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Section 1
Introduction

1.1 Project Understanding

The Peruque Creek Watershed is a small water resource region with numerous water
uses and multiple objectives for improving environmental and economic conditions
along Perugue Creek and its tributaries. Traditional water management strategies have
focused on developmental controls, best management practices (BMPs), and site-specific
compliance measures. While these types of measures are usually beneficial, they fail to
account for all of the complex physical, environmental, and economic interrelationships
within a watershed. What the Peruque Creek Watershed needs, is a unified and
comprehensive watershed management action plan that addresses all of the
stakeholders' objectives throughout the basin, and is based upon a sound, scientific
assessment of the relationships related to the water
and land use resources within the watershed. A
“Protect the designated uses in Peruque grant was issued to the City of Lake Saint Louis,
Creek while fostering appropriate and . .

sustainable development in the through the United States Environmental

WECTEG R TRV ERGIGIBIRGERS  Protection Agency (USEPA), Region VI, to
S0l O SO conduct a study of the Peruque Creek Watershed.
cooperative ordinances and actions taken . .

by governmental authorities in St. The Peruque Creek Watershed Study is to outline
Charles and Warren counties.” the proposed approach to restoring and protecting
the water quality in Peruque Creek, while
sustaining economic development within the
watershed. The primary objective of this study is to determine what measures are
necessary to protect the designated uses in the Peruque Creek watershed. Other
secondary watershed study objectives include the following:

Our Guiding Philosophy

m ldentifying and involving stakeholders in the study
m Targeting priority problems within the watershed

m  Work with stakeholders to integrate goals and solutions in addressing water quality
problems

m Form the basis for continual/long-term monitoring and assessment of water quality in
Peruque Creek and associated tributaries (i.e. 5-year rotating schedule)

m Evaluate the progress and effectiveness of implemented measures and targeted areas
m Develop strategies for stream restoration and protection

m Promote inter-jurisdictional cooperation to restore and maintain the quality of
Peruque Creek to its confluence with the Mississippi River

m Recommend changes to St. Charles and Warren County ordinances as necessary to
achieve and enhance water quality goals.

1-1
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The ultimate objective of the beginning of this project was to understand the basin, the
source of its primary problems, the objectives of all its stakeholders, and the possibilities
for restoration and abatement initiatives. This Watershed Management Action Plan is
being developed so it can be used by residents and stakeholders to protect, enhance and
comply with the water quality standards and designated uses of Peruque Creek and
Lake Saint Louis while providing for long-term growth. This plan describes project
objectives and goals, the results from the watershed inventory, water quality problems
and sources, environmental indicators, a funding plan, potential remedial actions to
reduce and eliminate water quality impairment, and any commitments from
participating governmental agencies.

Under the current Missouri law, for those waters not meeting water quality standards,
an analysis must be made of the sources of waste causing the water quality standards
violation. Then a Total Maximum Daily Load (TMDL) must be developed that will
define the total amount of pollutants that may be discharged into a particular stream
segment within any given day based upon a particular use of that stream segment. The
relationship between developing a TMDL and use of the watershed approach is very
important. The TMDL process historically has been used in a very narrow fashion. The
focus of this study was not the preparation of a formal TMDL that will be submitted for
regulatory review and approval, but instead, a watershed management action plan
which could be used in guiding water quality decisions in the watershed. The
watershed management action plan can be utilized as a tool to protect the full-body
contact recreation in Lake Saint Louis and to protect the warm water aquatic life and
livestock watering uses in Peruque Creek.

One of the most important keys to the success of developing a watershed management
action plan that achieve stakeholder objectives and are implementable, is the effective
development of implementation strategies. These strategies must specify who will do
what by when to achieve the pollution/stressor reduction or other responsibilities
identified in the watershed management plan so as to eliminate the use impairments.

Finally, a critical aspect of developing this plan was keeping all stakeholders abreast of
the success of the project and the progress that had been made. A project website was
created to keep the stakeholders, public officials and the general public informed about
the status of the project. The current website address is: www.peruguecreek.com

1.2 Peruque Creek Background

Peruque Creek was settled in 1797 by the Zumwalt family, who built a home and
sawmill from logs hewn along the creek. Later in 1816, James Audrain moved his family
to Missouri and settled on Peruque Creek, where he built a sawmill and distillery.
Colonel Audrain and his wife were baptized in Peruque Creek. Jacob Zumwalt’s old
homestead came to be known as Fort Zumwalt. Two families occupied the homestead
for nearly ninety years. Other farmers moved into the area and then small businesses
emerged. For over 100 years the area was mainly agricultural. It was not until the past
fifty years that the population boom occurred in St. Charles and Warren counties.

1-2
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Nowadays, the Peruque Creek Watershed shown in Figure 1-1 and 1-2 drains portions
of the municipalities of Wright City, Foristell, Wentzville, Lake Saint Louis, and O’Fallon
as well as unincorporated areas of St. Charles and Warren counties. The drainage basin
is typical of a watershed under development and has a variety of urban and rural
features.

A watershed is a geographical area defined by
topography such that all tributaries and streams
drain in this area. The Peruque Creek watershed is
used in many ways. There is still a large portion of
the watershed that is farmland and forest land. In
addition, the watershed has been highly developed
into subdivisions, roads and highways, shopping
areas and even some industry. Each type of land
use can impact the quality of the water in the creek
and lake. The roads, buildings and parking lots
cover the land surfaces. The vast amount of hard
surfaces covering the land causes rain water to
runoff into Peruque Creek at a rapid rate and in
large volume (PCWA 2002).

Figure 1-1 - Peruque Creek

’
Mississippi River/

., 7~ 13 P Creek
e £ eruque Cree

) of b__ Watershed
| A 2 15h o Management
= / .
Wi g Plan Overview
(o ir ", 5 #>___J'* A well-crafted and implemented
A 11-7_”/ Hissour River watershed management plan is
/ arguably the best and most

comprehensive tool to protect
urban streams and riparian
_ _ corridors from the cumulative
gg%uzre 1-2 - Peruque Creek Watershed Alliance impacts of new land development
and existing urbanization. Storm
water runoff is part of a natural hydrologic process. However, urbanization and other
human activities can alter natural drainage patterns and add pollutants to runoff and
streams, causing declines in habitat quality and limiting the public’s ability to enjoy
many of the benefits that water provides. The practice of watershed protection is about
making choices about what tools and measures to apply and in what combination. This
draft report is the culmination of the watershed planning process for the Peruque Creek
watershed and documents the resulting findings, conclusions, and recommendations.
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Watershed stakeholders will need to carefully review these recommendations, make any
needed revisions, and adopt the finalized plan as a comprehensive guidebook for
improving the Peruque Creek watershed.

Section 1 of this draft Watershed Management Plan summarizes the history of the
Peruque Creek watershed study and the previously completed tasks and analyses that
were conducted in support of this plan, the relative roles of the various institutional
entities in the watershed, and outlines the process for review and finalization of this
draft document. Section 2 of the draft plan documents the problems that were
identified and goals that were established for the Peruque Creek watershed. The
watershed planning process was supported by existing and new data and analyses.
Section 3 summarizes the pertinent input from completed hydrologic/hydraulic and
water quality investigations and analyses. The watershed planning process identifies
and assesses non-structural best management practices and structural remediation
measures and technologies to mitigate or remediate point and non-point sources within
the watershed. Section 4 of the draft plan documents the alternative non-structural
measures and Section 5 documents the structural alternatives that were pertinent to the
Peruque Creek watershed. Section 6 documents the assessment and screening process
that was conducted on each of the alternative control measures that were considered.
Section 7 documents the Watershed Management Plan elements that are recommended
for review, revision, adoption, and implementation by the watershed stakeholders.

Successful watershed planning in Peruque Creek will require a combination of existing
and new institutional organizations to focus the resources of a diverse group of
stakeholders to implement the plan. A long-term management structure is not only
critical to prepare and implement the plan, but to revisit and update the plan as goals
are achieved or circumstances change over time. The following institutional entities
either have or will have significant roles in reviewing, revising, adopting, and
implementing the watershed management plan.

Peruque Creek Watershed Alliance: The Alliance was formed to help develop
recommendations to communities and counties in the watershed. It works in
conjunction with the Missouri Department of Conservation (MDC), NRCS, St. Charles
County Soil and Water Division (SWCD). The objectives of the Alliance are to:

m Lead and ensure success of the Watershed Management Plan,

m  Reduce flooding impacts to natural levels,

m Encourage appropriate agencies to make standard enforcement of existing ordinances
a priority,

m Develop a watershed district that recommends ordinances supported by all
communities and ensures the health of the watershed,

= Maintain and restore ecological balance of the watershed,
m Improve water quality,
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m  Make recommendations and maintain best management practices (BMPs) at
construction sites,

m Recommend methods to control nutrients,

m Educate the public on the importance of the watershed,

m Educate developers on the importance of maintaining BMPs, and
m  Draw support from the environmental agencies and groups.

The alliance is comprised of citizen volunteers with diverse backgrounds, interests, and
areas of expertise. Association members represent the interests of the Peruque Creek
watershed, home and business owners in the watershed, and other stakeholders in the
watershed.

Municipal Government

Five municipalities have jurisdiction over their respective portions of the Peruque Creek
watershed. They are Warrenton, Wright City, Foristell, Wentzville, Lake Saint Louis,
O’Fallon, St. Paul and Josephville as well as unincorporated areas of St. Charles and
Warren counties. These municipalities
will need to work together as a unified
watershed entity and transcend existing
municipal borders. The municipalities
will have the authority to revise and
enforce ordinances that would shape
new development and restorative
redevelopment, control the disposal of
pet wastes and household hazardous
wastes, and oversee the rehabilitation of
aging sewer, storm drain and pavement
systems in the watershed.
Municipalities in the Perugue Creek

watershed also will need to carefully  Figure 1-3 - Tour of Peruque Watershed with
review this draft management plan Government Officials

and make any needed revisions. Figure 1-3 shows government officials learning more
about the Peruque Creek watershed.

Sewer Districts

The Duckett Creek Sanitary District is a political sub-district of the State of Missouri. It
services geographical drainage areas bounded by Interstate 70, Highway 40-64 and the

Missouri River. It also services some areas south of Highway 40-64, within the Peruque
Creek Watershed. The District is tasked with maintaining sanitary sewer mains only.

Agencies

The MDC, Missouri Department of Natural Resources (MDNR), NRCS and
Environmental Protection Agency (EPA) are existing regulatory and voluntary agencies
that have authority and jurisdiction over environmental quality within the Peruque
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Creek watershed. They have been active in the watershed in the past and will have
active roles in the future implementation of the Peruque Creek Watershed Management
Plan. The EPA has issued a grant to the City of Lake Saint Louis to conduct a study of
the Peruque Creek watershed. The study was tasked to outline a proposed approach to
restoring and protecting water quality in Peruque Creek, while sustaining economic
development within the watershed.

1.4 Project Tasks

A series of successive tasks has been conducted to develop and implement the
watershed planning process for Perugque Creek. The watershed planning process
identifies and prioritizes problems and sets goals and objectives for future work. The
completed Watershed Management <
Plan identifies and assesses non-
structural best management practices
and structural remediation measures
and technologies to mitigate or
remediate point and non-point sources
within the watershed. The following
tasks have been completed and
documented in the watershed planning
process.

