28.9 0.0 
2.5 0.4 28.9 0.0 
%N 

Reduction 
%P 

Reduction 
%BOD 

Reduction 
%Sed 

Reduction 
% % % % 

60.0 65.0 0.0 75.0 
60.0 65.0 0.0 75.0 
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CORNELL AVE. 

 

N Load 
(no BMP) 

P Load 
(no BMP) 

BOD Load 
(no BMP) 

Sediment 
Load 

(no BMP) 
lb/year lb/year lb/year t/year 

5.2 1.0 23.8 0.1 
5.2 1.0 23.8 0.1 

N Reduction P Reduction BOD 
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lb/year lb/year lb/year t/year 
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N Load (with 
BMP) 

P Load (with 
BMP) 

BOD 
(with BMP) 

Sediment 
Load 

(with BMP) 
lb/year lb/year lb/year t/year 
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CHAPTER 4: ELEMENT C. - MANAGEMENT MEASURES 

GOALS FOR DEER CREEK WATERSHED 

The Deer Creek Technical Committee and the Community Leader Task Force established goals for the Deer 
Creek watershed based on the issues and concerns developed during their meetings and those expressed by 
citizens in the watershed.  These issues and concerns are documented in Chapter 2 of this watershed plan. 

The goals established are listed below.  All permitted activities will be addressed by the appropriate 
regulatory authority. 

A. Maintain and improve water quality and quantity in watershed  related to a one-

year storm event or less .  

1. Retain stormwater onsite through the following identified green infrastructure efforts: 
a. Raingardens, bioswales, and bioretention 
b. Stormwater harvesting 
c. Urban tree protection and urban forest management strategies 
d. Porous pavement 
e. Green roofs 

2. Reduce identified pollutants and other impairments.  
a. Change yard maintenance patterns(including fertilizer reduction, trash, yard waste, and 

organic debris removal) 
b. Reduce pet waste through education 
c. Reduce road salt use and capture runoff contaminated with road salt 
d. Illicit discharge detection and elimination (see MSD Phase II NPDES) 
e. Eliminate SSO’s and address CSO’s (MSD) 

B. Reduce the risk of stream bank erosion, sedimentation, and flooding  from a one 

year or greater storm event. 

1. Maintain and improve the natural stream physical stability and reduce stream 
widening and bank erosion. 

a. Utilize best available technology to improve channel protection and function. 
b. Assess, implement, and maintain detention systems to manage channel protection. 
c. Promote invasive species removal and native plant establishment. 

2. Provide adequate stream buffer zones (or stream riparian corridor) to reduce erosion 
and sedimentation to enable streams to carry large volumes of water associated with heavy 
rains without damage to property. 

a. Support greenway/trail development along riparian corridors. 
b. Share information on model set-back ordinances. 
c. Identify willing landowners for voluntary purchase/sale and permanent removal from 

development. 
d. Research appropriateness of wetland restoration. 
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C. Facilitate sustainable development and re-development as it impacts water quality 

and water quantity.  

1. Engage residential property owners in managing stormwater . (71% of land is privately 
owned) 

a. Provide technical support (fact sheets) for best management practices.   
b. Provide financial incentives for voluntary participation in stormwater management. 

2. Support the development of municipal planning and zoning efforts that may include a 
combination of incentives, ordinances, removal of barriers and/or case study 
implementation.   

a. Support communities in addressing land disturbance of less than one acre to reduce 
erosion, and/or contain stormwater.  

b. Explore the feasibility of green roof incentive strategies. 
c. Remove barriers to porous pavement installation. 
d. Manage parks and existing public lands for stormwater management. 

3. Develop strategies to assist commercial property owners to engage as responsible 
watershed stakeholders. 

D. Analyze/assess both existing conditions and effectiveness of management measures .  

1. Expand and improve watershed modeling efforts.  
2. Continue and refine watershed monitoring efforts.  
3. Develop or refine ratings systems. 
 

After defining and outlining goals to be accomplished in the watershed, the planning committees 
and subcommittees collaborated to identify a list of management measures associated with each 
goal.  Following is a list of those management objectives, as associated with each goal.  

A1 RETAIN STORMWATER ONSITE THROUGH GREEN INFRASTRUCTURE EFFORTS. 

Green infrastructure systems are defined as strategies to manage stormwater runoff at the local level 
through the use of natural systems, or engineered systems that mimic natural systems, to treat polluted 
runoff.   

a. Raingardens, bioswales and bioretention 

1)  Provide incentives to encourage the design and installation of at least 20 demonstration 
bioretention/raingarden/bioswale projects at residences, churches, schools, parks, or places of business in 
the watershed for education or technology transfer, and to assess effectiveness.   
2)  Support the development of and implementation of stormwater master plans in each municipality.  
Implement at least one demonstration project in each municipality. 
3)  Develop a long term rain garden maintenance strategy that includes training for landscapers, education 
for installers, and provide technical assistance.   Target landscaping companies and horticultural industry to 
receive education on rain gardens and bio-retention systems.  
4)  Develop a plan for implementing bioretention systems along roadways. 
5)  Develop a “dip it, don’t mound it” educational campaign for parking lot design.   
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b. Stormwater harvesting 

1)  Document the relative effectiveness of different rain barrel designs by installing and monitoring the 
effectiveness of at least 2 different models of 5 to 20 rain barrels each in the watershed over a 1 to 5 year 
period.   
2)  Make rain barrels available to landowners in the watershed through a public participation program 1 to 2 
times/year.   
3)  Install 5 to 10 cisterns/stormwater harvesting systems as demonstration projects for education and 
technology transfer and to assess effectiveness. 
4)  Identify other appropriate stormwater harvesting technologies.  

c. Urban tree protection and urban forest management strategies 

1)  Engage citizens in tree inventory, tree maintenance, and/or tree planting efforts with emphasis on native 
trees. 
2)  Identify and share local and model urban forest management programs.  
3)  Ensure that trees do not compromise or negatively affect buried or aerial utility lines or traffic sight 
distance.  

d. Porous pavement 

1)  Identify potential porous pavement demonstration projects. 
2)   Establish a Muni/BMP workgroup that will document the installation of porous pavement demonstration 
projects for education and technology transfer.  
3)  Encourage municipal road maintenance folks to use porous pavement in parking lots and sidewalks. 

e. Green roofs 

1)  Identify potential green roof demonstration projects.  
2)  Document the installation of green roof demonstration projects for education and technology transfer. 

A2  REDUCE IDENTIFIED POLLUTANTS AND OTHER IMPAIRMENTS. 

a. Trash, yard waste, and organic debris removal. 

1)  Identify and prioritize parcels in the watershed needing yard waste and organic debris removal as 
recommended by watershed municipalities. 
2)  Support annual volunteer trash clean-ups in the watershed. (Local as well as larger) 
3)  Reduce the volume of homeowner leaf litter entering streams in the watershed.  Target outreach to 
property owners along creeks.  (See homeowner goal) 
4)  Develop education campaign on disposal of “road-kill” animals. 

b. Reduce pet waste through education. 

1)  Distribute brochures on pet waste management. 
2)  Reduce bacteria pollution contributed by animal feces in the watershed through the implementation of a 
pilot dog waste composter program that installs and evaluates effectiveness of 10 animal waste composting 
systems. 
3) Promote horse manure recycling. 
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c. Reduce road salt use before it becomes runoff, and capture runoff contaminated with road 
salt. 

1)  Collect salt usage data.   
2)  Research alternatives to road salt or the removal of road salt from runoff, with the recognition that once 
road salt becomes dissolved, it is very difficult to remove. 
3)  Collect and share data on the effectiveness of pervious pavement in reducing the need for road salt 
applications.   
4)  Conduct trainings for “road salt guy” and “maintenance guy” on private developments. 
5)  Educate the public on the hazards of excessive salt use. 

d. Illicit discharge detection and elimination (see MSD Phase II NPDES). 

1)  Develop and maintain a map of the area streams, storm sewers and storm sewer outfalls.  
2)  Survey the creeks for illicit connections to storm sewers, illegal dumping, and failing septic systems. 
3)  Develop and implement a program to detect and eliminate illicit discharges into area streams.  

e. Eliminate SSO’s and address CSO’s.  

1)  Plan for eliminating SSO's and addressing CSO's currently underway by MSD. 

B1 MAINTAIN AND IMPROVE THE NATURAL STREAM PHYSICAL STABILITY AND REDUCE STREAM 
WIDENING AND BANK EROSION. 

a. Assess, implement, and maintain private on-site basins to manage channel protection.   (See 

map appendix for current locations of private on-site basin facilities)  

1)  Assess technical and cost feasibility of regional detention systems. 
2)  Reassess protocols for private on-site basin maintenance and implement best management strategies. 
3)  Assess existing on-site basin facilities for opportunities for channel protection retrofitting (i.e. changing 
outlet structures to provide channel protection function). 

b. Utilize best available technology to improve channel protection and function.  

1)  Conduct a fluvial geomorphic assessment of Deer Creek and tributaries.  Identify current conditions 
and/or current morphological trends.  Use the assessment to identify areas that can be stabilized easily 
before the morphological trends compound issues on Deer Creek or its tributaries.   
2)  Conduct seminars on the mechanics of stream dynamics related to flow for planners, public works staff, 
and developers.   
3)  Explore opportunities to restore pool-riffle-pool sequences in the creek and tributaries. 
4)  Maintain instream flow and explore other opportunities to restore habitat and species diversity. 

c. Promote invasive species removal and native plant establishment.  

1)  Assess invasive species and types and extents along the riparian corridor. 
2)  Implement 5 to 10 model invasive species removal projects. 
3)  Replant native species. 
4)  Engage citizens in invasive species removal efforts. 
5)  Provide invasive species education for planning, public works, and parks and recreation departments, 
landscape architects, and the general public. 
6)  Partner with local nurseries to promote native plants. 
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B2 PROVIDE ADEQUATE STREAM BUFFER ZONES (OR STREAM RIPARIAN CORRIDOR). 
To reduce erosion & sedimentation and to enable stream to carry large volumes of water associated with 
heavy rains without damage to property. 

a. Support greenway/trail development along riparian corridors.  

1)   Trail construction along parts of Deer Creek and its tributaries will provide additional public access to the 
creek, serve to heighten awareness and interest in the creek and its condition, and highlight water quality 
management strategies to the general public.    

b. Share information on model set-back ordinances.  

1)   Riparian corridor set-back ordinances adopted by 80% of key municipalities in the watershed.   
2)   Research opportunities to expand the width of riparian corridor set-back guidelines.  

c. Identify willing landowners located in the floodplain for voluntary purchase/sale and 
permanent removal from development. 

1)  Identify and prioritize parcels for purchase in the riparian corridor and set aside development rights in 
perpetuity as recommended by watershed municipalities. 
2)  Facilitate the purchase and set-aside of development rights of these properties as prioritized.  
3)  Use FEMA buy out opportunities to buy back floodplains. 
4)  Educate FEMA Administrators at municipalities on floodplain development/ redevelopment restrictions 
(as a tool for opening floodplains). 
5)  Solicit FEMA and others for additional floodplain buyout funding.   
6)  Explore opportunities to pass municipal ordinances that restrict or eliminate building in the floodplain. 

d. Research appropriateness of wetland restoration.  

1) Identify and prioritize appropriate areas in the watershed for wetland restoration. 
2) Develop a wetlands mitigation bank (FEMA, USACE and Municipalities) to serve as both a funding source 
and for riparian protection.  

B3 PROTECT GROUNDWATER SUPPLIES IN SENSITIVE HIGH KARST AREAS. 

a. Prevent sinkhole contamination. 

1) Assess if pollutants in stormwater are being adequately filtered before entering sinkholes. 

b. Prevent groundwater contamination. 

1) Assess the effectiveness of the incorporation of forebays/underdrains in bioretention systems to prevent 
groundwater contamination in high karst areas. 

C1 ENGAGE SINGLE PARTY RESIDENTIAL PROPERTY OWNERS IN MANAGING STORMWATER.  

a. Provide technical support (fact sheets) for best management practices.     

1)  Consider creative strategies to disseminate information (i.e. Competition).  

b. Provide financial incentives for voluntary participation in stormwater management.   

1)  Possible strategies include cost-share reimbursement program, reverse auction approach. 
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c. Encourage downspout disconnections.   

1)  Target appropriate properties (i.e. some lawns too steep, no lawn, nuisance to neighbor).   
2)  Consider using mapping to select strategies appropriate for different houses. 

d. Develop and implement a voluntary demonstration green stormwater infrastructure 
enhancement project. 

 1)  Develop and implement a voluntary demonstration green stormwater infrastructure project that provides 
financial incentives to home-owners that manage stormwater on site. Over a five year period, target at least 
20 key forward-thinking citizens throughout the watershed who will serve as agents of social change in their 
respective neighborhoods.    

e. Support annual citizen engagement projects in the watershed.    

1)  Trash clean-up. 
2)  Invasive species removal. 
3)  Tree planting, tree inventory, and/or tree maintenance. 
4)  Celebrate food yards, “Best Use of Natives”, “Best Rain Garden”, etc. 

f. Educate homeowners regarding the importance of reducing homeowner leaf litter entering  
streams. 

1)  Provide positive reinforcement to residents who prevent leaf litter from entering streams (e.g. Signs for 
front yard “I’ve done My Part to Protect Water Quality”). 

h. Engage residents in tree inventory, tree maintenance, and tree planting efforts.   

1)  Work with Forest Relief, MBG, Webster Groves Nature Study Society (WGNSS), and other orgs. 
2)  Assist citizens in proper tree maintenance.  
3)  Suggest quality native, disease-resistant varieties. 
4)  Conduct tree identification (tree blitz) activities in local parks. 
5)  Engage citizens in municipal tree inventory efforts. 

C2 SUPPORT THE DEVELOPMENT OF MUNICIPAL PLANNING AND ZONING EFFORTS.  
May include a combination of incentives, ordinances, removal of barriers and/or case study implementation.   

a. Develop policies that reduce impacts of overland flow from downspout disconnections. 
b. Develop and adopt ordinances or policies that encourage and promote stormwater retention and 
detention practices associated with less than one acre (of disturbance) redevelopment in 80% of key 
municipalities in the watershed.  
c. Develop a set of urban forestry management protocols adopted by both municipalities and MSD.  
Studies show that trees have a positive impact on dollar investment. (OK to remove tree as long as you 
plant trees) 
d. Develop a set of positive incentives to encourage tree protection and tree planting, adopted by 80% 
of key municipalities in the watershed. 
e. Support communities in addressing land disturbance of less than one acre to reduce erosion, and/or 
contain stormwater.  
f. Identify appropriate conditions for porous pavement installation.   
g. Assist municipalities in managing parks and existing public lands for stormwater management. 
h. Consider establishing quick review process for new development that does more than bare minimum 
stormwater management (i.e. implementation of treatment trains). 
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i. Identify certain plants as undesirable and discourage nurseries from stocking; encourage native 
landscapes. 
j. Document and share model ordinances that impact water quality and stormwater quantity. 

C3 DEVELOP STRATEGIES TO ASSIST COMMERCIAL PROPERTY OWNERS TO ENGAGE AS 
RESPONSIBLE WATERSHED STAKEHOLDERS. 
a. Encourage retail to stock/sell LID products; rain barrels & attachments, rain garden kits/instructions, 
rain garden plants, soil amendments, etc. 
b. Encourage use of pervious pavement and bioretention in parking lots.   
c. Encourage green roofing.  

D1 EXPAND AND IMPROVE WATERSHED MODELING EFFORTS. 
Take into account high cost of modeling efforts in a large watershed.  Use L-Thia and/or STEP-L as a screening 
tool. Use SWMM, SUSTAIN and/or MoHAT for more detailed analysis.   

a. Model the existing conditions of the watershed as a basis to compare and evaluate proposed 
improvements or proposed policies. 
b. Add BMP’s to model to be implemented during 5 year period.  Run model for the projected 5 years. 
Repeat with subsequent addition of increased BMP implementation.  Run model for subsequent 2 years, 
etc. 

D2 CONTINUE AND REFINE WATERSHED MONITORING EFFORTS. 
a. Explore ways to integrate Mo Stream Team biological data into MoHat Model.  Identify opportunities 
to utilize Mo Stream Team data to inform decision-making.  Analyze biological data to identify potential 
“hot spots”.  Compare against “healthy stream” data to analyze. 
b. Monitor the effectiveness of at least three demonstration BMP’s over a 5 year period to inform future 
efforts.  Recalibrate models based upon empirical data collected. 
c. Monitor effectiveness of bioretention systems – underdrains vs. no underdrains. 
d. Track and make available information on size, scope, location and effectiveness of area BMP's.  
e. Assess aquatic and riparian ecotone species diversity. 
f. Continue ongoing water quality monitoring efforts in Deer Creek. 

D3 DEVELOP OR REFINE RATINGS SYSTEMS AS RECOMMENDED BY THE TECHNICAL COMMITTEE 
TO INFORM AND/OR GUIDE THE PRIORITIZATION OF WATERSHED PROJECTS.  
Assess cost per project/effectiveness/area. 

PROPOSED SHORT-TERM PROJECTS FOR GREEN INFRASTRUCTURE BIORETENTION SYSTEMS 

MSD has designed and plans to implement in 2010 three demonstration projects in the cities of Brentwood, 
University City, and Creve Coeur.  These demonstration projects will be monitored over a 5 year period by 
Washington University and Litzsinger Road Ecology staff.   

Great Rivers Greenway has agreed to implement one demonstration project along a GRG trail in the Deer 
Creek Watershed.    
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In the City of Ladue, the Ladue High School has developed plans to implement a demonstration rain garden, 
and there is a citizen-led effort to develop a master plan with potential green infrastructure BMP’s for the 
Deer Creek Club.    

The City of Clayton has a stormwater master plan that encourages BMP implementation, and has designed a 
green infrastructure remediation for city compost pile impacts on water quality in Black Creek.   

The City of Frontenac has plans to implement ten bioretention BMP’s over a 3 year period as part of the city’s 
stormwater master plan.   

The City of Richmond Heights has a stormwater master plan with seven of seventeen projects remaining to 
be completed. 

The Litzsinger Road Ecology Center has plans to implement three demonstration rain gardens. 

The City of Webster Groves has plans to implement a demonstration rain garden in Larson Park. 

MICDS  is conducting honeysuckle removal/ native plant replacement efforts. 

NPDES PERMIT DISCHARGE AND COMPLIANCE INFORMATION  

Metropolitan Sewer District’s Saint Louis County NPDES Phase II Permit requires compliance with six MCM’s 
(Minimum Control Measures).  The following describes their strategy for each of the measures: 

Public Education and Outreach  

Implement a public education program to distribute educational materials to the community and conduct 
outreach activities about the impacts of storm water discharges on water bodies and the steps that the public 
can take to reduce pollutants in storm water runoff.   Activities include 1) distribution of brochures on pet 
waste management, yard waste, on impacts from businesses, and more;  2) sponsoring a storm water school 
article contest;  3) developing a storm water pollution prevention video airing four storm water infomercials 
and 4) seminars for small businesses.  

Public Involvement and Participation  

The public is actively involved in implementation of the storm water management program through 
community groups of all kinds and participation in activities to reduce storm water pollution.   Activities 
include storm drain marking, stream clean-ups, neighborhood trash clean-ups, volunteer presentations and 
household hazardous chemical collections. 

Illicit Discharge Detection and Elimination  

MSD has developed and implemented a program to detect and eliminate illicit discharges into our MS4 and 
area streams. They developed and maintain a map of the area streams, storm sewers, and storm sewer 
outfalls.   Activities include surveying the creeks for illicit connections to storm sewers, illegal dumping, and 
failing septic systems. 
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Construction Site Storm Water Runoff Control  

Land disturbance programs must be implemented to reduce pollutants in storm water runoff from 
construction activities that disturb the land. The BMPs required by the program focus primarily on erosion 
and sediment control.   Activities include St Louis County government implementing a new Land Disturbance 
Code, requiring storm water pollution prevention plans for all major land disturbance projects disturbing one 
acre or more of land, and the implementation of the model Land Disturbance Ordinance by all municipal co-
permittees . 

Post-Construction Storm Water Management  

A program to address storm water runoff from new development and redevelopment projects must be 
implemented to reduce pollutants in storm water runoff from developed property. The program must ensure 
that BMPs are in place to prevent or minimize water quality impacts. Structural BMPs include storm water 
detention ponds, infiltration basins, filter strips and more.   Activities in the plan include revising MSD's rules, 
regulations and engineering design requirements for storm water drainage facilities, adopting ordinances to 
support changes to engineering design requirements, and submitting a storm water funding mechanism 
based on impervious area for voter approval. 

Pollution Prevention/Good Housekeeping for Municipal Operations  

An operation and maintenance program that has the ultimate goal of preventing or reducing pollutant runoff 
from municipal operations will be implemented by all co-permittees.   Activities in the plan include 
developing a model operation and maintenance program, initiating a training program to educate the 
municipal employees, assessment by municipalities of their existing ordinances pertaining to trash and pet 
waste management, and development of model ordinances for trash and pet waste management for 
municipalities to adopt. 

In addition MSD has various educational videos available regarding storm water management, trash disposal, 
pet waste, household chemicals, motor oil disposal, yard waste, and development.  These videos are 
available for viewing on the MSD web site http://www.stlmsd.com/MSD/PgmsProjs/PhaseII 

LOCAL MUNICIPALITY STORMWATER MANAGEMENT PLANS  

City of Frontenac Stormwater Master Plan  

The City of Frontenac Stormwater Master Plan is based on the recommendations made in the Stormwater 
Needs Assessment (EDM, 2005).  The Stormwater Needs Assessment discussed four levels on which 
stormwater issues occur and made recommendations for each.  This document addresses the first level: 
Physical Stormwater System. This first level is discussed below along with the recommended objectives to the 
City of Frontenac. 

In many municipalities, the distinction is made between public and private stormwater problems. The 
municipality will typically resolve the public problems leaving the private problems to the homeowners. With 
such a strong passage of the half-cent sales tax, and the nature of many of the returned questionnaires, it 
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does not appear that the City of Frontenac needs to make this distinction. However, stormwater projects the 
city does undertake should be done in a fair, efficient and effective manner with an eye to system-wide 
impacts. 

The objectives the city adopted are: 

o Correct the noted deficiencies in the stormwater system 
o Ensure proposed solutions do not create additional problems 
o Resolve problem areas efficiently, understanding the comprehensive needs of the city 
o Prioritize problem areas to ensure critical problems are resolved first 
o Plan for future development within and adjacent to the city, which may impact the stormwater 

system 

This master plan addresses the above objectives and lays out a clear plan for problem resolution. A hydraulic 
model has been developed to evaluate the effects of the solutions proposed herein.  Solutions are prioritized 
according to financial, safety, and environmental properties. They consider economies of scale and are 
grouped accordingly. 

The following specific tasks were accomplished in producing this part of the Master Plan: 

L1-1 Survey:  Structure data not currently in the MSD database was surveyed to include top and flow-line 
elevations as well as missing structures. Approximately 450 manholes, inlets, and outfalls as well as incoming 
and outgoing pipe sizes and types were surveyed in the field. Top elevations for an additional 280 inlets, 
manholes, and end of pipes (flow-lines) were also surveyed. Approximately 80 creek-sections were surveyed 
along with 25 bridges and culverts with road profiles. Surveying was done by Burdine and Associates. 

L1-2 Hydraulic Model:  The existing MSD dynamic hydraulic model of the existing system was expanded 
using XPSWMM. Hydrology was developed for over 1050 nodes (places for water to enter the model). 
Characteristic-hydraulic field data was obtained for 26,000 feet of open channels. Eighty-six open channel 
cross-sections were added to the model along with 25 bridges. Seven detention basins were added to the 
existing conditions model and five more added to the proposed detention basins model. Survey data was 
integrated into the existing model. The model was checked to determine missing data, which was obtained 
and the model refined. Numerous attempts to calibrate the model were made, but MSD results could not be 
duplicated. The majority of the reason for this is credited to use of a newer version of XPSWMM. Results in 
the main channel do in general more closely resemble the HEC-2 results used to map the floodplain. Both 
existing and future conditions were run and are documented herein.  

L1-3 Additional Problem Areas:   Additional areas of concern are identified in the hydraulic model. 
Stormwater problems in commercial areas, based on results from a city mailing to commercial operations in 
Frontenac, are analyzed, mapped and have conceptual solutions developed. The master plan also accounts 
for additional residential questionnaires. 

L1-4 Conceptual Solutions:  Conceptual solutions are developed and grouped according to sub watersheds 
for problems identified in the needs assessment and this master plan. Conceptual solutions are developed in 
written form and an exhibit is produced. Proposed solutions are analyzed with the existing conditions 
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hydraulic model and impacts are documented. Cost estimates are developed and a benefits analysis is 
performed. Problem groups are prioritized and a stormwater capital improvement plan is developed.  

L1-5 Identify Financial Benefits:  As with most capital improvement projects, implementation of stormwater 
projects tends to increase property values. This task evaluates the change in property values that will 
accompany implementation of the conceptual solutions. This shows the dollar value of the improvement to 
the resident of Frontenac.  

Frontenac Stormwater Master Plan Update Fy08 

This update consists of accounting for additional stormwater concerns identified since the completion of the 
original Master Plan, dated June 2007, as well as changes to planned projects. Completed projects are now 
shown as existing infrastructure on the appropriate figures. 

All the hydraulic models have been updated to account for inaccuracies found since the Master Plan was 
released. The existing conditions dynamic hydraulic model (XPSWMM) is updated for completed projects and 
the results are presented. Additional proposed solutions and changed solutions are evaluated in the 
XPSWMM model. Different alternatives are evaluated for Monsanto-Sunswept Creek in the Glen Abbey-Oak 
Gate area.  

The Hurricane Ike storm event of September 14, 2008 is evaluated for severity and documented flooding is 

compared with the hydraulic model results.  A summary of stormwater projects proposed by the St. Louis 
Metropolitan Sewer District (MSD) is presented.  The 5-year Stormwater Improvement Plan is updated as 
well as a prioritized summary of all projects. 

City of Clayton Stormwater Master Plan  

The City of Clayton, MO is experiencing redevelopment where large areas of small ranch homes are being 
replaced by larger homes that take up a much larger portion of the lot. This redevelopment, combined with 
the stormwater problems that have historically occurred in Clayton, is aggravating an already serious urban 
drainage problem. Although the city has limited redeveloped parcels to a maximum of 55% impervious 
coverage, this increased coverage has created a stormwater drainage concern for the impacts on both the 
redeveloped lots and surrounding properties. 

The City retained CH2M HILL in January, 2006 to provide engineering services necessary to perform a 
Citywide Stormwater Study. In particular, the study emphasizes the use of low impact development (LID) 
technologies as an alternative to, or in conjunction with, conventional stormwater management techniques 
to solve stormwater problems. The study also includes a review of the City’s ordinances and Urban Design 
District standards and makes recommendations to improve stormwater management. 

 

Key elements of the study include: 
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o Delineation of major and minor watersheds within the City limits on a master map and determine 
hydrologic characteristics within the City of Clayton 

o Interviews with City Staff and City Officials 
o Surveys of the public 
o Review of complaint records and previous engineering studies 
o Identification of the potential causes for flooding, erosion and sewer backups 
o Identification of development issues related to stormwater 
o Review of the City’s development related ordinances and policies, and preparation of 

recommendations to address these development issues. 
o Development of a prioritized list of projects including a conceptual scope of work for each project for 

financial project planning 

CITY OF RICHMOND HEIGHTS STORM WATER AND SEWER MANAGEMENT PROGRAM  

Although the City lies within the St Louis Metropolitan Sewer District (MSD), there was a need to assess the 
storm sewer system.  The location, capacity, condition, and shortcomings of the existing system were 
assessed in 2001. 

The Richmond Heights stormwater management program began with several goals.   

These goals are: 

� Delineation of major watersheds within the city limits (Subwatersheds Plate). 
� Determine characteristics (Hydrological and Hydraulic) 
� Conduct surveys and interview with city officials and residents. 
� Review of complaint records and previous engineering studies. 
� Identify the potential causes for flooding, erosion and sewer backups. 
� Identify possible solutions and costs to fix the problems based on experience and best engineering 

judgment. 
� Develop a prioritized list of projects for financial planning. 

In June 2001, 17 improvement projects were identified.  Of these 17 projects, 10 projects have been 
completed as of November 12, 2010. 

.   
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CHAPTER 5: ELEMENT D. - TECHNICAL & FINANCIAL ASSISTANCE 

The chart below describes the planned order of implementation of management measures, the time requirements for implementing the plan, as well as 
identifying technical and financial resources for short term goals.  Management measures highlighted in yellow indicate prioritized objectives.  The chart is 
followed by a more in depth description of potentially available technical and financial resources for watershed plan implementation.  There are limitations of 
trying identifying long-term funds sources into the far future.   Funding sources will be continually sought and based upon political leadership.  As new 
information is obtained, the information will be incorporated into future WMP revisions. 

GOALS Management Objectives Timeline Tech Resources Financial Resources 

A1 RETAIN STORMWATER ONSITE THROUGH GREEN INFRASTRUCTURE        

a. Raingardens, 
bioswales and 
bioretention 

1)  Provide incentives to encourage the design and installation of at least 20 
demonstration bioretention/raingarden/bioswale projects at residences, churches, 
schools, parks or places of business in the watershed for education or technology 
transfer, and to assess effectiveness.   1 to 5 years 

MBG, Shaw Nature 
Reserve (SNR), Show 
Me Raingardens, 
MSD, munis 

319 funds, MSD, MBG, 
MDC, private donors 

Support the development and implementation of stormwater master plans in each 
municipality.  Implement at least one demonstration project in each municipality. 1 to 5 years Muni’s 319 funds, Muni’s 
3)  Develop a long term rain garden maintenance strategy that includes training for 
landscapers, education for installers, and provide technical assistance.   Target 
landscaping companies, and horticultural industry to receive education on rain 
gardens and bio-retention systems.  1 to 5 years MBG, SNR   
4)   Develop a plan for implementing bioretention systems along roadways. 5 to 10 years     
5)  Develop a “dip it, don’t mound it” educational campaign for parking lot design.   5 to 10 years     

b. Stormwater 
harvesting 

1)  Document the relative effectiveness of different rain barrel designs by installing 
and monitoring the effectiveness at least 2 different models of 5 to 20 rain barrels 
each in the watershed over a 1 to 5 year period.   1 to 5 years 

River des Peres 
Watershed Coalition 
(RdPWC) 319 funds, RdPWC 

2)  Make rain barrels available to landowners in the watershed through a public 
participation program 1 to 2 times/year.   Ongoing MSD, RdPWC 

MSD, private 
landowners 

3)  Install 5 to 10 cisterns/stormwater harvesting systems as demonstration projects 
for education and technology transfer and to assess effectiveness. 1 to 10 years 

 
  

4)  Identify other appropriate stormwater harvesting technologies.  10 years     
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GOALS Management Objectives Timeline Tech Resources Financial Resources 

c.  Urban tree 
protection and 
urban forest 
management  

1)  Engage citizens in tree inventory, tree maintenance, and tree planting efforts 
with emphasis on native trees. 1 to 5 years 

Forest Releaf, MBG, Webster Groves Nature 
Study Society (WGNSS) 
  

2)  Identify and share local and model urban forest management programs.  1 to 5 years 
See City of 
Chesterfield model   

3)  Ensure that trees do not compromise or negatively affect buried utility lines or 
traffic sight distance.  1 to 5 years MSD   

d. Porous 
pavement 

1)  Identify potential porous pavement demonstration projects. 5 to 10 years     
2)   Establish a Muni/BMP workgroup that will document the installation of porous 
pavement demonstration projects for education and technology transfer.  10 years     

3)  Encourage municipal road maintenance folks to use porous pavement in parking 
lots and sidewalks. 5 to 10 years     

e. Green roofs 1)  Identify potential green roof demonstration projects.  10 - 15 years     

2)  Document the installation of green roof demonstration projects for education 
and technology transfer. 20 year vision     
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GOALS Management Objectives Timeline Tech Resources Financial Resources 

A2 REDUCE IDENTIFIED POLLUTANTS AND OTHER IMPAIRMENTS       

a. Change yard 
maintenance 
patterns 

1)  Identify and prioritize parcels in the watershed needing yard waste and organic 
debris removal as recommended by watershed municipalities. 1 to 5 years City of Brentwood 

319 funds, City of 
Brentwood 

2)  Support annual volunteer trash clean ups in the watershed. (Local and larger) Ongoing MSD, Muni's, RdPWC, MO Stream Team 
3)  Reduce the volume of homeowner leaf litter entering streams in the watershed.  
Target outreach to property owners along creeks.  (See homeowner goal) 1 to 5 years     
4)  Develop education campaign on disposal of “road-kill” animals. 5 to 10 years     

b. Reduce pet 
waste through 
education. 

1)  Distribute brochures on pet waste management. Ongoing  MSD Phase II   
2)  Reduce bacteria pollution contributed by animal feces in the watershed through 
the implementation of a pilot dog waste composter program that installs and 
evaluates effectiveness of 10 animal waste composting systems. 1 to 5 years 

River des Peres 
Watershed Coalition 

 3.   Promote horse manure recycling 5-10 years 
 

  

c. Reduce road 
salt in runoff. 

1)  Collect salt usage data.   Ongoing MSD & co-permittees   

2)  Research alternatives to road salt or the removal of road salt from runoff, with 
the recognition that once road salt becomes dissolved, it is very difficult to remove. 1 to 5 years 

MSD and co-
permittees  

3)  Collect and share data on the effectiveness of pervious pavement in reducing the 
need for road salt applications.   1 to 5 years 

MSD and co-
permittees   

4)  Conduct trainings for “road salt guy” and “maintenance guy” on private 
developments. 1 to 5 years 

St. Louis Earth Day 
Symposium   

5) Educate the public on the hazards of excessive salt use. 1 to 5 years Deer Creek Friends   
d. Illicit discharge 
detection and 
elimination (see 
msd phase ii 
npdes). 

1)  Develop and maintain a map of the area streams, storm sewers and storm sewer 
outfalls.  Ongoing MSD   
2)  Survey the creeks for illicit connections to storm sewers, Illegal dumping, and 
failing septic systems. Ongoing MSD   
3)  Develop & implement a program to detect & eliminate illicit discharges. Ongoing MSD   

e. Eliminate SSO’s 
& address CSO’s.  1)  Plan for eliminating SSO's and addressing CSO's currently underway. TBD  by MSD MSD   
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GOALS Management Objectives Timeline TechResources Financial Resources 

B1  MAINTAIN AND IMPROVE THE NATURAL STREAM PHYSICAL STABILITY AND REDUCE STREAM WIDENING AND BANK 
EROSION. 
a. Assess, 
implement, and 
maintain regional 
detention 
systems to 
manage channel 
protection .  

1)  Assess technical and cost feasibility of regional detention systems. 
10 to 15 
years MSD and muni's   

2)  Build and/or retrofit regional detention systems. 
15 to 20 
years     

3)  Reassess protocols for regional detention maintenance and implement best 
management strategies. 