Coordination with Stakeholders and
Agencies

Policy committee meetings were
conducted every month (Figure 1-4)
with the stakeholders to identify and prioritize problems and goals for the Peruque
Creek watershed. Watershed management planning activities were coordinated with
various municipalities and agencies working in the watershed to insure that proposed
activities are consistent with watershed goals. Also, meetings were conducted with
CDM and the City of Lake Saint Louis for the development of the Peruque Creek Project
Work Plan. The plan was finalized and modified to allow the addition of other
important tasks. After modifications were made, stakeholders reviewed and approved
the plan.

Figure 1-4 - Stakeholder Meeting

Public Support

A tour of the watershed was conducted to give stakeholders (government officials and
individuals from the Home Builders Association [HBA] and environmental groups) a
chance to ask questions and to learn more about the watershed. In addition, CDM
conducted a logo contest for area grade school students, participated in radio broadcasts
about the Peruque Creek watershed and developed a public website
www.peruquecreek.com with information on the Peruque Creek Watershed Project and
access to an electronic room for stakeholders.
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Gather Pertinent Historic and Background Information and Summarize in a
Watershed Assessment Report

The foundation of the watershed management plan was prepared by obtaining pertinent
historic and background information on the Perugue Creek watershed. Data from the
Peruque Creek watershed was collected and reviewed to assess the defined
impairments, evaluate the adequacy of the data for analysis and finally select the
methodologies and models that will be used for the watershed assessment. In addition,
CDM reviewed existing databases for the following information: climate data,
hydrologic conditions in the watershed, water quality, available flow data, land use
data, physical characteristics of the watershed, point sources and ecological data (e.g.
fisheries, macroinvertebrates).

. Conduct Field Investigations and
Gather New Data

Additional field investigations
were conducted along Peruque
Creek and Lake Saint Louis to
obtain new field data in support of
watershed planning and
modeling. To refine the
assessment and characterization of
water quality, samples were
obtained along Peruque Creek and
at Lake Saint Louis. Also, a
watershed flyover (Figure 1-5) was
carried out to collect data on the
current conditions of Peruque
Creek and the watershed. This information can be compared to previous data gathered
by the MDC and the Lake Saint Louis Community Association.

Figure 1-5 - Peruque Creek Watershed Flyover

Create a Public Peruque Creek
Watershed Sourcebook Brochure

The Peruque Creek Watershed
Sourcebook brochure was developed
utilizing recommendations from the
stakeholder advisory committee to protect
and enhance water quality in the
watershed. It seeks to educate the general
public on the state of the watershed. This
includes how problems can be corrected
to protect the designated uses of Peruque
Creek and Lake Saint Louis and improve
water quality, enhance fish and wildlife Figure 1-6 - Volunteers Work to Clean up the
habitat and restore watershed functions. Watershed
Recommendations in the brochure have

been made carefully so that they provide for long-term growth, as well as guide those
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programs and projects to improve watershed health. Figure 1-6 shows volunteers
working trying to improve the conditions of Peruque Creek watershed.

Develop a Watershed Management Plan for Peruque Creek

This task is the culmination of the watershed planning process. The associated report
documents the resulting findings,
conclusions, and recommendations from
the completed watershed planning
activities. The watershed planning process
identified and prioritized problems and set
goals and objectives for future work.
Sedimentation is the main problem for
water quality degradation of Peruque Creek
as shown in Figure 1-7. The watershed
planning process was supported by existing
and new data and analyses. The watershed
planning process identified and assessed
non-structural best management practices
and structural remediation measures and
technologies to mitigate or remediate point
and non-point sources within the watershed. The planning process included the
assessment and screening process conducted on each of the alternative control measures
considered. Finally, the Watershed Management Plan documents control and
remediation elements recommended for implementation.

Figure 1-7 - Peruque Creek at Duello Road
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Problems and Goals for the Peruque Creek
Watershed

The impacts of urbanization within the Peruque Creek watershed have altered natural
drainage patterns, altered natural rainfall-runoff-storage relationships, and added
pollutants to storm water runoff and watershed streams. These urban impacts have
resulted in a decline in the quantity and quality of aquatic and riparian habitat and
limited opportunities for the public to enjoy the many benefits that water provides to the
Peruque Creek watershed. Public meetings were conducted by the SWCD with
stakeholders within the Peruque Creek watershed to identify and prioritize watershed
problems and goals. The outline of the proposed approach covers the restoration and
protection of the water quality in Perugue Creek while sustaining economic
development within the watershed.

2.1 Goals for the
Peruque Creek
Watershed

The primary objective of the
Peruque Creek Watershed Study is
to determine what measures are
necessary to protect the designated
uses in the Peruque Creek
watershed. The designated uses for
the creek, as defined in the Missouri
State Statutes, 10 CSR 20-7, are
protection of full-body contact,
livestock and wildlife watering, warm Figure 2-1 - Geese on Lake Saint Louis

water aquatic life and human health.

Figure 2-1 shows an example of a designate use for warm water aquatic life. Along with
wildlife use, recreational boating, swimming, waterskiing, and fishing are some of the
primary activities occurring on Lake Saint Louis. The State of Missouri has adopted
water quality standards to protect these uses.

2.2 Problems in the Peruque Creek Watershed

The following subsections detail problems in the Peruque Creek watershed identified by
visual inspections by the project team during the planning process, review of historical
information, and field inspections conducted by organizations represented in the
stakeholder advisory committee.

CDM 21
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221 Flow Along Peruque Creek

Urbanization within the Peruque Creek watershed has resulted in significant changes to
rainfall-runoff-storage relationships and negative impacts to watershed flow during
both dry and wet weather periods. During the watershed planning process, the
following problems were identified with regard to flow along watershed streams.

m Increased Storm Flow: Storm flows

Diminished Dry Weather Flow - Base flow along Peruque Creek is minimal during
extended periods of dry weather. Urbanization within the watershed has resulted in
the loss of wetlands and surface depression storage that formerly acted as watershed
sponges. Urbanization has also
resulted in a loss of connectivity
between stream channels and their
adjacent floodplains.

along Peruque Creek have
increased significantly

(Figure 2-2). Increases in
impervious area associated with _ &
urbanization have resulted in Figure 2-2 - High Turbulent Water at Point Prairie
increased runoff volumes and Road

peak flows during storms. Stormwater is generally considered non-point source
pollution because its pollutants are not generated from one specific point. Non-point
source pollution increases as areas become more developed and rainfall washes
nutrients and toxic chemicals from lawns, agricultural fields, golf courses, roads, and
parking lots into waterbodies.

During a wet-weather event, stormwater flows over streets, yards, farmlands and
parking lots where it picks up soil, debris, fertilizers, pesticides, oils, other chemicals
and animal wastes which are then carried into Peruque Creek. Stormwater
contaminants contribute to the degradation of water quality in Lake Saint Louis.

As land use within the Peruque Creek watershed changes, trees, shrubs and grass
are being replaced with more impervious surfaces (i.e. surfaces that do not allow
precipitation to soak into the ground - roads, rooftops, parking lots, and other hard
surfaces). Without vegetation to store water or slow the flow of surface water, the
rate and volume of water moving across the surface of the land will increase. Less
rainfall is able to soak into the ground because impervious cover blocks this
infiltration. This means a greater volume of rain water travels across the land surface
and reaches the creek faster. Increased volumes reaching the creek, can in turn, lead
to more flooding during storm events and reduced flow in Peruque Creek during
normal or dry periods. The reduced amount of infiltrating water can lower
groundwater levels thus lowering the baseflow found in the creek during times
other than storm events. Reduced baseflow particularly during drier periods can
create ecological stress within the creek.
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Higher stormwater velocities in Peruque Creek creates a potential for erosion of
stream banks and scouring of channels due to the increased volume. Sediment from
eroded stream banks settles to the stream bottom degrading habitat and smothering
the gills of aquatic insects such as macroinvertebrates which live part of their life
cycle under the rocks in the creek. Stormwater in Peruque Creek may carry
sediments and soil particles from the land surface which contain nutrients such as
nitrogen and phosphorous or contaminants which attach to the soil particles. These
additional nutrients and contaminants can reach Peruque Creek and Lake Saint
Louis in increased amounts and volumes both during storm events causing an
impairment to water quality.

m Impacts to Floodplain: The Peruque Creek floodplain is a broad and relatively flat

area adjacent to either side of the mainstem of the creek as shown in Figure 2-3. The
floodplain was formed by a series of flood flows which spilled over the river edge
and flowed across the flat areas along the channel. The floodplain is narrow in the
upper reaches of the creek in Warren County and widens as it flows downstream to
the Mississippi River. However, much of the floodplain in the Peruque Creek
watershed has been constrained by agricultural development, particularly in the
lower reaches of the creek where levees and dikes have been constructed. Flood
e e s e flows in the lower portions
= = ’ of Peruque Creek are
controlled to some extent by
the dam at Lake Saint Louis.
Flooding can occur in the
lower reaches when the
Mississippi River overflows
it’s bank and overflows into
the Peruque Creek channel.

Figure 2-3 - Peruque Creek Floodplain at Confluence
with Mississippi River

The flooding of the creek and associated floodplains results in the formation of
terraces, wetlands, backwaters and branches. Additionally, the floodplain provides
sediment loading to the creek during high flow events and attenuates the velocity
during wet-weather events. Where floodplains are reduced and narrowed, the
stream velocity will increase causing further erosion of steep banks and increase
sediment load to the creek. .Floodplains are a vital part of Peruque Creek’s
ecosystem. They are important because they act as flood buffers, water filters,
nurseries and provide habitat for the biological life in the creek. Floodplains also
contain most of the riparian vegetation found along the creek. These riparian areas
contain many of species of trees, shrubs, forbs and grasses that are utilized by a
variety of wildlife. The riparian zone acts as buffer to minimize overland flow from
reaching Perugue Creek. It is important to remember that even if you are not
directly adjacent to the river or creek, your actions could impact the quality of the
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water. Storm water drains to the waterways and carries with it any pollutants it
encounters along the way. Common pollutants, which seriously impact the water
guality, include fertilizer, pesticides and oils.

Floodplains provide many benefits and functions, which are valuable to the
watershed. Simply put, a properly functioning floodplain helps reduce flood losses
and erosion, improves water quality and wildlife habitat, and provides recreational
and educational opportunities.

2.2.2 Erosion Along Peruque Creek

Urbanization within the Peruque Creek watershed has degraded the natural
morphology of streams. Figure 2-4 shows an example of erosion problems from a
discharge to Peruque Creek. Field inspections
conducted by MDC and visual inspections by the
project team identified the following problems
regarding erosion along Peruque Creek.

m Incised Stream Channels - Increased storm
runoff volumes and flow velocities have
deepened stream channels, severing natural
connections between channels and their
respective flood plains.

m  Straightened Channel Alignments - Increased
urban runoff and associated erosion have
resulted in the loss of natural channel meanders,
increased channel slopes, and increased stream
velocities.

Figure 2-4 - Erosion from Discharge g [ ateral Scouring - Channel erosion caused by
to Peruque Creek at

Hepperman Road increased urban runoff has made channel banks
unstable and natural width to depth ratios have
been degraded.

m  Bed Loads - Accelerated erosion along urban watershed streams has significantly
increased bed-load volumes of gravel, sand, and grit. These bed loads and bars are
unstable and potentially destructive to aquatic habitat.

CDM 2.4
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2.2.3 Water Quality Along Peruque Creek

MDNR has placed Peruque Creek on the state’s 303d list for sediment based upon
historical water quality data. Urbanization within the Perugque Creek watershed has
introduced water quality constituents that may affect in-stream water quality. Field
investigations, sampling, and laboratory analyses conducted during the early phases of
the watershed planning process identified problems during dry and wet weather which
included several serious pollutants that exceed water quality standards. Also, the

results of the sampling show heavy
rain increase pollutants in Peruque
Creek and Lake Saint Louis.