15 to 20 
years     

4)  Assess existing detention facilities for opportunities for channel protection 
retrofitting (i.e. changing outlet structures to provide channel protection function). 

15 to 20 
years     

b. Utilize best 
available 
technology to 
improve 
channel 
protection and 
function.  

1)  Conduct a fluvial geomorphic assessment of Deer Creek and tributaries.  Identify 
current conditions and/or current morphological trends.  Use the assessment to 
identify areas that can be stabilized easily before the morphological trends 
compound issues on Deer Creek or its tributaries.   1 to 5 years 

Local engineering 
firms, local 
universities   

2)  Conduct seminars on the mechanics of stream dynamics related to flow.  For 
planners, public works staff, developers.   1 to 5 years 

St. Louis Earth Day 
Symposium   

3)  Explore opportunities to restore pool-riffle-pool sequences in the creek and  
tributaries. 

10 to 15 
years     

4)  Maintain instream flow and explore other opportunities to restore habitat and  
species diversity 

10 to 15 
years     

c. Promote 
invasive 
species 
removal and 
native plant 
establishment. 

1)  Assess invasive species and types and extents along the riparian corridor. Ongoing     

2)  Implement 5 to 10 model invasive species removal projects. 1 to 10 years  RdPWC  RdPWC/ MDC 
3) Replant native species Ongoing  RdPWC  RdPWC/ MDC 
4)  Engage citizens in invasive species removal efforts. 1 to 5 years  RdPWC  RdPWC/ MDC 
5)  Provide invasive species education for planning, public works, and parks and 
recreation departments, landscape architects, and the general public. Ongoing 

  6)  Partner with local nurseries to promote native plants. Ongoing 
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GOALS Management Objectives Timeline Tech Resources Financial Resources 

B2 PROVIDE ADEQUATE STREAM BUFFER ZONES (OR STREAM RIPARIAN CORRIDOR) to reduce erosion & sedimentation and to 
enable stream to carry large volumes of water associated with heavy rains without damage to property. 
a. Support 
greenway/trail 
develop-ment 
along riparian 
corridors. 

1)   Trail construction along parts of Deer Creek and its tributaries will provide 
additional public access to the creek, serve to heighten awareness and interest in the 
creek and its condition, and highlight water quality management strategies to the 
general public.  1 to 5 years  GRG  GRG 

2) Great Rivers Greenway (GRG) has a proposed project for a trail between Deer 
Creek Park and Lorraine Davis Park.  The project will follow Deer Creek from Deer 
Creek Park in Webster Groves to the confluence with Shady Grove Creek in Lorraine 
Davis Park, and continuing through Lorraine Davis Park.  1 to 5 years GRG GRG 

b. Share 
information on 
model set-back 
ordinances.  

1)   Riparian corridor set-back ordinances adopted by 80% of key municipalities in the 
watershed.   1 to 5 years Muni's   

2)   Research opportunities to expand the width of riparian corridor set back 
guidelines.  

20 year 
vision     

c. Identify 
willing 
landowners 
located in the 
floodplain for 
voluntary 
purchase/sale 
and 
permanent 
removal from 
development. 

1)  Identify and prioritize parcels for purchase in the riparian corridor and set aside 
development rights in perpetuity as recommended by watershed municipalities. 1 to 5 years City of Brentwood   

2)  Facilitate the purchase and set-aside of development rights of these properties as 
prioritized.  1 to 5 years City of Brentwood   

3) Use FEMA buy out opportunities to buy back floodplains. 1 to 5 years 
University City, 
Brentwood?   

4)  Educate FEMA Administrators at municipalities on floodplain development/ 
redevelopment restrictions (as a tool for opening floodplains). ongoing     
5)  Solicit FEMA and others for additional floodplain buyout funding.   1 to 5 years   FEMA 

6) Explore opportunities to pass municipal ordinances that restrict or eliminate 
building in the floodplain. 

5 to 10 
years     
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GOALS Management Objectives Timeline Tech Resources Financial Resources 
d. Research 
appropriateness 
of wetland 
restoration.  

1) Identify and prioritize appropriate areas in the watershed for wetland restoration. 1 to 5 years   Fish and Wildlife 

2) Develop a wetlands mitigation bank (FEMA, USACE and Municipalities) to serve as 
both a funding source and for riparian protection  

5 to 10 
years FEMA FEMA, Fish and Wildlife 

B3 PROTECT GROUNDWATER SUPPLIES IN SENSITIVE HIGH KARST AREAS 
a. Prevent 
sinkhole 
contamination. 

1) Assess if any sinkholes are currently employed for stormwater drainage. 5 to 10 years     
2) Redirect stormwater to prevent it from directly draining in sinkholes 

5 to 10 years 
    

b. Prevent 
groundwater 
contamination. 

1) Assess the effectiveness of the incorporation of forbays/underdrains in 
bioretention systems to prevent groundwater contamination in high karst areas. 1 to 5 years     

C1 ENGAGE SINGLE PARTY RESIDENTIAL PROPERTY OWNERS IN MANAGING STORMWATER. 
a. Provide 
technical support 
(fact sheets) for 
best management 
practices. 1)  Consider creative strategies to disseminate information (i.e. Competition).  1 to 5 years 

East West Gateway, 
MSD   

b. Provide 
financial 
incentives for 
voluntary 
participation in 
stormwater 
management.  

1)  Possible strategies include cost-share reimbursement program, reverse auction 
approach. 1 to 5 years     

c. Encourage 
downspout 
disconnections.  

1)  Target appropriate properties, i.e. some lawns too steep, no lawn, nuisance to 
neighbor).   5 to 10 years     

2)  Consider using mapping to select strategy appropriate for different houses. 5 to 10 years 
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d.  Develop and 
implement a 
voluntary 
demonstration 
green stormwater 
infrastructure 
enhancement 
project. 

1)  Develop and implement a voluntary demonstration green stormwater 
infrastructure project that provides financial incentives to home-owners that 
manage stormwater on site.  Over a five year period, target at least 20 key forward-
thinking citizens throughout the watershed who will serve as agents of social 
change in their respective neighborhoods.   1 to 5 years MBG, Munis, MSD 

319 funds, MBG, 
private donors 

e. Support annual 
citizen 
engagement 
projects in the 
watershed.  

1)  Trash clean up.  On going     
2)  Invasive species removal. On going 

  3)  Tree planting. On going 
  

4)  Celebrate food yards, “Best Use of Natives”, “Best Rain Garden” , etc. On going 
  f.  Educate 

homeowners on 
importance of 
reducing 
homeowner leaf 
litter entering 
streams. 

1)  Provide positive reinforcement to residents who prevent leaf litter from entering 
streams (e.g. Signs for front yard “I’ve done My Part to Protect Water Quality”). 5 to 10 years     

g. Engage 
residents in tree 
inventory, tree 
maintenance, and 
tree planting 
efforts. 

1)  Work with Forest Relief, MBG, Webster Groves Nature Study Society (WGNSS), 
and other orgs.  1 to 5 years     

2)  Assist citizens in proper tree maintenance. 1 to 5 years 
  3)  Suggest quality native, disease-resistant varieties.     1 to 5 years 
  4)  Conduct tree identification (tree blitz) activities in local parks. 1 to 5 years 
  5)  Engage citizens in municipal tree inventory efforts. 1 to 5 years 
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GOALS 

 
Management Objectives 

 
Timeline 

 
Tech Resources 

 
Financial Resources 

C2 SUPPORT THE DEVELOPMENT OF MUNICIPAL PLANNING AND ZONING EFFORTS  May include a combination of incentives, 
ordinances, removal of barriers and/or case study implementation.   

  
a. Develop policies that reduce impacts of overland flow from downspout 
disconnections. 5 to 10 years     

  

b. Develop and adopt ordinances or policies that encourage and promote 
stormwater retention and detention practices associated with less than one acre 
(of disturbance) redevelopment in 80% of key municipalities in the watershed.  1 to 10 years 

WG, Frontenac, 
Brentwood, Clayton, 
Creve Coeur   

  

c. Develop a set of urban forestry management protocols adopted by both 
municipalities and MSD.  Studies show that trees have a positive impact on 
dollar investment. (OK to remove tree if you plant trees) 5 to 10 years 

 
  

  
d. Develop a set of positive incentives to encourage tree protection and tree 
planting, adopted by 80% of key municipalities in the watershed. 5 to 10 years     

  
e. Support communities in addressing land disturbance of less than one acre to 
reduce erosion, and/or contain stormwater.  1 to 10 years St. Louis County   

  f. Identify appropriate conditions for porous pavement installation.   1 to 5 years MSD& copermittees   

  
g. Assist municipalities in managing parks and existing public lands for 
stormwater management. Ongoing     

  

h. Consider establishing quick review process for new development that do 
more than bare minimum stormwater management. (i.e. implementation of 
treatment trains) ? HBA, MSD, Munis   

  
i. Identify certain plants as undesirable for appropriate stormwater 
management. 1 to 5 years  LREC, MBG, RdPWC   

  
j. Document and share model ordinances that impact water quality and stormwater 
quantity. 1 to 5 years 

MSD, Municipal 
Committee   
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GOALS Management Objectives Timeline Tech Resources Financial Resources 

C3 DEVELOP STRATEGIES TO ASSIST COMMERCIAL PROPERTY OWNERS TO 
ENGAGE AS RESPONSIBLE WATERSHED STAKEHOLDERS.       

  

a. Encourage retail to stock/sell LID products;  rain barrels & attachments, rain 
garden kits/instructions, rain garden plants, soil amendments, etc. ongoing MSD, MBG, muni's   

b. Encourage use of pervious pavement and bioretention in parking lots.   ongoing 
MSD, EWG, MBG, 
USGBC   

c. Green roofing. 15 -20 years 
  D1 EXPAND AND IMPROVE WATERSHED MODELING EFFORTS.  Take into 

account high cost of modeling a large watershed.  Use L-Thia and/or STEP-L as a 
screening tool. Use SWMM, SUSTAIN and/or MoHAT for more detailed analysis.       

  

a. Model the existing conditions of the watershed as a basis to compare and 
evaluate proposed improvements or proposed policies. 1 to 5 years     

b. Add BMP’s to model to be implemented during 5 year period.  Run model for the 
projected 5 years. Repeat with subsequent addition of increased BMP 
implementation.  Run model for subsequent 2 years, etc. 1 to 5 years     

D2 CONTINUE AND REFINE WATERSHED MONITORING EFFORTS.       

  

a. Explore ways to integrate MO Stream Team biological data into MoHat Model.  
Identify opportunities to utilize Mo Stream Team data to inform decision-making.  
Analyze biological data to identify potential “hot spots”.  Compare against “healthy 
stream” data to analyze. 1 to 10 years 

Mo Stream Team, MDC, 
MSD, USGS   

b. Monitor the effectiveness of at least three demonstration BMP’s over a 5 year 
period to inform future efforts.  Recalibrate models based upon empirical data. 1 to 5 years MSD, MBG, WU 319 funding 

c. Monitor effectiveness of bioretention systems – underdrains vs. no underdrains. 1 to 5 years MBG 319 funding 

  
d. Track and make available information on size, scope, location and effectiveness 
of area BMP's. 1 to 5 years 

Show Me Rain Gardens, 
MSD, RdPWC   

  e. Assess aquatic and riparian ecotone species diversity. 1 to 10 years     
  f. Continue ongoing water quality monitoring efforts in Deer Creek. 1 to 5 years LREC, MDC, MSD, USGS   
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TECHNICAL & FINANCIAL ASSISTANCE FOR DEER CREEK WATERSHED MANAGEMENT PLAN 

DEER CREEK WATERSHED FUNDRAISING SUBCOMMITTEE 

 The purpose of the Fundraising Subcommittee is to identify and pursue sources of financial support for the 
implementation of the watershed plan.  The first meeting of the Fundraising subcommittee was In November 
2009. A second meeting was held August 2010.  See Appendix 5-A (grant booklet) and 5-B (grants and funding 
opportunities spreadsheet) for more information. 

The Fundraising and other committees will continually seek funding opportunities, and will continue to meet 
periodically as opportunities arise.  As a result this section will be updated as needed to reflect those 
opportunities. 

AMERICAN SOCIETY OF CIVIL ENGINEERS 

The American Society of Civil Engineers-St. Louis Chapter Water and Environment Sub-Committee will 
provide technical support for watershed planning and implementation by sponsoring and facilitating Deer 
Creek Watershed Technical Committee meetings. 

FOCUS ST. LOUIS 

Focus St. Louis has formed an Environmental Sustainability and Stewardship Task Force to assist local 
governments in the St. Louis region to increase their level of environmental sustainability and environmental 
stewardship.  The committee has developed and published a Sustainability Roadmap available to 
municipalities in the region. 

GREAT RIVERS GREENWAY DISTRICT 

The Great Rivers Greenway District has implemented many projects across the region, often in partnership 
with municipal, governmental, and public agencies, as well as private and nonprofit organizations.  The 
blueprint for The Great Rivers Greenway District is to develop a region-wide system of greenways, parks, and 
trails that will encircle the region.  Called, The River Ring, the 600-mile web of more than 45 greenways will 
span two states and an area of 1,216 square miles with 1.6 million residents.  In addition to creating a 
vibrant, more connected region with thriving green spaces and flourishing natural habitats, new 
opportunities will result in strong economic development. 

The Great River Greenway District will fund the implementation of a green infrastructure demonstration 
project in the City of Maplewood in conjunction with the Deer Creek Watershed planning effort. 

LADUE HIGH SCHOOL 

Ladue High School has received a $40,000 national award to implement a demonstration rain garden onsite 
at Ladue High School. 
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METROPOLITAN ST. LOUIS SEWER DISTRICT 

Metropolitan St. Louis Sewer District provides creek monitoring data, planning leadership, and engineering 
technical expertise and is implementing and assisting with the monitoring of three demonstration BMP’s. In 
addition, MSD provides leadership on implementation of NPDES strategies in the watershed 

To improve water quality in the Deer Creek Watershed, MSD is committing up to $200,000 in staff time and 
implementation costs to install three bioretention systems in the Deer Creek Watershed that will be 
monitored by Washington University for system effectiveness.  Pending board approval, MSD will contribute 
a second $200,000 to the lead sponsor of the Deer Creek Watershed Alliance for the purpose of improving 
water quality in the Deer Creek Watershed, to be used as the sponsor deems appropriate. 

 

MISSOURI BOTANICAL GARDEN 

As part of the Missouri Botanical Garden program, the Litzsinger Road Ecology Center conducts a sustainable 
schools summer workshop for teachers with follow-up field work at the school and at Litzsinger, and support 
for on-site native planting projects where schools demonstrate interest.  Shaw Nature Reserve staff offers 
rain garden workshops, brochure and web-based rain garden information, and limited technical advice for 
rain garden installation.  A list of recommended native plants for bioretention systems is posted on the Shaw 
Nature Reserve website.  The Horticulture Division has installed a rain garden near the Kemper Center, and 
has a horticulture answer service who can answer rain garden related questions for the general public.  
Missouri Botanical Garden also commits resources to direct, facilitate, and provide fiscal services for the 
implementation of 319 funded projects.   

MISSOURI DEPARTMENT OF CONSERVATION 

The Missouri Stream Team Program, a partnership of the Missouri Department of Conservation, coordinates 
volunteer stream team efforts in the region.  The Missouri Department of Conservation’s Grow Native 
program has extensive online resources related to rain garden plants, design, and resources.  The Missouri 
Department of Conservation is interested in providing technical assistance and has agreed to provide 
replacement plants for demonstration projects.  The Missouri Department of Conservation also provides 
several grant opportunities as well. 

MISSOURI DEPARTMENT OF NATURAL RESOURCES & U.S. EPA REGION 7 

Funds are available for watershed planning and implementation by US EPA Region 7 through the Department 
of Natural Resources under Section 319 of the Clean Water Act.  In addition, Missouri Department of Natural 
Resources staff provides technical expertise to assist in watershed planning and implementation efforts. 

AREA MUNICIPALITIES 



Deer Creek Watershed Management Plan 
Chapter 5: Element d. – Technical & Financial Assistance 

Page 5-12 

 

The Cities of Clayton, Frontenac, and Rock Hill will provide outreach, education and administrative services 
related to downspout disconnection green infrastructure enhancements for homeowners in their respective 
cities.  Other municipalities in the watershed will be invited to offer this same level of support as well. 

RIVER DES PERES WATERSHED COALITION  

 The River Des Peres Watershed Coalition engages in cleanups, invasive species removal projects, and 
planting projects in Deer Creek.  The River Des Peres Watershed Coalition tracks and documents rain garden 
and rain barrel locations in the watershed.  In addition, the River Des Peres Watershed Coalition specializes in 
researching and marketing rain barrels and animal waste composting systems.   

SOIL AND WATER CONSERVATION DISTRICT 

 The St. Louis County Soil and Water Conservation District is initiating a “Show Me Rain Gardens” project.  
The project consists primarily of a website as a resource for rain garden information, a list of recommended 
rain garden plants, and tracking and documentation of rain garden locations in the watershed.  

U.S. ARMY CORPS OF ENGINEERS  

Planning assistance from the Corps of Engineers is available to the states on a cost share basis (50-50).  
Floodplain management would be a candidate for this assistance.  

FINANCIAL ASSISTANCE FOR DEER CREEK WATERSHED -ADDITIONAL RESOURCES 

FEDERAL FUNDING OPPORTUNITIES   
The EPA.gov sites is a resource for potential grant opportunities: 
http://www.epa.gov/ogd/grants/funding_opportunities.htm. 

In addition, Boise State University is the site of the Environmental Finance Center (EFC) for USEPA Region 10. 
Nine universities in the United States have been designated EFCs by the Environmental Protection Agency to 
help states and regulated entities manage environmental mandates required by federal law. The EFCs are 
located at the University of Maryland, New Mexico Institute of Mining and Technology, Syracuse University, 
Cleveland State University, California State University at Hayward, University of Louisville, University of 
Southern Maine, & University of North Carolina at Chapel Hill.   The EFC website is  
www.epa.gov/efinpage/  and contains information on the EFC Network and each of its regional centers. 

The EFC strives to keep abreast of the latest environmental finance information and tools. This web site is 
updated monthly to provide this information to practitioners in this field. 

Boise State University opened the Region 7 Satellite Office in October of 2007. The Region 7 Satellite EFC 
provides communities in Iowa, Kansas, Missouri and Nebraska with many of the services, tools and technical 
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assistance that have been provided by the EFC in Region 10. Help on the "how to pay" issues of 
environmental protection is now available locally for the Midwest.  

EFC provides and maintains a Directory of Watershed Resources which provides sources of potential funding 
for projects.  The following list reflects information in this database.  Additional websites that offer 
watershed funding search options include EPA Watershed Academy Catalog of Federal Funding for 
Watershed Protection and U.S. Environmental Protection Agency Watershed Funding. 

EFC ‘S DIRECTORY OF WATERSHED RESOURCES 

 

Missouri Sources- 37 programs found 
Alternative Loan Program 
Grow Native! Program 
Missouri Wildlife Habitat Incentives Program (WHIP) 
Missouri's Aquaculture Program 
North Central Region(NCR)-SARE Professional Development Program Grant 
North Central Region(NCR)-SARE Research and Education Grant Program 
Conservation Contractor Training 
Master Wildlife Program 
Missouri Agroforestry Program 
Missouri Stream Team Program 
Missouri Watershed Management Assistance (MoWMA) 
Missouri's Forest Keepers Network 
Outdoor Classroom Grant, Missouri 
United Sportsmen's League Wildlife Conservation Grant, Missouri 
Community Development Block Grant (CDBG) Other Public Needs, Missouri 
Community Development Block Grant Program (CDBG) Water and Wastewater, Missouri 
Delta Regional Authority 
Industrial Infrastructure Grant 
Energy Revolving Fund 
Land and Water Conservation Fund (LWCF) - Missouri 
Living Lands and Waters-Educational Workshops 
Missouri Brownfields Revolving Loan Fund 
Missouri Energy Efficiency and Renewable Energy Set-Aside Program 
Recreational Trails Program (RTP) - Missouri 
Section 319 Nonpoint Source (NPS)- Minigrant Program 
Section 319 Nonpoint Source Implementation Grant Program -Missouri 
Watershed Management Development Grant 
Adopt-A-Highway Program, Missouri 
Request An Expert Program 
Scenic Byways Program 
Transportation Enhancement Program, Missouri 
Tools for Floodplain Management 
Abandoned Well Plugging Program 
Plant Diagnostic Clinic 
University of Missouri Center for Agroforestry 
Missouri Alternatives Center 
Region 7 Pollution Prevention Regional Information Center 
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CHAPTER 6: ELEMENT E. - PUBLIC INFO & EDUCATION 

The Deer Creek watershed offers countless opportunities for education. The overall public info and education 
strategy for the Deer Creek Watershed includes social marketing, media outreach, outreach through schools, 
and leveraging partnerships.  The project will work with a variety of entities to co-sponsor and/or lead 
implementation of project components.   

Social marketing activities to date have included the formation of a Deer Creek Watershed Friends citizen’s 
arm of the Deer Creek Watershed Alliance, with a Deer Creek Watershed Friends steering committee to guide 
citizen-based activities.  Citizens have been actively engaged in contributing ideas towards the watershed 
planning process.  In addition, guest speakers at semi-annual meetings have kept citizens informed on a 
range of related topics, including but not limited to rain gardens, MSD’s plan as submitted to EPA to reduce 
combined sewer overflows, school-based demonstration projects, and in-depth discussions on progress of 
the watershed plan itself.  Annual citizen engagement projects have included a creek clean up with 571 
citizens participating and a creek naming project resulting in eleven newly names Deer Creek Tributaries.  The 
2011 citizen engagement project will focus on water quality benefits of trees and may include tree tagging, 
tree tours activities and booths at public festivals, hands-on invasive species removal, and public meetings 
with guest speakers.  In addition, there will be focused attempts to build the email newsletter list, and 
informative bi-monthly email newsletters mailed. 

Media outreach to date has included press releases submitted on 1) The launching of the Deer Creek 
Watershed Alliance, 2) The receipt of a national award, the 2009 Rain Bird Intelligent Use of Water State of 
the Union Award, and 3) The creek naming project.  2011 media outreach will include coordinated media 
campaigns to promote the newly installed demonstration rain gardens, and a water quality benefits of trees 
media campaign. 
 
Leveraged partnerships will be utilized wherever possible to increase the effectiveness of outreach 
campaigns.  For example, the PR departments of Missouri Botanical Garden and Metropolitan St. Louis Sewer 
District will promote the rain garden media campaign, as will Mount Calvary church volunteers.  In addition, 
in 2011 the River Des Peres Coalition will organize a block party with several partnerning organizations to 
celebrate the newly installed U.City raingardens.  Mount Calvary will also organize a similar event for the 
Brentwood demonstration project.   
 
Outreach through schools is a fourth public info and education strategy.  Through the LItszinger Road Ecology 
Center, teachers are trained in developing sustainable school yards, including teaching their students about 
rain gardens through hands-on opportunities.  School groups also come to LREC to learn about and 
participate in invasive species removal, tree inventories, water quality benefits of native plants, etc.  In 
addition, Ladue Garden Club has developed and will distribute a booklet for elementary school children 
educating students about the water quality benefits of trees.   

EDUCATION OUTREACH GOALS AND OBJECTIVES:  

1. Identify and obtain contact information for key citizen landowners in each municipality who are 
interested in clean and healthy rivers.  Grow the contact list to at least 1-2% of the watershed in five 
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years (1,000- 2,000 names) by tabling at festivals, encouraging peer-to-peer networking, making 
PowerPoint presentations, and conducting media outreach campaigns.   

2. Educate, grow the interest of, and motivate to action this core group, resulting in the publication of 
monthly email newsletters, website updates, and semi-annual educational public meetings.    

3. Plan and develop citizen-led annual public engagement projects as prioritized by  citizens in the 
watershed. 

4. Support municipalities in conducting outreach to their citizens to take positive voluntary action in their 
own yards, resulting in at least 20 landowners with demonstration projects over a five-year period. 

5. Facilitate communication between municipalities regarding model ordinances, incentives, pilot projects, 
and barrier removal mechanisms. 

6. Identify key schools to implement demonstration projects that can be a source of ongoing education for 
students, parents, and the local community, resulting in at least 8 schools in the watershed with 
implemented demonstration projects over a five-year period. 

7. Conduct workshops for area professionals as identified in the plan to improve project implementation 
success rates, resulting in at least one professional training workshop per year for a five-year period. 

TARGETING THE AUDIENCE:   

Individual landowners 
Seventy one percent of the land use in the watershed is single-family private residences, making this target 
audience the top priority to reach.  

Municipal representatives  
With 20 difference municipalities operating within the watershed, each with their own ordinances and 
governmental structure, communication with and between municipal representatives in the watershed is 
vital.  In addition, municipal parks in the watershed can be developed to protect the riparian corridor and 
educate the public about stream dynamics. This is the second most important audience to reach. 

Professionals and consultants working in the watershed in related fields 
Upgrading the knowledge base of engineers, horticulturalists, landscape architects, biologists, arborists, 
hydrologists, and other related professionals is a key ingredient to a successful watershed implementation 
strategy. 

School representatives 
Identifying and working with interested schools in the watershed can provide key focal organizing points.  In 
addition, when teachers involve students, this informs not only the next generation of community members, 
but also often reaches parents and grandparents.  The Litzsinger Road Ecology Center is located in the center 
of the watershed where it introduces students to natural stream systems influenced by urban development. 
In addition, there are many schools in the watershed and several of them border sections of the creek or its 
tributaries. Teacher education and strategies for using the creek to teach biology and the natural sciences can 
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increase public awareness of the importance of steams in an urban environment as natural means of carrying 
stormwater and as important systems to support a diversity of plant and animal life. Topics of study can 
range anywhere from basic stream ecology and understanding of watershed principals to raising awareness 
about water quality and human impacts on our water resources.    

Commercial/Industrial landowners 
Although not as primary an audience as the other sectors identified, commercial/industrial landowners are 
none-the-less an important audience to reach.   

CREATING A MESSAGE 

Key messages: 

Clean and Safe Water 
When we have clean water, everyone wins, resulting in not only improved habitat and species diversity, but 
also improvements in recreational opportunities and in human and pet health, as well as economic benefits 
such as improved property values, reduced damage to infrastructure, homes and businesses, and reduced 
property loss from creek widening. 

Rain Gardens 
Improve public understanding of what a rain garden is, what purpose it serves, how it functions, and how to 
design one. 
 
Trees 
Increase public awareness of the impact of trees on water quality. 

Empowerment 
Motivated individuals can make a difference through voluntary efforts in their own yards and neighborhoods. 

Aesthetics, Effectiveness, Survivability 
Successful bioretention projects have visual appeal, as well as meeting water quality goals over long term. 

Good neighbors 
Good neighbors pick up after their pets, manage stormwater on site, make sure their downspouts are not 
inappropriately connected to sanitary sewers and don’t put trash or organic debris in the creek. 

Ongoing professional enhancement 
Quality professionals regularly educate themselves regarding new information in a rapidly changing field. 

We all live downstream 
Responsible municipalities take into consideration the impact of their procedures on other municipalities 
downstream. 
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PACKAGING AND DISTRIBUTING THE MESSAGE FOR VARIOUS AUDIENCES:   

Mass Media  
Develop and distribute press releases to the media as appropriate.  The mass media will be targeted with 
outreach ideas as they arise and/or as opportunities become available.  The Deer Creek Watershed Alliance 
will coordinate with others to contribute to the greater population in regards to PSE’s, press releases and 
radio discussions.   

Online Materials  
Develop a web-based presence with interactive website, publish monthly email newsletter, and engage 
citizens on social networking sites such as Facebook, Linked In, Twitter. 

Events  
Organize bi-annual educational meetings; implement annual public engagement projects; deliver PowerPoint 
presentations to community and other groups; table at festivals, farmers markets, and other events; provide 
professional enhancement workshops for professionals; share results at conferences to a national audience. 

Leverage resources  
Partner with other groups who would like to develop and disseminate print materials, such as the Ladue 
Garden Club development of a tree planting guide for elementary students.  Partner with municipalities to 
conduct outreach to local citizens through municipal newsletters, public meetings, and other tools for 
communicating with local citizenry. 

There are a lot of educational and outreach opportunities that can be found throughout the St. Louis region.  
Some of these educational efforts can be coordinated.  That is the benefit of a large city.  EPA and MSD and 
other entities have lots of information and brochures posted to their website that can be used with 
permission.  This information can be made available at various venues,(e.g.  workshops, festivals, public 
forums, etc.).  In many cases it may not be necessary to develop materials, but only print or disseminate 
information as needed/pertains to a particular area.  Some examples of resources are: 

EPA NPS outreach toolbox - http://water.epa.gov/learn/resources/adulttrn/npsout/index.cfm 

The university extension  has a program that would benefit the watershed   
http://healthyyards.missouri.edu/ 

Similar programs:http://extension.missouri.edu/cole/Programs/ag/Healthyyardsbro.pdf 

http://www.gocolumbiamo.com/PublicWorks/StormWater/show_me_yards.php 

http://www.jamesriverbasin.com/pages/programs 

HEC-TV Interview and video: http://new.hectv.org/programs/ser/liquidlight/ep65.php 

Video only: http://hectv.org/programs/spec/program.php?specialid=17 

Corresponding curriculum:  http://hectv.org/education/cur/science/swr.php 
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EVALUATING EDUCATION & OUTREACH PROGRAM: 

Watershed outreach implementation should include both formative and summative evaluation components.  
Formative tools will provide a feedback mechanism for ongoing improvement of the outreach efforts.  
Summative evaluation will provide indicators of education and outreach success. 

Formative Tools  
Email newsletter surveys will be used to improve outreach and education efforts.  Surveys will include 
measurements of gaps in citizen knowledge base, information on efforts landowners have undertaken and 
problems they have encountered, and preferences/priority interests of the target audiences.  These 
formative surveys will be used as tools for improving the outreach and education program. 

Summative tools  
These tools include documentation and measurement of effective products produced, and if the project was 
successful in reaching its outreach effort goals.  These metrics may include: 1,000 people on email newsletter 
list and social networking sites achieved; increasing website “hits” per week over time; 6 festivals/farmers 
markets/events tabled per year; 6 PowerPoint programs delivered per year; at least 50% open rates on email 
newsletters; at least 100 participants in annual citizen engagement projects; at least 30 participants in annual 
professional enhancement workshops, etc.  In addition, summative surveys that measure knowledge gained 
among target audiences as contrasted with formative survey baselines will provide conclusive metrics on 
success of education efforts. 

An evaluation can also include the number of people who participate in activities and /or implement 
management measures as a result of the Educational/outreach efforts. 
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CHAPTER 7: ELEMENT F. - SCHEDULE 

Chapter 4 identified management measures and objectives to address issues and concerns in the Deer Creek Watershed.  
Chapter 5 further detailed technical and financial support for those management measures.  The chart below drills down to the 
next level of detail by outlining tasks associated with priority management measures identified, laying out a timeline for 
implementing those tasks on a quarterly basis, and identifying agencies responsible for implementation.  

Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

A2c5 
Include article on the hazards of excessive salt use in Deer Creek Watershed 
Alliance email newsletter. Deer Creek Alliance 

2010 1st  
Quarter A1c1, C1h   Identify best tree species for bioretention effectiveness.  

MBG Shaw Nature 
Reserve 

D2b. Develop QAPP for demonstration bioretention projects to be monitored. 
Washington 
University 

A1c1, C1h   
Develop text and layout design for a tree planting booklet for elementary 
school students. Ladue Garden Club 

2010 2nd  
Quarter A1a1 Host Sustainable Schoolyards Teacher Institute. 

MBG Litzsinger Road 
Ecology Center 

B1c2, B1c3, 
B1c4, C1e 

Organize and implement invasive species removal effort, replace with native 
species.  Engage citizens in efforts.  

multiple 
organizations 

multiple Evaluate watershed implementation efforts. MBG 

2010 3rd  
Quarter 

A1a1  Install MSD demonstration project at Cornell Ave. MSD 

A1a3  
Develop and maintain contact list of interested bioretention design and 
implementation professionals. 

MBG Shaw Nature 
Reserve 

B2a1, C2g Design model BMP related to trail construction along Deer Creek. GRG 

2010 4th  
Quarter 

A1c1, C1h   Print copies of elementary school tree planting booklet. Ladue Garden Club 

A2a2, C1e.   
Conduct annual volunteer trash clean ups in the watershed. (Local as well as 
larger) 

MSD, Muni's, River 
Des Peres Watershed 
Coalition 

C1e 
Develop and implement a creek naming project to engage watershed citizens 
and build citizen contact database. 

MBG, City of Ladue, 
City of Creve Coeur 

A2a1 
Identify and prioritize parcels in the watershed needing organic debris 
removal as recommended by watershed municipalities. City of Brentwood 

2011 1st  
Quarter 

A1a2 
Identify rationale and design for Frontenac BMP Bouga to Bluespring South 
Storm. City of Frontenac 

A2c5 
Include article on the hazards of excessive salt use in Deer Creek Watershed 
Alliance email newsletter. Deer Creek Alliance 

A1c1, C1h   
Identify elementary schools in the watershed interested in the tree planting 
guide booklet. Ladue Garden Club 



Deer Creek Watershed Management Plan 
Chapter 7: Element f. – Schedule 

Page 7-2 

 

Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

A1a1 Install MSD demonstration project at Challet Ct. MSD 2011 1st  
Quarter 

(cont.) 

A1a1 Install MSD demonstration project at Mount Calvary Church. MSD 

A1a3  
Publicize and conduct bioretention training sessions for interested 
professionals. 

MBG Shaw Nature 
Reserve 

A1c1, C1h   
Distribute tree planting guide booklet and tree seedlings to plant to 
interested elementary schools in the watershed. Ladue Garden Club 

2011 2nd  
Quarter 

A1a1 Host Sustainable Schoolyard Teacher Institute. 
MBG Litzsinger Road 
Ecology Center 

A1c1, C1h   Plant tree seedlings in the watershed. 
Elementary school 
students 

B1c2, B1c3, 
B1c4, C1e 

Organize and implement invasive species removal effort, replace with native 
species.  Engage citizens in efforts.  

multiple 
organizations 

A2a1  

Conduct an environmental assessment of Brentwood property(ies) with 
organic construction debris to determine feasability of purchase of property 
and removal of debris. City of Brentwood 

2011 3rd  
Quarter A1a2  Implement design for Frontenac BMP Bouga to Bluespring South Storm. City of Frontenac 

multiple Evaluate watershed implementation efforts. MBG 

A1a1  Assist with and document BMP installation in 1 to 3 schools in the watershed. MBG, area schools 

B2a1, C2g Implement model BMP related to trail construction along Deer Creek. GRG 

2011 4th  
Quarter A2a2, C1e  

Conduct annual volunteer trash clean ups in the watershed. (Local as well as 
larger) 

MSD, Muni's, River 
Des Peres Watershed 
Coalition 

A1b1  
Conduct internet research on relative costs and benefits of different rain 
barrel designs. 

River des Peres 
Watershed Coalition 

B2c1  
Develop a set of guidelines and best practices for riparian corridor property 
buyouts. City of Brentwood 

2012 1st  
Quarter 

A1a2 Identify rational and design for Frontenac BMP 14 and 43 Countryside Storm. City of Frontenac 

A2c5 
Include article on the hazards of excessive salt use in Deer Creek Watershed 
Alliance email newsletter. Deer Creek Alliance 

A1a1, C1b C1d. 
Identify steering committee to oversee design and implementation of BMP 
incentive program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

A2b2 Identify/create plans for how to construct pet waste composting systems. 
River des Peres 
Watershed Coalition 
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Management 
Objective 
Identifier Tasks 

Responsible 
Agencies 

Date 

B1b2 
Develop agenda for workshop on the mechanics of stream dynamics related 
to flow.  For planners, public works staff, developers.   

St. Louis Earth Day 
Symposium 

2012 1st 
Quarter 
(cont.) A1c1, C1h  

Identify a municipality interested in participating in a tree inventory with 
citizen participation. 

To be identified 
municipality, MBG 

A1a3 
Publicize and conduct bioretention training sessions for interested 
professionals. 

MBG Shaw Nature 
Reserve 

A1a1, C1b C1d. Develop a plan for the design of the BMP incentive program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

2012 2nd  
Quarter 

 

B1c2, B1c3, 
B1c4, C1e 

Organize and implement invasive species removal effort, replace with native 
species.  Engage citizens in efforts.  

multiple 
organizations 

A1b1  
Produce a fact sheet outlining the relative costs and benefits of different rain 
barrel designs. 

River des Peres 
Watershed Coalition 

A2b2   Construct model pet waste composting systems. 
River des Peres 
Watershed Coalition 

A2c4   
Develop workshop for road salt applicators and maintenance staff on private 
developments. 

St. Louis Earth Day 
Symposium 

B1b2   

Conduct outreach and recruit participants for workshop on the mechanics of 
stream dynamics related to flow.  For planners, public works staff, 
developers.   

St. Louis Earth Day 
Symposium 

A1c1, C1e, C1h   
Conduct sample tree inventory in one municipality.  Engage citizen 
participation in the process. 

To be identified 
municipality, MBG 

A1b1 
Set up portable rain barrel display and distribute fact sheet at festivals and 
farmers markets 

River des Peres 
Watershed Coalition 

B2c1   

Identify and prioritize parcels for purchase in the riparian corridor and set 
aside development rights in perpetuity as recommended by watershed 
municipalities. City of Brentwood 

2012 3rd  
Quarter 

A1a2 Implement design for Frontenac BMP 14 and 43 Countryside Storm. City of Frontenac 

B2d1 
Identify and prioritize appropriate areas in the watershed for wetland 
restoration. 

East West Gateway, 
MSD 

multiple Evaluate watershed implementation efforts MBG 

A1a1 Assist with and document BMP installation in 1-3 schools in the watershed MBG, area schools 

A1a1, C1b C1d. 
Identify and engage pre-qualified sub-contractors to participate in BMP 
incentive program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 
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Management 
Objective 
Identifier Tasks 

Responsible 
Agencies 

Date 

A1b1 
Design a rain barrel display comparing relative benefits of different rain 
barrel designs for tabling at festivals and farmers markets. 

River des Peres 
Watershed Coalition 

2012 3rd  
Quarter 
(cont.) 

A2b2 Hold workshop on how to construct pet waste composing system. 
River des Peres 
Watershed Coalition 

B1b2 
Implement workshop on the mechanics of stream dynamics related to flow.  
For planners, public works staff, developers.   

St. Louis Earth Day 
Symposium 

A1c1, C1h  Input results of citizen gathered tree inventory into itree software program. 
To be identified 
municipality, MBG 

B2a1, C2g 
Publicize model BMP related to trail construction along Deer Creek with well 
placed educational signage. GRG 

2012 4th  
Quarter 

 

A1a1, C1b C1d. 
Secure the participation of at least 12 municipalities in the BMP incentive 
program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

A2a2, C1e. 
Conduct annual volunteer trash clean ups in the watershed. (Local as well as 
larger) 

MSD, Muni's, River 
Des Peres Watershed 
Coalition 

A1c2 
Conduct research on existing model urban forest management programs. 
(City of Chesterfield and others) 

St. Louis Earth Day, 
MBG 

A1c1, C1h   Disseminate results of tree inventory to municipal population 
To be identified 
municipality, MBG 

D2c  
Develop QAPP for comparing effectiveness of bioretention systems -
underdrains vs. no underdrains.   MBG 

B2c2 
Facilitate the purchase and set-aside of development rights of properties as 
prioritized.  City of Brentwood 

2013 1st  
Quarter 

A1a2 Report on effectiveness of Frontenac BMP Bouga to Bluespring South Storm. City of Frontenac 

A2c5 
Include article on the hazards of excessive salt use in Deer Creek Watershed 
Alliance email newsletter. Deer Creek Alliance 

A1a1, C1b C1d. Develop outreach materials to promote BMP incentive program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

A2a2, C1e, C1f  
Identify municipalities interested in participating in leaf litter reduction 
outreach program. Muni's, MBG 
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Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

A2b2   
Identify municipality(ies) to participate in pet waste composing 
demonstration project 

River des Peres 
Watershed Coalition 

2013 1st  
Quarter 
(cont.) 

A1b1  
Identify municipalities interested in participating in relative rainbarrel design 
field testing and secure their partnership. 

River des Peres 
Watershed Coalition,   
Deer Creek Friends 

A1c1, A1c2    
Encourage other municipalities to conduct their own tree inventory efforts 
based on model tree inventory project.   

To be identified 
municipality, MBG 

A1a3 
Publicize and conduct bioretention training sessions for interested 
professionals. 

MBG Shaw Nature 
Reserve 

A2c4   
Identify strategy for identifying outreach strategy to reach road salt 
applicators and maintenance staff on private developments. 

St. Louis Earth Day 
Symposium 

A1a1, C1b, C1d Implement outreach strategy to promote BMP incentive program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

2013 2nd  
Quarter 

B1c2, B1c3, 
B1c4, C1e 

Organize and implement invasive species removal effort, replace with native 
species.  Engage citizens in efforts.  

multiple 
organizations 

A2a2, C1e, C1f  
Develop database of names and contact information for all residential 
landowners who live along creeks in participating municipalities. Muni's, MBG 

A1b1  
Set up portable rain barrel display and distribute fact sheet at festivals and 
farmers markets 

River des Peres 
Watershed Coalition 

A1b1 
Conduct outreach to identify homeowners interested in field testing 
effectiveness of different rain barrel designs. 

River des Peres 
Watershed Coalition 

A2b2   
Identify homeowners to participate in pet waste composting demonstration 
project. 

River des Peres 
Watershed Coalition 

A1b1  
Set up portable rain barrel display and distribute fact sheet at festivals and 
farmers markets 

River des Peres 
Watershed Coalition 

A1a2  Report on effectiveness of Frontenac BMP 14 and 43 Countryside Storm. City of Frontenac 

2013 3rd  
Quarter 

multiple Evaluate watershed implementation efforts. MBG 

A1a1  Assist with and document BMP installation in 1 to 3 schools in the watershed. MBG, area schools 

A1a1, C1b, C1d Identify landowners willing to participate in BMP incentive program. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 



Deer Creek Watershed Management Plan 
Chapter 7: Element f. – Schedule 

Page 7-6 

 

Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

A2a2, C1e, C1f  Develop leaf litter reduction flier.  Muni's, MBG 

2013 3rd  
Quarter 
(cont.) 

A2a2, C1e, C1f  Design "I've done my part to protect water quality" yard signs. Muni's, MBG 

A1b1  
Distribute and install 30 rain barrels to field test relative effectiveness of 
different designs. 

River des Peres 
Watershed Coalition 

A2b2   Install 10 pet waste composting systems. 
River des Peres 
Watershed Coalition 

A2c4   
Conduct training workshop road salt applicators and maintenance staff on 
private developments. 

St. Louis Earth Day 
Symposium 

A2a1 
Remove organic matter construction debris from prioritized Brentwood 
property. City of Brentwood 

A1c2   

Share results of research on existing model urban forest management 
programs with all municipalities in the watershed through online social 
marketing outlets. Deer Creek Friends 

2013 4th  
Quarter 

A1a1, C1b, C1d 
Facilitate bioretention design development process in collaboration with 
partnering entities 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

A1a1, C1b, C1d 
Identify and implement review procedure for selecting participants in BMP 
incentive program.   

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

A2a2, C1e 
Conduct annual volunteer trash clean ups in the watershed. (Local as well as 
larger) 

MSD, Muni's, River 
Des Peres Watershed 
Coalition 

A2a2, C1e, C1f  
Mail flier regarding importance of leaf litter reduction in streams to all 
homeowners as identified in database. Muni's, MBG 

A2a2, C1e, C1f  
Offer "I've done my part to protect water quality" yard signs to interested 
homeowners. Muni's, MBG 

A1b1  
Provide training to homeowners on how to properly maintain and winterize 
their rain barrels. 

River des Peres 
Watershed Coalition 

D2c  

Collect baseline data on 5 to10 rain garden BMP's for the purpose of 
comparing effectiveness of bioretention systems -underdrains vs. no 
underdrains.   MBG 
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Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

A2c5  
Include article on the hazards of excessive salt use in Deer Creek Watershed 
Alliance email newsletter. Deer Creek Alliance 

2014 1st  
Quarter 

A1a1, C1b, C1d Notify BMP incentive program awardees. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

A2b2   Conduct 6-month survey on effectiveness of pet waste composting systems. 
River des Peres 
Watershed Coalition 

B2c2  Design planting plan for prioritized Brentwood property. City of Brentwood 

A1a3   
Publicize and conduct bioretention training sessions for interested 
professionals. 

MBG Shaw Nature 
Reserve 

A1a1, C1b, C1d Facilitate implementation of BMP incentive program designs. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

2014 2nd  
Quarter 

B1c2, B1c3, 
B1c4, C1e 

Organize and implement invasive species removal effort, replace with native 
species.  Engage citizens in efforts.  

multiple 
organizations 

A1b1  
Set up portable rain barrel display and distribute fact sheet at festivals and 
farmers markets. 

River des Peres 
Watershed Coalition 

A1c1, C1h   Develop and distribute tree maintenance guide. TBD 
A1b1  Set up portable rain barrel display and distribute fact sheet at festivals and 

farmers markets 
River des Peres 
Watershed Coalition 

B2c2 Implement planting plan for Brentwood purchased property. City of Brentwood 

2014 3rd  
Quarter 

multiple Evaluate watershed implementation efforts. MBG 

A1a3 
Develop bioretention installation certification program for qualified 
professionals. 

MBG Shaw Nature 
Reserve 

A1a3 
Publicize and conduct bioretention training sessions for interested 
professionals. 

MBG Shaw Nature 
Reserve 

A2b2 Conduct 12-month survey on effectiveness of pet waste composting systems 
River des Peres 
Watershed Coalition 
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Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

A1a1, C1b, C1d Reimburse BMP incentive participants for their expenses. 

MBG, SNR, Show Me 
Raingardens, MSD, 
Cities of Clayton, 
Frontenac, Rock Hill,  
addl muni's 

2014 4th  
Quarter 

 

A2a2, C1e   Conduct annual volunteer trash clean ups in the watershed. (Local as well as 
larger) 

MSD, Muni's, River 
Des Peres Watershed 
Coalition 

A1b1  
Conduct follow-up surveys with homeowners to determine rain barrel 
effectiveness. 

River des Peres 
Watershed Coalition 

A1c2 Host workshop on model urban forest management programs. St. Louis Earth Day 
Symposium 

D2c  

Collect post-construction data on 5 to 10 rain garden BMP's for the purpose 
of comparing effectiveness of bioretention systems -underdrains vs. no 
underdrains.   MBG 

B3b1  

Assess the effectiveness of the incorporation of forebays/underdrains in 
bioretention systems to prevent groundwater contamination in high karst 
areas. MSD 

C1a Provide technical support (fact sheets) for best management practices.    
Consider creative strategies to disseminate information (i.e. Competition).  

East West Gateway, 
MSD 

Ongoing 

A1c1, C1e    Raise and provide tree seedlings for interested groups to plant. Forest Releaf 

A2c1 Collect salt usage data.   
MSD and co-
permittees 

C2j Document and share model ordinances that impact water quality and 
stormwater quantity. 

MSD, Municipal 
Committee 

B2b1 
Riparian corridor set-back ordinances adopted by 80% of key municipalities in 
the watershed.   Muni's 

C2g 
Assist municipalities in managing parks and existing public lands for 
stormwater management. Munis, GRG 

D2d  
Track and make available information on size, scope, location, and 
effectiveness of area BMP's.  

Show Me Rain 
Gardens, MSD, River 
des Peres Watershed 
Coalition 

D2b. 

Establish baseline water quality data for the sub-watersheds of the MSD 
demonstration bioretention projects to be monitored.  Continue monitoring 
after installation of the 3 bioretention projects and monitor impact over a 5-
year period.  Submit quarterly water quality reports to MO DNR. 

Washington 
University 
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Management 
Objective 
Identifier Tasks 

Responsible 
Agencies Date 

D2f Monitor Deer Creek for dissolved oxygen, E.coli, chloride. 
MBG Litzsinger Road 
Ecology Center /MSD 

Ongoing 
(cont.) 

multiple Assemble monthly email newsletter. MBG 

multiple 
Set up and update Deer Creek Watershed Alliance website to support various 
outreach campaigns. MBG 

multiple Host biannual public meetings to support various outreach campaigns. Deer Creek Friends 

multiple 
Make 2 to 4 PowerPoint presentations per year to interested groups to 
support various outreach campaigns. Deer Creek Friends 



Deer Creek Watershed Management Plan 
Chapter 8: Element g. – Milestones 

Page 8-1 

 

CHAPTER 8: ELEMENT G. - MILESTONES 

The following prioritized goals state water quality improvement or protection goals.  These goals include 
specific targets for reducing pollutants or mitigating impacts, and identify timeframes for accomplishment.  
Below each goal is a list of interim measurable milestones as well as expected dates of completion for each 
milestone.  These are short-term milestones.  Other long-term milestones will be developed as planning 
continues. 

Goal:  Demonstrate the effectiveness of bioretention systems to improve water quality (increase D.O.; reduce 
E. coli, TSS, phosphorus) by retaining the first 1.14 inches (90% of rainfall) at 3 demonstration sites by March 
2015.  

Milestone Date 
1. Identify priority sub-watersheds in which to implement MSD demonstration projects 

following criteria established in Chapter 2. 
January 2010 

2. Establish baseline data for 3 MSD bioretention sites. May 2010-May 
2011 

3. Design and install 6 residential scale rain garden cells for MSD demonstration project in 
City of University City. 

November 2010 

4. Design and install 6 residential scale rain garden cells for MSD demonstration project in 
City of Creve Coeur. 

May 2011 

5. Design and install one commercial scale MSD bioretention demonstration project with 
underdrain and forebay in City of Brentwood. 

May 2011 

6. Collect flow, D.O., E. coli, TSS & phosphorus data for three MSD demonstration sites. Quarterly,  Aug 
2011- 2015 

7. Identify priority areas in City of Frontenac in which to install bioretention systems in 
accordance with Frontenac master plan. 

January 2010 

8. Identify design for Frontenac BMP Bouga to Bluespring South Storm. March 2011 
9. Implement design for Frontenac BMP Bouga to Bluespring South Storm. September 2011 
10. Identify design for Frontenac BMP 14 and 43 Countryside Storm. March 2012 
11. Implement design for Frontenac BMP 14 and 43 Countryside Storm. September 2012 
12. Report on effectiveness of Frontenac BMP Bouga to Bluespring South Storm. March 2012, 

2013, 2014 
13. Report on effectiveness of Frontenac BMP 14 and 43 Countryside Storm. March 2013, 

2014, 2015 
14. Develop QAPP for comparing effectivenees of bioretention systems -underdrains vs no 

underdrains.   
December 2012 

15. Collect baseline data on 5-10 rain garden BMP's for the purpose of comparing 
effectiveness of bioretention systems -underdrains vs no underdrains.   

December 2013 

16. Collect post construction data on 5-10 rain garden BMP's for the purpose of comparing 
effectiveness of bioretention systems -underdrains vs no underdrains.   

December 2014 

17. Track and make available information on size, scope, location, and effectiveness of area 
BMP's.  

Ongoing 
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Goal:  Remove barriers to bioretention installation through training and incentives resulting in at least 20 
demonstration sites at area schools, churches, and residences by 2015.  

Milestone Date 
1. Educate teachers on the benefits of rain gardens during the Sustainable Schoolyard 

Teacher Institute. 
June 2010, Jun 
2011 

2. Assist with and document BMP installation in 1-3 schools in the watershed. November 2011 
3. Identify steering committee to oversee design and implementation of BMP incentive 

program. 
March 2012 

4. Publicize and conduct bioretention training sessions for interested professionals. April 2012 
5. Develop a plan for the design of the BMP incentive program. June 2012 
6. Identify and engage pre-qualified sub-contractors to participate in BMP incentive 

program. 
September 2012 

7. Secure the participation of at least 12 municipalities in the BMP incentive program. December 2012 
8. Publicize and conduct bioretention training sessions for interested professionals. Feb 2013 
9. Develop outreach materials to promote BMP incentive program. March 2013 
10. Implement outreach strategy to promote BMP incentive program. June 2013 
11. Identify landowners willing to participate in BMP incentive program. September 2013 
12. Facilitate bioretention design development process. December 2013 
13. Identify and implement review procedure for selecting participants in BMP incentive 

program.   
January 2014 

14. Notify BMP incentive program awardees. February 2014 
15. Publicize and conduct bioretention training sessions for interested professionals. March 2014 
16. Develop bioretention installation certification program for qualified professionals. September 2014 
17. Facilitate implementation of BMP incentive program designs. October 2014 
18. Reimburse BMP incentive participants for their expenses. December 2014 

Goal:  Establish metrics on impact of trees on stormwater management and implement model urban forestry 
management program in the watershed by December 2014. 

Milestone Date 

1. Design elementary school tree planting booklet. May 2010 
2. Print copies of elementary school tree planting booklet. December 2010 
3. Identify elementary schools in the watershed interested in the tree planting guide 

booklet. March 2011 
4. Distribute tree planting guide booklet and tree seedlings to plant to interested 

elementary schools in the watershed. September  2011 
5. Plant tree seedlings in the watershed. March 2012 
6. Identify a municipality interested in participating in a tree inventory with citizen 

participation. April 2012 
7. Conduct sample tree inventory in one municipality.  Engage citizen participation in the 

process. June 2012 

8. Input results of citizen gathered tree inventory into iTree Hydro software program. September 2012 

9. Disseminate iTree data results of tree inventory to municipal population. December 2012 
10. Conduct research on existing model urban forest management programs. (City of 

Chesterfield and others) January 2013 
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11. Encourage other municipalities to conduct their own tree inventory efforts based on 
model tree inventory project.   March 2013 

12. Share results of research on existing model urban forest management programs with all 
municipalities in the watershed through online social marketing outlets. December 2014 

13. Develop and distribute tree maintenance guide. March 2014 
14. Host workshop on model urban forest management programs. December 2014 
15. Raise and provide tree seedlings for interested groups to plant. Ongoing 

Goal:  At least 5000 pounds of trash, leaf litter, and/or organic debris removed or prevented from entering 
Deer Creek annually. 

Milestone Date 

1. Conduct annual volunteer trash clean ups in the watershed. (Local as well as larger) Annually 
2. Identify and prioritize parcels in the watershed needing organic debris removal as 

recommended by City of Brentwood. June 2011 
3. Conduct an environmental assessment of Brentwood properties with organic 

construction debris to determine feasibility of purchase of property and removal of 
debris. September 2011 

4. Identify municipality interested in participating in model leaf litter reduction outreach 
program. February 2013 

5. Develop database of names and contact information of all residential landowner who live 
along creeks in participating municipality. April 2013 

6. Remove organic matter construction debris from prioritized Brentwood property. September 2013 
7. Develop leaf litter reduction flier.  October 2013 
8. Design "I've done my part to protect water quality" yard signs. November 2013 
9. Mail flier to all homeowners as identified in database re importance of leaf litter 

reduction in streams. December 2013 
10. Offer "I've done my part to protect water quality" yard signs to interested homeowners. January 2014 

  
Goal:  At least 2 linear miles of riparian corridor permanently removed from development and appropriately 
landscaped to reduce impacts on erosion, sedimentation and creek widening by March 2014. 
 
Milestone Date 
1. Design model BMP related to trail construction along Deer Creek. December 2010 
2. Implement model BMP related to trail construction along Deer Creek. December 2011 
3. Develop a set of guidelines and best practices for riparian corridor property buyouts. March 2012 
4. Develop agenda for workshop on the mechanics of stream dynamics related to flow.  For 

planners, public works staff, developers.   May 2012 
5. Conduct outreach and recruit participants for workshop on the mechanics of stream 

dynamics related to flow.  For planners, public works staff, developers.   June 2012 
6. Implement workshop on the mechanics of stream dynamics related to flow.  For 

planners, public works staff, developers.   September 2012 
7. Identify and prioritize parcels for purchase in the riparian corridor and set aside 

development rights in perpetuity as recommended by watershed municipalities. September 2012 
8. Identify and prioritize appropriate areas in the watershed for wetland restoration. November 2012 
9. Publicize model BMP related to trail construction along Deer Creek with well placed 

educational signage. January 2013 
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10. Facilitate the purchase and set-aside of development rights of Brentwood properties as 
prioritized.  March 2013 

11. Design planting plan for prioritized Brentwood property. March 2014 
12. Implement planting plan for Brentwood purchased property. September 2014 
13. Organize and implement invasive species removal effort, replace with native species.  

Engage citizens in efforts.  Annually 
14. Riparian corridor set-back ordinances adopted by 80% of major municipalities in the 

watershed.   January 2015 
 

Goal:  Reach EPA standard for chloride levels in Deer Creek by 2020. 
 

Milestone Date 

1. Collect salt usage data.   Ongoing 
2. Develop workshop for road salt applicators and maintenance crews on private 

developments. 
June 2012 

3. Identify strategy for identifying outreach strategy to road salt applicators and 
maintenance crews on private developments. March 2013 

4. Conduct training workshop for road salt applicators and maintenance crews on private 
developments. September 2013 

5. Include article on the hazards of excessive salt use in Deer Creek Watershed Alliance 
email newsletter. Annually 

6. Monitor impact of forbay and underdrain components of the Brentwood bioretention 
system to protect groundwater supplies from chloride pollution.   October 2014 

Goal:  Remove barriers to rain barrel effectiveness related to cost, capacity, and maintenance by December 
2014. 

Milestone Date 
1. Conduct research on costs & benefits of different rain barrel designs. December 2011 
2. Produce a fact sheet outlining the relative costs and benefits of different rain barrel 

designs. June 2012 
3. Design a rain barrel display comparing relative benefits of different rain barrel designs for 

tabling at festivals and farmers markets. September 2012 
4. Identify municipalities interested in participating in relative rain barrel design field 

testing and secure their partnership. February 2013 
5. Conduct outreach to identify homeowners interested in field testing effectiveness of 

different rain barrel designs. March 2013 

6. Set up portable rain barrel display and distribute fact sheet at festivals and farmers 
markets. 

Annually 
beginning 
December 2012 

7. Distribute and install 30 rain barrels to field test relative effectiveness of different 
designs. September 2013 

8. Provide training to homeowners on how to properly maintain their rain barrels. December 2013 
9. Conduct follow up surveys with homeowners to determine rain barrel effectiveness. December 2014 

 
 
Goal:  Field test and document effectiveness of pet waste composting systems by November 2014. 



Deer Creek Watershed Management Plan 
Chapter 8: Element g. – Milestones 

Page 8-6 

 

 
Milestone Date 

1. Identify/create plans for how to construct pet waste composting systems. March 2012 
2. Construct model pet waste composting systems. June 2012 
3. Hold workshop on how to construct pet waste composing system. September 2012 
4. Identify municipality to participate in pet waste composing demonstration project. March 2013 
5. Identify homeowners to participate in pet waste composting demonstration 

project. June 2013 
6. Install 10 pet waste composting systems. September 2013 
7. Conduct 6-month survey on effectiveness of pet waste composting systems. March 2014 
8. Conduct 12-month survey on effectiveness of pet waste composting systems. September 2014 
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CHAPTER 9: ELEMENT H. - PERFORMANCE 

Below is a list of long range goals for target pollutant loads, level, or value of remediation systems installed 
for 10 identified indicators in the Deer Creek Watershed (See also Chapter 3).  Due to the nature of urban 
streams, reaching state standards (see http://www.sos.mo.gov/adrules/csr/current/10csr/10c20-7.pdf) for dissolved 
oxygen, chloride, E. Coli and other pollutants must of necessity be long range, and make take 20 or more 
years to achieve. 

Indicator 
Present pollutant load, baseline level, or 
benchmark value Target Load, Level or Value 

Dissolved 
Oxygen 

avg. mean D.O 7.1 milligrams/liter Deer 
Creek @ Maplewood  (23 samples, 2001-
2004) 

No more than 10% of all samples 
exceed criterion (5 mg/L for AQL) 
State of Missouri standard for the 
protection of aquatic life.   

Chloride 

Avg. mean chloride 407 milligrams/liter Deer 
Creek @ Maplewood 

No more than one acute toxic event 
(230 milligrams/liter) in 3 years 
during periods of stable, low flow 
conditions.  No more than one 
exceedence in three years of the 860 
mg/L chloride acute criterion under 
any flow conditions. 

E.Coli avg. geometric mean E. coli 1860 colony 
forming units /100 milliliters Deer Creek @ 
Maplewood 

During the recreational season not 
to exceed geometric mean of 206 
cfu/dL- State of Missouri standard 
for whole body contact. 

Volume as a 
surrogate for 
TSS 

TSS increases with flow rates, and at first 
flush  Capture 1st 1.14 in rainfall onsite 

(90% of storms)-MSD standard 
Phosphorus Avg mean of .63 milligrams/liter Deer 

Creek@ Maplewood 
60% reduction of load in 
targeted sub-watersheds as per 
STEP-L model indications = .25 
miligrams/liter 

# of 
bioretention 
systems 
installed 

0 projects completed 

20 projects completed 

Rainbarrel 
educational 
tools developed 
and 
implemented 

0 tools developed 1 rain barrel fact sheet 
developed & implemented, one 
rain barrel educational display 
developed & implemented, one 
homeowner pre- and post 
survey implemented, 20 rain 
barrels installed.  
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Tons of organic 
debris, leaf litter 
& trash 
removed from 
or prevented 
from entering 
creek 

4.87 tons trash removed in 2009 5000 lbs. trash, leaf litter and/or 
organic debris removed  or 
prevented from entering creek 
annually. 

Linear feet of 
restored 
riparian corridor TBD 

 10,000 linear feet of riparian 
corridor restored. 

 

As outlined in Chapter 8 on interim milestones, below is a list of short term goals that can be achieved over 
the next 5 years.  This will move us towards accomplishing our longer term water pollution target loads.  
After each goal below is a list of specific, measurable, time-sensitive performance criteria by which we can 
measure our progress towards the goals. 

Goal:  Demonstrate the effectiveness of bioretention systems to improve water quality (increase D.O.; reduce 
E.Coli, TSS, phosphorus) by retaining the first 1.14 inches (90% of rainfall) on site by March 2015.   

Performance Criteria 
1. Baseline data for 3 MSD bioretention sites has been established by May 2011. 
2. Six residential scale rain garden cells in City of University City, 6 residential scale in City of Creve Coeur 

and one commercial scale bioretention project with underdrain and forebay in City of Brentwood have 
been designed and installed by May 2011. 

3. Four bioretention projects have been designed and installed in the City of Frontenac by September 2012. 
4. The retention of the first 1.14 inches of rainfall with corresponding reductions in D.O., E.Coli, TSS & 

phosphorus for three MSD demonstration sites has been achieved by March 2015. 
5. A database on the size, scope, location and effectiveness of area BMP’s has been established by June 

2013. 
6. An assessment of the relative cost and effectiveness of bioretention systems with and without 

underdrains has been completed by December 2014. 

Goal:  Remove barriers to bioretention installation through training and incentives resulting in at least 20 
demonstration sites at area schools, churches, residences by 2015.  

Performance Criteria 
1. At least two Sustainable Schoolyard Teacher Institutes to educate teachers on using plants for 

stormwater management have been completed by June 2011. 
2. Documentation of BMP installation in 1-3 schools in the watershed has been completed by November 

2001. 
3. A steering committee to oversee design and implementation of BMP incentive program has been 

identified by March 2012. 
4. Six  bioretention training sessions for interested professionals have been completed by December 2014. 
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5. The design of the BMP incentive program has been established by June 2002. 
6. At least 12 municipalities have implemented a BMP and/or agreed to participate in the BMP incentive 

program by December 2012. 
7. Online outreach materials to promote the BMP incentive program have been developed and distributed 

by June 2013. 
8. At least 20 landowners have agreed to participate in the BMP incentive program by February 2014. 
9. A bioretention installation certification process for qualified professionals has been implemented by 

September 2014 
10. At least 20 bioretention projects have been implemented by October 2014. 

Goal:  Establish metrics on impact of trees on stormwater management and implement model urban forestry 
management program in the watershed by December 2014. 

Performance Criteria 
1. An elementary school tree planting guide has been designed, printed and distributed by September 

2011. 
2. A demonstration tree inventory with citizen participation has been completed in at least one municipality 

in the watershed by December 2012. 
3. Model urban forestry management programs have been shared with at least 80% of municipalities in the 

watershed through online social marketing of model programs, the dissemination of a tree maintenance 
guide, and an educational urban forestry management workshop by December 2014. 

Goal:  At least 5000 pounds of trash, leaf litter and/or organic debris removed or prevented from entering 
creek annually. 

Performance Criteria 
1. At least 5 volunteer trash clean ups in the watershed have been conducted by 2014. 
2. At least one parcel has been cleared of organic debris in the City of Brentwood by September 2013.   
3. A leaf litter reduction flier or doorknob hanger has been distributed to at least 90% of homeowners who 

live along streams in the participating municipality by October 2013. 
4. At least one municipality in the watershed has completed a model leaf litter reduction outreach program 

by January 2014. 
  
Goal:  At least 2 linear miles of riparian corridor permanently removed from development and appropriately 
landscaped to reduce impacts on erosion, sedimentation and creek widening by March 2014. 
 
Performance Criteria 
1. At least one model BMP related to trail construction along Deer Creek has been designed and 

implemented by December 2011.   
2. A set of guidelines and best practices for riparian corridor property buyouts has been identified for the 

city of Brentwood by March 2012. 
3. At least 30 planners, public works staff, developers have participated in a workshop on the mechanics of 

stream dynamics related to flow by September 2012. 
4. Publicize model BMP related to trail construction along Deer Creek with well placed educational signage. 
5. At least 1250 linear feet of riparian corridor in the City of Brentwood has had development rights set 

aside in perpetuity by March 2013.   
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6. One to five invasive species removal campaigns with citizen involvement have been conducted by 
December 2014.   

7. Riparian corridor set-back ordinances have been adopted by 80% of major municipalities in the 
watershed by January 2015 
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Goal:  Reach EPA standard for chloride levels in creek by 2020. 
 
Performance Criteria 
1. A system for collecting salt usage data has been established by September 2010. 
2. A road salt usage training workshop has been conducted by September 2013. 
3. At least five articles on the hazards of excessive salt use in Deer Creek Watershed Alliance have appeared 

in the Deer Creek Watershed email newsletter by December 2014. 

Goal:  Remove barriers to rain barrel effectiveness related to cost, capacity and maintenance by December 
2014. 

Milestone 
1. A fact sheet outlining the relative costs and benefits of different rain barrel designs has been produced 

by June 2012. 
2. A rain barrel display comparing relative benefits of different rain barrel designs for tabling at festivals and 

farmers markets has been developed by September 2012. . 
3. At least one municipality interested in participating in relative rainbarrel design field testing has been 

identified by February 2013. 
4. Rain barrel display and fact sheets have been promoted at at least 10 festivals and farmers markets by 

December 2014. 
5. At least 30 rain barrels have been distributed and installed to field test relative effectiveness of different 

designs by September 2013. . 
6. Provide training to homeowners on how to properly maintain their rain barrels. 
7. Follow up surveys with homeowners to determine rain barrel effectiveness has been conducted by 

December 2014.   
 
Goal:  Field test and document effectiveness of pet waste composting systems by June 2014. 
 

Milestone 
1. At least one pet waste composing system construction workshop has been held by September 2012. 
2. At least one municipality to participate in pet waste composing demonstration project has been 

identified by March 2013.   
3. At least 10 pet waste composting systems have been installed by September 2013. 
4. At least 2 surveys on effectiveness of pet waste composting systems have been conducted by June 2014. 
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CHAPTER 10: ELEMENT I. - MONITORING 

The Deer Creek Watershed Management Plan reflects management measures that when implemented are 
intended to improve the water quality within the watershed.  Monitoring programs will be designed to track 
the progress in meeting load reduction goals and attaining water quality standards.  It is important to specify 
monitoring objectives that, if achieved, will provide the data necessary to satisfy relevant management 
objectives. The selection of monitoring designs, sites, parameters, and sampling frequencies will be driven by 
agreed-upon objectives and will include factors such as site accessibility, sample preservation concerns, 
staffing, logistics, and costs.   

Measurable progress is critical to ensuring continued support of watershed projects, and progress is best 
demonstrated with the use of monitoring data that accurately reflect water quality conditions relevant to the 
identified problems. Frequently watershed managers rely on modeling projections or other indirect measures 
of success (e.g., implementation of management measures) to document achievement; in some cases this 
approach can result in a backlash later when monitoring data shows that actual progress does not match the 
projections based on surrogate information. 

Because of natural variability, one of the challenges in water quality monitoring is to be able to demonstrate 
a link between the implementation of management measures and water quality improvements.  Monitoring 
results will be used to track long term changes in Deer Creek. 

MONITORING INDICATORS FOR INITIAL DEER CREEK WATERSHED PROJECTS 

Two monitoring programs are proposed for initial projects in the Deer Creek Watershed.  The first seeks to 
assess the effectiveness of pollutant removal by three Best Management Practices.  Other than anecdotal 
evidence there is no preexisting monitoring data for the three sites embodied by this project, which 
demonstrates the importance of the scheduled monitoring activities.  Sites are being investigated in the 
current study include ones where low lying properties have experienced recurrent flooding and/or erosion.  

The second program seeks to quantify the effectiveness of 5 to 10 Rain Gardens without underdrains and to 
monitor effectiveness with plant growth. The data may be used to expand use of Rain Gardens without 
underdrains, greatly reducing the cost of rain gardens and increasing their applicabilty. 