= Non-Point Discharges During
Wet Weather - During storms
heavy metals, deicing salts, and
other water quality constituents
are washed into streams from
highways (Figure 2-5) and
nutrients are washed from lawns
in the urbanized portions of the
watershed. Animal wastes from
unleashed pets can also contribute
bacteria to streams.

Figure 2-5 - Runoff from Pipe at Hepperman Road

Point Sources - There are four notable point sources of municipal and domestic
wastewater within Peruque Creek. These include the cities of O’Fallon, Wright City,
Foristell and Castlegate Estates subdivision. These discharges are regulated by the
MDNR through the National Pollutant Discharge Elimination System (NPDES). The
NPDES programs provide permits to these facilities, which include water quality,
permit limitations and monitoring requirements. Recent monitoring data for each
facility show treatment efficacy typical of well-operated activated sludge treatment
plants.

Floatable Materials from Urban Runoff - Floatable materials such as styrofoam
cups and plastic bags; trash and debris from careless dumping; and other urban solid
wastes catch on rocks and tree branches and degrade the aesthetic and habitat
guality of watershed streams.

E. coli - This is bacteria found in the digestive tracts of warm-blooded animals,
including humans. E.coli can enter a stream by direct discharge from mammals and
birds, from livestock runoff, or from open or broken sewers. When water tests
positive for E.coli, there could be harmful pathogens (disease causing organisms)
present, and it would be risky to drink it or swim in it.

Stormwater Runoff - Increased flow which causes a loss of habitat and an increase
in sedimentation. This is also a problem in Peruque Creek.

2-5
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m  Sedimentation (Soil and Sand) - This is the main source of water quality
degradation. Soil, sand and other solids flow into the creek and lake when it rains.
Sediment harms fish and bottom dwelling organisms. It also reduces water clarity.
Sedimentation has contributed to the degradation of Lake Saint Louis and has
resulted in the Lake Saint Louis Community Association to spend hundreds of
thousands of dollars every three years to dredge selected locations within the lake.
The sedimentation also contributes to lower the aesthetic quality of the lake and
Peruque Creek.

s Nitrogen and Phosphorous from
Fertilizers - These chemicals
contribute to high levels of nutrients
in the creek and lake. These nutrients
entering the water result in algal
blooms (Figure 2-6) in Lake Saint
Louis. When huge amounts of algae
grow, it reduces the amount of
dissolved oxygen for fish and other
water creatures, and creates odor

: problems in the waterway. The

Figure 2-6 - Algal Bloom on Lake Saint Louis “fishy” smell around water bodies is

from algae.

2.24 Urban Impacts on Watershed Vegetation

Urbanization within the Peruque Creek watershed has imposed negative impacts on the
biodiversity of plant species. In 2001, MDC conducted habitat assessment during fish
sampling within the watershed. Also, visual inspections were performed by the project
team. The following problems with regard to watershed vegetation were identified.

m Invasion of Exotic Species - Aggressive, invasive exotic plant species (e.g. Japanese
Knotweed, Tree-of-Heaven, Bush Honeysuckles, and others) have colonized
disturbed areas, out competing native species while offering lower ecological value.
Many of these ornamental exotics from urbanized residential and park areas have
become the dominant species of the riparian zone.

m  Lack of Wetland Vegetation - Wetland areas and vegetation purify water, mitigate
storm flows, provide low flow augmentation, and provide quality habitat.
Urbanization has impacted much of the natural wetland areas within the Perugue
Creek watershed.

m  Lack of Streamside Vegetation - Healthy shoreline vegetation is an integral part of
watershed management because it stabilizes stream banks, provides cooling shade,
and provides critical habitat and cover. Urbanization has contributed to hydrologic
and hydraulic conditions that have disturbed shoreline vegetative communities.
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2.2.5 Urban Impacts on Aquatic and Riparian Habitat

The impacts of urbanization within the Peruque Creek watershed can significantly stress
and limit available aquatic and riparian habitat. In order to characterize habitat quantity
and quality, field investigations and analyses were conducted by MDC while visual
inspections were conducted by the project team. The following habitat area problems
were identified.

s Urban Impacts on Stream Quantity and Quality - The diversity and quantity of
aquatic and riparian animal species is limited due to minimal base flow along
streams and adverse urban water quality constituents.

m  Impacts of Mowing Stream Channel Banks - Much of Peruque Creek is located
along urban suburban properties. Natural vegetative cover along streams has been
replaced with mowed grass, significantly degrading riparian habitat quality.

2.2.6 Impacts of Watershed Recreation

Urban recreation can sometimes produce negative environmental impacts to the
watershed. The watershed planning process identified the following problems:

m  Location of Existing Golf
Course - As a consequence of
the existing golf course’s
immediate location to Peruque
Creek, nutrient runoff and
increased stormwater drainage
from the course occur. Due to
the lack of riparian vegetation
and/or an active buffer strip,
some areas of the golf course
are eroding into Peruque
Creek. The Golf Club of - 4 Sl
Wentzville is located along Figure 2-7 - Golf Course Along Peruque Creek
Perugue Creek as shown in
Figure 2-7.

m  Competition Between Watershed Recreation and Habitat - Active recreation and
riparian habitat tend to be mutually exclusive land uses - the mowed grass
associated with the golf course makes a poor riparian habitat. Active recreation such
as wading, swimming and fishing have been observed within the Peruque Creek
watershed. There is also a significant need to expand wetlands and riparian habitat.
The watershed planning process will need to determine an optimal balance between
the competing land uses.
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3.1 Historical Data Review

3.1.1 Historical Data Overview

The following data sources, summarized in Table 3-1, were identified and are
described throughout the remainder of this section:

Climate data
Hydrologic data
Hydraulic data
Land use

Water quality
Point sources
Fish sampling
Soils data

3.1.2 Climate Data

Two climate stations are available for the watershed—the Weldon Springs station and
St. Charles County station. Daily climate data were collected by the National Climatic
Data Center for Station 8805 in Weldon Springs, Missouri, from June 1, 1957 to
December 31, 2000. However, several daily measurements were not performed since
1985 and measurements were not collected for the entire months of December 1986,
June 1988, September to November 1988, November 1990 to March 1991, and

July 1999. This dataset includes daily precipitation, daily snowfall, and low, high, and
mean daily temperatures. The average annual rainfall at this gage from April 1, 1985
to March 31, 2000 was 36.1-inches. The average monthly rainfall at this gage is shown
in Table 2-2. Daily climate data were collected by the Midwestern Regional Climate
Center for Station 237398 in St. Charles County, Missouri from January 1, 1978 to
December 31, 2001. This dataset includes daily precipitation, daily snowfall, and low,
high, and mean daily temperatures. The average annual rainfall at this gage from
April 1, 1985 to March 31, 2000 was 35.7-inches. The average monthly rainfall at this
gage is also shown in Table 3-2.

3.1.3 Hydrologic Data

Long-term hydrologic data are not available for Peruque Creek due to the absence of
flow gaging stations. The nearest long-term gaging station is located approximately
19 miles northwest of the Lake Saint Louis dam on the Cuivre River near Troy,
Missouri (USGS Station ID 05514500). These gaging stations were established in 1923,
providing 79 years of hydrologic data. Two gaging stations are also located east of
the Lake Saint Louis dam on Dardenne Creek at O'Fallon and Old Town St. Peters
(USGS Station ID 05514840 and 05514860, respectively). However, these stations were
installed in 2000, providing limited historical data and the accuracy of the flow data is
guestionable, since field measurements collected at these stations are not adequate to
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develop accurate rating curves (the relationship between measured river stage and

estimated discharge).

Table 3-1
Summary of Available Historical Data for the Perugue Creek Watershed
Years
Type Data Description Source Recorded

Biological Biological Assessment Reports for Perugue Creek and North (MDC 1962, 1995,

Fork Cuivre River 2001

Biological Assessment Report for Peruque Creek MDNR 2003
Climate Precipitation and Temperature Data at Weldon Springs, MRCC 1957-2000

Missouri

Precipitation and Temperature Data at St. Charles, Missouri [MRCC 1978-2001
GIS Land Use in St. Charles and Warren Counties MSDIS 1991-1993

Land Use in St. Charles County SCCG 2002

Land Use in St. Charles and Warren Counties MDC 2001

Land Use in St. Charles and Warren Counties MDNR 2001
Hydraulic Physical and Habitat Data for Peruque Creek MDC 2001

Flood Plain Information Study of Peruque Creek USACE 1973
Hydrologic |Discharge of Cuivre River at Troy, Missouri USGS 1923-Present

Discharge of Dardenne Creek at O'Fallon and St. Charles, USGS 2000-Present

Missouri
Pathogens |Fecal Coliform in Lake Saint Louis and Lake Sainte Louise  |LSLCA 1997-2002

DNA Fingerprinting Using E. Coli Sampled in Paris Cove LSLCA 1998-2000
Soils Soil Survey of Montgomery and Warren Counties USDA 1978

Soil Survey of St. Charles County USDA 1982

Soil Survey of State of Missouri STATSGOI/N |1994

RCS

Water Water Quality in Peruque Creek, Dardenne Creek and North |MDC 2002
Quality Fork Cuivre River

Peruque Creek Water Quality BE 2001

Peruque Creek Water Quality MST 1994-1997

Peruque Creek Water Quality USGS 1983, 1984

Lake Saint Louis and Lake Sainte Louise Water Quality LMVP 1978-2002

NPDES Discharges at Wright City, Foristell and Castlegate [MDNR 1998-2002

Estates Subdivision

Wasteload Allocation Study MDNR 2002
Sources:

MDC - Missouri Department of Conservation
MRCC - Midwest Regional Climate Center

MSDIS - Missouri Spatial Data Information Service
NRCS — Natural Resources Conservation Service
USGS - United States Geological Survey

LSLCA - Lake Saint Louis Community Association
STATSGO - State Soil Geographic

LMVP - Lakes of Missouri Volunteer Program
MDNR - Missouri Department of Natural Resources
SCCG - St. Charles County Government

BE - Brookside Environment

MST - Missouri Stream Team

USACE — United States Army Corps of Engineers
USDA - United States Department of Agriculture
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Table 3-2
Average Monthly and Annual Rainfall (inches)
From April 1, 1985 to March 31, 2000

Month Weldon Springs Station 8805 St. Charles Station 237398
April 3.4 3.5
May 4.0 3.9
June 3.9 4.1
July 4.0 3.3
August 3.0 2.8
September 2.8 2.7
October 2.9 27
November 35 35
December 2.0 2.2
January 1.7 1.7
February 2.2 2.5
March 2.8 2.8
Annual 36.1 35.7

The Cuivre River gaging station data should be relatively representative of historic
Peruque Creek discharge after accounting for the difference in watershed area. These
data should be representative since watershed characteristics (i.e., soils, slopes,
morphology) of these watersheds are relatively similar. The Cuivre River gaging
station watershed area is approximately 903 square miles compared to the Peruque
Creek watershed area at the Lake Saint Louis dam of approximately 56 square miles.

The annual discharge at the Cuivre River gaging station averaged 11.5-inches per year
(in/yr) (770 cubic feet per second) since 1982 (20 years). Expression of discharge in
units of length per time are useful since these account for watershed size and may be
directly used to estimate discharge at watersheds of differing areas. Median annual
discharge was 9.4-in/yr, which may be more representative of typical annual flow
since averages are typically skewed by extreme low and high discharge years.

Annual discharge ranged from approximately 3- and 33-in/yr (1989 and 1993,
respectively) (Figure 3-1). Discharge is typically highest during April and May,
yielding over 1.5-inches per month (in/mo) (Figure 3-2). Discharges during February,
March, November, and December are also significant, typically yielding 1 to
1.3-in/mo. August and October are typically the driest months, yielding an average
discharge less than 0.5-in/mo.

The Cuivre River discharge data may be utilized to estimate water budget for Lake
Saint Louis. These calculations typically utilize estimated inflow, precipitation onto
the reservoir surface, and evaporation to calculate reservoir discharge. Seepage was
not estimated due to difficulty in accurate estimation and relative insignificance into
typical water budgets. The estimated Lake Saint Louis water budget is included as
Table 3-3.

3-3
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Table 3-3
Lake Saint Louis Estimated Water Balance
Loading

Source (ac-ftlyr) (m3lyr)
Surface Water Inflow 34,506 42,595,072
Precipitation 1,815 2,239,941
Evaporation 1,638 2,022,013
Outflow 34,682 42,813,000

3.1.4 Hydraulic Data

Two sources of hydraulic data were found for Perugque Creek. The Peruque Creek
Flood Plain Information Study performed by the USACE in 1973, discusses factors
affecting flooding, past floods, future floods, and contains maps of the floodplain,
high water profiles and selected cross sections. Since the Flood Plain Information
Study was conducted 30 years ago and more detailed information is now available
from the MDC, this information will not be used. The MDC conducted habitat
surveys at various locations upstream of Lake Saint Louis on Peruque Creek in

June 2001. The five sites surveyed include Archer Road on June 21, 2001, Duello Road
on June 28, 2001, Hepperman Road on June 25, 2001, Hwy T on June 20, 2001, Wilmer
Road on June 29, 2001, and Wright City on June 18, 2001. Each site included

10 transects. Depth and substrate size were taken at left bank, left center, center, right
bank, and right center at each transect. Average depths from these transect
measurements are shown in Table 3-4. In addition, embeddedness measurements
were also performed at some sites. Bank measurements at each transect included
wetted width, bankful width, bankful height, incised height, bar width, left bank
undercut, left bank angle, right bank angle, and backside bearing. The thalweg profile
was also obtained at each transect for each site including depth, wetted width, bar
width, and a channel unit code was assigned.

Table 3-4
Average Depth of Peruque Creek Cross Sections
(in meters, based on average of 10 transects)

Station Left Bank | Left Center Center Right Center Right Bank
Archer Road 0.00 0.17 0.21 0.09 0.00
Duello Road 0.02 0.36 0.50 0.31 0.00
Hepperman Road 0.00 0.27 0.27 0.33 0.00
Hwy T 0.03 0.10 0.12 0.10 0.04
Wilmer Road 0.12 0.37 0.38 0.39 0.01
Wright City 0.05 0.25 0.22 0.18 0.00
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3.1.5 Land Use Data

Land use data is available from the St. Charles County Government for St. Charles
County, and from the Missouri Spatial Data Information System (MSDIS) for

St. Charles and Warren Counties. Land use data for the entire Peruque Creek
watershed is currently being processed by the MDC and SWCD. Therefore, land use
from the St. Charles County Government and MSDIS will be used for modeling and is
shown in Table 3-5. However, once MDC and SWCD data is available it would be
useful to update the project database because this land use will cover the entire
watershed while the land use data from the MSDIS was not taken within the last five
years, and the land use data from the St. Charles County Government does not
include Warren County.

Table 3-5
Peruque Creek Land Use Acreages
Area Total Area for
Area Upstream Downstream Peruque Creek
Lake Saint Louis Lake Saint Louis Watershed
Land Use Type (Acres) (Acres) (Acres)
Forested 2455 - 2455
Agriculture/Pasture 16350 11565 27915
Medium Density Residential 6661 4575 11236
High Density Residential 90 83 173
Commercial 1907 2267 4174
Industrial 146 760 906
Highway Street 1523 1124 2647
Open Water/Wetlands 903 25 927
Open Grassland - Non Urban 4183 - 4183
Urban Grassland 532 - 532
Total 34749 20399 55148

Notes:

Upstream Lake Saint Louis area of watershed used land use from two sources - Missouri Resources
Assesment Partnership (1999, Land Use/Land Cover 1991-1993) for Warren County and St. Charles
County Government (2004) for St. Charles County. Downstream Lake Saint Louis area of watershed
used land use from St. Charles County Government (2004) only. The data from St. Charles County did
not have land use categories for Forested, Open Grassland - Non Urban, or Urban Grassland

3.1.6 Historic Water Quality Data

Water quality data within Peruque Creek, Lake Saint Louis, and Lake Sainte Louise
have been collected by various organizations and agencies over the last 20 years. The
datasets provided by these sources vary with regards to sampling parameters,
frequency, duration, and quality assurance practices. The following sections describe
the data available for these water bodies with respect to stream and reservoir
monitoring. Sampling locations are presented as Figure 3-3.
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3.1.6.1 Stream Water Quality Data

Three organizations and agencies have collected Peruque Creek water quality data
within the last five years. Stream data older than five years were not included in this
assessment since those data may not be representative of existing conditions. The
data collecting organizations and agencies include the Peruque Creek Stream Team,
MDC and MDNR. Stream Team data are typically collected by volunteers to develop
local interest and provide education with respect to water quality issues. Stream
Team data have also been utilized as a screening mechanism to identify the needs for
additional monitoring by water resource agencies. However, these data are typically
not utilized for interpretative and assessments purposes and were, therefore not
included in this data assessment.

The MDC and MDNR conducted a cooperative water quality study of Perugue and
Dardenne Creeks in 2002. MDC conducted continuous water quality and river stage
monitoring during 2002, as well as discrete water quality sampling. Monitoring
locations included Peruque Creek at Hepperman Road, Point Prairie Road, and

Highway T. MDNR performed the majority of the water quality analyses. Automatic
sampling equipment was also deployed for collection of runoff event samples;
however, equipment difficulties during high flow events prevented collection of
samples after late April. Eighteen to 20 discrete sampling events were performed at
each site from March through September 2002. The data collected during these
monitoring events are depicted for selected parameters in Figures 3-4 and 3-9.
Continuous stage and water quality data has recently been made available by MDC.

These MDC/MDNR data provide useful characterization of water quality conditions
during baseflows and limited runoff events. Average water quality data during
baseflow conditions are shown in Table 3-6. These data are typical of stream water
guality in Ozark Border streams. MDC/MDNR data also includes data at two sites
on the North Fork Cuivre River, the background site, for comparison to the Perugue
Creek data. The results, shown in Table 3-6, indicate that the North Fork Cuivre River
has similar characteristics to Peruque Creek, except it has higher concentrations of
nutrients.
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Table 3-6
Summary of MDC Peruque Creek Baseflow Water Quality Data
Peruque
Cr.@ Peruque Cr. | North Fork
Peruque Point @ Cuivre North Fork
Cr.@ Prairie Hepperman River @ Cuivre River
Site Name Hwy T Rd Rd. Hwy 161 @ Rd. 325

River Mile 32.8 29.7 28.0 -- --
Temperature (°C) 19.8 21.7 22.4 22.0 22.2
Dissolved Oxygen (mg/L) 9.4 9.3 7.4 7.9 7.6
pH (Median) 8.2 8.2 7.8 8.1 8.0
Specific Conductivity (uS/cm) 428 380 403 407 388
Total Kjeldahl Nitrogen (mg/L) 0.437 0.372 0.377 0.405 0.529
Ammonia (mg/L N) 0.025 0.025 0.025 0.025 0.025
Nitrate (mg/L N) 0.227 0.235 0.171 1.360 1.121
Total Nitrogen (mg/L N) 0.693 0.621 0.549 1.790 1.675
Total Phosphorus (mg/L) 0.090 0.050 0.047 0.123 0.112
Total Suspended Solids (mg/L) 10.5 6.2 10.2 114 19.2
Turbidity (NTU) 13.6 7.4 10.3 8.6 10.8

Note:
Data expressed as averages, with the exception of pH.

Two runoff events were sampled on April 8 and August 19, 2002, based on the
collected water quality data. These discrete data provide some insight into the
characteristics of runoff water quality conditions. Wet weather data typically exhibit
high variability due to many factors that contribute to runoff water quality from
nonpoint sources of pollution, such as, season, discharge, and sampling time within
the runoff hydrograph. Therefore, additional wet weather data collection is required
to adequately characterize high flow water quality, which typically dominates annual
watershed pollutant loading (Section 3.2).

The MDNR also collected baseflow water quality data during July and

September 2002. The purpose for these monitoring activities was to assess stream
water quality impacts from three municipal and domestic wastewater treatment plant
(WWTP) effluents. The studied WWTP effluents included Wright City, Foristell, and
Castlegate Estates subdivision. Flow and water quality data were collected
longitudinally downstream from these discharges, with the goal of providing
calibration data for a steady state water quality model.
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The MDNR water quality data demonstrate the assimilative capacity of Peruque
Creek, as water quality improves significantly as the discharges from the WWTPs
travel downstream (Figure 3-10). The data also show that dissolved oxygen and
ammonia water quality criteria for protection of aquatic life were not always met
during these events. However, water quality conditions above the Wright City
WWTP suggest that natural background dissolved oxygen conditions may be below
the criterion of 5 mg/L. Background conditions below the criterion are not atypical in
Ozark Border and Northern Plains headwater streams in Missouri. Therefore, it is
unclear whether WWTP effluents impair dissolved oxygen concentrations beyond
natural stream conditions. The ammonia data collected within the Peruque Creek
tributary downstream of the Castlegate WWTP were above the chronic ammonia
criteria for limited warmwater fisheries, but below the acute ammonia criteria. The
chronic ammonia criterion is 1.1 mg/L to 2.5 mg/L as nitrogen for warmwater
fisheries with typical Missouri stream pH and temperature. The acute ammonia
criterion is 11.8 mg/L to 26.8 mg/L as nitrogen for warmwater fisheries with typical
Missouri stream pH and temperature. This result is not surprising as low flow
conditions in Peruque Creek are typical less than 1 cfs. However, in-stream ammonia
concentrations were below detection within Peruque Creek downstream of this
tributary.

3.1.6.2 Reservoir Water Quality Data

Lake Saint Louis and Lake Sainte Louise water quality data have been collected at
various periods since 1989. The primary sources of data include the University of
Missouri-Columbia (UMC) Lakes of Missouri Volunteer Program (LMVP) and the
Lake Saint Louis Community Association (LSLCA). In addition, the UMC
Department of Fisheries and Wildlife Sciences collected Lake Saint Louis water
guality data between 1979 and 1995. Although some of these data are older than five
years, the entire reservoir dataset produced by these sources will be utilized for
assessment purposes since the older data are useful for reservoir water quality trend
analyses.

The LMVP monitoring activities were initiated in 1996 for Lake Saint Louis and
Lake Sainte Louise. This program consists of surface water sample collection by a
group of volunteers throughout the State within various reservoirs. These samples
are transported to the UMC Limnology Laboratory for water quality analysis. UMC
Department Fisheries and Wildlife Sciences personnel train these volunteers to
provide consistent sampling methodologies. Although these data are collected by
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volunteers, data quality validation studies (Obrecht et al. 1998) indicate that this
program produces relatively high quality data. Field and laboratory water quality
analyses include water clarity (secchi depth), total nitrogen and phosphorus,
chlorophyll (measure of algal biomass), total suspended solids (TSS), and nonvolatile
suspended solids. LMVP sampling frequency is monthly and occurs from April
through September. The UMC data collected during various years from 1979 and
1995 were assessed collectively with the LMVP data since the monitoring parameters
and analytical methods were very similar.