FIRST PROGRAM – BIORETENTION PROJECTS 

The goals of the water quality monitoring are to confirm, identify, and qualify the timing and magnitude of 
water levels, suspended sediment, an organic related pollutant, and rainfall at up to three demonstration 
bioretention projects and compare the initial results with post-best management practices (BMP) results 
using statistical comparisons and the STEPL model to quantify reductions or variations in system behavior.  
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Monitoring results will guide Metropolitan St. Louis Sewer District and municipalities regarding the degree to 
which bioretention methods should be impelemented in the watershed.  Monitoring will be conducted for 
following: 

I.  Flow 
Water Level - Continuous monitoring equipment will be employed to monitor water levels associated with 
these features during rainfall events.  Discharge calculations can be made from these measurements. 

II.  Nutrients 
Phosphorus - phorphorus is an organic related contaminant.  Monitoring this parameter will address 
problems that might arise from organic contamination including health risks, low dissolved oxygen, large 
debris accumulations, and negative vegetative community impacts. 

III.  Chloride  
Chloride measurments will help document degredation of water quality due to application of rock salt on 
pervious pavements relative to impervious parking lots and will help document the effectiveness of forebay 
and underdrain additions to bioretention systems to protect groundwater supplies from chloride 
contamination in high karst areas. 

IV.  Bacteria 
Sites will be monitored for E. coli and total coliform levels. 

Activities associated with the monitoring will include: 

I.Reviewing Past Data - Data products for the G09-NPS-13: Missouri Botanical Garden Deer Creek Watershed 
Initiative: Addressing Effectiveness of Implemented Green Infrastructure Demonstration Projects on Water 
Quality in the Deer Creek Watershed project will be used to determine water quality information prior to the 
demonstration projects' installation as well as chart the behavior of water quality after the installations are 
completed. 

II.  Journal Articles - Relevant journal articles that deal with the effectiveness of similar projects (Chloride 
Found at Levels that Can Harm Aquatic Life in Urban Streams of the Northern U.S.--Winter Deicing a Major 
Source, USGS report; Saturation to Improve Pollutant Retention in a Rain Garden, Dietz, M. E., Storm-Water 
Infiltration and Focused Recharge Modeling with Finite-Volume Two-Dimensional Richards Equation: 
Application to an Experimental Rain Garden, Aravena, J, E. and Dussaillant, A. 

III.  Field Monitoring - Extensive field monitoring will be performed at the following sites: 

A.  10920 Chalet Court – The Chalet Court neighborhood is an urban neighborhood in the Deer Creek 
watershed where yard erosion is occurring at a pipe outlet.  A Deer Creek tributary that flows behind the 
home is undergoing significant erosion and entrenchment. 

B.  Mount Calvary Church and Adjacent Neighborhood – The Calvary Church and its adjacent urban 
neighborhood is located in the Deer Creek watershed.  The low-lying neighborhood homes that are in the 
storm water flow path have experienced repeated yard and structure flooding.   
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C. 8360 Cornell Avenue – Homes along Cornell Avenue are also located within an urban 
neighborhood in the Deer Creek watershed.  The storm water flow path is behind the homes. The home at 
the low point of the neighborhood has experienced repeated yard flooding and other yards have experienced 
erosion. 

IV.  Given the ephemeral nature of the demonstration project sites, the monitoring schedule will be 
inherinently linked to rainfall events.   

Monitoring will occur at inlets above the BMP demonstration projects as well as below the systems to 
compare effectiveness of the BMPs.  These data results will be compared to pre-BMP data obtained during 
the G09-NPS-13: Missouri Botanical Garden Deer Creek Watershed Initiative: Addressing Effectiveness of 
Implemented Green Infrastructure Demonstration Projects on Water Quality in the Deer Creek Watershed 
project. 

Over a propsed four year period a sufficient number of storm samples will be collected to determine the 
effectiveness of BMP implimentation on water quality.  Further, given this period there should be adequate 
time for re-sampling if necessary. 

Flow, nutrient, and bacterial data for the sites will be compared to data products generated during the G09-
NPS-13: Missouri Botanical Garden Deer Creek Watershed Initiative: Addressing Effectiveness of 
Implemented Green Infrastructure Demonstration Projects on Water Quality in the Deer Creek Watershed 
project which will monitor water quality prior to the demonstration project installations.  In addition, water 
quality will also be monitored above the system and below to determine how the installation affects water 
quality. 

I.  Field Work 
A. Danelle Haake (Litzsinger Road Ecology Center) 
B. Elizabeth Hassenmueller (Washington University in St. Louis) 

II.  Laboratory Work 
A. Danelle Haake (Litzsinger Road Ecology Center) - Sample processing 
B. Dr. Robert Criss (Washington University in St. Louis) - Data analysis 

Analysis:  Data will be reviewed by the monitoring team to identify potential problems, maintain awareness 
of site conditions and field practices, double check analytical results, and to verify accurate entry into the 
database. Data will be assessed by comparing pre-BMP and post-BMP data, comparing data obtained from 
above and below the installation sites, statical comparison, determination if water quality parameters are 
above or below their MDLs, compare data to models, and data averages per season, year, and month.  

Reporting:  The monitoring team will submit quarterly reports to the primary sponsor, project manager, and 
to MoDNR.  These reports will include details of activities completed during the previous quarter, a database 
of results, any pertinent data products such as graphs or figures, an assessment of the activities scheduled for 
the coming quarter, and a record of volunteer time contributed to the project. 
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I.  Field Measurements, Handheld Meters: 
A.  Temperature 
B.  Specific Conductivity 
C.  Dissolved Oxygen 
D.  pH 
E.  Turbidity 

II.  Rainfall: 
A.  Rainfall gauge 

III.  Field Measurements - Continuous Monitoring Equipment 
A.  Temperature 
B.  Water Level 

IV.  Field Sample Collection 
A.   Autosampling device 

V.  Laboratory Measurments - Chemical and Bacterial 
A.  Chloride  
B.  Reactive Phosphorus 
C.  E. coli 
D.  Total coliform 
E.  Turbidity 

Quality Control Efforts - Accurate, reliable field measurements and analytical results depend upon consistent 
methods, careful execution of procedures, quality supplies, and properly maintained instrumentation.  All of 
these aspects can be tested and verified through a well designed quality control program as follows: 

A. Training - All personnel employed by the WUSIL are required to complete laboratory safety training.   

B. Quality Control Measures - Each activity conducted during this project has an associated QC measure to 
track accuracy, precision and bias, identify problems, and trigger remedial action. 

i. Duplicate Measurements and Analyses - To test the precision of field and laboratory 
instrumentation, duplicate analyses or measurements will be conducted on samples at a 
frequency of 1 duplicate for every 10 “normal” samples.  In the field, meters will be used to 
collect duplicate readings from the same location and these values should not vary by more than 
+/- 20% from the original value.  Sample collection activities will include a duplicate for every 20 
“normal” samples to verify that collection procedures do not influence analytical results, and to 
evaluate the precision of analytical methods and the temporal variability of each parameter.  
The duplicate sample should be collected within 5 minutes and at the same location as the 
original sample.  Duplicates will be labeled according to standard practices but will include the 
word “Duplicate.”  Any result for a duplicate sample that varies by more than 20% of the original 
value will be considered unacceptable and trigger a corrective action. 
 

ii. Equipment and Laboratory Blanks - Blanks are samples that consist of deionized (DI) water that 
is processed in exactly the same manner as a “normal” sample.  This practice can identify errors 
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or bias that might be caused by contaminated reagents, collection bottles, malfunctioning 
equipment, or improper procedures.  An equipment blank will be conducted on all field meters 
prior to each field excursion.  Each instrument will be used to measure the appropriate 
parameter in a sample of DI water and results will be recorded. 
 

iii. Reference Samples and Matrix Spikes - Accuracy and bias assessment will be conducted using 
reference samples and matrix spikes.  Reference samples consist of the measurement or analysis 
of a sample with known composition.  Field instrumentation and laboratory procedures will be 
tested against reference materials.  

iv. Calibration Procedures and Frequency - Field meters will require periodic calibration to ensure 
that all data are accurate and comparable.  Many of the devices execute self-testing whenever 
the units are turned on and report errors if warranted.  All instruments will be checked regularly 
against standard solutions on the schedule.  Any parameter with results outside of the accuracy 
range specified by the manufacturer will indicate that the meter should be recalibrated, 
serviced, or replaced. 

Page ten of the document located at  http://faculty.capd.ksu.edu/lskab/KSU-LARCP_Rain-Garden-Guidebook-
lrs.pdf, outlines a three-step infiltration test that can be used to determine soil classification and infiltration 
rates. 

SECOND PROGRAM – MONITORING WATER QUALITY IN DEER CREEK AND IT’S TRIBUTARIES 

The monitoring of water quality in Deer Creek and its tributaries will be pursued by both Metropolitan St. 
Louis Sewer District  and Litzsinger Road Ecology Center.   USGS/MSD monitoring is high quality data that can 
be used to document water quality trends at 4 stations within the Deer Creek Watershed, which can also be 
used to model water quality pollutant loads.  Stream Team data can be used to document long-term trends 
documenting gross changes in water quality, and Stream Team aquatic macroinvertebrate data can be used 
to document gross changes in aquatic life. 

The Litzsinger Road Ecology Center (LREC) Stream Team data is collected on a monthly basis at seven points 
in the upper Deer Creek watershed, including the tributaries of Twomile Creek and Sebago Creek.  This type 
of sampling is ideal for getting a picture of typical conditions in various portions of Deer Creek and its 
tributaries.  The LREC team is unlikely to be capturing either the highest or lowest values for the parameters 
that they measure.   

It is important to note that LREC monitors do not collect samples during the high-flow periods associated 
with storm flow; LREC does not send staff or volunteers out during or immediately following major 
rainstorms due to concerns for their safety.  Avoidance of these high-flow conditions results in not measuring 
water quality during some of the periods with the greatest loads of pollutants. 

High concentrations of chloride have been found during the winter months (particularly early in 2008).  These 
high concentrations exceed state water pollution limits at four of the seven LREC sites.   
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There have been several instances in which the saturation of dissolved oxygen was greater than 200% and up 
to 346%.  This situation is often caused by the excess production of oxygen by algae or macrophytes.  This is 
symptomatic of a system in which supersaturated daytime conditions are followed by sags in dissolved 
oxygen as overnight respiration causes oxygen concentrations to plummet once the sun goes down and 
photosynthesis ceases.      

Generally, nitrate concentration and turbidity are both below the detection limit of LREC equipment.  
However, there are noticeable amounts of turbidity during periods of higher flow. 

Additionally, Metropolitan St. Louis Sewer District (MSD) currently monitors 34 sites throughout its service 
area for the Stream Monitoring Program.  The purpose of the Stream Monitoring Program is to gather 
information during storm and non-storm events, to assess the impacts of CSOs/SSOs and gather background 
data for these water bodies.   The list of parameters and the monitoring frequency for this program is not 
static.  Currently the goal for the monitoring program is to monitor all streams monthly. 

The current list of parameters for the stream monitoring program is as follows:  Chemical Oxygen Demand, 
pH, Temperature, Ammonia (as N), Chloride, Dissolved Oxygen, E- coli, Enterococcus, Fecal  Streptococci, 
Hardness, Cadmium dissolved, Chromium dissolved, Copper dissolved, Iron dissolved, Lead dissolved, Nickel 
dissolved and Zinc dissolved.  In order to determine impact from the various contributing streams, sampling 
locations were established at the mouth of the contributing stream.  As part of the Stream Monitoring 
Program, Deer Creek is one of the streams being sampled.   

With this information, progress toward the overall goal of the plan can be assessed/tracked overtime.  
Both direct water quality measurements and models can be used to track progress of the watershed 
management plan.   See Appendix 10-A for a detailed overview of MSD protocols. 

The data collected from the LREC Stream Team and MSD will be analyzed every three years to determine 
water quality changes in Deer Creek.  

QUALITY ASSURANCE PROJECT PLAN (QAPP) FOR MONITORING THE EFFECTIVENESS OF 
IMPLEMENTED GREEN INFRASTRUCTURE DEMONSTRATION PROJECTS ON WATER QUALITY  

A quality assurance project plan (QAPP) has been developed by Washington University for the monitoring 
efforts to support the objectives of the green infrastructure demonstration projects in two ways:  

1.  Gather and review of available historical and current water quality and stream discharge data to identify 
potential pollutants effecting water quality. This information will be used in the development of the Deer 
Creek watershed management plan, and  

2.  Document the effectiveness of three small scale green infrastructure demonstration projects within the 
Deer Creek watershed. 

The design goals for the three MSD demonstration BMPs are as follows: 
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1.  Implement plant-based demonstration projects that reduce water pollution in the Deer Creek watershed 
employing a green infrastructure approach.  
 
2.  The performance goal of all green infrastructure techniques will be capturing, treating, and detaining 
stormwater runoff from 90% of the recorded daily rainfall events, which is based on a rainfall amount of 1.14 
inches. Opportunities to design for larger events and incorporate enhanced infiltration techniques will be 
taken as downstream conditions warrant and with recognition that retrofitting in urban settings is a 
challenge.  
 
3.  Measure and document the effectiveness of the demonstration projects.  
 
4.  Monitor reduction in peak flow rates in relation to rainfall, overall volume reduction due to plant evapo-
transpiration and infiltration, and effectiveness of the system in filtering at least one organic pollutant.  
 
5.  Leverage the demonstration projects as a marketing tool to increase social acceptance of stormwater 
bioretention methods in the Deer Creek watershed.  

The QAPP for the demonstration projects is reflected in the Appendix to this Plan. 

EVALUATING & ADAPTING THE PLAN 

This Deer Creek Watershed Management Plan reflects the conditions in the watershed as of 2010.  This plan 
is intended to be working document and updated on a periodic basis to reflect projects that have been 
implemented, assign priorities to new projects, and reflect changes that occur within the watershed.  Ideally 
every five years an addendum to this Plan should be prepared to reflect the current status of the watershed. 

This watershed plan reflects issues and concerns expressed by citizens, municipal organizations and technical 
participants.  Therefore joint ownership of this plan should be considered by all three entities and their 
continued involvement to evaluate its effectiveness and modify the plan as needed. 

The municipalities within the watershed and St. Louis County should consider adopting this plan through 
either an ordinance or resolution which will allow the enforcement of those items requiring enforcement. 

MONITORING OVERALL GOALS AND PROGRESS 

Litzinger Road Ecology Center and Metropolitan St. Louis Sewer District currently plan to continue water 
quality monitoring in the Deer Creek Watershed.  These entities have agreed to share data, and this data will 
be used to document the long term effects/trends/improvements of the management practices in the Deer 
Creek watershed.  

In addition, the Environmental Finance Center at Boise State University has developed and maintains a 
program called Plan2Fund which facilitates the monitoring of goals and objectives.  The goals and objectives 
for the Deer Creek Watershed Plan have been inputted to this program and are reflected in the Appendix to 
this plan.  



 

U.S. Department of the Interior 
U.S. Geological Survey 

Water-Data Report 2009 

07010086 DEER CREEK AT MAPLEWOOD, MO 
Lower Mississippi Basin 

River Des Peres Subbasin 

LOCATION.--Lat 38°36'03.2", long 90°19'34.2" referenced to North American Datum of 1983, in T.45 N., R.6 E., St. Louis County, MO, Hydrologic Unit 
07140101, on right downstream pier of Big Bend Road bridge, 0.44 mi north of Interstate 44, 4.35 mi east of U.S. 67 (Lindbergh Blvd.), and 0.63 mi 
upstream of River Des Peres Drainage Channel. 

DRAINAGE AREA.--36.5 mi². 

SURFACE-WATER RECORDS 

PERIOD OF RECORD.--July 1996 to current year. Annual peaks only for 1969-1974 water years published in WRD MO 1974. 

REVISED RECORDS.--WDR MO-03-1: 1996-2001(M).  WDR MO-05-1: 2002(M). 

GAGE.--Water-stage recorder and crest-stage gage. Datum of gage is 415.75 ft above National Geodetic Vertical Datum of 1929. 

REMARKS.--Records fair except for estimated daily discharges, which are poor. 

EXTREMES FOR CURRENT YEAR.--Peak discharges greater than base discharge of 2,900 ft³/s and (or) maximum (*): 

Date Time 
Discharge 

(ft³/s) 
Gage height 

(ft) 
Dec 27 1610 3,420 12.42 
Feb 11 0255 *4,830 *14.74 
Jun 15 1220 4,400 14.08 
Jun 16 0515 4,420 14.11 

Minimum discharge, 0.14 ft³/s, Oct. 26, gage height, 0.74 ft. 

 

http://wdr.water.usgs.gov/
http://waterdata.usgs.gov/nwis/nwisman/?site_no=07010086


 Water-Data Report 2009 

 07010086 DEER CREEK AT MAPLEWOOD, MO—Continued 

— 2 — 

DISCHARGE, CUBIC FEET PER SECOND 
WATER YEAR OCTOBER 2008 TO SEPTEMBER 2009 

DAILY MEAN VALUES 
[e, estimated] 

Day Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

1 1.8 0.45 2.2 1.9 8.2 1.7 5.0 4.9 2.4 1.7 14 1.5 
2 1.5 0.38 1.5 1.7 4.2 1.4 19 3.8 215 1.6 4.6 0.97 
3 1.3 0.32 1.5 1.6 1.2 1.3 21 1.9 31 1.6 1.5 0.98 
4 1.3 0.47 2.3 1.5 0.72 1.4 3.3 1.4 5.9 548 1.2 0.94 
5 1.1 0.84 1.4 1.4 0.66 1.4 3.8 1.3 2.6 110 1.1 410 

6 1.2 0.45 1.4 1.2 0.82 1.7 5.3 6.1 1.8 8.3 1.0 45 
7 8.7 0.62 1.2 1.3 3.0 1.5 2.9 6.1 1.5 3.2 0.98 11 
8 2.5 0.69 2.2 1.5 1.8 1.4 1.9 284 93 2.3 1.0 2.0 
9 1.3 0.46 29 1.2 2.5 1.6 131 20 5.6 2.0 0.97 1.4 

10 1.0 0.47 7.7 1.1 13 36 215 4.7 77 2.1 41 1.3 

11 1.0 25 1.9 1.1 1,190 28 18 2.6 130 2.4 2.0 1.2 
12 1.0 2.8 1.5 1.0 48 2.5 6.1 1.9 6.4 243 1.4 1.2 
13 1.0 1.2 1.2 1.0 13 1.4 199 1.8 2.7 24 1.3 1.1 
14 1.0 26 7.2 1.0 8.1 1.2 22 58 2.4 4.7 1.1 1.1 
15 6.8 32 33 1.1 4.4 1.0 7.2 29 774 5.8 1.1 2.9 

16 2.0 2.6 2.3 0.99 2.9 0.97 6.7 69 903 2.5 59 1.3 
17 0.77 1.0 1.5 0.78 2.6 0.97 7.1 4.3 36 2.0 159 1.1 
18 1.1 0.88 12 0.86 2.5 6.0 6.1 2.3 10 1.5 17 1.0 
19 0.47 1.0 188 0.87 2.4 30 253 1.5 5.2 1.5 3.2 0.99 
20 0.43 0.79 6.5 0.84 1.8 2.2 54 1.4 77 1.3 213 51 

21 0.58 0.92 2.0 0.72 2.1 2.9 11 1.3 6.2 1.5 4.2 6.9 
22 0.52 1.2 2.1 1.2 1.9 2.0 5.8 1.1 3.0 1.5 2.2 36 
23 52 1.0 268 0.73 1.7 1.5 3.7 1.2 2.4 1.8 1.6 2.6 
24 2.6 1.0 141 0.64 1.6 68 2.8 0.98 3.4 2.7 1.3 4.9 
25 0.53 1.4 19 0.56 1.6 18 2.1 e237 2.6 1.5 1.2 2.3 

26 0.25 1.1 11 0.99 19 2.5 1.7 e160 2.0 1.2 1.2 37 
27 0.38 1.1 564 0.69 36 1.5 6.1 74 1.8 1.2 1.1 11 
28 0.53 1.00 54 0.81 3.4 139 9.5 100 3.2 44 2.5 2.0 
29 0.44 1.2 11 1.0 --- 187 13 10 1.9 6.4 1.4 1.2 
30 0.48 4.5 4.1 1.3 --- 24 56 9.8 1.8 2.2 0.96 1.2 
31 0.43 --- 2.2 4.0 --- 14 --- e5.9 --- 1.7 1.3 --- 

Mean 3.10 3.76 44.6 1.18 49.3 18.8 36.6 35.7 80.4 33.4 17.6 21.4 
Max 52 32 564 4.0 1,190 187 253 284 903 548 213 410 
Min 0.25 0.32 1.2 0.56 0.66 0.97 1.7 0.98 1.5 1.2 0.96 0.94 
In. 0.10 0.12 1.41 0.04 1.41 0.60 1.12 1.13 2.46 1.06 0.55 0.66 
 

STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1996 - 2009, BY WATER YEAR (WY) 

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Mean 14.6 27.2 16.3 35.5 31.3 38.8 27.5 48.4 48.2 29.8 15.6 28.5 
Max 40.0 82.3 44.6 172 77.0 124 54.1 134 101 87.7 35.3 136 
(WY) (2002) (1997) (2009) (2005) (1999) (2008) (2008) (2004) (1998) (2004) (1996) (2008) 
Min 3.10 1.93 2.09 1.18 1.89 7.92 8.96 3.71 14.1 2.23 3.67 1.23 
(WY) (2009) (2000) (1999) (2009) (2006) (2000) (2006) (2005) (2004) (1997) (2001) (2004) 
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SUMMARY STATISTICS 

 Calendar Year 2008 Water Year 2009 Water Years 1996 - 2009 
Annual mean  52.9    28.6    30.0   
Highest annual mean    50.3 2008  
Lowest annual mean    12.9 2006  
Highest daily mean  2,640 Sep 14   1,190 Feb 11   2,640 Sep 14, 2008  
Lowest daily mean  0.25 Oct 26   0.25 Oct 26   0.14 Nov   3, 2007  
Annual seven-day minimum  0.42 Oct 26   0.42 Oct 26   0.19 Oct 31, 2007  
Maximum peak flow   4,830 Feb 11   10,300 Sep 14, 2008  
Maximum peak stage   14.74 Feb 11   21.53 Sep 14, 2008  
Instantaneous low flow   0.14 Oct 26   0.09 Oct 20, 1996  
Annual runoff (inches)  19.75    10.63    11.16   
10 percent exceeds  114    53    53   
50 percent exceeds  2.5    2.0    2.3   
90 percent exceeds  0.64    0.88    0.78   
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APPENDIX 2-A:  STAKEHOLDER AREAS OF CONCERN 

STORMWATER RETENTION AND DETENTION ISSUES 

Priority areas of the watershed should include establishing Best Management Practices (BMP’s) in 

headwaters where possible so that upstream sub-watersheds are a manageable size to be effectively 

addressed, and so that additional downstream benefits accrue. 

City of Ladue is large in area compared to most municipalities in the watershed and contains large tracts of 

land.  Maintenance of BMP’s is critical as some subdivisions do not have rules for drainage. 

Volume based hydrology study of the entire watershed is needed as currently there is not enough 

information available to make decisions.  BMP’s for detention design need to be reviewed. 

Rain gardens or other means of underground storage will be needed if down spouts are disconnected from 

the sewer system as this will result in an increase of water now going over land.  The quantity of rain for 

every square mile in the watershed is needed to make good decisions.  Rain gardens work.  Where do we 

start and how do we prioritize funding? 

A planning study is needed to determine the impact of rain gardens, downspout disconnect, etc. on the 

watershed.   

City of Webster Groves is saturated with small lots and requires detailing at a minute level if rain gardens are 

proposed.  There currently are no green areas and no land available to create them.  They are experiencing 

tear down of existing homes and the rebuilding large homes on same lot.  How do you address these past 

problems and how do you handle stormwater detention?  A model is needed for these fill-in issues. 

Guidelines will be needed for maintenance of rain gardens and the issues of enforcing this maintenance will 

need to be addressed. 

INDUSTRIAL CONTAMINATION 

There is a low spot in an industrial area on the east side of Big Bend that was a candidate for a Corps of 

Engineers project starting at River des Peres and continuing upstream on Deer Creek.  This project was 

abandoned when the cost of clean-up became too costly for cities of Brentwood and Rock Hill.  This area has 

possible industrial contamination due to Petrolite operations. 

FLOODING ISSUES 

City of Maplewood has flooding issues with four homes receiving damage. 

Homes have flooded along Black Creek next to Metrolink stop north of Manchester Road – MSD has declared 

the area to be in the floodplain and homes have been removed.  Deer Creek south of Manchester Road 

floods in heavy rains affecting Deer Creek Park and Deer Creek Plaza parking lot.   



City of Brentwood has flooding issues in park south of Manchester Road as well as in Maplewood and Rock 

Hill.  Property buy-outs would be desirable. 

In City of Ladue there are flooding issues where Deer Creek, Two Mile Creek and Sebago Creek come 

together.   

Planning assistance from the Corps of Engineers is available to the states on a cost share basis (50-50).  

Floodplain management would be a candidate for this assistance.  Should fill in the floodplain be allowed? 

There is flooding off of Industrial Court and Manchester Road with levee owned by industrial court business’ 

not functioning,  water coming out of banks on an unnamed  tributary to Deer Creek north of Steger 6th grade 

school – water goes into school property.   

Flooding is an issue along Kirkham Ave. that parallels Shady Groves as well as the intersection of Brentwood 

and Marshall. 

INFRASTRUCTURE DAMAGE 

Bridge over Deer Creek at McKnight Road is an area of concern. 

YARD WASTE AND CONSTRUCTION DEBRIS  

A 6 acre property in City of Brentwood is 70% in the floodway and 30% in the floodplain.  An architecture firm 

is currently using the site to store yard waste, lumber, and construction debris. 

Flooding north and south of Manchester Road caused lumber to float downstream. 

STREAM BANK EROSION AND SEDIMENTATION AND CHLORIDE POLLUTION 

City of Huntleigh has erosion and trash coming downstream.  Dead trees blocking flow of stormwater.  Need 

public education to convince citizens to keep trash out of creek. 

Bank erosion is an issue in City of Des Peres.  Need incentives for doing things.  Look at other places that give 

credits for implementing need procedures 

Bank stabilization with gabion walls is needed off of Des Peres Road in City of Rock Hill. 

There is a badly damaged retaining wall in the creek that runs behind Glen Creek Lane just south of Clayton 

Rd in City of Ladue. The gabion stone wall caved in sometime during the heavy rains this fall and has fallen 

apart even more with the heavy rains experienced in December 2009.  

Brentwood Forest Condominiums has concerns on water quality issues coming to their property.  Brentwood 

Forest has 1425 condos in 228 buildings on 110 acres.   There is a 3 acre lake (Lake Jefferson) on their 

property that receives stormwater runoff from three tributaries in the Deer Creek watershed.  Debris and 

contaminates carried with stormwater are issues along with sedimentation that settles in their lake.  Every 5 

years they need to dredge the lake at a cost of $150,000 to remove the sedimentation buildup.  Stream and 

lake bank erosion in this area are also issues.  Fertilizers are applied to grassy areas around their lake and 



when mowed the clippings can make their way into the lake.  Salt used in the winter on their sidewalks is also 

an issue.  The discharge from their lake goes into Black Creek.  The Brentwood Forest homeowners 

association would like to participate in green technology, i.e. rain gardens and bio swales, and is interested in 

partnering with appropriate parties on these endeavors. 

Caretaker of property at # 6 Barclay Woods is concerned about watershed that runs through property on east 

side. It starts up on Litzsinger Rd. and runs through 9915 Litzsinger property, then through 9875 Litzsinger, 

then on to #6 Barclay Woods, then to #4 Barclay Woods, and then under Barclay Woods Rd.  As it comes 

through #6 it has increased each year.  It has washed their flagstone away or damaged it.  They would like to 

be able to keep the runoff in stone area but it is not large enough to hold that much water any more.  They 

are concerned about this washing a lot of top soil down to Deer Creek. 

SINK HOLE ISSUES 

Underground caves and sink holes are predominant in the Deer Creek watershed.  Stormwater is currently 

flowing into most sink holes.  With build-out occurring these issues will worsen.  Shady Creek is a losing 

stream on one side of Manchester Road.   

Sinkholes exist adjacent to Oak Valley Drive and to Conway east of Spoede in the City of Frontenac 

Need to address sinkholes in Tilles Park and in Deerfield Road area. 

NEED FOR TREE PRESERVATION STRATEGY 

Trees bring value and absorb significant amounts of rainfall.  There is a need for tree protection and 

preservation – incentives and ordinances? 

Assess the environmental impact each type of tree, shrub, grasses etc has, and then promote planting the 

best plants.  

NEED FOR RIPARIAN CORRIDOR PRESERVATION AND RESTORATION 

We should coordinate with Great Rivers Greenway to identify areas that are best candidates for greenways.  

Would be good to buy-out existing homes and create green space along creek corridors in Brentwood and 

Maplewood. 

City officials are still willing to allow people to build too close to the creek. Rock Hill allowed condos to be 

build right on the creek on McKnight Road south of Tilles Park.  They have allows homes to be built on a small 

creek next to the Webster sixth grade center, all in the last decade when people should know better. 

Currently development is right up to the creek bank in many areas which is a cause for many of the issues 

being addressed. 

Several properties were flooded after hurricane Ike, including 27 and 21 Overbrook, adjoining lots. One of the 

homes was torn down (27) and the other home is standing but for sale as a building site. Adjoining these lots 

to the West is 9714 and 9710 Litzsinger with no houses and for sale.   One house has been torn down that 



had occupied the site which is technically two lots, but much of one is in the flood plain. These properties are 

across the road from Litzsinger Ecology Center. They should not be built upon. 

NEED FOR INVASIVE SPECIES REMOVAL 

There should be a shift towards a more pervasive and thriving native habitat in the "green edges" of our 

community. We need to work hard to eradicate non-natives, like Japanese Bush Honeysuckle which can lead 

to increased erosion and sedimentation of the local creeks. 

ANIMAL WASTE ISSUES 

Does your team quantify contaminants? I think a pre-measurement, with an intervening action, and then a 

post-measurement is very compelling.  The tips about dog waste made a lot of sense. I know I don't do 

anything about our dogs' waste in our back yard. If that contributes to the problem, I didn't know about it, 

and probably others don't either. If that's not publicized, that would be an opportunity. 

EDUCATION, PUBLIC AWARENESS, AND WATER QUALITY 

Public education and outreach is necessary if we expect a real change in how people look at water quality 

issues. 

Contact Kirkwood Historical Society for information that exists on north Kirkwood stream headwaters. 

Springtime wildlife should be considered when planning upcoming events which would involve the creek 

ecosystem. To have large numbers of people climbing through the creek beds in springtime greatly disturbs 

the fragile wildlife living in and around the area.  

I am interested in signage on Deer Creek where bridges cross it or in parks.  

I have concern over the continuing death of all the little creeks in the Gravois and Deer Creek watersheds and 

the accompanying loss of the human history of their use. 

Education is key so that everyone knows and understands their role. 

 



APPENDIX 2-B STREAM TEAM VISUAL INSPECTION DATA DEER CREEK WATERSHED 

Deer Creek 

Jul 98 Thumbnail clam shell, minnows observed in stream, medium size water snake, low flow 

Oct 99 Close or filamentous algae not distinguished 

Mar 00 Dandelions and violets growing on exposed bedrock 

Sep 00 Flash flooding has caused extreme changes in creek 

Oct 00 Fallen tree has altered stream 

Oct 01 Stream landscape changed drastically; stream deeper, lots of backwater 

Apr 02 Fallen trees changed shape of creek 

Aug 03 Stream bank has extreme erosion 

Sep 03 Erosion wall constructed; trees removed 

May 04 Recent heavy rain 

Feb 05 No stream flow 

Apr 05 Stream rises fast from rainfall runoff, minnows noted, kingfisher active  

Oct 05 Numerous birds, frogs and minnows noted, stream bank erosion becoming worse, roots exposed 

Jul 06 Tadpoles and juvenile fish noted 

May 07 At least 50 dead fish noted 

Sep 07 Six turkeys and small fish observed, oil in water and no flow, possible storm drain spill 

Mar 09 Stream very dry 

Black Creek 

Nov 99 Drainage pipe along stream bank, men working in area, black sedimentation in water 

Jun 05 Very strong sewage odor 

Hamilton Creek 

Jul 01 Mussels & fish noted, particles sheen on surface-planarians and caddisfly case 

Sep 02 Stream appears healthy other than algae presence and bank erosion 

Shady Grove Creek 

Oct 05 Mink & rabbit sighted by stream, stream has a 100 yard long losing segment  

Oct 06 Stream mostly dry 

TwoMile Creek 

Apr 05 Mussels, minnows, sow bug and fish present 

Oct 05 Stream bed dry (only pools), no rain for 5 weeks 

Jul 06 Large amount of horse manure in stream from riding trail 

Jun 07 Appears more representative of stream, good flow in riffle area, filamentous algae (95%) 

 



APPENDIX 2-C USGS Water Quality Data @ Maplewood Monitoring Station

Date/Time Temp ⁰ C

Inst. 