The UMC and LMVP data provide useful characterization of surface water quality
conditions during summer periods. These data demonstrate the wide variability in
Lake Saint Louis surface water quality that typically occurs in Missouri reservoirs
(Figure 3-11 and 3-12). Lake Sainte Louise water quality was relatively constant
during the LMVP monitoring period (Figures 3-13 and 3-14). The data from these
reservoirs may also be compared to nutrient criteria recommended by the U.S.
Environmental Protection Agency (EPA) for the applicable ecoregions (Figures 3-15
and 3-18). These data demonstrate that Lake Saint Louis water quality typically does
not meet these criteria, indicating potential impairment of reservoir's uses. Lake
Sainte Louise water quality is significantly better than Lake Saint Louis. Lake Sainte
Louise water quality typically meets or exceeds the EPA Level 11l Ecoregion nutrient
criteria.

The UMC and LMVP data demonstrate several important relationships between
water quality parameters. Water clarity, measured as secchi depth, appears to be
related to nonvolatile suspended solids (sediment) (Figure 3-19). This trend is
typically observed in central and northern Missouri reservoirs, indicating that
sediment is the primary determinant of water clarity when NVSS concentrations
exceed approximately 10 to 20 mg/L. Algal biomass becomes an important factor
influencing water clarity when NVSS concentrations fall below this range.

Phosphorus appears to be the primary limiting nutrient in Lake Saint Louis as
indicated by an average total phosphorus to total nitrogen (TN:TP) ratio of 15:1
(Figure 3-20). TN:TP ratios above approximately 10:1, are typically considered
phosphorus limited. Therefore, reducing in-lake phosphorus concentrations should
lower algal productivity within the reservoir. The relationship between total
phosphorus and chlorophyll is presented in Figure 3-21. This graph illustrates the
Lake Saint Louis data with the Jones, Bachman relationship and its 95 percent
confidence interval (Jones and Knowlton 1993). The Jones, Bachman relationship was
developed for numerous Missouri reservoirs and potentially allows prediction of
chlorophyll with various total phosphorus concentrations. This depiction illustrates
that Lake Saint Louis behaves similar to other Missouri reservoirs with respect to
nutrient influences on algal population.

A lake or reservoir's trophic state is used to categorize and compare it to other water
bodies, as well as to manage the lake for its intended uses. Typically, trophic
classifications are based on surface water quality and can include the oxygen content
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of the hypolimnetic water. Often these classifications are used to categorize lakes into
oligo-, meso-, eu- and hypereutrophic lake types and are based on the quantity of
nutrients, algal chlorophyll and transparency. Table 3-7 lists the typical
characteristics for these typical classifications. Nurnberg (1996) compiled a review of
the literature and established concentration thresholds that can be used to classify
lake types. Using these criteria (Tables 3-8 and 3-9), Lake Saint Louis would be
considered eutrophic to hypereutrophic and Lake Sainte Louise would be considered
mesotrophic to eutrophic.

The LSLCA performed pathogen monitoring at numerous locations within Lake Saint
Louis from 1997 to 2002, however data from 2002 was not available until recently and
is not summarized graphically in this document. Formal quality assurance
procedures were not utilized for the LSLCA monitoring activities. Therefore, the
accuracy of these data is not verifiable. As a result, this assessment utilized the
LSLCA data only as a screening mechanism.

The LSLCA monitoring data suggests that pathogen concentrations in Lake Saint
Louis exceed the Missouri fecal coliform criterion of 200 colony forming units/

100 milliliters (cfu/100 mL) for whole-body contact recreation during periods of the
summer. The LSLCA data are depicted in logarithmic format as Figures 3-22 through
3-25. Table 3-10 summarizes these data with respect to several statistical measures.
For all sites with adequate data points, the geometric means of the fecal coliform data
are below the 200 cfu/100 mL criterion.

In Missouri, waters with designated uses for whole-body contact recreation are
considered impaired if the fecal coliform geometric mean is greater than the criterion
(MDNR 2001). Based on this criterion, the LSLCA data suggest that Lake Saint Louis
may not be considered impaired for whole-body contact recreation even though
several measurements were greater than the criteria. The MDNR will likely change
the pathogen criteria to E. coli, rather than or in combination with fecal coliform, as
this measure provides a better indication of human health risks. Due to the limited
E. coli data available for Lake Saint Louis and the lack of current numeric criteria,
water quality based on this measure was not assessed. Future monitoring programs
should consider including E. coli analyses to determine if whole-body contact
recreation uses are being impaired.

In addition to the E. coli studies, the LSLCA sent water samples collected from the
Paris Cove watershed of Lake Sainte Louise to be analyzed at the University of
Washington in Seattle for DNA fingerprinting of the E. coli isolates. The results of the
DNA fingerprinting study are included in Table 3-11.
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Typical Characteristics of Lake Trophic States

problems may be
evident.

Trophic State Attributes Water Supply Recreation Fisheries

Oligotrophic Clear water, Salmonoid
oxygenated fisheries in
hypolimnion. deeper lakes

Mesotrophic Water moderately | Iron and manganese Loss of salmonoid
clear, but problems. Raw species because
increasing water has noticeable of hypolimnetic
probability of odor, THM anoxia.
hypolimnetic precursors exceed
anoxia in summer. | 0.1 mg/L, and

turbidity exceeds
1 NTU.

Eutrophic Decreased Iron and Warm-water
transparency, manganese, taste fisheries only.
anoxic hypolimnia | and odor, turbidity Bass and perch
during the and THM problems may be dominant.
summer, worsen.
macrophyte

Hypereutrophic

Blue-green algae

Boating difficult | Winter fish kills

dominate during because of possible in

the summer, algal weeds, shallower lakes.

scums probable, transparency, Rough fish

considerable and algal dominate,

macrophyte scums summer fish kills

problems. discourage possible
swimming.

Adapted from Cooke and Carlson 1989

Table 3-8

Trophic Classifications of Lake Saint Louis

Limits Lake Saint Louis Trophic
Parameter O-M M-E E-H Mean Value State
Total Phosphorus (ug/L) 10 30 100 78 E
Total Nitrogen (ug/L) 350 650 1200 1092 E
Chlorophyll (ug/L) 4 9 25 29 H
Secchi Depth (m) 4 2 1 0.55 H

O-M Limit between Oligotrophic and Mesotrophic
M-E Limit between Mesotrophic and Eutrophic
E-H Limit between Eutrophic and Hypereutrophic

Table 3-9

Trophic Classifications of Lake Sainte Louise

Limits Lake Sainte Louise | Trophic
Parameter O-M M-E E-H Mean Value State
Total Phosphorus
(no/L) 10 30 100 34 E
Total Nitrogen (ug/L) 350 650 1200 529 M
Chlorophyll (ug/L) 4 9 25 8 M
Secchi Depth (m) 4 2 1 1.05 E
O-M  Limit between Oligotrophic and Mesotrophic
M-E  Limit between Mesotrophic and Eutrophic
E-H Limit between Eutrophic and Hypereutrophic
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Table 3-10
Summary of LSL CA Fecal Coliform Data at Selected Sites - 1997-2001
Fecal Coliform (cfu/100 mL) E. coli (cfu/100 mL)
Geometric Geometric
Site Name n= Mean Min Max n= Mean Min | Max
Lake Saint Louis-Timberline 59 47 5 4000 4 27 3 62
Lake Saint Louis- Villa 58 40 5 2200 4 30 6 85
Lake Saint Louis-Marina 57 30 5 4000 4 9 2 18
Lake Saint Louis-Dauphine 55 61 5 6400 2 14 4 49
Table 3-11
DNA Fingerprinting Results at Paris Cove
Source # of Isolates from Source Percent
Avian (bird, duck, geese, etc) 35 26.52%
Dog 33 25.00%
Human 11 8.33%
Rodent 7 5.30%
Cat 5 3.79%
Opossum 4 3.03%
Deer 3 2.27%
Raccoon 3 2.27%
Skunk 3 2.27%
Fox 2 1.52%
Unidentified 26 19.70%
Total 132 100.00%

3.1.7 Point Sources

The primary point sources of municipal and domestic wastewater within Peruque
Creek include the cities of O’Fallon, Wright City, Foristell and Castlegate Estates
subdivision. These discharges are regulated by the MDNR through the National
Pollutant Discharge Elimination System (NPDES). The NPDES programs provide
permits to these facilities, which include water quality, permit limitations and
monitoring requirements as summarized in Table 3-12. A minor discharge is also
present at Boone Ridge Estates subdivision near the crossing of Peruque Creek by
Wilmer Road; however, the current average discharge from this facility is only
4,000-gallons per day (gpd) and was excluded from data review.

Although these treatment plants vary in size, each utilizes extended aeration activated
sludge process for biological treatment. Recent monitoring data for each facility show
treatment efficacy typical of well-operated activated sludge treatment plants. While
infrequent excursions of permit limitations occurred, the long-term averages of the
biochemical oxygen demand (BOD) and TSS data were relatively low (5 to 18 mg/L).
In addition, the 90th percentile of these data was well below permit limitations. The
NPDES monitoring data for these facilities are presented in time series plots

(Figures 3-26 through 3-28) and as box plots for statistical representation

(Figures 3-29). Infrequent excursions of permit limitations are expected due to the
infrequent monitoring and variability in activated sludge effluent quality caused by
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occasional upsets of the biological processes. None of these plants are considered in
significant noncompliance by the MDNR.

Table 3-12
Summary Information of Perugue Creek Source Dischargers
O’Fallon Wright City Castlegate Foristell Interim
WWTF WWTF Estates STP
MO-0028720 MO-0023191 MO-0057801 MO-0116114
Design Flow (gpd) 7,500,000 350,000 50,000 22,000
Actual Average Flow (gpd) 7,155,000 290,000 20,000 16,000
BOD (mg/L) MDL 25
AWL 25 45
AML 25 30
TSS (mg/L) MDL
AWL 45 45 25 45
AML 30 30 25 30
MDL
Ammonia Apr-Oct 2 3
MDL
(mg/L as N) Nov-Mar 5 3

BOD Biochemical Oxygen Demand
TSS Total Suspended Solids

MDL Maximum Daily Limit

AWL  Average Weekly Limit

AML Average Monthly Limit

3.1.8 Biological Data Collection

3.1.81 Fish Sampling Locations

During the summer of 2001, several locations at Peruque Creek were sampled for fish
species through the use of electro-fishing and/or seining. Sampling also occurred at
select locations in the summer of 1995 and at one location in 1962. Sampling
conducted in 2001, 1995 and 1962 was completed by the MDC. The fish that were
obtained were identified, counted, then released. The locations are ordered by River
Mile, with the largest number reflecting the most upstream location. The section of
Peruque Creek covered is from Wright City Park to Duello Road, with Wright City
Park at river mile 37.5 being the furthest upstream from Lake Saint Louis. Figure 3-3
shows the sampling locations. The areas, dates of sampling, and river mile location
are identified in the following Table 3-13. Appendix B contains a recent MDC report
describing additional biological sampling in Perugue Creek.

Table 3-13
Fish Sampling Location Summary
Area Date River Mile

Wright City Park 6/18/01 37.5
Archer Road 6/12/01 35.9
Hwy T 6/20/01 33.3
#5 8/11/95 30.9
Hepperman Road 6/25/01 28.2
Pflieger #4 8/25/62 27

#4 9/27/95 26.8
Wilmer Road 6/29/01 26.6
#3 8/11/95 22.7
Duello Road 6/28/01 22.6
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3.1.8.2 Sampling Methods

Electro-fishing and seining were both used at each location surveyed in 2001. Only
seining was used during the 1995 and 1962 surveys. Overall, a wider variety of fish
species were observed in the 2001 sampling period, and this could be attributed to the
use of electro-fishing during those surveys.

3.1.8.3 Species Collected

Thirty-two different fish species were collected from ten sites. Three species, the
bluntnose minnow (Pimephales notatus), the orangethroat darter (Etheostoma
caeruleum), and the central stoneroller (Campostoma pullum) were found at all ten
locations. The five most commonly found species were the central stoneroller (1,074
individuals), the orangethroat darter (515 individuals), the redfin shiner (Lythrurus
umbratilis) (261 individuals), the red shiner (Cyprinella lutrensis) (249 individuals), and
the bluntnose minnow (218 individuals). The redfin shiner was not found at the
Hwy T location, and the red shiner was not found at Archer Road, Hwy T, or
location #5.

The two least found species were the black redhorse (Moxostoma duquesnei) with only
one individual found at Hepperman Road, and the common carp (Cyprinus carpio),
with one individual found at Wilmer Road, and one at Duello Road.

Table 3-14 shows how many unique species were identified at each location, and the
total number of individuals of any kind collected from each location.

Table 3-14
Number of Species and Individuals by Site
Area Total Species Total Individuals
Wright City Park 17 241
Archer Road 14 114
Hwy T 13 453
#5 17 313
Hepperman Road 22 432
Pflieger #4 18 140
#4 17 106
Wilmer Road 20 546
#3 17 117
Duello Road 25 970

3.1.84 Temporal Distribution

Bigmouth shiner (Notropis dorsalis) were collected at all locations sampled in 1962 and
1995, but were not found at any location in 2001.

Fifteen species, including, bluegill (Lepomis macrochirus), bluntnose minnow, creek
chub (Semotilus atromaculatus), fantail darter (Etheostoma flabellare), golden redhorse
(Moxostoma erythrurum), green sunfish (Lepomis cyanellus), johnny darter (Etheostoma
nigrum), largemouth bass (Micropterus salmoides), northern studfish (Fundulus
catenatus), orangethroat darter, red shiner, redfin shiner, sand shiner (Notropis
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ludibundus), slender madtom (Noturus exilis), and central stoneroller were all found
during each sampling period in at least one location.

Ten species which include black bullhead (Ameiurus melas), black crappie (Pomoxis
nigromaculatus), black redhorse, channel catfish (Ictalurus punctatus), common carp,
fathead minnow (Pimephales promelas), logperch (Percina caprodes), ozark minnow
(Notropis nubilus), rainbow darter (Etheostoma caeruleum), and white crappie (Pomoxis
annularis) were only found during the 2001 sampling period in at least one location.

Two species, which include the blackstripe topminnow (Fundulus olivaceus) and the
white sucker (Catastomus commersoni) were only found during the 1962 and 2001
sampling periods.

Four species, including the gizzard shad (Dorosoma cepedianum), longear sunfish
(Lepomis megalotis), smallmouth bass (Micropterus dolomieu), and the yellow bullhead
(Ameiurus natalis) were only found during the 1995 and 2001 sampling periods.

3.1.8.5 Spatial Distribution

Gizzard shad and smallmouth bass were only identified at Hepperman Road and
sites further downstream. Golden redhorse, largemouth bass, and sand shiner were
not found upstream of location #5. Rainbow darter were only found at Wright City
Park and Hwy T, both upstream locations.

Other species exhibited more uniform distribution over the sampling locations.

3.1.8.6 Trend Analysis

River Mile 26.6 to 27

Pflieger #4 sampled in 1962, location #4 sampled in 1995, and Wilmer Road sampled
in 2001 are located within 0.4 miles of one another. Due to the close proximity, trends
can be examined for this location over time.

Eleven species (bluntnose minnow, golden redhorse, green sunfish, johnny darter,
northern studfish, orangethroat darter, red shiner, redfin shiner, sand shiner, slender
madtorn, and central stoneroller) were found during all three of the sampling periods
at this location. Numbers of bluntnose minnow, golden redhorse, green sunfish,
orangethroat darter, slender madtorn, and central stoneroller increased over time.

Two species (blackstripe topminnow and whitesucker) were only found in 1962 at this
location. Three species (longear sunfish, smallmouth bass, and yellow bullhead) were
not found in 1962, but were located in both 1995 and 2001.

Four species (black crappie, common carp, gizzard shad, and logperch) were only

found in the 2001 sampling period, when only one individual of each species was
captured.
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Three species (bigmouth shiner, creek chub, and largemouth bass) were captured in
both 1962 and 1995, but were not captured in 2001 at this location.

Bluegill and fantail darter were not captured in 1995, but were located in both 1962
and 2001 at this location, with two individuals of each species located during each
time period they were found.

River Mile 22.6 and 22.7
Location #3, located at river mile 22.7 sampled in 1995, and Duello located at river
mile 22.6 and sampled in 2001 may be examined for trends over time.

Species found during both sampling periods, but in greater numbers in 2001 include:
bluegill, bluntnose minnow, gizzard shad, golden redhorse, green sunfish,
largemouth bass, longear sunfish, orangethroat darter, red shiner, redfin shiner, sand
shiner, central stoneroller, and slender madtorn. The type of fishing method may have
played a significant roll in the number of individuals captured in the case of bluegill,
golden redhorse, longear sunfish, and central stoneroller. For these species, if only
those individuals captured by seining in 2001 are counted, then the 1995 and 2001
numbers of individuals captured are more nearly equal.

Three largemouth bass were captured using seining in 1995, and five were captured
in 2001 using electrofishing. No largemouth bass were seined in 2001.

Two green sunfish were captured using seining in 1995, and 14 were captured in 2001
using electrofishing. No green sunfish were seined in 2001.

Species found during both sampling periods, but in greater numbers in 1995 include
creek chub and fantail darter. Two fantail darters were captured using seining in
1994, and one was captured in 2001 using electrofishing. No fantail darter was seined
in 2001.

Eleven species (black crappie, blackstripe topminnow, channel catfish, common carp,
fathead minnow, johnny darter, logperch, northern studfish, ozark minnow, white
crappie, and yellow bullhead) were found only during 2001. Of these, channel catfish,
common carp, logperch, ozark minnow, and yellow bullhead were captured by
electrofishing only, and not captured in 2001 using seining.

3.1.8.7 Site Conditions and Descriptions
The 2001 survey also included general descriptions of stream habitat.

Wright City Park
The streambed at this location is primarily sand, coarse and fine gravel, with some
cobbles in few areas. The types of fish cover were not surveyed at this location.
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Archer Road
The streambed at this location varied from sand to coarse and fine gravel and cobbles,
and in some areas is smooth bedrock.

Types of fish cover that are present include primarily overhanging vegetation,
boulders, and some undercut banks. Very isolated areas include macrophytes, brushy
debris, and artificial structure.

Highway T

The streambed at this location is primarily cobbles with some fine and coarse gravel
and sand. Types of fish cover that are present include some brushy and woody
debris, and some overhanging banks. Overall fish cover was not present to a great
degree.

Hepperman Road

The streambed at this location is primarily fine and coarse gravel with some sand.
Also present in isolated locations is silt and clay. Types of fish cover that are present
include macrophytes, overhanging vegetation, undercut banks, and some boulders.

Wilmer Road

The streambed at this location is widely varied from sand, silt, and clay to smooth and
rough bedrock to fine and coarse gravel. Types of fish cover that are present include a
few boulders, some bank undercutting, and a small amount of macrophytes.

Duello Road

The streambed at this location varies from sand to fine and coarse gravel to cobbles.
Some silt and clay is also present. Types of fish cover that are present include some
undercut banks and brushy and woody debris.

3.1.8.8 North Fork Cuivre River Fish Data Comparison

The MDC also conducted the survey in 2001 at the North Fork Cuivre River on July 10
and August 30. Species were electro-fished and seined at the Hwy 161 bridge. On
July 10, 713 individuals of 23 species were collected at the site, and on August 30, 585
individuals of 27 species were collected at the site. These results in an average of 25
species and 649 individuals collected at the North Fork Cuivre River during 2001,
which is much greater than the Peruque Creek sites which averaged 18 species and
343 individuals. Only the Wilmer Road and Duello Road sites had comparable or
greater numbers of individual fish. Species richness typically improves with
increasing stream orders, i.e. the number of fish species increases in a downstream
fashion.

The survey also included the Index of Biological Integrity (IBI) scores for each of the
sites sampled on Peruque Creek and on the North Fork Cuivre River. The Index of
Biotic Integrity is used to compare the similarity of a stream (or sampling location)
with a reference condition. The North Fork Cuivre River was used as a reference
stream for Peruque Creek. The total IBI scores are detailed in Table 3-15.
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Table 3-15
Total IBI Scores from Peruque Creek and North Fork Cuivre River Sites
Sampled During 2001

Site Total IBI Score

North Fork Cuivre River

Hwy 161 - 7/10/01 86

Hwy 161 - 8/30/01 86
Average 86
Perugue Creek

Wright City 65

Archer Road 59

Hwy T 64

Hepperman Road 64

Wilmer Road 77

Duello Road 85
Average 69

Highway 161 sampling location on the North Fork Cuivre River is comparable in
location in watershed size to the Wilmer Road and Duello Road sampling locations on
Peruque Creek. Therefore, it is reasonable to compare the IBI scores for these sites.
Table 3-15 shows that the IBI scores for these sampling locations are similar,

indicating that the fish community in Peruque Creek is similar to another stream that
is less impacted. However the species richness at Duello Road maybe greater due to
the influence from Lake Saint Louis, which can backflow to this site during high water
levels.

3.1.9 Soils Data

Soil survey data is available in hard copy from the NRCS, or in GIS from the State Soil
Geographic (STATSGO) Database. Due to the nature of the models, the STATSGO
data will be used. The STATSGO data, created by the USDA-NRCS Soil Survey
Division, are aggregated soil surveys for GIS use published for Missouri in 1994. The
STATSGO shapefiles were downloaded by CDM from the EPA BASINS website.
STATSGO data are presented as map units of soils in which each map has a unique
code linking it to attribute tables listing percentages of soil types within a map unit,
soil layer depths, hydrologic soil groups, and soil texture among other soil properties.

The soils adjacent to and within the Peruque Creek streambed are divided by their
geographic locations within the vicinity of Peruque Creek. The adjacent soil locations
consist of the far western portion of the watershed, west-central portion, east-central
portion and easternmost portion of the watershed. For the soil types located within
the streambed, Peruque Creek is divided into two locations- the western and eastern
portions. The description of the soil in these locations are in the sections below. The
soil data was taken from the United States Department of Agriculture (USDA) — Soil
Conservation Service Soil Surveys (SCS) of St. Charles County, Missouri (USDADb,
1982) and Montgomery and Warren Counties, Missouri (USDAa, 1978).
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3.1.9.1 Soils Adjacent to Peruque Creek
Far Western Portion of the Watershed, near the Headwaters in Warren County

The soils in the western portion of the watershed are nearly level (0- to 3 percent
slope), gently sloping (3- to 8 percent slope) to moderately sloping (8- to 15 percent
slope). This is mainly due to the location of the soil on crests of ridges and long,
gentle side slopes. The internal drainage characteristics of the soils range from
somewhat poorly drained, moderately well drained, and poorly drained. The
permeability of the soils (ease at which liquids, gasses and plant roots penetrate or
pass through a layer of soil) range from moderately slow to slow. The internal
drainage, permeability, slope, and other soil characteristics are major factors in
determining the flow of water across the soil surface (surface runoff). The surface
runoff for the soil is classified as slow to medium to rapid. There are some areas
where the soil has been severely eroded and other areas where further erosion is of
critical concern.