Discharge, 

ft3/s

Specific 

Conductan

ce uS/cm

Dissolved 

Oxygen 

mg/L

Dissolved 

O2, % of 

saturation

PH, std 

units

Suspended 

Solids 

mg/L

Total 

Nitrogen 

mg/L

Organic 

Nitrogen 

mg/L

5/21/2001 2:50 21.9 100 490 3.6 43 7.4 150 2.7 1.6

5/30/2001 8:05 20.1 1.2 920 2.4 27 7.6 10 2.2 0.73

8/27/2001 11:30 25.8 1.2 736 5 63 7.5 3 1.7 0.49

10/5/2001 9:54 15.8 247 180 7.2 74 7.5 133 2.5 1.2

12/10/2001 10:55 5.1 1.3 1140 7.6 60 7.5 3 2 0.56

2/4/2002 12:35 3.4 5.3 1300 12.2 92 7.6 6 2.7 0.62

3/9/2002 3:27 14 392 2510 8.5 85 6.3 337 3.2 2.6

5/29/2002 8:10 19.2 13 531 5.2 57 7.7 19 2.2 0.96

8/5/2002 13:20 30.1 0.8 1010 6.5 88 7.7 27 2.6 1.1

10/25/2002 6:32 13.1 143 455 7.2 69 7.6 114 3.6 1.3

12/17/2002 9:45 7.6 1.1 2830 5.8 50 7.7 25 2.8 1.2

2/4/2003 8:40 2.3 2.9 3070 9.6 72 7.6 17 3.6 1.9

3/28/2003 14:47 11.4 118 875 10.6 99 7.3 27 2.2 1.2

6/9/2003 14:30 21.5 1.7 822 5.3 61 7.3 7 2 0.66

8/11/2003 12:05 24.6 0.9 989 7 86 7.4 20 1.7 0.35

10/9/2003 13:27 18 1110 311 5.8 62 7.7 378 3.7 2.7

12/3/2003 15:00 5 1.2 1230 7.8 62 7.7 2 4.5 0.4

12/9/2003 10:27 7.3 55 1030 10.9 93 7.5 50 2.2 0.97

2/17/2004 10:46 2.2 3.5 2240 12.2 91 7.8 5 2.4 0.65

3/3/2004 21:26 10.5 98 1960 8.7 79 7.5 134 2.5 1.4

4/23/2004 0:19 14.8 0 0 5.1 51 7.3 76 2.6 1.6

5/18/2004 13:10 21.8 3.9 1200 4.6 53 7.6 3 2.7 0.6

8/3/2004 14:15 25.1 1.4 1030 3.6 45 7.3 10 2 0.52



APPENDIX 2-C USGS Water Quality Data @ Maplewood Monitoring Station

Ammonia 

mg/L

Nitrite 

mg/L

Nitrate 

mg/L

Phosphate 

mg/L

Hardness 

mg/L

Calcium 

mg/L

Magnesium 

mg/L

Chloride 

mg/L

0.41 0.1 0.62 0.429 120 37 6.1

0.87 0.1 0.45 0.552 230 73 12

0.71 0.08 0.45 0.46 180 56 10

0.55 0.03 0.66 0.46 64 20 3.4

0.54 0.03 0.85 0.276 310 93 19 160

0.18 0.02 1.88 0.245 330 100 20 210

0.24 0.03 0.37 0.276 150 48 7

0.24 0.07 0.9 0.491 160 50 8.9

0.76 0.21 0.48 0.981 250 71 18

1.5 0.07 0.78 0.644 140 41 9

0.91 0.06 0.66 0.276 270 78 19 600

0.85 0.09 0.85 0.184 310 87 22 800

0.33 0.04 0.62 0.245 170 52 10

0.54 0.1 0.75 0.491 220 66 14

0.75 0.09 0.5 0.215 250 71 17

0.3 0.07 0.61 0.46 91 28 5

3.4 0.03 0.72 0.828 390 115 24 180

0.43 0.05 0.74 0.245 280 86 16

0.55 0.04 1.16 0.123 340 100 21 490

0.33 0.06 0.78 0.153 240 71 15

0.5 0.04 0.5 0.184 220 65 13

0.7 0.16 1.24 0.491 330 102 19

310 98.4 16.2



APPENDIX 2-D:  DEER CREEK INDUSTRIAL USERS, PRETREATMENT INFORMATION 

MANAGEMENT SYSTEM (PIMS) DATABASE  

 

 INDUSTRY NAME PREMISE ADDRESS 

Black Creek ALCOTEK 603 Hanley Industrial Ct 

 CARBOLINE COMPANY 350-360 Hanley Industrial Court 

 CAREFUSION 5 Sunnen Dr. 

 COIN ACCEPTORS INC 300 Hunter 

 CONTROL DEVICES INC 711 Hanley Industrial Court 

 COUNTY BLUE REPROGRAPHICS CORP 755 Hanley Industrial Ct. 

 DIVERSIFIED LABORATORY SERVICES 645 Hanley Ind Court 

 HAMPTON ENVELOPE CO 200-204 Hanley Ind Ct 

 HEPTEST LABORATORIES 1431 Strassner 

 HOPE PRESS INC 141 Hanley Industrial Court 

 ICE CREAM SPECIALTIES INC 8419 Hanley Industrial Dr 

 INDEECO 425 Hanley Industrial Ct. 

 KV PHARMACEUTICAL 2629-35 S. Hanley Rd. 

 KV PHARMACEUTICAL  8046-8050 Litzsinger Road 

 KV PHARMACEUTICAL 8054-56 Litzsinger 

 KV PHARMACEUTICAL 819-21 Hanley Industrial Court 

 LANDER BINDING & FINISHING 1439 Hanley Industrial Ct. 

 MERIDIAN MEDICAL TECHNOLOGIES 2555 Hermelin Dr. 

 OMEGA INDUSTRIES INC 1009-1011 Hanley Industrial Court 

 SOUTHERN GRAPHIC SYSTEMS INC 1025-1035 Hanley Industrial Court 

 ST LOUIS BREAD CO 2511 S Hanley 

 ST LOUIS COUNTY ENVIRONMENTAL HEALTH LABS 111 S. Meramec Ave. 

 ST LOUIS GRAPHIC STATION INC 822 Hanley Industrial Ct. 

 SUNNEN PRODUCTS COMPANY (SAL) 4 Sunnen Dr. Suite 100 

 THRASHER PRINTING INC 814 Hanley Industrial Ct. 

 ZIP MAIL SERVICES 288 Hanley Industrial Court 

Dale CUSTOM FABRICATION & COATINGS 7955 Manchester Road 

 SSM ST MARY'S HEALTH CENTER 6420 Clayton Road 

Deer Creek ACME PRINTERS/LITHOGRAPHERS 36 W Lockwood 

 BAKER PETROLITE CORPORATION 369 Marshall Av 

 BI-STATE EMULSIONS INC 3714 Big Bend Industrial Ct 

 BRECKENRIDGE MATERIALS CO 2833 Breckenridge Industrial Court 

 BRENCO CORPORATION 9246 Shortridge 

 BRENTWOOD PLASTICS INC 8734 Suburban Tracks 

 CAREFUSION 5 Sunnen Dr. 

 CARR LANE CASTINGS INC 4100 Carr Lane Ct 

 CARR LANE MANUFACTURING CO 4200 Carr Lane Court 

 CHASE PARTITIONS INC. 3250 Walter Ave. 

 CIRRUS GROUP HCP CRS2 CREVE COEUR MOLP 450 N New Ballas Road 

 CUSTOM FABRICATION & COATINGS 7955 Manchester Road 

 ESSEX MANUFACTURING DIVISION 6 Sunnen Drive 

 FROESEL PRINTING 2301 Brentwood 

 GENE-DEL PRINTING 9019 Manchester 



 GOLD STAMP INC 9028 Manchester Rd. 

 GRAPHIC COLOUR INC 2827 Breckenridge Industrial Ind 

Ct 

 ICL PERFORMANCE PRODUCTS LP 373 Marshall Ave. 

 LACHEF CATERING 7169 Manchester 

 LACLEDE GAS COMPANY 4118 Shrewsbury Avenue 

 LEE BIOSOLUTIONS INC 2924 Mary Ave. 

 MALLINCKRODT INC 385 Marshall Ave. 

 METRO TRANSIT AGENCY 3000 S. Brentwood Blvd. 

 MISSOURI BAPTIST MEDICAL CENTER 3015 N. Ballas Rd 

 MONSANTO COMPANY 800 N. Lindbergh Boulevard 

 O'HARE FOUNDRY CORPORATION 3417 S. Big Bend Blvd 

 ORTHOTIC & PROSTHETIC LAB 748 Marshall Ave. 

 R&S INDUSTRIES CORP 8255 Brentwood Industrial 

 ROCK HILL QUARRIES COMPANY 1233 N. Rock Hill Road 

 SHRINERS HOSPITAL FOR CHILDREN 2001 S. Lindbergh Boulevard 

 ST JOHN'S MERCY MEDICAL CENTER 615 S. New Ballas Road 

 ST LOUIS BREWERY 7260 Southwest 

 ST LOUIS CHOCOLATE 286 East Avenue 

 ST LOUIS SURGICAL CENTER 760 Office Parkway 

 SUNNEN PRODUCTS COMPANY 7910 Manchester Road 

 THEISS PLATING CORP 9314 Manchester Road 

 TYPE HOUSE 7412-7416  Manchester 

 UNIVERSAL RENTALS 10831 Manchester Rd. 

 VISHION TOOL AND MACHINE CO 3235 Sutton 

 VISHION TOOL AND MACHINE CO 3344 Greenwood Blvd. 

 WEBSTER UNIVERSITY 470 E. Lockwood 

 WOODARD CLEANING & RESTORATION SERVICES 2600 Creve Coeur Dr. 

 WOODARD CLEANING AND RESTORATION 9308 Manchester Rd 

Ellendale ACE SCRAP METAL PROCESSORS 5900 Manchester Ave 

 BNSF RAILWAY COMPANY 3500 Wellington Ave. 

 DIVERSIFIED FOAM PRODUCTS 7140 Wellington Ct. 

 HANNEKE'S LOGOWEAR 1430 Macklind Avenue 

 MAJOR BRANDS 6703 Southwest 

 PRINT STATION INC 7415 Manchester Rd. 

 ST LOUIS BREWERY 7260 Southwest 

 WALSH & ASSOCIATES INC 1400 Macklind Ave 

McCausland ABBOTT AMBULANCE 2500 Abbott Place 

 EXPRESS MEDICAL TRANSPORTERS 6780 Southwest Ave. 

 NELSON TOOL 6945 Manchester 
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Executive Summary 

Staff and volunteers at the Litzsinger Road Ecology Center (LREC) in Ladue, Missouri, monitor water 

quality in Deer Creek.  Monitoring results presented in this report represent three years of water chemistry 

data collection at seven sites along Deer Creek and its tributaries as well as six years of benthic 

macroinvertebrate study at LREC.  

 

Water chemistry parameters are sampled monthly using Missouri Stream Team methods: dissolved 

oxygen, air temperature, water temperature, nitrate, conductivity, turbidity, flow rate, pH, and chloride.  

Data show that pH is periodically lower than desired at the upstream sites.  Dissolved oxygen 

concentrations fluctuate fairly widely, often falling below the 5 mg/l that is vital to support a healthy fish 

and macroinvertebrate community.  Chloride concentrations are often very high in winter, reaching levels 

that are considered toxic to fish and invertebrates; this chloride is associated with runoff of water 

containing road salt during snow melt. 

 

Benthic macroinvertebrate samples are collected annually in both the spring and the fall.  Monitoring has 

shown that populations in Deer Creek are generally more diverse in the fall than in the spring.  The 

presence of fish is noted in May through September, but they are rarely seen October through April. 

 

Stream flow data is collected by the U.S. Geological Survey (USGS) at the Litzsinger Road bridge at the 

downstream end of the LREC property, as well as several other sites in the watershed.  Considering the 

urban setting of Deer Creek and the high variability of flow in the stream, the ecology of the stream seems 

fairly intact.  

 

Introduction 

Deer Creek is a fourth order stream in St. Louis County, Missouri (Figure 1).  It is a tributary to the River 

Des Peres.  The stream length is 10.8 miles (CARES, 2008).  Contributing streams include Two-Mile 

Creek, Sebago Creek, Shady Grove Creek, and Black Creek.  The watershed of Deer Creek is located in 

the heart the St. Louis suburbs and drains approximately 37 square miles, including large portions of the 

municipalities of Brentwood, Creve Coeur, Frontenac, Glendale, Ladue, Maplewood, Richmond Heights, 

Rock Hill, Webster Groves, and others.  

 

Members of Stream Team 2760, Litzsinger Road Ecology Center (LREC) Stream Team, have been 

collecting water quality data since 2005.  Originally, this effort was intended to provide an opportunity for 

members of the LREC community to learn about water quality, to practice their monitoring skills, and to 

generate some baseline information on the ecology of Deer Creek.  Beginning in 2008, water chemistry 

data has been collected as well.  This baseline data was to be used by the staff at LREC as well as 

members of the St. Louis County Department of Health who were working to fill the needs of a multi-

watershed 319 water quality improvement grant. 

 

More recently, the 319 water quality improvement grant has been transferred to the Missouri Botanical 

Garden.  A nine-point watershed plan has been submitted to EPA and a new 319 grant has been awarded 

to continue the implementation of the plan.  The administrators of the grant are utilizing the data set 

collected by the LREC Stream Team as part of their monitoring requirements. 

 

Sampling Plan and Results 

Regular monitoring commenced on February 28, 2008.  Water chemistry samples were collected at seven 

sites in the Deer Creek watershed on 30 or 31 occasions; some sites were not sampled on one occasion 

due to weather.  In addition, 14 sets of aquatic macroinvertebrate samples have been collected at two sites 

on LREC property since 2005.  Water quality sampling is expected to continue approximately once per 

month through the grant period with two biological samples collected per year.  The level of interest of 

the Stream Team Volunteers for additional sampling beyond the period of the grant will be evaluated at 

that time. 
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Figure 1.  The watershed (boundary marked in purple) of Deer Creek in St. Louis County, Missouri.  Circles 

represent USGS gauges (developed using CARES, 2008). 

 
 

Physical and Chemical Sampling: 

Data has been collected from seven sites for this project (Figure 2).  See Table 1 for characteristics of 

each of these sites and Appendix 1 for information on the U.S. Geological Survey (USGS) gauges 

associated with four of these sites.  The sites are: 

• Malcolm Terrace Park – Deer Creek approximately 320 meters upstream of the pedestrian bridge 

in Malcolm Terrace Park (Creve Coeur), 

• Chaminade – Tributary to Deer Creek approximately 20 meters upstream of the pedestrian bridge 

that connects the Chaminade campus to Chaminade Drive, 

• Log Cabin – Deer Creek approximately 40 meters upstream of Log Cabin Lane, 

• LREC – approximately 150 meters upstream of USGS gauge 07010055 at Litzsinger Road at the 

Litzsinger Road Ecology Center,  

• Overbrook – Two-Mile Creek approximately 40 meters upstream of Overbrook Lane and 750 

meters downstream of USGS gauge 07010061,  

• Old Warson – Sebago Creek approximately 30 meters upstream of USGS gauge 07010070 at Old 

Warson Road, and 

• McKnight – approximately 50 meters downstream of McKnight Road 200 meters downstream of 

USGS gauge 07010075 at North Rock Hill Road. 
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Table 1.  Descriptions of the seven sampling sites on Deer Creek. 

Site Drainage Area Latitude Longitude Stream Mile 

Malcolm Terrace 1 to 2 mi
2 

38
O
 39' 08.9” 90

O
 26' 02.5” 9.6 

Chaminade (Tributary) 1 to 2 mi
2
 38

O
 39' 00.3” 90

O
 24' 42.9” 0.5 (8.4*) 

Log Cabin 10 to 11 mi
2
 38

O
 37' 47.1” 90

O
 23' 07.1” 5.9 

LREC 12.0 mi
2 

38
O
 37' 25.7” 90

O
 22' 32.0” 5.1 

Overbrook (Two-Mile) 6.4 mi
2
 38

O
 37' 11.7” 90

O
 22' 38.1” 0.2 (4.9*) 

Old Warson (Sebago) 1.9 mi
2
 38

O
 36' 52.9” 90

O
 22' 35.8” 0.5 (4.8*) 

McKnight 21.4 mi
2 

38
O
 36' 57.3” 90

 O
 21' 43.5” 3.9 

* Distance from mouth of Deer Creek 

 
 

 

Figure 2.  Locations of the seven sites monitored by the LREC Stream Team. 

 

 

 
The following parameters are sampled on a monthly basis: dissolved oxygen, air temperature, water 

temperature, nitrate, conductivity, turbidity, flow rate, pH, and chloride.  The sampling protocol has 

followed the methods prescribed by the Missouri Stream Team.  The data are summarized in Table 2. 

 

At the four downstream sites, instantaneous flow rates at the time of sampling were recorded from the 

USGS web site.  At the upstream sites, flow was generally noted as present or absent, or sometimes 

estimated by an experienced team member.     
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Table 2.  Summary of water chemistry in Deer Creek as measured by Stream Team 2670.  Red values 

indicate potential cause for concern.   

 
Malcolm 

Terrace 

Chamin-

ade 

Log 

Cabin 
LREC LREC* 

Over-

brook 

Old 

Warson 

Mc-

Knight 

Water temperature 

(
O
C) (range)  

1-29 0.5-27 0.5-29 1-28 0-28 1-27 0-27 0.5-28 

pH (range) 6.3-8.9 6.3-8.2 6.4-8.6 6.6-8.5 6.6-8.5 6.6-8.3 6.6-8.3 6.9-8.5 

DO (mg/L) (range)  4-24 1-23 5-28 2-26  3-18 3-21 3-21 

DO (% sat) (range)  69-186 11-166 54-346 17-236  25-169 22-209 27-222 

Nitrate (mg/L) (max)  4.0 2.0 2.0 1.0  2.0 2.0 2.0 

Chloride (mg/L) 

(max, median) 

2214, 

162 

3514, 

161 

2904, 

100 

2904, 

92 

3927, 

172 
911, 40 

1116, 

141 

2029, 

93 

Conductivity (uS/cm) 

(range)  

490-

6200 

280-

8600 

440-

7300 

410-

7600 

410-

9000 

360-

1780 

370-

3600 

460-

6300 

Turbidity (NTU) 

(max, median)  
80, <10 

350, 

<10 
70, <10 54, <10  38, <10 

35,  

<10 
52, <10 

* Includes fifteen additional winter samples collected at LREC in January and February of 2010 and 2011 by staff 

in order to better determine the extent of chloride pollution caused by salting of roads. 

 
 

Biological Sampling: 

Since 2005, sampling for benthic macroinvertebrates has been conducted at the LREC site in the “mulch 

pile woods” as well as a second location further upstream at the “horse trail.”  Invertebrates were 

collected in flowing water using a kick net and in pooled conditions using a D-frame net.  On each 

sampling date, three net sets were collected and all invertebrates found were identified.   

 

The results of the three net sets were compiled to determine the water quality score; an invertebrate score 

of <12 is poor, 12-17 is fair, 18-23 is good, and >23 is excellent.  Summary results may be viewed in 

Table 3.   

 

Benthic macroinvertebrates found at both LREC locations during at least one sampling event since 2005 

fall into the following categories mayfly, riffle beetle, other beetle, crayfish, dragonfly, damselfly, scud, 

sowbug, aquatic worm, blackfly, leech, midge, and pouch snail.  Caddisflies were only collected at the 

mulch pile woods site.  Gilled snail and crane fly were recorded only at the horse trail site. 

 

In addition to seasonal sampling of macroinvertebrates, the presence and absence of fish was noted, 

beginning in March of 2009.  While live fish were rarely seen in Deer Creek and its tributaries between 

October and April, schools of 50 fish or more are seen regularly at all seven sites in June through 

September.   

 

 

Habitat Measurements: 

The standard Missouri Stream Team Visual Stream Survey Data Sheet was filled out on February 24, 

2011, at each of the sever water chemistry sites.  Results of the survey are summarized in Table 4. 

 

The land uses in the floodplains of each site are variable, but do not include any commercial or industrial 

developments.  All except the LREC site have at least a 50% residential component.  The riparian zones 

of all seven sites include trees, grasses and forbs, and bare ground.  None of the sites had buildings in the 

riparian zone and only three of the seven sites had pavement (limited to 10% of the riparian zone). 
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Table 3.  Summary of A) invertebrate scores and B) number of individual invertebrates.   

A Horse Trail Mulch Pile Woods Combined 

SCORE max mean min max mean min max mean min 

Spring 20 11.6 (n=5) 4 18 12.3 (n=4) 8 20 11.9 (n=9) 4 

Fall  17 (n=1)  22 16.8 (n=5) 12 22 16.8 (n=6) 12 

Overall 20 12.5 (n=6) 4 22 14.8 (n=9) 8 22 13.9 (n=15) 4 

 

B Horse Trail Mulch Pile Woods Combined 

INDIV. max mean min max mean min max mean min 

Spring 490 172 19 228 121 47 490 153 19 

Fall  95  189 98 36 189 97 36 

Overall 490 159 19 228 107 36 490 129 19 

 
Table 4.  Summary of the visual stream survey. 

 Malcolm 

Terrace 

Chamin

-ade 

Log 

Cabin 
LREC Overbrook 

Old 

Warson 

Mc-

Knight 

Industrial        

Commercial        

Residential 85% 50% 90%  50% 80% 70% 

Pasture/Hay 5%       

Woods 10%  10% 60%  20% 30% 

Flood-

plain Land 

Use 

Other  
50% 

school 
 

40% 

prairie 

50%  

golf course 
  

Trees 90% 65% 80% 50% 60% 30% 60% 

Grass/Weeds 5% 15% 10% 28% 30% 50% 15% 

Bare 5% 20% 10% 2% 10% 10% 15% 

Pavement  10%    10% 10% 

Buildings        

Riparian 

Cover 

Other    
20% 

shrubs 
   

Trees 80% 60% 65% 40% 50% 20% 30% 

Grass/Weeds  10% 5% 20% 35% 25% 20% 

Bare  20% 10%  5% 10% 20% 

Bedrock    40% 10% 5%  

Pavement 20% 10% 20%   40% 30% 

Stream-

bank 

Condi-

tions 

Other        

Silt/Mud 20% 10% 5%  5%   

Sand 10% 10% 5%   10% 10% 

Gravel 10% 40% 10% 5% 5% 15% 60% 

Cobble 60% 40% 75% 90% 80% 25% 30% 

Bed 

Composi-

tion 

Bedrock   5% 5% 10% 50%  

Percent Embeddedness    43% 30% 27% 56% 

Signs of Human Use Plastic bags, 

medicine 

bottle, cut 

logs, large 

tire 

Plastic 

trash 

Plastic 

bags, 

trash 

Trash, 

elimina-

tion of 

non-

natives 

Trash, 

bridge 

Trash Trash, 

bridge 

% Covered 0% 0% 20% 70% 75% 90% 20% 

% Close   60% 100% 100% 100% 100% 

Algae 

% Filamentous   40%     

Water Color Clear Mostly 

clear 

Clear Greenish 

brown 

 Clear Slightly 

brown 

Water Odor None None None  None None None 

Fish Present No No No No Yes (dead) No No 
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At least 70% of the stream bed at each site is made of gravel or cobble, with the exception of the Old 

Warson site which is dominated by bedrock.  Algal growth was minimal at sites upstream of LREC, 

though it was abundant at the sites along both Two-Mile Creek (Overbrook) and Sebago Creek (Old 

Warson).  No odors were detected and no live fish were seen. 

 

 

Analysis and Discussion 

 

pH: 

Measurements of pH in the Deer Creek watershed were mostly within normal parameters; levels above 

9.0 or below 6.5 are outside the range allowed by the State of Missouri (CSR, 2007).  The three sites 

upstream of LREC had pH levels periodically below 6.5.  These levels were not associated with any 

particular season.  However, comments made by the team members when four of the six samples of low 

pH were taken include mention of the unusually large amount of leaves or other organic material that was 

present. 

 

The decomposition of organic matter and respiration by plants, animals and bacteria can result in the 

creation of CO2 which contributes to the acidity of water (Hem, 1985).  Such decomposition and 

respiration can also be indicated by low concentrations of dissolved oxygen which is consumed to create 

the CO2.  Low concentrations of oxygen were also found on four of the six occasions. 

 

Based on research by Robertson-Bryan, Inc. (2004), the level of variability and range of values found in 

Deer Creek seem unlikely to have a substantial health effect on the organisms founding the stream 

system.  However, there may be behavioral or breeding consequences, depending on how rapidly the pH 

is changing.  

 

 

Flow Duration: 

Flow duration curves are a useful tool for understanding the hydrology of a site.  A flow duration curve 

shows graphically what percent of the time streamflow meets or exceeds a certain volume. This can be 

used to understand the dynamics of floods and droughts in the stream.  (EPA, 2007)  For example, a flow 

duration curve was developed using USGS gauge data at LREC (Figure 3).  We can see that flow is 

greater than or equal to 0.05 cfs about 60% of the time, but flow is only 11 cfs or higher 10% of the time.  

 

In the flow duration curve for Deer Creek at LREC, it is notable that the flow record indicates that 

detectable flow exists in the stream channel approximately 75% of the time.  The other 25% of the time, 

Deer Creek at LREC is either sustained as pools, left as dry streambed, or flows through the gravel or in 

underground natural channels.   

 

The understanding of hydrology, combined with water quality data offers unique ways of understanding 

environmental data.  With the flow duration curve as a basis, water quality parameters may be examined 

in terms of either concentration (amount in a given volume, often as milligrams per liter) or load (amount 

present in the stream as a whole at one time, often as pounds or tons per day).  (EPA, 2007) 

 

 

Nitrate: 

Nitrate is a naturally occurring component of aquatic ecosystems.  This nutrient is generally not 

considered to be at a level to cause concern until it reaches 10 mg/L. (Murdoch and Cheo, 1996)  In the 

sampling we conducted, the highest measured value in Deer Creek has been 4 mg/L and the vast majority 

of samples had concentrations of 1.0 mg/L or lower.   
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Figure 3.  Flow duration curve for Deer Creek at the Litzsinger Road Ecology Center.  The period of record 

for this sub-hourly (about 20 minute intervals) data is 12/29/2008 to 2/2/2011. 
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Figure 4.  Load duration curve for chloride in Deer Creek at Litzsinger Road. 
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Chloride: 

Chloride is a component of the aquatic system that is found at high concentrations in saltwater (about 

19,000 mg/L), but at low concentrations in freshwater (Hem, 1985).  In the State of Missouri, the water 

quality standard for chloride is based on the chronic toxicity level of 230 mg/L and an acute toxicity of 

860 mg/L (CSR, 2007).  A material’s chronic toxicity is the concentration at which long-term exposure 

will cause death while concentrations that are acutely toxic will cause death with short-term exposure. 

 

Using the flow data and the chloride concentration, it is possible to calculate the load of chloride passing 

the LREC, Overbrook, Old Warson, and McKnight sites in units of lbs/day.  Using the standard values 

and the flow data, it is also possible to determine the maximum allowable load under a given flow 

condition.  Once the target maximum load has been charted, it is possible to plot the sampled values and 

compare them to the target (Figure 4).   

 

It is notable that the target maximum concentration of chloride was approached and even exceeded, 

primarily between December and March (diamond symbols without a cross).  This may be attributed to 

the application of road salt within the watershed.  At the highest flows during the winter, the loads of 

chloride remained high, but not high enough to violate the acute standard.  This could be the result of 

dilution of the chloride or of storms for which no road salt was applied. 

 

Due to concerns about the effects of road salt application, frequent winter sampling for chloride was 

conducted from February 2009 to March 2011 at the LREC site (Figure 5).  A majority of the samples 

collected in February were above the acute toxicity limit set by the State of Missouri (CSR, 2007).  

Though not part of the original sampling plan, this extra monitoring will be continued for the foreseeable 

future. 

 

 

 

Figure 5.  Chloride concentrations during the winter in Deer Creek at Litzsinger Road. 
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Dissolved Oxygen: 

Concentrations of dissolved oxygen (DO) were examined using a target minimum value of 5 mg/L.  This 

is the concentration at which some of the more sensitive fish and aquatic invertebrate species show signs 

of stress.  It is also the concentration that the U.S. EPA has suggested and the State of Missouri has 

adopted as the minimum standard for warm-water aquatic life use classification (CSR, 2007). 

 

As shown in Figure 6, the DO concentration was below the target value of 5 mg/L several times at various 

sites within the watershed, both in the mainstem of Deer Creek (filled circles) and the tributaries (open 

circles).  When examined using an annual cycle, the seasonal variability of DO concentrations becomes 

clear.  While concentrations vary widely in the winter (from 7 to over 25 mg/L), spring concentrations of 

DO are consistently between 5 and 15 mg/L.  Concentrations remain below 15 mg/L for most of the 

summer and fall, but begin to dip below the 5 mg/L threshold in August and September.    

 

During the summer and fall, multiple factors contribute to decreases in dissolved oxygen.  Often, lower 

flows occur during this period, decreasing diffusion of oxygen into the water.  In addition, higher 

temperatures decrease oxygen solubility in the water.  The lower solubility limits diffusion even further 

by decreasing the amount of oxygen the water is capable of holding.  A third factor that may impact 

dissolved oxygen concentrations in the summer and fall are respiration rates.  Both plants and animals 

have higher rates of respiration during the warmer months.  This depletes the oxygen supplies more 

rapidly, particularly at night when photosynthesis by plants and algae cannot occur. 
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Figure 6.  Concentrations of dissolved oxygen by day of the year in Deer Creek and its tributaries; data 

collected from 2/2008 to 2/2011. 
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Hydrology: 

The hydrology, or flow patterns, of Deer Creek are typical of an urban watershed.  Flow volumes are 

closely linked to recent rainfall and snowmelt events due to the runoff from impervious surfaces like 

rooftops, roads, and driveways, as well as from semi-pervious surfaces like mown lawns.  These 

impervious and semi-pervious surfaces drain water quickly into the urban stormwater system which 

conveys the water directly to the nearest stream.  Therefore, the more impervious surfaces there are in a 

watershed, the greater the volume of stormwater that rapidly reaches the stream, and the greater the 

‘flashiness’ of the stream.  This flashiness, the rapid rise and fall of water levels, translates into increased 

flash flooding. 

 

Data collected from the USGS gauge along Deer Creek at Litzsinger Road show examples of this 

flashiness (Figure 7).  On June 15, 2009 (pink curve), the water rose 8.5 feet in less than 30 minutes and 

peaked another 2.5 feet higher.  Four hours after the water began to rise, the stream was back to within 3 

feet of where it had started.  As seen in the figure, this pattern of rapid rise and fall is relatively common 

in Deer Creek.  It may be initiated by rainfall of less than one inch. 
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Figure 7.  Hydrology of Deer Creek at LREC.  The peaks shown here were caused by storms generating 0.85 

inches of rain on 6/2/09, a total of 3.0 inches causing both peaks on 6/15/09 and 6/16/09, and 1.7 inches on 

7/27/10. 

 

 

 

Biological: 

The benthic macroinvertebrate community at the LREC site is highly variable.  This appears to manifest 

itself in two ways; overall diversity of invertebrates is greater in the fall, but there are a greater number of 

invertebrates in the spring (Table 3).   

 

The seasonal change in diversity may be related to the chloride concentration.  If the overwintering 

invertebrates are exposed to high chloride concentrations, potentially several times the concentration that 

is acutely toxic, it would not be surprising to learn that the more sensitive invertebrates are dying during 
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the winter.  Over the course of the spring and summer, adult invertebrates may emerge from nearby 

streams that have not been so heavily impacted by chloride and leave their offspring in Deer Creek.  

These offspring may be the organisms that are found in the fall that were not present in the spring. 

 

Overall, samples collected at the mulch pile woods site tended to have slightly higher scores than those 

collected at the horse trail site, though the minimum score at each is in the poor range (<12) while the 

maximum score is in the good range (18-23).  The differences between the two sites may be due in part to 

the seasonality of the sampling; only one fall collection was made at the horse trail site.   

 

Within the mulch pile woods data, there appears to be a seasonal trend.  The maximum spring score is an 

18, at the bottom of the good range, with a minimum score of 8.  Meanwhile the minimum fall score is 12 

with a maximum of 22; in both cases this is a difference of 4 which requires the collection of at least two 

additional species.  This supports the link between invertebrate diversity and the potential for chloride 

impacts. 

 

Despite the low invertebrate score at the mulch pile woods site in spring, there are certainly a larger 

number of invertebrates captured in the spring than in the fall (mostly scuds, sowbugs, and midges).  

Likewise, at the horse trail site, spring fauna was dominated by scuds, midges, and aquatic worms.  

However, this abundance is not necessarily a good thing and, in fact, somewhat supports the belief that 

chloride is having an impact on Deer Creek.  Midges and aquatic worms are among the aquatic organisms 

that are most tolerant of pollution (Murdoch and Cheo, 1996).  Scuds are known to be tolerant of 

exposure to chloride concentrations of 5,000 mg/L for at least 4 days (Blasius and Merritt, 2002) 

 

The chloride concentrations may also be effecting the fish population; the distinct lack of fish in winter 

and into spring points in this direction.  However, the fish population begins to disappear in October, 

before salt operations begin for the winter and before chloride concentrations peak.  This indicates that 

there is another force at work, either completely independently or in conjunction with the later increase in 

chloride concentration.  It is possible in some instances, particularly when temperatures drop and fish 

seek refuge in the deeper pools, that the water may be too cloudy or turbid to see the fish. 

 

 

Habitat: 

The riparian habitats within the Deer Creek watershed are somewhat variable.  While there are no 

industrial or commercial developments at any of the sites, there is substantial residential development in 

the area.  While all seven sites included a bare ground component, it should be noted that this information 

was collected during February.  It is likely that the bare ground coverage would decrease in spring and 

summer as annual vegetation begins to grow.   

The in-stream character of Deer Creek changes substantially as you move downstream.  The amounts of 

silt, mud, and sand forming the stream bed drop while cobble and bedrock increase.  The percent of the 

stream bank and riparian zone that are wooded also tend to decrease in downstream areas while algal 

coverage tends to increase. 

 

 

Complications 

Monitoring in Deer Creek has been complicated by a number of factors.  On several occasions, weather 

has impacted the ability of the LREC Stream Team to complete sampling.  For example, an incomplete 

data set was collected in January 2010 when temperatures were so cold that volunteers were beginning to 

experience moderate frost bite.  In addition, on some occasions, severe weather (either strong storms or 

extreme temperatures) during the designated sampling time caused the delay or cancellation of scheduled 

sampling. 
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Summary 

The physical and chemical data and the biological samples that have been collected show a variety of 

urban influences on the system.   

• The pH at sites in this study is highly variable and, in the upper parts of the watershed, at times is 

below the range considered acceptable for Missouri streams. 

• Flow peaks at over 1,000 cubic feet per second; however, there is no detectible, above surface 

flow in Deer Creek at LREC approximately 25% of the time.   

• High concentrations of chloride and associated high conductivity during the winter are indicative 

of the heavy use of road salt during winter storms.  Peak concentrations were over 3,500 – more 

than four times the amount that is considered toxic to aquatic life. 

• Dissolved oxygen concentrations reach unhealthy extremes, dropping below 5 mg/L and reaching 

over 25 mg/L. 

• The flashiness of Deer Creek is not unexpected for an urban stream, but considering the low 

density of development in the upstream reaches, it is somewhat severe. 

• The biological diversity in Deer Creek at LREC is relatively good, particularly considering the 

chemical conditions in the water during the winter.   

• The habitat along the locations sampled is relatively good.  Most of the riparian areas and 

streambanks are wooded which will slow erosion. 

 

Data has been and will continue to be analyzed regularly.  Any major changes in Deer Creek or its 

tributaries during the grant period will be reported immediately to the Missouri Botanical Garden’s grant 

coordinator, the Missouri Stream Team, and any other appropriate entities.     
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Appendix 1:  USGS Gauge Data 

 

 

USGS data available: 

 

 

 

McKnight: Deer Creek at N. Rock Hill Road in Ladue 

http://waterdata.usgs.gov/nwis/nwisman/?site_no=07010075&agency_cd=USGS 

 

This real-time gauge site has daily data from May 31, 2001 to the present.  The data includes discharge in 

cubic feet per second.  In addition, water quality samples have been collected on several occasions for a 

wide variety of organic and inorganic parameters. 

 

 

LREC: Deer Creek at Litzsinger Road in Ladue 

http://waterdata.usgs.gov/nwis/nwisman/?site_no=07010055&agency_cd=USGS 

 

This real-time gauge site has daily data from June 6, 2001 to the present.  The data includes discharge in 

cubic feet per second.  The gauge was taken off-line in late September 2007 during bridge repairs and was 

re-started in January 2008; daily flow during this period has been estimated by the USGS.   

 

  

Overbrook: Two Mile Creek at Overbrook Drive in Ladue 

http://waterdata.usgs.gov/nwis/nwisman/?site_no=07010061&agency_cd=USGS 

 

This real-time gauge site has daily data from May 31, 2002 to the present.  The data includes discharge in 

cubic feet per second.   

 

 

Old Warson: Sebago Creek at Old Warson Road near Rock Hill 

http://waterdata.usgs.gov/nwis/nwisman/?site_no=07010070&agency_cd=USGS 

 

This real-time gauge site has daily data from July 26, 2001 to the present.  The data includes discharge in 

cubic feet per second.   



Deer Creek Watershed Management Plan 

Appendix 3B:  Watershed Management Models 

Page 3B-1 

 

APPENDIX 3A:  WATERSHED MANAGEMENT MODELS 

Watershed models discussed to assist with Deer Creek Watershed planning efforts include the L-THIA model, 

the STEP-L model, the SWMM model, the SUSTAIN model and the MOHAT model.   

Evaluating pollutant load reduction requires understanding how a particular BMP reduces the loading.  
Whether using Simple or complex methods, the BMP either removes the pollutant from the stormwater 
(mechanically, chemically, or biologically), or the BMP reduces the source of a pollutant (i.e. dog feces is 
thrown into the trash and therefore prevented from coming into contact with stormwater).   

The STEPL model, for example, allows the user to input the number and size of BMPs being considered in a 
plug-and-chug manner.  STEPL utilizes published pollutant removal efficiency percentages, available for some 
but not all types of BMPs (National Stormwater Quality Database, University of Alabama & The Center for 
Watershed Protection dated January, 2004).  Evaluation of BMPs not currently listed in STEPL will require the 
modeler to consult available research and work outside of STEPL to determine accepted pollutant removal 
efficiencies.  In contrast, source reduction BMPs require input of the degree to which this practice will be 
employed (i.e. what percentage of a particular residential neighborhood will be convinced by pet waste 
education programs to regularly pick up dog feces, or how will road salt application be altered by improving 
municipal winter weather practices).  Each model handles assessment of various BMPs differently, which 
governs how the modeler represents and therefore assesses the pollutant removal efficiency and source 
reduction BMPs in the model.  The following model descriptions help clarify these differences. 

 The L-THIA model provides the following output information: 

BASIC L-THIA 

Based on more than 30 years of daily precipitation data for the United States, L-THIA estimates changes in 

recharge, runoff, and nonpoint source pollution resulting from past or proposed development.  In the basic 

model of L-THIA, users only need to input: 

 their location (state and county);  

 the type of soil in the area where the land use change is to occur; and  

 the type and size of land use change that will occur (e.g., 100 acres of agricultural land converted to 

50 acres high-density residential and 50 acres commercial).  

L-THIA will generate estimated runoff volumes and depths, and expected nonpoint source pollution loadings 

to waterbodies, based on the information provided.  Results can be displayed in tables, bar graphs, and pie 

charts. 

IMPERVIOUS L-THIA 

Based on more than 30 years of daily precipitation data for the United States, L-THIA estimates changes in 

runoff and nonpoint source pollution resulting from past or proposed development. In this model of L-THIA, 

users only need to input: 
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 their location (state and county);  

 the type of soil in the area where the land use change is to occur (available online if unknown); and  

 the impervious percentage by land type, and type and size of land use change that will occur (e.g., 

100 acres of agricultural land converted to 50 acres high-density residential and 50 acres 

commercial).  

 L-THIA will generate estimated runoff volumes and depths, and expected nonpoint source pollution 

loadings to waterbodies, based on the information provided by the user. Results can be displayed in 

tables, bar charts, and pie charts. 

The Impervious L-THIA version is best suited for urban land use change analysis. 

 

L-THIA LOW IMPACT DEVELOPMENT 

Low Impact Development (LID) practices aim to reduce the impacts of stormwater and pollutants from land 

development.  The goal of LID is to maintain, as closely as possible, the predevelopment hydrologic regime 

for new developments or move toward the original hydrologic regime in existing developed areas.  

L-THIA/LID is an easy to use screening tool that evaluates the benefits of LID practices. The Long-Term 

Hydrologic Impact Assessment (L-THIA) model estimates the average annual runoff and pollutant loads for 

land use configurations based on more than 30 years of daily precipitation data, soils, and land use data for 

an area. In this model of the L-THIA, users need only to input the following:  

 location (state and county)  

 type of soil in the area where the land use change is to occur  

 type and size of land use change that will occur (e.g., 100 acres of agricultural land converted to 50 

acres high-density residential and 50 acres commercial).  

 LID practice(s) to screen.  

The L-THIA/LID model consists of two screening levels for the LID approach.  Basic screening allows the users 

to adjust the percent of imperviousness for particular land uses.  Lot-level screening consists of a suite of LID 

practices such as bio-retention (rain gardens), porous pavement, narrowing impervious surfaces (streets, 

sidewalks and driveways) and vegetated rooftops. These practices intercept, redirect, and slow the 

movement of runoff and pollutants moving through a watershed.  

L-THIA/LID will generate estimated runoff volumes, depths, and expected nonpoint source pollution loadings 

to waterbodies, based on the information provided by the user.  Results can be displayed in tables, bar 

graphs, and pie charts.  
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INTERPRETING L-THIA'S MODEL RESULTS 

L-THIA results can be used to make decisions that will 

minimize the water quality impacts of land use changes.  

The same land use located on a different hydrologic soil 

type can have a different impact. Because the amount of 

runoff generated by different land uses is a function of 

the hydrologic soil type and the land use, relocating land 

uses based on the hydrologic soil type can in some cases 

significantly reduce the long-term impact of the 

development.  

Locating land uses that generate large amounts of runoff (e.g., commercial) on soils that have naturally low 

infiltration rates (Hydrologic Soil Group D) reduces the hydrologic impact of the land use change.  Covering 

soils that already don't soak up much water with impervious surface produces much less impact than 

covering well-drained soils with an impervious surface.  

STORM WATER MANAGEMENT MODEL (SWMM)  

It is anticipated that the XPSWMM model developed for the City of Frontenac Stormwater Master Plan will 
be used as the complex model to simulate pollutant removal by Best Management Practices and to provide 
statistical hydrologic data for use in the Missouri Hydrological Assessment Tool. XPSWMM is based on EPA 
SWMM which is described in detail below. XPSWMM can model pollutant removal efficiencies as well as 
document the hydrologic benefits of best management practices from rain gardens to renewed floodplain 
storage. XPSWMM tracks the volume of precipitation, infiltration, evaporation, runoff, and storage for single 
events or for continuous simulations. It can model pollutant removal for a number of user defined Best 
Management Practices. 

The City of Frontenac model contains the entire Deer Creek watershed of 37 square miles. The City of 
Frontenac, 3 square miles, is included in much greater detail. Frontenac is in two of the four subwatersheds 
and can be used to evaluate BMPs in a detailed manor to determine which BMPs will have the greatest 
impact on those subwatersheds and the amount of BMPs that will be needed. It would be appropriate for 
detailed areas in the remaining two subwatersheds to be developed upon completion of studying those in 
Frontenac. 
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SWMM VERSION 5.0.018 DESCRIPTION 

The EPA Storm Water Management Model (SWMM) is a dynamic rainfall-runoff simulation model used for 

single event or long-term (continuous) simulation of runoff quantity and quality from primarily urban areas. 

The runoff component of SWMM operates on a collection of subcatchment areas that receive precipitation 

and generate runoff and pollutant loads. The routing portion of SWMM transports this runoff through a 

system of pipes, channels, storage/treatment devices, pumps, and regulators. SWMM tracks the quantity and 

quality of runoff generated within each subcatchment, as well as the flow rate, flow depth, and quality of 

water in each pipe and channel during a simulation period comprised of multiple time steps.  

SWMM was first developed in 1971, and has since undergone several major upgrades since then. It continues 

to be widely used throughout the world for planning, analysis, and design related to stormwater runoff, 

combined sewers, sanitary sewers, and other drainage systems in urban areas, with many applications in 

non-urban areas as well. The current edition, Version 5, is a complete re-write of the previous release. 

Running under Windows, SWMM 5 provides an integrated environment for editing study area input data, 

running hydrologic, hydraulic, and water quality simulations; and viewing the results in a variety of formats. 

These include color-coded drainage area and conveyance system maps, time series graphs and tables, profile 

plots, and statistical frequency analyses. 

SWMM CAPABILITIES 

SWMM accounts for various hydrologic processes that produce runoff from urban areas. These include: 

 time-varying rainfall 

 evaporation of standing surface water 

 snow accumulation and melting 



Deer Creek Watershed Management Plan 

Appendix 3B:  Watershed Management Models 

Page 3B-5 

 

 rainfall interception from depression storage 

 infiltration of rainfall into unsaturated soil layers 

 percolation of infiltrated water into groundwater layers 

 interflow between groundwater and the drainage system 

 nonlinear reservoir routing of overland flow. 

Spatial variability in all of these processes is achieved by dividing a study area into a collection of smaller, 

homogeneous subcatchment areas, each containing its own fraction of pervious and impervious sub-areas. 

Overland flow can be routed between sub-areas, between subcatchments, or between entry points of a 

drainage system. 

SWMM also contains a flexible set of hydraulic modeling capabilities used to route runoff and external 

inflows through the drainage system network of pipes, channels, storage/treatment units, and diversion 

structures. These include the ability to: 

 handle drainage networks of unlimited size 

 use a wide variety of standard closed and open conduit shapes as well as natural channels 

 model special elements such as storage/treatment units, flow dividers, pumps, weirs, and orifices 

 apply external flows and water quality inputs from surface runoff, groundwater interflow, rainfall-

dependent infiltration/inflow, dry weather sanitary flow, and user-defined inflows 

 utilize either kinematic wave or full dynamic wave flow routing methods  

 model various flow regimes, such as backwater, surcharging, reverse flow, and surface ponding  

 apply user-defined dynamic control rules to simulate the operation of pumps, orifice openings, and 

weir crest levels  

In addition to modeling the generation and transport of runoff flows, SWMM can also estimate the 

production of pollutant loads associated with this runoff. The following processes can be modeled for any 

number of user-defined water quality constituents: 

 dry-weather pollutant buildup over different land uses 

 pollutant washoff from specific land uses during storm events 

 direct contribution of rainfall deposition 

 reduction in dry-weather buildup due to street cleaning 

 reduction in washoff load due to BMPs 

 entry of dry weather sanitary flows and user-specified external inflows at any point in the drainage 

system 

 routing of water quality constituents through the drainage system 

 reduction in constituent concentration through treatment in storage units or by natural processes in 

pipes and channels  
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SUSTAIN (SYSTEM FOR URBAN STORMWATER TREATMENT ANALYSIS INTEGRATION) 

DESCRIPTION 

SUSTAIN is a decision support system to facilitate selection and placement of Best Management Practices 

(BMPs) and Low Impact Development (LID) techniques at strategic locations in urban watersheds. It was 

developed to assist stormwater management professionals in developing implementation plans for flow and 

pollution control to protect source waters and meet water quality goals. From an understanding of the needs 

of the user community, SUSTAIN was designed for use by watershed and stormwater practitioners to 

develop, evaluate, and select optimal BMP combinations at various watershed scales on the basis of cost and 

effectiveness. SUSTAIN is a tool for answering the following questions: 

 How effective are BMPs in reducing runoff and pollutant loadings? 
 What are the most cost-effective solutions for meeting water quality and quality objectives? 
 Where, what type, and how big should BMPs be? 

SUSTAIN was developed by the US EPA Office of Research and Development, National Risk Management 

Research Laboratory, Water Supply and Water Resources Division, Urban Watershed Management Branch 

under contract with Tetra Tech, a consulting engineering, program management, construction and technical 

services firm focusing on resource management and infrastructure. 

CAPABILITIES 

SUSTAIN has seven modules: 

1. Framework Manager 
2. BMP Siting Tool 
3. Land Module 
4. BMP Module 
5. Conveyance Module 
6. Optimization Module 
7. Post-Processor 

They are integrated under a common ArcGIS platform. It performs hydrologic and water quality modeling in 

watersheds and urban streams and searches for optimal management solutions at multiple-scale watersheds 

to achieve desired water quality objectives based on cost effectiveness. 

Framework Manager - Serves as the command center of SUSTAIN, managing the data exchanges between 

system components. It coordinates external inputs, call various modeling components (i.e., Land, BMP, 

conveyance), and provides output information to the post-processor. 
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BMP Siting Tool - it supports users in selecting suitable locations for common structural BMPs that meet the 

defined site suitability criteria such as drainage area, slope, hydrological soil group, groundwater table depth, 

road buffer, stream buffer, and building buffer. 

BMPs are classified and conceptualized in SUSTAIN as scale-based and type-based. The scale-based category 

classifies BMPs according to the size of the application area, such as lot-, community-, and watershed-scales. 

The type-base category classifies BMPs into three types according to the geometric properties: 

 Point BMPs: practices that capture upstream drainage at a specific location and may use a 
combination of detention, infiltration, evaporation, settling, and transformation to manage flow and 
remove pollutants. 

 Linear BMPs: narrow linear shapes adjacent to stream channels that provide filtration of runoff, 
nutrient uptake, and ancillary benefits of stream shading, wildlife habitat, and aesthetic value. 

 Area BMPs: land-based management practices that affect impervious area, land cover, and pollutant 
inputs. 

The following structural BMP options are currently supported: 

BMP Option BMP Type 

Bioretention Point LID 

Cistern Point LID 

Constructed Wetland Point BMP 

Dry Pond Pont BMP 

Grassed Swale Linear BMP 

Green Roof Area BMP 

Infiltration Basin Point BMP 

Infiltration Trench Linear BMP 

Porous Pavement Area BMP 

Rain Barrel Point LID 

Sand Filter (non-surface) Linear BMP 

Sand Filter (surface) Point BMP 

Vegetated Filter strip Linear BMP 

Wet Pond Point BMP 



Deer Creek Watershed Management Plan 

Appendix 3B:  Watershed Management Models 

Page 3B-8 

 

Land Simulation Module - computes runoff and pollutant loads from land in one of two ways. By default, the 

land module computes the hydrograph and pollutograph using algorithms adapted from SWMM5, and 

sediment algorithms adapted from HSPF. The module also supports the import of externally generated time 

series data. 

BMP Simulation Module - provides process-based simulation of flow and pollutant transport for a wide 

range of structural BMPs. It is designed so that new BMPs and alternative simulation techniques can be 

added. The table below is a summary of major processes currently included in the module. Option 1 is the 

default option; however, users can select the preferred simulation method from either option depending on 

the available data and required level of detail. 

Process Option 1 Option 2 

Flow routing Stage-outflow using weir and/or orifice 

equations 
For swale: kinematic routing by solving 

the coupled continuity equation and 

Manning's equation. 

infiltration Green-Ampt method Holtan-Lope equation 

Evapotranspiration Constant evapotranspiration (ET) rate or 

monthly average value or daily values 
Potential ET using Harmon's method 

Pollutant routing  Completely mixed Continuously stirred tank reactor (CSTRs) 

in series 

Pollutant removal 1st order decay Kadlec and Knight's (1996) 1st order 

kinetic method 

Buffer strip (sheet flow) 

flow routing  
Kinematic wave overland flow routing   

Buffer strip sediment 

trapping 
University of Kentucky sediment 

interception simulation method as applied 

in VFSMOD 

  

Buffer strip (sheet flow) 

pollutant removal 
1st order decay   

The BMP module includes two additional functionalities: 

 BMP Cost Estimation - the cost database in SUSTAIN is expressed in terms of unit costs of individual 
construction components of a BMP. The unit costs were compiled from wholesale and retail 
companies that provide raw materials for BMPs and from multiple sources of BMP implementation 
at the county, state, and federal levels. The use of this unit cost approach, rather than the entire bulk 
BMP installation, is aimed to minimize differences encountered from site or locality factors. Users 
have the option to override the built-in data with the locally derived information. 
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 Aggregation of Distributed BMPs - the aggregate BMP approach allows users to assess the 
effectiveness of multiple BMPs. It is used to represent the aggregate characteristics of distributed 
BMPs while reducing the user's effort to model set up and the computation time needed for 
simulation and optimization. Aggregate BMPs evaluate storage and infiltration characteristics of 
multiple BMPs simultaneously without explicit recognition of their spatial distribution and flow and 
pollutant routings. 

Conveyance Simulation Module - performs routing of flow and pollutants through a conduit. In SUSTAIN, 

conduits are pipes or channels that move water from one node to another in a watershed routing network. 

the cross-sectional shapes of a conduit can be selected from a variety of standard open and closed 

geometries. Irregular natural cross-section shapes are supported, as are user-defined closed shapes. Flow 

and pollutant routing are simulated using transport algorithms in SWMM5, and sediment routing using 

sediment transport algorithms in HSPF. 

BMP Optimization Module - identifies cost-effective BMP placement and selection strategies based on a pre-

determined list of feasible sites and applicable BMP types and size ranges. It uses evolutionary optimization 

techniques to search for cost-effective BMPs that meet user-defined decision criteria. Currently, two search 

algorithms are implemented in SUSTAIN: scatter search and nondominated sorting genetic algorithm-II 

(NSGA-II). 

Operationally, the optimization module incorporates a tiered approach that allows for cost effectiveness 

evaluation of both individual and/or multiple nested watersheds to address the needs of both regional- and 

local-scale applications. Tier-1 performs the optimization search to develop cost effectiveness curves for each 

tier-1 sub watershed. Tier-2 uses the tier-1 solutions to construction a new optimization search domain and 

run the transport module, if needed, to develop the combined cost-effectiveness curve for the entire tier-2 

watershed. 

Post-Process - using Microsoft Excel 2003, the post processor provides a centralized location in SUSTAIN for 

analyzing and interpreting simulation outputs at multiple locations, and for scenarios (e.g., existing 

development with and without BMPs, and pre-development conditions) and parameters of interest (e.g., 

inflows, outflows, pollutant loads and concentrations). The simulation outputs contain hourly or sub-hourly 

data, and can span several years depending on the length of simulation. The post processor allows users to 

evaluate simulation results that are highly variable in magnitude, duration, intensity, treatment containment 

volume, attenuation, and pollutant removal effectiveness. This is achieved by using specific graphical and 

tabular reports, including storm event classification, storm event viewer, storm performance summary, and 

cost-effectiveness curves. 

MOHAT (MISSSOURI HYDROLOGICAL ASSESSMENT TOOL) 

Natural flow regime concepts and theories have established the justification for maintaining or restoring the 

range of natural hydrologic variability so that physiochemical processes, native biodiversity, and the 

evolutionary potential of aquatic and riparian assemblages can be sustained. A synthesis of recent research 

advances in hydroecology, coupled with stream classification using hydroecologically relevant indices, has 
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produced the Hydroecological Integrity Assessment Process (HIP). HIP consists of (1) a regional classification 

of streams into hydrologic stream types based on flow data from long-term gaging-station records for 

relatively unmodified streams, (2) an identification of stream-type specific indices that address 11 

subcomponents of the flow regime, (3) an ability to establish environmental flow standards, (4) an evaluation 

of hydrologic alteration, and (5) a capacity to conduct alternative analyses.  

The process starts with the identification of a hydrologic baseline (reference condition) for selected locations, 

uses flow data from a stream-gage network (XPSWMM simulation data would be used in our case), and 

proceeds to classify streams into hydrologic stream types. Concurrently, the analysis identifies a set of non-

redundant and ecologically relevant hydrologic indices for 11 subcomponents of flow for each stream type. 

Furthermore, regional hydrologic models for synthesizing flow conditions across a region and the 

development of flow-ecology response relations for each stream type can be added to further enhance the 

process. The application of HIP to Missouri streams identified five stream types ((1) intermittent, (2) 

perennial runoff–flashy, (3) perennial runoff–moderate baseflow, (4) perennial groundwater–stable, and (5) 

perennial groundwater–super stable). Two Missouri-specific computer software programs were developed: 

(1) a Missouri Hydrologic Assessment Tool (MOHAT) which is used to establish a hydrologic baseline, provide 

options for setting environmental flow standards, and compare past and proposed hydrologic alterations; 

and (2) a Missouri Stream Classification Tool (MOSCT) designed for placing previously unclassified streams 

into one of the five pre-defined stream types. 

Based on evaluation of similar watersheds with healthy ecological systems, MOHAT can produce ranges of 

hydrologic indicies, that, if reproduced in the Deer Creek watershed, would be expected to produce a healthy 

ecological environment in Deer Creek. XPSWMM would be used to produce the existing condition hydrologic 

indicies and to model BMPs to achieve healthy hydrologic indicies. This will provide an additional method to 

straight pollutant removal in achieving a healthy watershed. 

STEPL (SPREADSHEET TOOL FOR ESTIMATING POLLUTANT LOAD) 

STEPL provides a user-friendly Visual Basic (VB) interface to create a customized spreadsheet-based model in 
Microsoft (MS) Excel. It employs simple algorithms to calculate nutrient and sediment loads from different 
land uses and the load reductions that would result from the implementation of various best management 
practices (BMPs), including Low Impact Development practices (LIDs) for urban areas. It computes surface 
runoff; nutrient loads, including nitrogen, phosphorus, and 5-day biological oxygen demand (BOD

5
); and 

sediment delivery based on various land uses and management practices. The land uses considered are urban 
land, cropland, pastureland, feedlot, forest, and a user-defined type. The pollutant sources include major 
nonpoint sources such as cropland, pastureland, farm animals, feedlots, urban runoff, and failing septic 
systems. The types of animals considered in the calculation are beef cattle, dairy cattle, swine, horses, sheep, 
chickens, turkeys, and ducks. For each watershed, the annual nutrient loading is calculated based on the 
runoff volume and the pollutant concentrations in the runoff water as influenced by factors such as the land 
use distribution and management practices. The annual sediment load (from sheet and rill erosion only) is 
calculated based on the Universal Soil Loss Equation (USLE) and the sediment delivery ratio. The sediment 
and pollutant load reductions that result from the implementation of BMPs are computed using the known 
BMP efficiencies. 

 



Deer Creek Watershed Management Plan 

Appendix 3B:  Watershed Management Models 

Page 3B-11 

 

Figure # shows the overall spreadsheet structure of STEPL. It is composed of worksheets for input 
and output interaction with the user as well as hidden worksheets to handle intermediate 
calculations. The input data include state name, county name, weather station, land use areas, 
agricultural animal numbers, manure application months, population using septic tanks, septic tank 
failure rate, direct wastewater discharges, irrigation amount/frequency, and BMPs for simulated 
watersheds. When local data are available, users may choose to modify the default values for USLE 
parameters, soil hydrologic group, nutrient concentrations in soil and runoff, runoff curve numbers, 
and detailed urban land use distribution. Pollutant loads and load reductions are automatically 
calculated for total nitrogen, total phosphorus, BOD

5
, and sediment. 

 
 

WTM (SPREADSHEET TOOL FOR ESTIMATING POLLUTANT LOAD) 

The Watershed Treatment Model (WTM), a simple spreadsheet-based approach that evaluates loads from a 
wide range of pollutant sources, and evaluates potential pollutant load reduction using a variety of retrofit 
opportunities. In addition, the model allows the watershed manager to adjust these loads based on the level 
of effort put forth for implementation. Although the simple algorithms in this model are no substitute for 
more detailed watershed information, and model assumptions may be modified as the watershed plan is 
implemented, the WTM acts as a starting point from which the watershed manager can evaluate multiple 
alternatives for watershed treatment. 

The following limitations of this model are understood and considered acceptable for the goals of the Deer 
Creek Watershed: 

• The best application of the WTM is for watersheds < 20 mi2 
• The WTM provides estimates of many source loads and load reductions for which reliable monitoring or 
performance data is not yet available. The CWP states that it has taken a very conservative approach in its 
judgments and assumptions. It must be recognized,however, that these estimates are nothing more than 
informed judgments. 
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• The WTM makes simplified assumptions for the calculation of loads for which much more complicated 
analyses may be conducted. The default values presented in this document were replaced with data from the 
National Stormwater Quality Database. 
• Although most of the data input into the WTM is quantitative, some parameters require user discretion. In 
particular, the watershed manager is required to make judgments regarding the long-term performance or 
public participation associated with various practices or programs. 
• The current version of the WTM tracks only four pollutants: sediment, nitrogen, phosphorous, and bacteria. 
However, additional target pollutants can be added as necessary. 

Sources of pollutant loading are separated into two classes: Primary Sources and Secondary Sources. Primary 
Sources are the landuses and the pollutant loading that typically flows from the landuses into the stream. 
Primary sources are measured using the Simple Method. Secondary Sources include a variety of point and 
nonpoint sources that are not estimated by most models (simple or complex), such as road salting, channel 
erosion, and sanitary sewer leaks. An accurate estimate of annual pollutant loading requires inclusion of both 
categories of pollutant sources. 

The “Primary Sources” section of the WTM computes annual load using the “Simple Method.” The Simple 
Method is a widely accepted computational estimation of pollutant loading, and is therefore not reviewed in 
detail in this report. Basic inputs for the “Simple Method” are summarized in the following table and 
described in further detail below:  

Table #. Simple Method Input 

DATA INPUT  SOURCE 

Existing Acreage 
County GIS  

Existing Landuse 

Existing Impervious Area MSD GIS 

Total Annual Rainfall MSD Rain Gage 

Event Mean Concentrations of 
Pollutants of Concern 

National Stormwater Quality Database 

 
The WTM can be used to help determine how conditions will improve in response to various treatment 
options by discounting impervious areas contributing pollutants due to installation/modification of 
behavioral practices. With respect to installation/modification of behavioral practices, the efficiency 
ultimately depends on effort, staffing, design, and the inherent treatability of the different sources. This 
model allows factors to be applied to account for these humanistic and systematic factors. 
 
The user manually computes pollutant load reduction for structural watershed retrofit opportunities by 
applying published pollutant removal efficiencies to the existing annual pollutant loading for each site’s 
effluent.  One first computes the existing pollutant loading for each watershed retrofit opportunity using the 
Simple Method, then computes pollutant load reduction for each site using pollutant removal efficiencies of 
various structural watershed retrofit opportunities. Pollutant load reduction is simply attained by applying 
these removal efficiencies to the existing pollutant loading. 
 
A similar process can be applied to pavement removal opportunities. Assuming that nonpoint source 
pollutants are associated with pavement, pavement removal effectively eliminates the water quality needs of 
that portion of the site. Therefore, the existing pollutant loading associated with the impervious area in 
question is assumed to be reduced 100% by removal. 



APPENDIX 3A:  DEER CREEK SUBWATERSHEDS LAND USE AND SOIL TYPES  

Analyzing the soil types, see Chapter 1, and land use diversity within the Deer Creek watershed, it 
becomes apparent that different sub-watersheds have different usage patterns.  Therefore the Deer 
Creek watershed was segmented into four sub-watersheds based upon drainage patterns.   These sub-
watersheds better reflect the diversity within the watershed.  The sub-watersheds are identified as: 

I- Upper Deer Creek 
II- Twomile Creek 
III- Lower Deer Creek 
IV- Black Creek 

 

 

 

 

 

 

 

 

 

 

 

The following describes the soil type and existing land use within each subwatershed.  This 
information is needed to model specific areas, using the L-THIA models, and the proposed impact of 
land use changes, impervious cover and Low Impact Development.  



UPPER DEER CREEK SUBWATERSHED  

Subwatershed/Land Use                                             
 
Upper Deer Creek (No land use data) 

Number of 
Parcels   

15 

Acres   
 

12.1 

Upper Deer Creek Commercial 191 563.8 

Upper Deer Creek Common Ground 61 59.4 

Upper Deer Creek Duplex/Townhome 49 145.0 

Upper Deer Creek Industrial/Utility 52 50.7 

Upper Deer Creek Institution 78 798.3 

Upper Deer Creek Multi-Family 59 60.5 

Upper Deer Creek Park 5 36.2 

Upper Deer Creek Recreation 13 558.4 

Upper Deer Creek Single Family 4902 4528.3 

Upper Deer Creek Vacant/Agriculture 328 319.9 

 

Subwatershed/Soil Type                                                                                                                                   Acres 

Upper Deer Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 756.1 

Upper Deer Creek IVA SILT LOAM, 1 TO 3 PERCENT SLOPES 18.6 

Upper Deer Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 355.4 

Upper Deer Creek MENFRO SILT LOAM, 9 TO 14 PERCENT SLOPES 31.0 

Upper Deer Creek MENFRO SILT LOAM, KARST, 2 TO 14 PERCENT SLOPES 274.2 

Upper Deer Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 228.5 



Upper Deer Creek MENFRO-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 37.4 

Upper Deer Creek PITS, QUARRY 0.1 

Upper Deer Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 137.0 

Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 1637.1 

Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 1028.7 

Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, KARST, 2 TO 9 PERCENT SLO PES 68.1 

Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, KARST, 9 TO 20 PERCENT SL OPES 141.2 

Upper Deer Creek WATER 22.6 

Upper Deer Creek WILBUR SILT LOAM, FREQUENTLY FLOODED 68.0 

Upper Deer Creek WINFIELD SILT LOAM, 2 TO 5 PERCENT SLOPES 102.7 

Upper Deer Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 46.5 

Upper Deer Creek WINFIELD SILT LOAM, 9 TO 14 PERCENT SLOPES 48.6 

Upper Deer Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 614.4 

Upper Deer Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 1365.2 

Upper Deer Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 791.6 

 

TWOMILE CREEK SUBWATERSHED 

 
 

Subwatershed/Land Use                                                   Number of Parcels  Acres 



Twomile Creek (No land use data) 6     3.5 

Twomile Creek Commercial 106 112.7 

Twomile Creek Common Ground 19 9.8 

Twomile Creek Duplex/Townhome 21 65.7 

Twomile Creek Industrial/Utility 12 3.6 

Twomile Creek Institution 27 220.5 

Twomile Creek Multi-Family 8 39.0 

Twomile Creek Park 3 48.9 

Twomile Creek Recreation 1 144.5 

Twomile Creek Single Family 4690 3251.1 

Twomile Creek Vacant/Agriculture 143 212.2 

 

Subwatershed/Soil Type                                                                                                                                   Acres 

Twomile Creek CRIDER-MENFRO SILT LOAMS, 14 TO 30 PERCENT SLOPES 31.1 

Twomile Creek CRIDER-MENFRO SILT LOAMS, 5 TO 14 PERCENT SLOPES 13.7 

Twomile Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 105.7 

Twomile Creek FREEBURG SILT LOAM, 2 TO 5 PERCENT SLOPES, OCCASIONALLY FLOODED 10.7 

Twomile Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 317.5 

Twomile Creek MENFRO SILT LOAM, 2 TO 5 PERCENT SLOPES 5.3 

Twomile Creek MENFRO SILT LOAM, 20 TO 45 PERCENT SLOPES 36.6 

Twomile Creek MENFRO SILT LOAM, 5 TO 9 PERCENT SLOPES 168.7 

Twomile Creek MENFRO SILT LOAM, 9 TO 14 PERCENT SLOPES 117.3 

Twomile Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 26.3 

Twomile Creek PITS, QUARRY 0.2 

Twomile Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 0.0 

Twomile Creek URBAN LAND-HARVESTER COMPLEX, 0 TO 2 PERCENT SLOPES 16.0 

Twomile Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 1214.4 

Twomile Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 489.3 

Twomile Creek WILBUR SILT LOAM, FREQUENTLY FLOODED 201.4 

Twomile Creek WINFIELD SILT LOAM, 2 TO 5 PERCENT SLOPES 82.1 

Twomile Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 205.2 

Twomile Creek WINFIELD SILT LOAM, 9 TO 14 PERCENT SLOPES 197.9 

Twomile Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 401.7 

Twomile Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 632.5 

Twomile Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 82.9 

 

 

 
 
 
 
LOWER DEER CREEK SUBWATERSHED 



  
 

Subwatershed/Existing Land Use Number of    Parcels 
            

Acres 

Lower Deer Creek (No land use data) 

Lower Deer Creek Commercial 

Lower Deer Creek Common Ground 

Lower Deer Creek Duplex/Townhome 

Lower Deer Creek Industrial/Utility 

Lower Deer Creek Institution 

Lower Deer Creek Multi-Family 

Lower Deer Creek Park 

Lower Deer Creek Recreation 

Lower Deer Creek Single Family 

Lower Deer Creek Vacant/Agriculture 
 

 

26 85.6 

451 425.8 

11 7.3 

126 47.3 

178 224.7 

110 250.0 

87 73.0 

16 122.3 

16 272.0 

12117 3319.4 

621 187.8 
 

   

    

Soil Type (by Subwatershed) Acres 
Lower Deer Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 
Lower Deer Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 
Lower Deer Creek MENFRO SILT LOAM, 5 TO 9 PERCENT SLOPES 

289.9 
462.0 
18.9 



Lower Deer Creek MENFRO SILT LOAM, KARST, 2 TO 14 PERCENT SLOPES 
Lower Deer Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 
Lower Deer Creek PITS, QUARRY 
Lower Deer Creek URBAN LAND, BOTTOM LAND, 0 TO 3 PERCENT SLOPES 
Lower Deer Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, 0 TO 2 PERCENT SLOPES 
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, KARST, 2 TO 9 PERCENT SLO PES 
Lower Deer Creek WILBUR SILT LOAM, FREQUENTLY FLOODED 
Lower Deer Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 
Lower Deer Creek WINFIELD SILT LOAM, 9 TO 14 PERCENT SLOPES 
Lower Deer Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 
Lower Deer Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 
Lower Deer Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 

 

290.2 
96.3 
94.0 
152.5 
53.8 
99.0 
827.0 
963.6 
600.4 
13.6 
35.0 
0.5 
531.0 
953.8 
220.4 

 

    
      BLACK CREEK SUBWATERSHED  

 

 
Subwatershed/Existing Land Use  

              
 Number of       

Parcels 
          

   Acres 

Black Creek (No land use data) 63 60.4 



Black Creek Commercial 507 476.6 

Black Creek Common Ground 40 20.7 

Black Creek Duplex/Townhome 484 120.2 

Black Creek Industrial/Utility 211 181.8 

Black Creek Institution 103 315.3 

Black Creek Multi-Family 547 349.0 

Black Creek Park 8 121.5 

Black Creek Recreation 13 234.2 

Black Creek Single Family 8894 2809.3 

Black Creek Vacant/Agriculture 483 182.2 

 

 
 
 

Soil Type (by Subwatershed) 

                        
 
 

                      Acres 

Black Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 476.3 

Black Creek FREEBURG SILT LOAM, 2 TO 5 PERCENT SLOPES, OCCASIONALLY FLOODED 16.3 

Black Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 175.2 

Black Creek MENFRO SILT LOAM, KARST, 2 TO 14 PERCENT SLOPES 27.9 

Black Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 259.0 

Black Creek MENFRO-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 28.6 

Black Creek URBAN LAND, BOTTOM LAND, 0 TO 3 PERCENT SLOPES 358.8 

Black Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 361.6 

Black Creek URBAN LAND-HARVESTER COMPLEX, 0 TO 2 PERCENT SLOPES 49.1 

Black Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 1914.2 

Black Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 406.6 

Black Creek URBAN LAND-HARVESTER COMPLEX, KARST, 2 TO 9 PERCENT SLO PES 181.8 

Black Creek WINFIELD SILT LOAM, 2 TO 5 PERCENT SLOPES 3.4 

Black Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 41.3 

Black Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 396.2 

Black Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 639.2 

Black Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 405.1 

 
 



BMPs

Best Management Practice Select an appropriate BMP except "Combined BMPs-Calculated" for each subwatershed in each land use table

using the pull-down list-box if interactions between BMPs are not considered. Select "Combined BMPs-Calculated" if multiple BMPs and their interactions

in the subwatersheds are considered; use BMP calculator (under STEPL menu) to obtain the combined BMP efficiencies and enter them in Table 7.