West-Central Portion of the Watershed from Warren County to Lake St. Louis in St.
Charles County

Nearly the same soil types that can be found in the far western region of the
watershed are also found in the west-central region. The soils in this region are gently
and moderately sloping. The internal drainage of the soil range from well-drained
and somewhat poorly drained. The permeability of the soil ranges from slow to
moderate. The surface runoff ranges from medium to rapid, and there are portions
where the soil is severely eroded.

East-Central Portion of the Watershed from Lake St. Louis to O’Fallon

The predominant soil located along the northern rim of Lake St. Louis consists of
gently to moderately sloping urban land. The internal drainage is classified as well-
drained to moderately well-drained. The permeability is moderately slow for these
urban areas; however, there are streets, parking lots and buildings that obscure or
alter the soils so that classification is not practical. The urban land can also be found in
few areas adjacent to Peruque Creek, tributaries of Peruque Creek and within
O’Fallon. Soils located in the east-central portion of the watershed (not urban soils)
consist of nearly level to very steep slopes (over 35 percent slope). The internal
drainage ranges from well-drained to moderately well-drained. The permeability is
moderate to moderately slow. The surface runoff ranges from medium to rapid, and
erosion control is a major concern.

East Portion of the Watershed, at the Mouth in St. Charles County

The main soil types in this region are nearly level alluvial (materials deposited by
running water) flood plains found along rivers and stream branches. These soils are
located within the Mississippi River floodplain and are subject to occasional flooding.
The internal drainage ranges from poorly drained to well-drained. Permeability
ranges from very slow to moderate. The runoff is classified as slow.
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3.1.9.2 Soils within the Peruque Creek Streambed
Western Portion of the Watershed

The soils contained within the Peruque Creek streambed in the western region have
slopes that are moderately sloping to steep (25- to 35 percent slope). The internal
drainage classification ranges from poorly drained to moderately well-drained. The
permeability is slow to moderate. Surface runoff ranges from slow to rapid. There
are some areas where the soil has been severely eroded and other areas where further
erosion is of critical concern.

Eastern Portion of the Watershed

The soils located within the streambed near the Mississippi River Floodplain are
nearly level. The same soils types located adjacent to Peruque Creek are also mainly
found within the streambed in the eastern region. Therefore, nearly the same
characteristics and classifications apply. The internal drainage of the soil is somewhat
poorly drained to well-drained. Permeability ranges from very slow to moderate.
The runoff is classified as slow.

3.1.10 MDNR Biological Assessment Report

The Missouri Department of Natural Resources (MDNR) prepared its Biological
Assessment Report for the Peruque Creek Watershed in 2003 (MDNR, June 2003).

The report compares a nearby drainage area, the North Fork Cuivre River, with
Peruque Creek to determine whether environmental factors such as development and
urbanization would differentiate Peruque Creek from rural streams, such as the North
Fork Cuivre River. The two watersheds are of similar size and are located near each
other.

Macroinvertebrate sampling was conducted in March 2002 and September 2002.
MDNR standardized sample analysis procedures were used for the macroinvertebrate
samples to determine the Stream Condition Index (SCI). The macroinvertebrate data
was compared to reaches where BMPs were being used and reaches where poor land
practices were in place; they were compared to the North Fork Cuivre River samples;
and both watersheds were compared to reference streams with the same ecological
drainage unit (EDU) and watershed size classification.

Water quality samples were collected at 6 stations on Peruque Creek and 2 stations on
the North Fork Cuivre River. Stream velocity and habitat characteristics were also
measured at each station. Fecal coliform was analyzed at three stations on Peruque
Creek and two stations on the North Fork Cuivre River. The results of these analyses
were discussed in Sections 3.1.4 and 3.1.6. Instream deposits of fine sediments were
also estimated at each macroinvertebrate station. These results, as well as the water
quality sampling results, can be referenced in more detail in Appendix B.

Four of the six stations surveyed for macroinvertebrates had adjacent land uses

consistent with BMPs and the remaining two stations had poor land uses impacted by
property development (Hepperman Road and Hwy T stations). A SCI score between

3-49

P:\PeruqueCreek_LSL\WatershedManagementPlan\Final\Section3.doc



Section 3
Watershed Assessment

20-16 is full supporting, between 14-10 are partially supporting, and 8-4 are
considered non-supporting. The results are listed in Table 3-16.

Table 3-16
SCI Scores for Peruque Creek and North Fork Cuivre River Sampling Sites
Spring 2002 and Fall 2002

Site SCI Support
Peruque Creek #6 Ruge Park - Spring 12 Partial
Peruque Creek #6 Ruge Park - Fall 12 Partial
Peruque Creek #5 Stringtown Road Bridge - Spring 12 Partial
Peruque Creek #5 Stringtown Road Bridge - Fall 16 Full
Peruque Creek #4 State Road T - Spring 10 Partial
Peruque Creek #4 State Road T - Fall 16 Full
Peruque Creek #3 Hepperman Road - Spring 14 Partial
Peruque Creek #3 Hepperman Road - Fall 16 Full
Peruque Creek #2 Wilmer Road - Spring 18 Full
Peruque Creek #2 Wilmer Road - Fall 18 Full
Peruque Creek #1 Duello Road - Spring 18 Full
Peruque Creek #1 Duello Road - Fall 18 Full
N. Fork Cuivre #2 Highway 161 - Spring 14 Partial
N. Fork Cuivre #2 Highway 161 - Fall 14 Partial
N. Fork Cuivre #1 County Road 235 - Spring 12 Partial
N. Fork Cuivre #1 County Road 235 - Fall 16 Full

Using the standardized sample analysis procedure, MDNR concluded that during
spring 2002 the macroinvertebrate community of Peruque Creek Stations 1 and 2 was
fully supporting and partially supporting at the remaining upstream four sites. All
Perugue Creek sample sites, with the exception of Station 6, were fully supporting
during fall 2002.

Metrics for Peruque Creek and the North Fork Cuivre River were used to compare
with biological criteria for reference sites. Peruque Creek and the North Fork Cuivre
River were both second to third order streams. Both are small streams, which usually
correspond to lower biodiversity and available habitat when compared to larger
streams. The metrics are shown in Table 3-17. The biological criteria are shown in
Table 3-18.

Table 3-17
Peruque Creek and North Fork Cuivre River Metric Values for Spring 2002 and Fall 2002
Macroinvertebrate Samples

Stream TT EPTT Bl SDI
Peruque Creek Spring — All Sites 67 - 96 8-18 6.81-8.19 | 2.60-3.37
Peruque Creek Fall — All Sites 53-93 4-19 6.54-7.77 | 3.07-3.58
North Fork Cuivre River Spring — All Sites 73-84 12-13 6.69-7.17 | 2.83-2.87
North Fork Cuivre River Fall — All Sites 72-79 12-13 7.33-735 ] 311-3.23

TT = Total Taxa, EPTT = Ephemeroptera, Plecoptera, and Trichoptera, Bl = Biotic Index, and SDI =

Shannon Diversity Index
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Biological Criteria for Warm Water Reference Streams in the Plains/Mississippi Tributaries

between the Des Moines and Missouri Rivers EDU Spring and Fall Seasons

Spring Fall
Criteria Score=5 Score=3 Score=1 Score=5 Score=3 Score=1
TT >78 78-39 38-0 >76 76-38 37-0
EPTT >17 17-8 7-0 >18 18-9 8-0
Bl <6.20 6.20-8.10 8.11-10 <6.34 6.34-8.17 8.18-10
SDI >3.19 3.19-1.60 1.50-0 >3.00 3.00-1.50 1.40-0

TT = Total Taxa, EPTT = Ephemeroptera, Plecoptera, and Trichoptera, Bl = Biotic Index, and SDI =
Shannon Diversity Index

The metrics calculated for both sampling seasons for Peruque Creek and North Fork
Cuivre River were comparable to the criteria reference metrics with few seasonal
differences. During the Spring and Fall sampling seasons, total taxa was comparable
for Peruque Creek and the North Fork Cuivre River. EPT taxa was also comparable
for Peruque Creek and the North Fork Cuivre River during the Fall sampling season,
however, only the upper reaches of Peruque Creek were similar to the North Fork
Cuivre River samples in the spring, where the proportions of mayflies were much
higher. Therefore, MDNR concluded that total taxa and EPT Taxa tended to increase
in downstream Peruque Creek stations and that fall sample season trends among sites
for these two metrics mirrored those from spring (MDNR, 2003). In addition, MDNR
concluded that lack of available habitat and flow appeared to be dominant factors
affecting benthic macroinvertebrates at both Peruque Creek and North Fork Cuivre
River (MDNR, 2003).

3.2 2003 Water Quality Sampling

A sampling program was implemented for Peruque Creek and Lake Saint Louis from
May to October 2003. The purposes of the sampling were to: (1) assess current water
quality conditions, (2) compare these data to historic data and proposed USEPA lake
nutrient criteria, (3) evaluate the influence of runoff events and baseflows on lake
water quality and physical lake processes (i.e. stratification), and (4) provide data for
calibration of the water quality model. The program and results are detailed below.

3.21 Peruque Creek Sampling

Sampling Program

Automatic sampling stations were installed at Point Prairie Road and Duello Road
along Peruque Creek to collect water quality samples and flow data. The purposes of
these sampling stations were to evaluate watershed loadings and potential relative
contribution. Pressure transducers were utilized for stage data collection.

The automatic sampling stations for watershed loading estimates were operated from
May 2003 to October 2003. Single, flow-weighted composite samples were collected
from eight runoff events. Water quality analyses included total suspended solids
(TSS), non-volatile suspended solids (NVSS), total phosphorus, total nitrogen,
ammonia and nitrate+nitrite. Field blanks and duplicate samples were collected and
analyzed to assess sampling quality assurance. Flow measurements were performed
for development of the stage and discharge relationship (rating curve) for each site.
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Monthly baseflow samples were collected at the aforementioned automatic sampling
stations five times from May 29, 2003 to August 21, 2003. Water quality analyses
included TSS, NVSS, total phosphorus, total nitrogen, ammonia and nitrate+nitrite.
Field blanks and duplicate samples were collected and analyzed to assess sampling
guality assurance. Flow measurements were performed during these discrete
sampling events.

3.21.1 Data Review

Flow statistics measured at the sampling sites during runoff events are shown in
Table 3-19. Average and maximum water quality conditions for baseflow and runoff
samples are shown in Table 3-20 and Figures 3-30 to 3-31 for each site. Missouri
Water Quality Standards were compared to the average conditions. No Missouri
Water Quality Standard was exceeded during sampling. The difference between
water quality in baseflow and runoff samples is apparent. For most parameters the
runoff concentration is one to two orders of magnitude greater than baseflow
concentration.

Table 3-19
Measured Flow at Sampling Sites During Runoff Events
Measured Flow During Runoff Events Point Prairie Rd. Duello Rd.
IAverage Flow (cfs) 118 91
Maximum Flow (cfs) 3,362 2,880
Minimum Flow (cfs) 0.03 0.02

3.22 Lake Saint Louis Sampling

3.22.1 Sampling Program

In-situ reservoir monitoring equipment (thermistors and pressure transducers) were
installed within the reservoir to monitor water temperature at discrete depths and

water level, respectively. These data provide valuable information related to lake
stratification mechanisms as well as potential runoff volumes.