1. BMPs and efficiencies for different pollutants on CROPLAND, ND=No Data
Watershed

N P BOD Sediment BMPs % Area BMP Applied

W1 - Upper Deer Ck 0 0 0 0 0 No BMP 100

W2 -  Twomile Ck 0 0 0 0 0 No BMP 100

W3 - Lower Deer Ck 0 0 0 0 0 No BMP 100

W4 - Black Ck 0 0 0 0 0 No BMP 100

2. BMPs and efficiencies for different pollutants on PASTURELAND, ND=No Data
Watershed

N P BOD Sediment BMPs % Area BMP Applied

W1 - Upper Deer Ck 0 0 0 0 0 No BMP 100

W2 -  Twomile Ck 0 0 0 0 0 No BMP 100

W3 - Lower Deer Ck 0 0 0 0 0 No BMP 100

W4 - Black Ck 0 0 0 0 0 No BMP 100

3. BMPs and efficiencies for different pollutants on FOREST, ND=No Data
Watershed

N P BOD Sediment BMPs % Area BMP Applied

W1 - Upper Deer Ck 0 0 0 0 0 No BMP 100

W2 -  Twomile Ck 0 0 0 0 0 No BMP 100

W3 - Lower Deer Ck 0 0 0 0 0 No BMP 100

W4 - Black Ck 0 0 0 0 0 No BMP 100

4. BMPs and efficiencies for different pollutants on USER DEFINED land use, ND=No Data
Watershed

N P BOD Sediment BMPs % Area BMP Applied

W1 - Upper Deer Ck 0 0 0 0 0 No BMP 100

W2 -  Twomile Ck 0 0 0 0 0 No BMP 100

W3 - Lower Deer Ck 0 0 0 0 0 No BMP 100

W4 - Black Ck 0 0 0 0 0 No BMP 100

5. BMPs and efficiencies for different pollutants on FEEDLOTS, ND=No Data
Watershed

N P BOD Sediment BMPs %Area BMP Applied

W1 - Upper Deer Ck 0 0 0 0 0 No BMP 100

W2 -  Twomile Ck 0 0 0 0 0 No BMP 100

W3 - Lower Deer Ck 0 0 0 0 0 No BMP 100

W4 - Black Ck 0 0 0 0 0 No BMP 100

6. BMPs and efficiencies for different pollutants on URBAN
To change/set BMP/LID for urban land uses, click the 'Urban BMP Tool' button on the top-left of this sheet.

7. Combined watershed BMP efficiencies from the BMP calculator
Watershed

N P BOD Sediment BMPs

W1-Crop 0 0 0 0 Combined BMPs

W2-Crop 0 0 0 0 Combined BMPs

W3-Crop 0 0 0 0 Combined BMPs

W4-Crop 0 0 0 0 Combined BMPs

W1-Pasture 0 0 0 0 Combined BMPs

W2-Pasture 0 0 0 0 Combined BMPs

W3-Pasture 0 0 0 0 Combined BMPs

W4-Pasture 0 0 0 0 Combined BMPs

W1-Forest 0 0 0 0 Combined BMPs

W2-Forest 0 0 0 0 Combined BMPs

W3-Forest 0 0 0 0 Combined BMPs

W4-Forest 0 0 0 0 Combined BMPs

W1-User 0 0 0 0 Combined BMPs

W2-User 0 0 0 0 Combined BMPs

W3-User 0 0 0 0 Combined BMPs

W4-User 0 0 0 0 Combined BMPs

Feedlots

Watershed Combined BMP Efficiencies

Cropland

Pastureland

Forest

User Defined

Urban BMP Tool Gully and 
Streambank Erosion

0 No BMP
0 No BMP
0 No BMP
0 No BMP

0 No BMP
0 No BMP
0 No BMP
0 No BMP

0 No BMP
0 No BMP
0 No BMP
0 No BMP

0 No BMP
0 No BMP
0 No BMP
0 No BMP

0 No BMP
0 No BMP
0 No BMP
0 No BMP
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Urban

Urban Runoff BMP and Pollutant Load Reduction 

1. Urban pollutant concentration in runoff (mg/l)
Landuse CommerciaIndustrial InstitutionaTransportaMulti-FamilSingle-FamUrban-Cult Vacant (devOpen Space
TN 2 2.5 1.8 3 2.2 2.2 1.9 1.5 1.5
TP 0.2 0.4 0.3 0.5 0.4 0.4 0.3 0.15 0.15
BOD 9.3 9 7.8 9.3 10 10 4 4 4
TSS 75 120 67 150 100 100 150 70 70

2. Urban landuse distribution 2a. Effective BMP application area (ac)
Landuse CommerciaIndustrial InstitutionaTransportaMulti-FamilSingle-FamUrban-Cult Vacant (devOpen Space Landuse CommerciaIndustrial InstitutionaTransportaMulti-FamilSingle-FamUrban-Cult Vacant (devOpen Space
W1 - Upper Deer C 563.4754 50.64146 798.13794 12.12542 205.41888 4528.4877 0 320.25374 654.05942 W1 - Upper 563.4754 50.64146 798.13794 12.12542 205.41888 4528.4877 0 320.25374 654.05942
W2 -  Twomile Ck 112.6551 3.70035 220.3764 3.70035 104.84325 3252.1965 0 212.1534 193.2405 W2 -  Twom 112.6551 3.70035 220.3764 3.70035 104.84325 3252.1965 0 212.1534 193.2405
W3 - Lower Deer C 425.79048 224.68096 249.75696 85.75992 48.14592 3319.5609 0 187.56848 401.71752 W3 - Lower 425.79048 224.68096 249.75696 85.75992 48.14592 3319.5609 0 187.56848 401.71752
W4 - Black Ck 476.40336 181.69576 315.16664 60.40288 469.09656 2809.221 0 182.18288 376.05664 W4 - Black 476.40336 181.69576 315.16664 60.40288 469.09656 2809.221 0 182.18288 376.05664

3. Selected urban BMPs 3a. Percentage of BMP effective area (%)
Landuse CommerciaIndustrial InstitutionaTransportaMulti-FamilSingle-FamUrban-Cult Vacant (devOpen Space Landuse CommerciaIndustrial InstitutionaTransportaMulti-FamilSingle-FamUrban-Cult Vacant (devOpen Space
W1 - Upper Deer C0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP W1 - Upper 100 100 100 100 100 100 0 100 100
W2 -  Twomile Ck 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP W2 -  Twom 100 100 100 100 100 100 0 100 100
W3 - Lower Deer C0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP W3 - Lower 100 100 100 100 100 100 0 100 100
W4 - Black Ck 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP 0 No BMP W4 - Black 100 100 100 100 100 100 0 100 100

4. Pollutant loads from urban in lb/year
Watershed

N P BOD TSS N P BOD TSS N P BOD TSS
W1 - Upper Deer C 36887.826 5927.9786 159738.72 1601997.2 0 0 0 0 36887.826 5927.9786 159738.72 1601997.2
W2 -  Twomile Ck 20098.511 3417.4621 87962.568 896494.75 0 0 0 0 20098.511 3417.4621 87962.568 896494.75
W3 - Lower Deer C 26807.037 4307.5336 113826.77 1190480.4 0 0 0 0 26807.037 4307.5336 113826.77 1190480.4
W4 - Black Ck 27464.155 4408.2397 117973.48 1210255.1 0 0 0 0 27464.155 4408.2397 117973.48 1210255.1

Pre-BMP Load Load Reduction After BMP Load

Urban BMP Tool Close

Appendix 3C -DeerCreek Watershed_StepLSpreadsheet.xlsm
Page 2 of 9



Total Load

Total Load This is the summary of annual nutrient and sediment load for each subwatershed. This sheet is initially protected.

1. Total load by subwatershed(s)
Watershed N Load (no 

BMP)
P Load (no 

BMP)
BOD Load 
(no BMP)

Sediment 
Load (no 

BMP)

N Reduction P Reduction BOD 
Reduction

Sediment 
Reduction

N Load (with 
BMP)

P Load (with 
BMP)

BOD (with 
BMP)

Sediment 
Load (with 

BMP)

%N 
Reduction

%P 
Reduction

%BOD 
Reduction

%Sed 
Reduction

lb/year lb/year lb/year t/year lb/year lb/year lb/year t/year lb/year lb/year lb/year t/year % % % %

W1 - Upper Deer Ck 36887.8 5928.0 159738.7 801.0 0.0 0.0 0.0 0.0 36887.8 5928.0 159738.7 801.0 0.0 0.0 0.0 0.0

W2 -  Twomile Ck 20098.5 3417.5 87962.6 448.2 0.0 0.0 0.0 0.0 20098.5 3417.5 87962.6 448.2 0.0 0.0 0.0 0.0

W3 - Lower Deer Ck 26807.0 4307.5 113826.8 595.2 0.0 0.0 0.0 0.0 26807.0 4307.5 113826.8 595.2 0.0 0.0 0.0 0.0

W4 - Black Ck 27464.2 4408.2 117973.5 605.1 0.0 0.0 0.0 0.0 27464.2 4408.2 117973.5 605.1 0.0 0.0 0.0 0.0

Total 111257.5 18061.2 479501.5 2449.6 0.0 0.0 0.0 0.0 111257.5 18061.2 479501.5 2449.6 0.0 0.0 0.0 0.0

2. Total load by land uses (with BMP)
Sources N Load 

(lb/yr)
P Load 
(lb/yr)

BOD Load 
(lb/yr)

Sediment 
Load (t/yr)

Urban 111257.53 18061.21 479501.54 2449.61

Cropland 0.00 0.00 0.00 0.00

Pastureland 0.00 0.00 0.00 0.00

Forest 0.00 0.00 0.00 0.00

Feedlots 0.00 0.00 0.00 0.00

User Defined 0.00 0.00 0.00 0.00

Septic 0.00 0.00 0.00 0.00

Gully 0.00 0.00 0.00 0.00

Streambank 0.00 0.00 0.00 0.00

Groundwater 0.00 0.00 0.00 0.00

Total 111257.53 18061.21 479501.54 2449.61
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Graphs

Graphs This sheet is protected. To copy specific objects, remove the protection by clicking Tools -> Protection -> Unprotect sheet.

1. Copy of total load by land uses (with BMP)
Sources Total N Load 

by Land 
Uses (with 

Total P Load 
by Land 

Uses (with 

Total BOD 
Load by 

Land Uses 

Total 
Sediment 
Load by 

Urban 111257.529 18061.214 479501.540 2449.614

Cropland 0.000 0.000 0.000 0.000

Pastureland 0.000 0.000 0.000 0.000

Forest 0.000 0.000 0.000 0.000

Feedlots 0.000 0.000 0.000 0.000

User Defined 0.000 0.000 0.000 0.000

Septic 0.000 0.000 0.000 0.000

Gully 0.000 0.000 0.000 0.000

Streambank 0.000 0.000 0.000 0.000

Groundwater 0.000 0.000 0.000 0.000

2. Copy of total load by subwatersheds
Watershed N Load with 

BMP (lb/yr)
P Load with 
BMP (lb/yr)

BOD Load 
with BMP 

(lb/yr)

Sediment 
Load by 

Watersheds 
with BMP 

(t/yr)

N Load 
Reduction 

(lb/yr)

P Load 
Reduction 

(lb/yr)

BOD Load 
Reduction 

(lb/yr) 

Sediment 
Load 

Reduction 
by 

Watersheds
W1 36887.826 5927.979 159738.722 800.999 0.000 0.000 0.000 0.000

W2 20098.511 3417.462 87962.568 448.247 0.000 0.000 0.000 0.000

W3 26807.037 4307.534 113826.768 595.240 0.000 0.000 0.000 0.000

W4 27464.155 4408.240 117973.482 605.128 0.000 0.000 0.000 0.000

0.000
20000.000
40000.000
60000.000
80000.000

100000.000
120000.000
140000.000
160000.000
180000.000

W1 W2 W3 W4

N Load with BMP (lb/yr)

P Load with BMP (lb/yr)

BOD Load with BMP
(lb/yr)

Sediment Load by Watersheds with 
BMP (t/yr)
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Sediment Load by
Watersheds with BMP
(t/yr)
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Graphs

Total N Load by Land Uses (with 
BMP) (lb/yr)

Urban
Cropland
Pastureland
Forest
Feedlots
User Defined
Septic
Gully
Streambank
Groundwater

Total P Load by Land Uses (with 
BMP) (lb/yr)

Urban
Cropland
Pastureland
Forest
Feedlots
User Defined
Septic
Gully
Streambank
Groundwater

Total BOD Load by Land Uses (with 
BMP) (lb/yr)

Urban
Cropland
Pastureland
Forest
Feedlots
User Defined
Septic
Gully
Streambank
Groundwater

Total Sediment Load by Land Uses 
(with BMP) (t/yr)

Urban
Cropland
Pastureland
Forest
Feedlots
User Defined
Septic
Gully
Streambank
Groundwater
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Upper Deer Creek Data

Upper Deer Creek Subwatershed 

No Data =Transportation

Open Space = Common Ground, Park, Recreation

Multifamily = Duplex/Townhome, Multi-family

Vacant Development = Vacant/Agriculture

Acres % Acres
12.1 0.17

563.8 7.90

59.4 0.83

145 2.03

50.7 0.71

798.3 11.19

60.5 0.85

36.2 0.51

558.4 7.83

4528.3 63.49

319.9 4.49

7132.6 100

Subwatershed/Land Use                                             
 
Upper Deer Creek (No land use data) 

Number of 
Parcels  

15 

Acres  
 

12.1 
Upper Deer Creek Commercial 191 563.8 
Upper Deer Creek Common Ground 61 59.4
Upper Deer Creek Duplex/Townhome 49 145.0 
Upper Deer Creek Industrial/Utility 52 50.7 
Upper Deer Creek Institution 78 798.3 
Upper Deer Creek Multi-Family 59 60.5 
Upper Deer Creek Park 5 36.2 
Upper Deer Creek Recreation 13 558.4 
Upper Deer Creek Single Family 4902 4528.3 
Upper Deer Creek Vacant/Agriculture 328 319.9 

 

Subwatershed/Soil Type                                                                                                                                   Acres 

Upper Deer Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 756.1 
Upper Deer Creek IVA SILT LOAM, 1 TO 3 PERCENT SLOPES 18.6 
Upper Deer Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 355.4 
Upper Deer Creek MENFRO SILT LOAM, 9 TO 14 PERCENT SLOPES 31.0 
Upper Deer Creek MENFRO SILT LOAM, KARST, 2 TO 14 PERCENT SLOPES 274.2 
Upper Deer Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 228.5 
Upper Deer Creek MENFRO-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 37.4
Upper Deer Creek PITS, QUARRY 0.1 
Upper Deer Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 137.0
Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 1637.1 
Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 1028.7 
Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, KARST, 2 TO 9 PERCENT SLO PES 68.1 
Upper Deer Creek URBAN LAND-HARVESTER COMPLEX, KARST, 9 TO 20 PERCENT SL OPES 141.2 
Upper Deer Creek WATER 22.6 
Upper Deer Creek WILBUR SILT LOAM, FREQUENTLY FLOODED 68.0 
Upper Deer Creek WINFIELD SILT LOAM, 2 TO 5 PERCENT SLOPES 102.7 
Upper Deer Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 46.5 
Upper Deer Creek WINFIELD SILT LOAM, 9 TO 14 PERCENT SLOPES 48.6 
Upper Deer Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 614.4 
Upper Deer Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 1365.2
Upper Deer Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 791.6 
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Twomile Creek Data

Twomile Creek Subwatershed

No Data =Transportation

Open Space = Common Ground, Park, Recreation

Multifamily = Duplex/Townhome, Multi-family

Vacant Development = Vacant/Agriculture

Acres % Acres

3.50 0.09

112.70 2.74

9.80 0.24

65.70 1.60

3.60 0.09

220.50 5.36

39.00 0.95

48.90 1.19

144.50 3.51

3251.10 79.07

212.20 5.16

4111.50 100.00

Subwatershed/Land Use                                                   Number of Parcels  Acres

Twomile Creek (No land use data) 6     3.5 
Twomile Creek Commercial 106 112.7
Twomile Creek Common Ground 19 9.8 
Twomile Creek Duplex/Townhome 21 65.7 
Twomile Creek Industrial/Utility 12 3.6 
Twomile Creek Institution 27 220.5 
Twomile Creek Multi-Family 8 39.0 
Twomile Creek Park 3 48.9 
Twomile Creek Recreation 1 144.5 
Twomile Creek Single Family 4690 3251.1
Twomile Creek Vacant/Agriculture 143 212.2 

 

Subwatershed/Soil Type                                                                                                                                   Acres 

Twomile Creek CRIDER-MENFRO SILT LOAMS, 14 TO 30 PERCENT SLOPES 31.1
Twomile Creek CRIDER-MENFRO SILT LOAMS, 5 TO 14 PERCENT SLOPES 13.7 
Twomile Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 105.7 
Twomile Creek FREEBURG SILT LOAM, 2 TO 5 PERCENT SLOPES, OCCASIONALLY FLOODED 10.7 
Twomile Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 317.5 
Twomile Creek MENFRO SILT LOAM, 2 TO 5 PERCENT SLOPES 5.3 
Twomile Creek MENFRO SILT LOAM, 20 TO 45 PERCENT SLOPES 36.6 
Twomile Creek MENFRO SILT LOAM, 5 TO 9 PERCENT SLOPES 168.7 
Twomile Creek MENFRO SILT LOAM, 9 TO 14 PERCENT SLOPES 117.3
Twomile Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 26.3 
Twomile Creek PITS, QUARRY 0.2 
Twomile Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 0.0 
Twomile Creek URBAN LAND-HARVESTER COMPLEX, 0 TO 2 PERCENT SLOPES 16.0 
Twomile Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 1214.4 
Twomile Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 489.3 
Twomile Creek WILBUR SILT LOAM, FREQUENTLY FLOODED 201.4 
Twomile Creek WINFIELD SILT LOAM, 2 TO 5 PERCENT SLOPES 82.1
Twomile Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 205.2 
Twomile Creek WINFIELD SILT LOAM, 9 TO 14 PERCENT SLOPES 197.9 
Twomile Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 401.7 
Twomile Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 632.5 
Twomile Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 82.9 
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Lower Deer Creek Data

Lower Deer Creek Subwatershed
 

No Data =Transportation

Open Space = Common Ground, Park, Recreation

Multifamily = Duplex/Townhome, Multi-family

Vacant Development = Vacant/Agriculture

acres % acres

85.6 1.71

425.8 8.49

7.3 0.15

47.3 0.94

224.7 4.48

250 4.98

73 1.46

122.3 2.44

272 5.42

3319.4 66.19

187.8 3.74

5015.2 100

Subwatershed/Existing Land Use Number of    Parcels 
           

Acres 
Lower Deer Creek (No land use data) 
Lower Deer Creek Commercial 
Lower Deer Creek Common Ground 
Lower Deer Creek Duplex/Townhome 
Lower Deer Creek Industrial/Utility 
Lower Deer Creek Institution 
Lower Deer Creek Multi-Family 
Lower Deer Creek Park 
Lower Deer Creek Recreation 
Lower Deer Creek Single Family 
Lower Deer Creek Vacant/Agriculture 

 

 

26 85.6 
451 425.8 

11 7.3 
126 47.3 
178 224.7 
110 250.0

87 73.0 
16 122.3 
16 272.0 

12117 3319.4 
621 187.8 

 
 

Soil Type (by Subwatershed) Acres
Lower Deer Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES
Lower Deer Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES
Lower Deer Creek MENFRO SILT LOAM, 5 TO 9 PERCENT SLOPES 
Lower Deer Creek MENFRO SILT LOAM, KARST, 2 TO 14 PERCENT SLOPES
Lower Deer Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES
Lower Deer Creek PITS, QUARRY 
Lower Deer Creek URBAN LAND, BOTTOM LAND, 0 TO 3 PERCENT SLOPES
Lower Deer Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, 0 TO 2 PERCENT SLOPES
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES
Lower Deer Creek URBAN LAND-HARVESTER COMPLEX, KARST, 2 TO 9 PERCENT SLO PES
Lower Deer Creek WILBUR SILT LOAM, FREQUENTLY FLOODED 
Lower Deer Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 
Lower Deer Creek WINFIELD SILT LOAM, 9 TO 14 PERCENT SLOPES 
Lower Deer Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES
Lower Deer Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES
Lower Deer Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES

 

289.9
462.0
18.9
290.2
96.3
94.0
152.5
53.8
99.0
827.0
963.6
600.4
13.6
35.0
0.5
531.0
953.8
220.4
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Black Creek Data

No Data =Transportation

Open Space = Common Ground, Park, Recreation

Multifamily = Duplex/Townhome, Multi-family

Vacant Development = Vacant/Agriculture

acres % acres

60.4 1.24

476.6 9.78

20.7 0.42

120.2 2.47

181.8 3.73

315.3 6.47

349 7.16

121.5 2.49

234.2 4.81

2809.3 57.67

182.2 3.74

4871.2 100

Black Creek Subwatershed  

 
Subwatershed/Existing Land Use  

              
 Number of       

Parcels 
          

   Acres 
Black Creek (No land use data) 63 60.4 
Black Creek Commercial 507 476.6 
Black Creek Common Ground 40 20.7 
Black Creek Duplex/Townhome 484 120.2 
Black Creek Industrial/Utility 211 181.8 
Black Creek Institution 103 315.3 
Black Creek Multi-Family 547 349.0
Black Creek Park 8 121.5 
Black Creek Recreation 13 234.2 
Black Creek Single Family 8894 2809.3 
Black Creek Vacant/Agriculture 483 182.2 

 
 

 
 

Soil Type (by Subwatershed) 

                   
 
 

                     Acres
Black Creek FISHPOT-URBAN LAND COMPLEX, 0 TO 5 PERCENT SLOPES 476.3 
Black Creek FREEBURG SILT LOAM, 2 TO 5 PERCENT SLOPES, OCCASIONALLY FLOODED 16.3 
Black Creek IVA-URBAN LAND COMPLEX, 1 TO 3 PERCENT SLOPES 175.2 
Black Creek MENFRO SILT LOAM, KARST, 2 TO 14 PERCENT SLOPES 27.9 
Black Creek MENFRO-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 259.0 
Black Creek MENFRO-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 28.6 
Black Creek URBAN LAND, BOTTOM LAND, 0 TO 3 PERCENT SLOPES 358.8 
Black Creek URBAN LAND, UPLAND, 0 TO 5 PERCENT SLOPES 361.6
Black Creek URBAN LAND-HARVESTER COMPLEX, 0 TO 2 PERCENT SLOPES 49.1 
Black Creek URBAN LAND-HARVESTER COMPLEX, 2 TO 9 PERCENT SLOPES 1914.2 
Black Creek URBAN LAND-HARVESTER COMPLEX, 9 TO 30 PERCENT SLOPES 406.6 
Black Creek URBAN LAND-HARVESTER COMPLEX, KARST, 2 TO 9 PERCENT SLO PES 181.8 
Black Creek WINFIELD SILT LOAM, 2 TO 5 PERCENT SLOPES 3.4 
Black Creek WINFIELD SILT LOAM, 5 TO 9 PERCENT SLOPES 41.3 
Black Creek WINFIELD-URBAN LAND COMPLEX, 2 TO 5 PERCENT SLOPES 396.2 
Black Creek WINFIELD-URBAN LAND COMPLEX, 5 TO 9 PERCENT SLOPES 639.2
Black Creek WINFIELD-URBAN LAND COMPLEX, 9 TO 20 PERCENT SLOPES 405.1 
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Washington University Stable Isotope Laboratory 

Missouri Botanical Garden Deer Creek Watershed Initiative 319 Monitoring Project 

Quarterly Report: October 1, 2010 

 

Prepared by: Elizabeth Hasenmueller and Dr. Robert Criss 

 

 This report summarizes the status and activities of the monitoring for the Missouri 

Botanical Garden Deer Creek Watershed Initiative from July 1, 2010 through September 30, 

2010.   

 

Effort during this period was predominately directed towards the continued monitoring of 

the Chalet Ct. and Cornell Ave. sites and the installation of the Mt. Calvary Church site. 

 

Milestones Achieved: 

 

1.  July 2-6    A detailed storm series was collected the Chalet Ct. site.  The samples were 

processed to produce a detailed suite of chemistry data.  This event was the tenth 

storm sampling event at Chalet Ct. and exceeds the six proposed storm sampling 

events of pre-management conditions. 

 

2.  July 8   A detailed storm series was collected at the Cornell Ave. site.  The samples were 

processed to produce a detailed suite of chemistry data.    

 

3.  July 20   A detailed storm series was collected at the Cornell Ave. site.  The samples were 

processed to produce a detailed suite of chemistry data.    
 

4.  July 24-27   A detailed storm series was collected at the Cornell Ave. site.  The samples were 

processed to produce a detailed suite of chemistry data.   This event completed the 

proposed set of six storm events needed to document pre-management conditions. 

 

5.  Sept. 16   The YSI Level Scouts at Chalet Ct. and Cornell Ave. were removed to download 

data, replace batteries, and perform necessary maintenance.   

 

6.  Sept. 16   The third YSI Level Scout that was damaged in a May 14 flood at Chalet Ct. was 

no longer functional when being prepared for installation at Mt. Calvary.  This 

unit was mailed back to the manufacturer for replacement. 

 

7.  Sept. 17   A YSI Level Scout was redeployed at Cornell Ave. and the YSI Level Scout that 

had been at Chalet Ct. was installed at Mt. Calvary Church (because pre-

management conditions at this site have not yet been determined and it is more 

pressing to monitor this site than Chalet Ct.).  Measurements were made at the 

Mt. Calvary Church site in preparation for deploying the ISCO autosampler, 

tubing, wet-switch, and rain gauge. 

 

8.  Sept. 19   Grab samples, observations, and photos were taken at all three sites during a 

storm event. 
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9.  Sept. 29   An ISCO autosampler, ISCO tubing, wet-switch, and rain gauge were installed 

and secured at the Mt. Calvary Church site.  This completes all the installations of 

monitoring equipment. 

 

Plans for the Next Quarter:  

 

1. Collect fall and winter storm events at the Mt. Calvary Church site prior to the installation of 

the bioretention cell. 

 

Problems Encountered: 

 

Problem 1.  The YSI Level Scout at Chalet Ct. that was flooded during a rain event on May 14 

that was believed to be repaired was not (there was more water damage than previously thought).   

Solution.  This unit was sent back to the manufacturer who determined that the cable on the unit 

was faulty, which caused the unit to flood.  It will be replaced under warranty and the new Level 

Scout will be shipped back to WUSIL in a few weeks. 

 

Problem 2.  During several storm events at Cornell Ave. it was noted that while there is runoff 

from Mr. Mass’s driveway into the grated culvert, there is generally no runoff from the yard into 

to the portion of the culvert with the manhole where the field equipment is deployed.  There is 

likely less overland flow in the yard than previously anticipated. 

 

Results Currently Available: 

 

             We have successfully obtained several grab samples from all of the sites and multiple 

storm pulse samples from the Chalet Ct. and Cornell Ave. monitoring sites.  Available results 

from our laboratory work are below.   

 

Chalet Ct.: 

 

             The stage and temperature data from the continuous monitoring device at the Chalet Ct. 

site is shown below in Fig. 1.  Street runoff is generated for most rain storms above 0.05 inches.   
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Figure 1.  Stage (blue line) and temperature (red line) data for Chalet Ct.   

             An additional storm event was collected at the Chalet Ct. site this quarter (for a total of 

10 storm events).  Chemical data indicate that the mid to late summer behavior of this site still 

exhibits an initial flushing event in which both total dissolved solids (TDS) and total suspended 

solids (TSS) are high, followed by dilution on the recessional limb of the pulse (see Figs. 2 and 

3).   

 

 
Figure 2.  Specific conductance data for a storm event on 7/4/10 at Chalet Ct. 
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Figure 3. TSS data for a storm event on 7/4/10 at Chalet Ct. 

Cornell Ave.: 

 

             The stage and temperature data from the continuous monitoring device at the Cornell 

Ave. site is shown below in Fig. 4.  As the data indicate, significant discharge occurs in the 

manhole only when there is exceptionally heavy rainfall over a short period of time.  Typically, 

at least 0.8 inches are required in less than a 1.5 hour period for there to be enough discharge in 

the culvert for the ISCO autosampler to function.   

 

 
Figure 4.  Stage (blue line) and temperature (red line) data for Cornell Ave.  Note that only a few rainfall events produce 

significant flow in the culvert (compare to Chalet Ct. data in Fig. 1).   
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             Three storm events were collected at the Cornell Ave. site.  These events and the three 

storm events from the first quarter complete the proposed six pre-BMP storm monitoring events.  

Similar to the second quarter data for the Chalet Ct. site, chemical data indicate that the site 

typically has an initial flushing event in which both TDS and TSS are high, followed by dilution 

on the recessional limb of the pulse (see Figs. 5 and 6).   

 
Figure 5.  Specific conductance data for a storm event on 7/8/10 at Cornell Ave. 

 
Figure 6.  TSS data for a storm event on 7/8/10 at Cornell Ave. 
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Mt. Calvary Church: 

 

             The planning, preparations, and measurements for installation of this site were 

completed this quarter.  Stage data collection for this site began Sept. 17.  An ISCO autosampler 

unit was installed Sept. 29.  A grab sample for this site was collected Sept. 19. 

 

 

 

Data Summary for All Sites: 

 

Location 
Stage 

(ft) 

Temp 

(°C) 

Conductivity 

(μS) 

DO 

(mg/L) 

DO 

(%) 
pH 

Turbidity 

(NTU) 

TSS 

(mg/L) 

Phosphorus 

(mg/L) 

E. coli 

(col/100mL) 

Chalet 

Average 0.1013 23.26 263.6 4.37 50.7 7.61 18 30.7 0.8 >2419.6 

Min 0 14.80 109.7 3.71 46.1 7.38 4 4.5 - - 

Max 1.1386 31.88 396.4 5.03 55.3 7.84 62 184.0 - - 

# of 

Measurements 
120964 120964 25 2 2 2 25 27 1 1 

Cornell 

Average 0.0356 18.59 228.7 6.3 69.9 7.55 160 287.6 2.21 >2419.6 

Min 0 15.09 46.7 - - - 26 25.0 0.24 - 

Max 0.6963 23.18 600.0 - - - 476 975.0 3.88 - 

# of 

Measurements 
109910 109910 65 1 1 1 64 72 8 1 

Mt.  Calvary 
1 

Measurement 
- 21.4 264.2 1.63 18.4 7.52 17 8.2 0.67 547.5 

Deer Creek 

at Litz. Rd. 

1 
Measurement 

2.64 21.20 84.5 5.97 54.7 7.64 60 68.0 0.62 >2419.6 
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USACE:  Planning Assistance to States Grant 
 
What are Planning Assistance to States (PAS) Grants? 
The U.S. Army Corps of Engineers (USACE) provides PAS Grants to assist with the development of 
comprehensive plans for the development and conservation of land and water resources. Essentially, 
anything can be studied under this program. Typical studies are only planning level of detail: they do not 
include detailed design for project construction. 
 
Is my organization eligible for PAS? 
The USACE provides assistance to states, local governments and other non-federal entities.  Although 
non-profits such as Deer Creek Watershed Alliance are not eligible, there is an opportunity to partner with 
state or local governments.  
 
What is the level of funding available through PAS? 
The limit for each state is $500,000 annually. Cost share is 50/50. Cost breakdown is 50 percent USACE, 
25 percent sponsor in kind, 25 percent sponsor monetary support. Generally, studies range from $25,000 
to $75,000. 
 
What is the timeline for application? 
Inquiries for PAS need to begin in August 2010. 
 
How do I find out more about the PAS application process?  
Contact Laurie Farmer, Strategic Initiatives Coordinator, USACE St. Louis District, @ 314-331-8033.  
http://www.usace.army.mil/Pages/SearchResults.aspx?k=planning%20assistance%20to%20states&s=All
%20Sites. 
 
More Information about PAS  
Authority and Scope. Section 22 of the Water Resources Development Act (WRDA) of 1974, as 
amended, provides authority for the Corps of Engineers to assist the states, local governments, and other 
non-federal entities in the preparation of comprehensive plans for the development and conservation of 
water and related land resources. Section 208 of the Water Resources Development Act of 1992 amended 
the WRDA of 1974 to include Native American Tribes as equivalent to a state.  
Funding. The PAS program is funded annually by Congress. Federal allotments for each state or tribe 
from the nationwide appropriation are limited to $500,000 annually, but typically are much less. 
Individual studies, of which there may be more than one per state or tribe per year, generally cost $25,000 
to $75,000. These studies are cost shared on a 50 percent federal – 50 percent non-federal basis.  
Program Development. The needed planning assistance is determined by the individual states and tribes. 
Every year, each state and Indian tribe can provide the Corps of Engineers its request for studies under the 
program, and the Corps then accommodates as many studies as possible within the funding allotment. 
Typical studies are only planning level of detail; they do not include detailed design for project 
construction. The studies generally involve the analysis of existing data for planning purposes using 
standard engineering techniques, although some data collection is often necessary. Most studies become 
the basis for state or tribal and local planning decisions.  
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Typical Studies. The program can encompass many types of studies dealing with water resources issues. 
Types of studies conducted in recent years under the program include the following:  

• Water Quality Studies  
• Environmental Conservation/Restoration Studies  
• Watershed Modeling/Planning 
• Wetlands Evaluation Studies  
• Dam Safety/Failure Studies  
• Flood Damage Reduction Studies  
• Flood Plain Management Studies   

 
How to Request Assistance. State, local government and tribal officials who are interested in obtaining 
planning assistance under this program can contact the appropriate Corps office for further details. 
Alternatively, interested parties can contact the appropriate state or tribal PAS coordinator to request 
assistance. In either case, the Corps will coordinate all requests for assistance with the state or tribal PAS 
coordinator to ensure that studies are initiated on state or tribal prioritized needs. 
 

 



Prepared by Barr Engineering Company Page 3 

Successful PAS Project Submittals in the St. Louis Area  
 

  
Name State Description 

Jefferson County MO Flood Hazard Evaluation 

St. Louis MSD MO Combined Sewer Overflow 
Study 

St. Louis County MO River Des Peres Beautification 

St. Louis County MO Stormwater Study 

Chouteau Lake MO Technical Review 

Chouteau Island IL Master Planning 

Pool 25 Riparian Corridor MO Wildlife Planning 

E. St. Louis Riverfront IL Riverfront Master Planning 

Brooklyn IL Riverfront Master Planning 

Kaskaskia Basin IL Scoping for the Basin 

Kaskaskia Erosion – Carlyle to Shelbyville IL Erosion of River Banks 

Findlay IL Wastewater Treatment Study 
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U.S. EPA: Section 319 Nonpoint Source (NPS) 
Minigrant 

 
What is the 319 Nonpoint Source (NPS) Minigrant Program? 
The NPS Minigrant Program provides funds to implement projects that deal with nonpoint source 
pollution of water bodies in Missouri.  Specifically, the program will support small projects that: 
 

 Create a citizenry that is accurately informed about the causes, extent, and control of nonpoint 
source water pollution and water quality issues. 

 Provide an opportunity for involved citizens to achieve environmental success through nonpoint 
source water pollution prevention or remediation. 

 
Through its 319 program, EPA provides formula grants to the states and tribes to implement nonpoint 
source projects and programs in accordance with Section 319 of the Clean Water Act (CWA). Nonpoint 
source pollution reduction projects can be used to protect source water areas and the general quality of 
water resources in a watershed. Examples of previously funded projects include installation of best 
management practices (BMPs) for animal waste; design and implementation of BMP systems for stream, 
lake, and estuary watersheds; basin-wide landowner education programs; and lake projects previously 
funded under the CWA Section 314 Clean Lakes Program.  
 
Is my organization eligible for 319 Minigrants? 
Eligible sponsors include state and local agencies, educational institutions, and non-profit organizations 
with 501(c)(3) status. 
 
What is the level of funding available through 319 Minigrants? 
Minigrants can provide up to $10,000 in federal funding for a project, and a matching 40 percent of 
funding or non-federal in-kind contribution is required by the sponsoring agency or subgrantee as in the 
form of donated goods and services, volunteer hours, equipment or materials, or other type of "in-kind" 
services or contributions.  
 
What is the timeline for application? 
Minigrants are awarded and funded two times during the calendar year. Application deadline is 
October 1, 2010. 
 
How do I find out more about the 319 Minigrant application process? 
Contact: 
Missouri Department of Natural Resources 
Attention: Water Protection Program, Watershed Protection Section, Nonpoint Source Unit  
P.O. Box 176 
Jefferson City, MO 65102-0176 
Darlene.Schaben@dnr.mo.gov 

For additional information, please call 573-751-7428 or FAX 573-526-6802  
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U.S. EPA: Nonpoint Source (NPS) Major Subgrant 
 
What is the 319 Major Subgrant Program? 
The overall goal of the grant program is to provide, protect and improve water quality through 
demonstration, education and implementation of projects to address nonpoint source pollution. Selection 
for 319 funding emphasizes projects that restore the quality of waters impaired by nonpoint source 
pollution. 
 
NPS grant funds are provided from the U.S. Environmental Protection Agency (EPA) under Section 
319(h) of the CWA.  In Missouri, EPA Region 7 administers the grants through the Missouri Department 
of Natural Resources (MDNR) to eligible recipients.  Funds can be used to address NPS pollution through 
information/education, and projects to conserve or restore water quality. 
 
Is my organization eligible for 319 Major Subgrants? 
Funds are available to public institutions of higher education, units of government, and nonprofit 
organizations with demonstrated 501(c)(3) status. 
 
What is the level of funding available through 319 Major Subgrants? 
In the last Major Subgrants Request for Proposal (RFP), the state offered to provide up to $1,000,000 in 
federal funding for a project.  Grantees must match 40 percent of the total project funding.  Eligible match 
can include cash and in-kind contributions by or on behalf of the grantee.  Match can include donated 
goods and services, volunteer hours, equipment or materials, etc.  Project time limit is typically four 
years. 
 
What is the timeline for application? 
MDNR has not yet issued the RFP for the next round of major subgrants.  The RFP is expected soon. 
  
How do I find out more about the 319 Major Subgrant application process? 
Contact: 
Greg Anderson 
Nonpoint Source Coordinator 
Missouri Department of Natural Resources 
Water Protection Program 
Watershed Protection Section 
P.O. Box 176 
Jefferson City, MO 65102 
573-751-7428 
greg.anderson@dnr.mo.gov 
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Sample Information from a Previous Major Subgrant RFP 
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U.S. EPA: Clean Water State Revolving Fund Intended 
Use Plan Green Project Reserve 

 
What is the Green Project Reserve? 
The 2010 Clean Water State Revolving Fund (CWSRF) Intended Use Plan (IUP) established a Green 
Project Reserve, which requires at least 20 percent of the capitalization grant to be used for projects that 
address green infrastructure, water or energy efficiency improvements, or other environmentally 
innovative activities. The draft 2011 IUP also contains this provision. 
 
The department intends to use CWSRF funds for loans and grants totaling up to $11,296,600 to fund 
projects or portions of projects that address green infrastructure, water or energy efficiency 
improvements, or other environmentally innovative activities.  Department staff will work directly with 
CWSRF applicants to identify projects and components of projects that address green infrastructure, 
water or energy efficiency improvements, or other environmentally innovative activities. 
 
By definition, SRF projects must address a National Pollutant Discharge Elimination System (NPDES) 
permitted facility or collection system.  While in the past, the typical SRF project would have been a 
wastewater treatment plant, there is an emerging recognition of the connection between treatment plants, 
collection systems and stormwater.  This has caused EPA and the state to think more broadly about the 
uses and applicability of SRF in a way that can provide opportunities for watershed-based efforts. 
 
Is my organization eligible for funding? 
Funds are generally available to state and municipal government and publicly owned sewer districts.  The 
Deer Creek Watershed Alliance could work with a municipal within the watershed or through MSD to 
identify qualifying projects to address stormwater issues that impact wastewater collection systems or 
MS4 programs.  In the current draft, MSD has a CSO project on the planning list, and the City of 
Frontenac has one for stormwater.  These are examples of projects where Deer Creek could work with the 
qualifying entities and other partners to implement BMPs or demonstration projects to improve 
stormwater quality or reduce stormwater inflow to collection systems. 
 
What is the level of funding available? 
The 2011 draft IUP reserves up to $11,296,600 for the Green Project Reserve. 
 
What is the timeline for application? 
November 15 is the annual submittal deadline for applicants to participate in the SRF during any fiscal 
year.  However, applications will be accepted and processed at any time. Potential applicants are strongly 
encouraged to contact the department prior to submitting an application. 
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How do I find out more about the 319 Major Subgrant application process? 
Contact: 
Doug Garrent 
Clean Water SRF Coordinator 
Missouri Department of Natural Resources 
Water Protection Program 
Financial Assistance Section 
P.O. Box 176 
Jefferson City, MO 65102 
573-751-1300 
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U.S. EPA: Environmental Education Grant 
 
What is an Environmental Education Grant? 
The Environmental Education Grant program sponsored by EPA's Environmental Education Division 
(EED), Office of Children's Health Protection and Environmental Education, supports environmental 
education projects that enhance the public's awareness, knowledge, and skills to help people make 
informed decisions that affect environmental quality. 
 
Is my organization eligible for an Environmental Education Grant? 
Any local education agency, college or university, state education or environmental agency, non-profit 
organization as described in Section 501(C)(3) of the Internal Revenue Code, or noncommercial 
educational broadcasting entities as defined and licensed by the Federal Communications Commission 
may submit a proposal. 

 
What is the level of funding available for an Environmental Education Grant? 
EPA awards grants each year based on funding appropriated by Congress. Annual funding for the 
program ranges between $2 and $3 million. Most grants will be in the $15,000 to $25,000 range. 
 
What is the timeline for application? 
The deadline for applying for a 2010 Environmental Education Grant was December 15, 2009.  The next 
announcement will be fall 2010. 
 
How do I find out more about an Environmental Education Grant application 
process? 
The Environmental Education Grant website is http://www.epa.gov/enviroed/grants_faq.html. Contact 
Denise Morrison at morrison.denise@epa.gov or write to U.S. EPA, Region 7, Environmental Education 
Grants, 901 N. 5th Street, Kansas City, KS 66101-2907. 
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Successful Environmental Education Grant Submittals 
 
Green Works in Kansas City - 2009   $25,000      
Katherin Corwin, 4334 McGee Street, Kansas City, MO 64111 
Environmental Connection Opportunities for Students 
Environmental Connection Opportunities for Students involves a year-long environmental stewardship 
curriculum for high school students with service learning, field trips, and mentors in the environmental 
field. Students learn about local environmental issues including clean water, solid waste, recycling, air 
pollution, energy use, urban forests, and climate change. They have an opportunity to learn about new 
jobs in fields such as green building construction, engineering, hydrology, urban planning, and 
environmental science. Environmental Connections Opportunities for Students is divided into three 
sessions, each 10 weeks long. Topics for Session 1 include introduction to sustainability and urban water. 
Session 2 addresses solid waste, recycling, life cycle concepts and consumption, and Session 3 covers air 
pollution and transportation, energy and conservation, urban forests, and climate change. Each session 
includes classroom activities, discussion, videos, and science journals.  
 
National Audubon Society - 2009   $31,158 
Robin McAlester, 201 West Rivera Drive, Suite A, Joplin, MO 64804 
Wildcat Glades Conservation and Audubon Center 
Through Wildcat Glades Conservation and Audubon Center, students in Grades 3 through 4 learn about 
water quality and how to protect water resources. Students study water quality assessments, journaling, 
wildlife management, and bird habitats at the Shoal Creek, Silver Creek, and Wildcat Spring watersheds. 
These students also address two major environmental issues: the water quality and quantity of Shoal 
Creek, and rare chert glades. The Audubon Center provides hands-on, science-based study of water 
resources and glade habitat to a diverse audience and meets the water education needs and concerns of 
local educators.  

Blue River Watershed Association - 2006   $13,937 
Ginevera Moore, P.O. Box 22395, Kansas City, MO 64113 
KC Clean Streams 
The Blue River Watershed Association organizes a water quality project designed to provide students, 
teachers, and adult volunteers in the Kansas City metropolitan community an opportunity to learn about 
and address an important community issue: the adverse impact of litter and trash on water quality in 
Kansas City. They observe the effect of trash on waterways and participate in an environmental 
stewardship experience. This project consists of a 1-day cleanup event that involves students and teachers 
in Grades 4 and 5, as well as adult volunteers from the community. They learn about water quality issues 
with standards-based curriculum materials. Students participate in an environmental stewardship 
experience that demonstrates how individuals can make a positive difference in the environmental health 
of the community.  
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U.S. EPA: Targeted Watersheds Grant 
 
What is a Targeted Watersheds Grant? 
Established in 2003, the Targeted Watersheds Grant program is designed to encourage successful 
community-based approaches and management techniques to protect and restore the nation's watersheds.  
Prior to 2010, forty-six grants have been awarded, including two in Missouri and one in Illinois.  The 
deadline for the most recent grant round (2010) is past and the next round has not been announced. 
 
Is my organization eligible for a Targeted Watersheds Grant? 
Eligible applicants are states, local governments, public and private nonprofit institutions/organizations, 
federally recognized Indian tribal governments, U.S. territories or possessions, and interstate agencies. 
 
What is the level of funding available for a Targeted Watersheds Grant? 
Funding for this program decreased sharply in 2010.  Only one grant for $600,000 is planned for this 
year, down from $3.7 million for 10 grants in 2008.  In the past, EPA has funded up to 75 percent of the 
total project cost. 
 
What is the timeline for application? 
Proposals for the 2010 grant round were due May 19, 2010.  At this time, it is not certain if another grant 
round is planned.   
 
How do I find out more about the Targeted Watersheds Grant application 
process? 
The Targeted Watersheds Grant website is http://water.epa.gov/grants_funding/twg/initiative_index.cfm.  
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Successful Targeted Watersheds Grant Submittals 
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Successful Targeted Watersheds Grant Submittals 
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Successful Targeted Watersheds Grant Submittals 
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Successful Targeted Watersheds Grant Submittals 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

Prepared by Barr Engineering Company Page 22 

U.S. EPA: CARE Grant 
 
Community Action for a Renewed Environment (CARE) is a competitive grant program that offers an 
innovative way for a community to organize and take action to reduce toxic pollution in its local 
environment. Through CARE, a community creates a partnership that implements solutions to reduce 
releases of toxic pollutants and minimize people's exposure to them. By providing financial and technical 
assistance, EPA helps CARE communities get on the path to a renewed environment.  

What is CARE? 
CARE is a unique community-based, community driven, multimedia demonstration program designed to 
help communities understand and reduce risks due to toxic pollutants and environmental concerns from 
all sources. The CARE Grant program works with the eligible entities to help their communities form 
collaborative partnerships, develop an understanding of the many local sources of risk from toxic 
pollutants and environmental concerns, set priorities, and identify and carry out projects to reduce risks 
through collaborative action at the local level. 

Is my organization eligible for CARE? 
Local, public non-profit institutions/organizations, federally-recognized Indian tribal governments, Native 
American organizations, private non-profit institutions/organizations, quasi-public nonprofit 
institutions/organizations both interstate and intrastate, local government colleges and universities could 
be eligible to apply for CARE funds. The community-based partnership needs to include representatives 
from all three different sides in a community: residents, local business, and local government. A 
community can be a neighborhood, city, watershed, etc. 

What is the level of funding available through CARE? 
Level 1 first time CARE grant recipients, $100,000. 

Level 2 grants, $300,000. 

Total funding available nationwide, $2,000,000. 

Matching funds are not recommended. 

What is the timeline for application? 
The RFP for the next round of grants issued is December 2010 through March 2011. 

How do I find out more about the CARE application process? 
The CARE website is http://www.epa.gov/care/index.htm. Contact Dennis Connor at 1-877-CARE 909 or 
write to CARE Program, US EPA (8001A), 1200 Pennsylvania Avenue, NW Washington, DC 20460.  
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CARE Description 
 The Community Action for a Renewed Environment (CARE) program is a competitive grant program 

that offers communities an innovative way to address the risks from multiple sources of toxic 
pollution in their environment.  

 Through CARE, various local organizations, including non-profits, businesses, schools and 
governments create partnerships that implement local solutions to reduce releases of toxic pollutants 
and minimize people’s exposure to them. 

 CARE educates and supports communities by helping them assess the pollution risks they face. 
CARE provides access to EPA's and other voluntary programs to address local environmental 
priorities and improve the environment through local action. 

 CARE has provided financial assistance by funding cooperative agreements with communities 
annually since 2005.  

Goals of the CARE Program 
 Reduce exposures to toxic pollutants through collaborative action at the local level. 

 Help communities understand all potential sources of exposure to toxic pollutants. 

 Work with communities to set priorities for risk-reduction activities. 

 Create self-sustaining, community-based partnerships that will continue to improve the local 
environment. 

Why a Community Should Consider CARE? 
 If your community wants to reduce levels of toxic pollution, the CARE program can help! CARE 

assists communities by providing information about the pollution risks they face and the funding to 
address these risks. 

 CARE promotes local consensus-based solutions that address risks comprehensively. 

 Through CARE, EPA also provides technical assistance and resources, thereby helping communities 
to identify and access ways to reduce toxic exposures, especially through a broad range of voluntary 
programs. 

 As communities create local stakeholder groups that successfully reduce risks, CARE helps them 
build the capacity to understand and address toxics in their environment. 
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How the CARE Program Works 
CARE offers two different types of Cooperative Agreements: Level 1 and Level 2. These can be thought 
of as grants and, respectively, amount to approximately $90,000 and $275,000. 

Level 1 Cooperative Agreements help communities:  
 

1. Join together.  Cooperative Agreements help communities join together to form a broad-based 
partnership dedicated to reducing toxic pollutants and environmental risks in their local 
environment. Partners could be non-profit groups, community organizations, businesses, schools, 
and state, tribal and local government agencies, EPA, and others federal agencies. 

2. Identify problems and solutions. Working together, this stakeholder group assesses toxics 
problems in their community and considers options for reducing environmental risks. Many of the 
emission and exposure reductions will result from the application of EPA’s partnership programs. 
EPA technical assistance is available to support this process.  

Level 2 Cooperative Agreements are for communities that already have established broad-based 
collaborative partnerships and have completed environmental assessments. (The successful completion of 
a Level 1 Cooperative Agreement is not required.)  

 Level 2 Cooperative Agreements help communities:  

1. Implement solutions and reduce risks.  The partnership identifies the combination of programs 
that best meet the community's needs.  EPA funding helps to implement these projects.  The 
community begins improving its environment. 

2. Become self-sustaining. The community develops local solutions and ways to continue their 
environmental work long term (e.g., increased partnerships and sustainable practices).  CARE 
funds pay to implement the local actions and solutions that are identified. These solutions will 
reduce risks within their community. The result:  communities will build self-sustaining, 
community-based partnerships that will continue to improve human health and local 
environments into the future.  

 
Frequently Asked Questions about CARE  
How is CARE different than other voluntary programs?  

CARE supports communities by providing tools, technical support, and funding to enable them to use 
other voluntary programs to reduce the emissions and exposures that the communities choose. In 
addition, unlike other programs, CARE is focused on all types of exposure (air, water or land both indoor 
and outdoor). The CARE program can help a community choose which voluntary programs best fit their 
needs.  

Why can't a community just implement a voluntary program?  

A community can implement many voluntary programs. However, CARE does more than just implement 
a specific program. CARE brings the community together to build a consensus to select the most useful 
programs to implement. In addition, CARE provides funding and EPA assistance.  
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Where can I find out more information about CARE funding and Cooperative Agreements? 

The CARE website has a section with more detailed information on CARE Cooperative Agreements and 
RFPs.  

What is a Cooperative Agreement? 

A cooperative agreement is a form of grant. Like other grants, it provides funding to a recipient. 
Cooperative agreements are used in those circumstances where EPA plans to be substantially involved in 
the project. EPA expects to be a part of the partnerships created in a CARE community. The cooperative 
agreements are awarded nationally using a competitive process, which ensures diversity in the types of 
communities and environmental problems addressed. The cooperative agreements will be managed by 
EPA’s regional offices. 

How do I apply to the CARE program? 

Get more information on CARE application procedures or call 1-877-CARE-909.  

What are the two types of cooperative agreements communities can apply for? 

There are two levels of cooperative agreements. With a Level I Agreement (about $90,000) communities 
organize and create a collaborative partnership to reduce toxics in their local environment. These 
partnerships work on steps 1 and 2 in the CARE process and, if possible, they begin step 3. With a Level 
II Agreement (about $275,000), the community already has a collaborative partnership and focuses on 
steps 3 and 4 of the CARE process.  

How long does CARE funding last? 

CARE cooperative agreement funding is spread over two years. Level 1 grantees may apply for Level 2 
funding during the second year of their project; however, there is no guarantee that they will receive a 
Level 2 award. 

When is the partnership expected to be self-sustaining? 

Upon completing a Level II CARE Cooperative Agreement, the community stakeholder group is 
organized and able to raise money from other sources.  

Does CARE funding make a community ineligible for other EPA funding programs? 

No, communities in the CARE program are encouraged to explore other ways to add resources to support 
their community projects. This includes applying for other EPA grants.  

Are states eligible for CARE cooperative agreements? 

State governments or their agencies are not eligible to apply. EPA hopes to work with state agencies as 
partners to support CARE communities where appropriate.  

Is there a requirement for matching funds? 

No, but communities are encouraged to find other funds. In addition, the ability to leverage additional 
resources is considered by EPA when communities apply for CARE Level II cooperative agreements.  
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What does the CARE program mean when it uses the term toxics? 

When the CARE program uses the term "toxics" it means those chemicals, pollutants or other substances 
in the environment that can cause negative health or environmental impacts. CARE is trying to use an 
expansive common sense definition of the term and is specifically not limiting it to a legalistic definition 
where only those chemicals that are specifically listed in or covered by a piece of legislation are 
considered toxics.  

What does the CARE program mean when it uses the term risk reduction?  

When CARE uses the term risk reduction, CARE means a decrease in the possibility of a person(s) 
suffering harm to their health or to the quality of their environment. While risks can often be quantified 
scientifically, these assessments are very resource intensive. The CARE program is designed to focus its 
resources on quick screening level assessments and actions that reduce the levels of toxics that people or 
the environment are exposed to. CARE is assuming that reducing exposure to toxics will reduce risks of 
harm. Where possible, CARE will use available, measurable data to quantify the specific risks reduced.  

What does the CARE program mean when it uses the term community? 

The CARE program is not strictly defining the term community. Generally speaking, a community is a 
group of people living in the same area sharing the same environment. It often is a relatively small area, 
but it can be a larger area such as a watershed in rural locations. For purposes of CARE, the New York 
City Metropolitan Area or the entire Missouri River Watershed are too large to be considered CARE 
communities.  

How long does CARE funding last? 

CARE cooperative agreement funding is spread over two years. Level 1grantees may apply for Level 2 
funding during the second year of their project; however, there is no guarantee that they will receive a 
Level 2 award. 

Which communities currently receive CARE funding? 

Please visit the CARE community page website, which lists all the CARE community projects both 
current and completed (http://www.epa.gov/care/community.htm). 
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Successful CARE Project Submittals  
 

Coral Bay Watershed Management  
St. John, Virgin Islands 
EPA Region 2 - 2008 

The Coral Bay Watershed Management is a recipient of the Level II CARE cooperative agreement. The 
Coral Bay Community Council, Inc. (CBCC), the lead organization for this project, is actively involved in 
community planning and serves as an environmental watchdog. Coral Bay is a remote, rural community 
of 1,500 people with about 50 small retail and service businesses in a 3,000-acre watershed, known as the 
Coral Bay Watershed. The largest environmental issue recognized by the community is the need to 
address the multiple negative impacts and associated cumulative risks from uncontrolled stormwater 
runoff into Coral Bay. The CBCC will use the Level II CARE cooperative agreement to continue and 
expand its collective efforts to stop erosion, sediment, and stormwater pollution of Coral Bay, improve 
solid waste management, and heighten awareness about other toxic pollution issues by implementing the 
recently completed Coral Bay Watershed Management Plan.  

Established CARE Partners: U.S. Virgin Islands – Department of Planning and Natural Resources, U. S. 
Virgin Islands Office of the Governor, Virgin Islands Resource Conservation and Development Council, 
Inc., Donna M. Christensen – U.S. House of Representatives, U.S. National Oceanic and Atmospheric 
Administration, Island Green Building Association, Virgin Islands Waste Management Authority, Maho 
Bay Camps, Harmony Studios –  Estate Concordia Preserve, Department of Planning and Natural 
Resources – Coastal Zone Management Program, National Park Service – Virgin Islands National Park, 
and Department of Planning and Natural Resources – Division of Planning. 

Wai’anaee Coast Oahu  
Kailua, Hawaii 
EPA Region 9 - 2008 

The Wai’anaee Coast Oahu is the recipient of a Level I CARE cooperative agreement. The Pacific 
American Foundation (PAF) is a non-profit organization that will be the lead for the CARE Wai’anaee 
Coast Oahu project. PAF serves the interest of Native Hawaiians for the purpose of planning, conducting, 
or administering programs for the benefit of Native Hawaiians and Pacific Islanders. The CARE project 
will assess the impact of humans and pollutants on four area streams – Nanakuli, Ulehawa, Kaupuni, and 
Makaha – by gathering and consolidating existing water quality data and conducting site walks to gather 
visual data. Some human activities in and near streams adversely affect the subsistence and recreation use 
of the Wai’anaee coast near-shore waters. Some of the environmental impacts are runoff from agricultural 
lands (which includes pollutants or toxics such as silt, herbicides, pesticides and animal wastes), runoff 
from urban lands (which include toxics such as oils, grease and paint products), pollution from dumping 
trash in streambeds, and bioaccumulation of mercury in fish along the Wai’anaee coast.  

Prospective CARE Partners: City & County of Honolulu Department of Environmental Services Storm 
Water System, Chaminade University Environmental Studies, Makaha.  
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Environmental Sustainability for Salina Community 
Manhattan, Kansas 
EPA Region 7 - 2008 

The Environmental Sustainability for the Salina Community project is recipient of a Level I CARE 
cooperative agreement. The Pollution Prevention Institute (PPI) at Kansas State University will be 
administering this project, with assistance from the Kansas PRIDE program. PPI provides ways to 
eliminate and/or reduce pollution before it is generated by: 

 Changing materials, practices, or technology.  

 Increasing efficient use of raw materials, energy, water, and other resources. 

 Developing and providing guidance on existing and future regulations so businesses and 
communities can achieve regulatory compliance, reduce wastes and emissions and reduce 
regulatory requirements. 

The CARE project will build on existing desires of community members to conserve, protect, restore, and 
preserve the health of the Salina community and its ecosystem. This project will give community 
stakeholders the opportunity to participate in an organized partnership to identify environmental health 
risks related to multi-media pollutants in the community. Some of the more significant community 
concerns include water contamination associated with degradation products, contaminated groundwater 
plumes, and toxic and chemical releases such as lead compounds and ammonia contaminating the air. 
Several environmentally-related public meetings have been held in the past few years to address water 
quality, lack of water supply, river restoration, climate change, and energy dependence on coal-fired 
power plants. 

Prospective CARE Partners: The Land Institute, Salina League of Women Voters, Salina County Health 
Department, City of Salina, Smoky Hills Audubon Society, The Schwan Food Company, Salina Unitarian 
Universalist Fellowship, Kansas State University (K-State) Research and Extension Central Kansas 
Extension District #3, K-State Research and Extension Department of Agronomy, and the K-State 
Department of Arts, Science, and Business.  
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Grace Hill Clean Air Project – St. Louis, MO 
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Deer Creek Watershed Alliance Grants and Funding Opportunities 2010-2011
Grant Program Sponsoring Agency/Organization General Info Eligibility Level of Assistance Application Submittal Deadline Website Contact

North American Wetland 

Conservation Act U.S. Small 

Grants Program U.S. Fish and Wildlife Service (USFWS)

Program that supports public-private 

partnerships carrying out projects in Cananda, 

US, and Mexico.  Projects must involve long-

term protection, restoration, and/or 

enhancement of wetlands and associated 

uplands habitats

50% matching funds 

required.  Maximum 

grant awards of $75,000. Applications due by October 28, 2010

http://www.fws.gov/birdhabitat/Grants/NA

WCA/Small/index.shtm

North American Wetland 

Conservation Act U.S. 

Standard Grants Program U.S. Fish and Wildlife Service (USFWS)

Program that supports public-private 

partnerships carrying out projects in Cananda, 

US, and Mexico.  Projects must involve long-

term protection, restoration, and/or 

enhancement of wetlands and associated 

uplands habitats

50% matching funds 

required.  Maximum 

grant awards between 

$75,000 and $1,000,000.

Applications due by March 5 and July 

30, 2010

http://www.fws.gov/birdhabitat/Grants/NA

WCA/Standard/US/index.shtm

Community Action for a 

Renewed Environment 

(CARE) program US EPA

CARE is a unique community-based, 

community driven, multimedia demonstration 

program designed to help communities 

understand and reduce risks due to toxic 

pollutants and environmental concerns from 

all sources.  The CARE grant program works 

with the eligible entities to help their 

communities form collaborative partnerships, 

develop an understanding of the many local 

sources of risk from toxic pollutants and 

environmental concerns, set priorities, and 

identify and carry out projects to reduce risks 

through collaborative action at the local level.

Local, public non-profit 

institution/organization, federally-recognized 

Indian tribal government, Native American 

organizations, private non-profit 

institution/organization, quasi-public nonprofit 

institution/organization both interstate and 

intrastate, local government colleges, and 

universities could be eligible to apply for CARE 

funds.  The community-base partnership needs 

to include representative from all three 

different "sides in a community: residents, local 

business, and local government.  A community 

can be a neighborhood, city, watershed, etc.

Level 1 (first time CARE 

grant recipients) grants 

$100,000                                

Level 2 grants $300,000.   

2 million available 

nationwide.

RFP for next round of grants issued in 

Dec 2010 thru March 2011 http://www.epa.gov/care/index.htm

Region 7                               

Kathleen L. Fenton

CARE Program Manager

(913) 551-7874

fenton.kathleen@epa.govKathlee

n L. Fenton

CARE Program Manager

(913) 551-7874

fenton.kathleen@epa.gov Dennis 

Connor                                 1-877-

CARE 909                           write to:                                         

CARE Program                                    

US EPA (8001A)                                  

1200 Pennsylvania Ave. NW        

Washington, DC 20460             

Climate Showcase 

Communities Grants US EPA

EPA requests proposals that create replicable 

models of sustainable community action, 

generate cost-effective and persistent 

greenhouse gas reducation, and improve the 

environmental, economic, public health, or 

social conditions in a community.

Eligibility for the program includes local 

governments (a county, municipality, city, 

town, township, local public authority, school 

district, special district, intrastate district, 

council of governments, any other regional or 

interstate government entity, or any agency or 

instrumentality of a local government), 

federally recognized Indian tribal governments, 

and inter-tribal consortia

Grant awards from 

$100,000 to $500,000.  A 

50% cost-match is 

required, with the 

exception of tribal 

governments and 

intertribal consortia Proposals are due by July 26, 2010

http://www.epa.gov/statelocalclimate/local

/showcase/index.html

Jeanete Shepherd 

OAR/OAP/Climate Protection 

Partnerships Division 1310L 

Street, NW, 10th Floor 

Washington, DC 20005 Phone: 

(202)343-9792

Planning Assistance to 

States USACE

Provides assistance with the development of 

comprehensive plans for the development and 

conservation of land and water resources.  

Essentially, anything can be studied under this 

program.  Typical studies are only planning 

level of detail: they do not include detailed 

design for project construction.

The Corps of Engineers provides assistance to 

states, local governments and other non-

federal entities.  

 Limit for each state is 

$500,000 annually.  Cost 

share is 50/50.  Cost 

breakdown is 50% Army 

Corps, 25% sponsor in 

kind, 25% sponsor 

monetary support.  

Generally, studies range 

from $25,000 to $75,000.

Inquiries for PAS needs begin in August 

2010

http://www.usace.army.mil/Pages/SearchRe

sults.aspx?k=planning%20assistance%20to%

20states&s=All%20Sites

Laurie Farmer                                    

Strategic Initiatives Coordinator 

(314) 331-8033

Environmental Education 

Grants US EPA

The Grants Program sponsored by EPA's 

Environmental Education Division (EED), Office 

of Children's Health Protection and 

Environmental Education, supports 

environmental education projects that 

enhance the public's awareness, knowledge, 

and skills to help people make informed 

decisions that affect environmental quality.

Applicants must represent one fo the following 

types of organization to be elibible for an 

education grant:  local education agency, state 

education or environmental agency, college or 

university, non-profit organization 501 c 3, 

noncommercial educational broadcasting 

entity, tribal education agency

Annual funding for the 

program ranges between 

$2 and $3 million. Most 

grants will be in the 

$15,000 to $25,000 

range. Fall 2010.  Date to be announced

http://www.epa.gov/enviroed/grants_faq.ht

ml

Denise Morrison  U.S. EPA, 

Region 7, Environmental 

Education Grants 901 N. 5th St. 

Kansas City, KS 66101-2907  

morrison.denise@epa.gov
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Deer Creek Watershed Alliance Grants and Funding Opportunities 2010-2011

Section 319 Nonpoint 

Source Minigrant Program US EPA  administered through MODNR

The Minigrant Program provides financial 

assistance for building watershed protection 

capacity in watersheds targeted by Missouri’s 

Nonpoint Source Mgt Plan and other water 

quality initiatives.  Projects that build capacity 

through organizing, planning and/or education 

in the identified watersheds will receive 

priority consideration when applications are 

reviewed.

Eligible organizations include state and local 

agencies, educational institutions, and non-

profit organizations with 501(c)(3) status. Proof 

of 501(c) status is required.

Project limit: 24 months.  

Grant limit: $10,000.  

Matching support 

requirements: 60 percent 

federal, 40 percent 

nonfederal (may be cash 

or eligible non-cash 

contribution).

Proposals are due by October 1, 2010.  

Minigrants are awarded and funded two 

times during the calendar year. 

http://www.dnr.mo.gov/env/wpp/nps/319n

ps-minigrant.htm

Missouri Department of Natural 

Resources                     Attention: 

Water Protection Program, 

Watershed Protection Section, 

Nonpoint Source Unit  P.O. Box 

176                   Jefferson City, 

MO 65102-0176     Call 573-751-

7428 or FAX 573-526-6802            

Darlene.Schaben@dnr.mo.gov

Section 319 Nonpoint 

Source Major Subgrants 

Program US EPA  administered through MODNR

NPS source grant funds are provided from U.S. 

Environmental Protection Agency (EPA) 

through Section 319(h) of the Clean Water 

Act.  Funds are used to address NPS pollution 

and are administered from the EPA, Region 7 

Office through the Missouri Department of 

Natural Resources to eligible sponsors. Funds 

can be used to address NPS pollution through 

information/education, conserve, restore, or 

improve water quality.  

Funds are available to public institutions of 

higher education, units of government, and 

nonprofit organizations with demonstrated 

501(c)(3) status

Project limit: 4 years.  

Grant limit: $1,000,000.  

Matching support 

requirements: 60 percent 

federal, 40 percent 

nonfederal (may be cash 

or eligible non-cash 

contribution). Information not yet available for 2011

http://www.dnr.mo.gov/env/wpp/nps/319n

ps-proj-req.htm

Greg Anderson                           

Nonpoint Source Coordinator       

Missouri Department of Natural 

Resources                                 

Water Protection Program           

Watershed Protection Section     

P.O. Box 176                             

Jefferson City, MO 65102            

573-751-7428                             

greg.anderson@dnr.mo.gov          

Targeted Watersheds Grant 

Program US EPA

Through the Targeted Watershed Grants 

Program, EPA plans to award up to $600,000 

to an eligible entity to manage an Urban 

Watershed Capability Building Grant. A key 

component of the Urban Watershed Capacity 

Building Grant is to engage communities in 

capacity building activities to foster an 

increased connection, understanding, and 

ownership of their waters. EPA is soliciting 

proposals from eligible applicants that address 

the following two project components: (1) 

establish and manage a competitive urban 

watershed subaward program; and (2) provide 

urban watershed technical services to 

subawardees.

Eligible applicants are states, local 

governments, public and private nonprofit 

institutions/organizations, federally recognized 

Indian tribal governments, U.S. territories or 

possessions, and interstate agencies. For-profit 

commercial entities and all federal agencies are 

ineligible.

One cooperative 

agreement of around 

$600,000 with a 3 year 

project period.  EPA will 

fund a maximum of 75% 

of the total project cost

May 19, 2010.  Suggest checking in with 

EPA to find out if another RFP for 

proposal will be coming out for 2011.

http://water.epa.gov/grants_funding/twg/in

itiative_index.cfm#urban No information given

Prepared by Barr Engineering for Deer Creek Watershed Committee 
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