Water quality sampling was performed six times from May 8, 2003 to August 21, 2003.
Water quality sampling occurred in three locations spatially and at three depths
during stratified conditions and two depths during mixed conditions. Dissolved
oxygen, temperature, and specific conductivity profiles and transparency
measurements were performed at each sampling location. Water quality analyses
included pH, TSS, NVSS, total phosphorus, total nitrogen, nitrate+nitrite, ammonia,
soluble reactive phosphorus, and chlorophyll. Field blanks and duplicate samples
were collected and analyzed to assess sampling quality assurance. Water temperature
and level loggers were serviced and downloaded during each sampling event.
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Table 3-20
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3.2.2.2 Data Review

Water quality at each reservoir site is summarized on Figures 3-32 to 3-34. Average
and maximum conditions are shown in comparison to Missouri Water Quality
Standards. No Missouri Water Quality Standard was exceeded during the sampling
period. The data is comparable with the historical data discussed in Section 3.1. The
TN:TP ratio averaged 23:1, which indicates that the reservoir is phosphorus limited.
The trophic state of the reservoir was also comparable to historic data. This data
demonstrates that Lake Saint Louis is eutrophic to hypereutrophic (using the trophic
state guidelines outlined in Tables 3-7 and 3-8) with an average total nitrogen of
1324 ug/L, average total phosphorus sampled at 57 pug/L and average chlorophyll-a
sampled at 31 pgZL. Reservoir temperature and dissolved oxygen profiles at each site
are shown in Figures 3-35 to 3-37. Because the data shows that Lake Saint Louis is
polymictic (well mixed) and not thermally stratified, modeling of the reservoir is not
possible.

3.3 WMM Model

There is a potential for high non-volatile suspended solids and phosphorus loading
from the Peruque Creek Watershed, especially during wet weather events. Due to the
limited amount of historical data available, including limited flow data which would
be necessary to calibrate more detailed models, a simple watershed model, the
Watershed Management Model (WMM), was used to estimate phosphorus and
nitrogen loadings from the Peruque Creek watershed. The WMM model is a simple
watershed loading model that does not require extensive calibration to estimate
loadings from the land surface due to runoff. To supplement the WMM model,
sedimentation was assessed using literature values to qualify the source of sediment
loading.

The model uses annual or seasonal total mean precipitation values (I) and subbasin
physical characteristics (area [A] and mean runoff coefficient [C]) to calculate mean
total runoff flow from a subbasin. Runoff coefficients are estimated within the model
based on assumed pervious and impervious percentages for each landuse type and
weighted according the percentage of each landuse type within the subbasin.

Concentrations of the target constituents associated with the runoff events are user-
input as event mean concentrations (EMCs). The EMC is defined as the average of
individual measurements of stormwater pollution loads divided by the storm runoff
volume. These concentrations are commonly set according to site specific
measurements or published values.
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WMM can simulate up to 4 nutrient (nitrogen and phosphorus) forms, up to 5 metals,
plus TSS, TDS, COD, and BOD. The model also allows for point source loadings,
individual sewage disposal system (ISDS) overflows, and in-channel attenuation of
certain species. Data from 2003 sampling along Peruque Creek at Point Prairie Road
and Duello Road was used to calibrate the model for the watershed upstream of Lake
Saint Louis. The nutrients assessed were Nitrates (NO2 + NO3), Total Kjeldahl
Nitrogen (TKN) and Total Phosphorus (TP).

3.3.1 Sub Basin Delineation

Sub basins were delineated based on topography, similar land use patterns and
proximity to the 2003 sampling points. A map of the sub basins is included in
Figure 3-38.

3.3.2 Model Inputs

3.3.2.1 Land Use and Impervious Area

Land use is shown in Figure 3-38. Land use acreages by sub basin are detailed in
Table 3-21. Impervious area was input for each land use type based on reference
values found in the WMM User’s Manual (Wayne County, Michigan, September 1998).
The values used are listed in Table 3-22.

Table 3-21
Land Use Acreages for Sub Basins Upstream of Lake Saint Louis

Sub Sub Sub Sub Sub Sub Upstream
Basin | Basin | Basin | Basin | Basin | Basin | Lake Saint
Land Use Type 1 2 3 4 5 6 Louis

Forested 671 | 1,498 62 224 0 0 2,455
Agriculture/Pasture 1,067 | 3,568 | 3,105 | 2475 | 4,041 | 2,094 16,350
Medium Density Residential 0 0 634 302 | 2,606 | 3,118 6,661
High Density Residential 0 0 0 0 15 76 90
Commercial 148 170 77 0 740 772 1,907
Industrial 0 0 14 0 118 13 146
Highway Street 0 0 146 23 514 839 1,523
Open Water/Wetlands 36 43 0 3 123 698 903
Open Grassland - Non Urban 992 | 2,405 237 549 0 0 4,183
Urban Grassland 269 260 3 0 0 0 532
Total 3,183 | 7,943 | 4,280 | 3577 | 8,157 | 7,610 34,749

Note:

Land use was from two sources - Missouri Resources Assesment Partnership (1999, Land Use/Land
Cover 1991-1993) for Warren County and St. Charles County Government (2004) for St. Charles County.
The data from St. Charles County did not have land use categories for Forested, Open Grassland - Non
Urban, or Urban Grassland
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Table 3-22
Event Mean Concentrations
Land Use Type TP TKN NO2+NO3
Agriculture/Pasture 0.2 1.92 4.06
Commercial 0.27 1.46 1.02
Forested 0.11 0.78 1.02
High Density Residential 0.22 1.45 1.39
Highway Street 0.43 1.82 0.83
Industrial 0.32 1.91 1.28
Low Density Residential 0.25 2.53 1.25
Med Density Residential 0.52 2.53 1.1
Open Grass land - non urban 0.15 0.8 0.89
Urban Grassland 0.11 0.94 0.8
Urban Open 0.11 0.94 0.8
Open Water/Wetlands 0.05 0.91 0.59

Note:

Event mean concentrations were obtained from the WMM User's Manual
(Wayne County, Michigan, September 1998) and PLOAD User's Manual

(EPA, January 2001).

3.3.2.2 Precipitation

Precipitation was taken from the St. Louis Lambert International rain gauge from May
2003 to October 2003. The measured precipitation for this time period was 28.3 in/yr.

3.3.2.3 Event Mean Concentrations

EEMCs were obtained from the WMM User's Manual (Wayne County, Michigan,
September 1998) and PLOAD User's Manual (EPA January 2001). These manuals
contain literature values from the EPA’s NURP database. The EMCs used in the
WMM model are shown in Table 3-23.

Table 3-23

Percent Impervious by Land Use Type

Land Use Type % Impervious
Forested 0.50%
Agriculture/Pasture 0.50%
Medium Density Residential 30%
High Density Residential 50%
Commercial 90%
Industrial 80%
Highway Street 90%
Open Water/Wetlands 100%
Open Grassland - Non Urban 0.50%
Urban Grassland 0.50%

Note:

Percent impervious values were obtained from the WMM User's Manual
(Wayne County, Michigan, September 1998).
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3.3.2.4 Uncertainty

Uncertainty was quantified for model runoff load calculations using a WMM feature
that estimates 90th and 10th percentile, “high” and “low”, EMC values based on user-
input data standard deviations and an assumption of a normal distribution. These
high and low EMCs are then used to generate a range of nutrient loadings that better
characterize potential loads. Standard deviations for the model EMCs listed in

Table 3-20 were again taken from EPA’s NURP study database and vary by both
constituent and landuse category.

Point source uncertainty quantification was described above with high and low point
source concentrations combined with high and low EMCs to generate final ranges of
total loadings.

3.3.3 Model Calibration

The model was calibrated in two steps. The first step was to perform a runoff
guantity calibration to ensure the flow was adequately represented. Once the runoff
guantity was calibrated, the second step was to calibrate the nutrient loads. The
model was calibrated to data obtained from the 2003 sampling efforts at the Duello
Road site. This site represents the downstream most sampling location above Lake St.
Louis. Sampling was also performed during the same period at Point Prairie Road,
but these data were not used in the calibration process.

3.3.3.1 Runoff Calibration

Flow data from the 2003 sampling effort were used as the benchmark to calibrate
runoff quantity. Ten-minute flow data for the Duello Road sampling site from

May 2003 to October 2003 was summed to obtain a total observed runoff of

11,200 acre feet. The impervious and pervious runoff coefficients were varied until an
acceptable modeled runoff quantity was obtained (within 10 percent of observed
flows). Final calibrated runoff coefficients are 1.0 for impervious land areas and 0.05
for pervious land areas. These values result in a modeled total runoff for the given
time period of 10,200 acre feet (within 9 percent of the measured value). Modeled
runoff quantities by sub basin for the calibration simulation are shown in Table 3-24.

Table 3-24
Modeled Runoff - Calibration Simulation
(May - October 2003)

Sub Basin Runoff
(acre-feet per year)
1 789
2 1,464
3 1,445
4 715
5 5,797
Total 10,210
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3.3.3.2 Load Calibration

Concentration and flow data from the 2003 sampling effort were used as the
benchmark to calibrate nutrient loads. Estimated average nutrient concentrations in
runoff were multiplied by the measured seasonal runoff total (11,200 acre feet) at
Duello Road to calculate the observed total runoff load for each nutrient for the given
time period. These estimated observed loads are as follows:

m 17,500 Ibs, NO2 + NO3;
m 55,800 Ibs, TKN; and
= 12,800 Ibs, TP.

As described above, WMM simulations incorporated data uncertainty by predicting a
range of nutrient loads based on assumed high and low EMC values and point source
concentrations. The model was therefore calibrated by varying the pollutant delivery
ratio until all measured nutrient loads were within these modeled ranges. The
calibrated delivery ratios are: 30 percent, 60 percent, 60 percent, 30 percent and 60
percent for sub basins 1 to 5, respectively. The resulting modeled ranges of pollutant
loads are presented in Table 3-25.

Table 3-25
Modeled Nutrient Loads (Ibs)
Calibration Simulation (May - October 2003)

Sub NO2 + NO3 TKN TP
Basin Low High Low High Low High
1 1,100 2,931 1,228 2,957 147 544
2 3,325 8,856 2,590 6,494 339 1,255
3 2,987 8,695 3,694 10,658 568 2,104
4 1,564 4,453 1,487 4,530 195 722
5 7,913 24,153 14,485 41,028 2,245 8,316
Total 16,889 49,088 23,484 65,667 3,494 12,941

3.4 Sediment Loading

Using the land use upstream of Lake Saint Louis (Table 3-21), sediment loading by
land use type was calculated using literature values.

3.4.1 Sedimentation Rates

Sedimentation rates for urban and construction land uses were found in the Non-Point
Source Management Guide (MDNR 2000) for TSS. These rates are detailed in

Table 3-26. A sedimentation rate for construction is included at 30 tons/acre year
(MDNR 2000). Area of construction was estimated as percent of residential parcels
receiving new building permits. The U.S. Census Bureau reported that there were
105, 414 residential parcels in St. Charles County in 2000. St. Charles County reported
that 4,121 new building permits were issued in 2003. Therefore, 3.9 percent of the
residential parcels were under construction in 2003. Applying 3.9 percent to the
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residential land use areas in Table 3-21 (medium and high density residential land
uses) gives an estimate of 264 acres under construction in St. Charles County in 2003.
Sedimentation rates for the agricultural/pasture land uses were estimated to be 3
tons/acre-year for this area by the St. Charles County Soil and Water Conservation
District (SWCD, 2005).

Table 3-26
Sedimentation Estimates by Land Use Type Upstream of Lake Saint Louis
Typical TSS Peruque Creek Percentage of
Loadings Sediment Loading Watershed
Land Use Type Acres | (tons/acre-year) (tons/year) Sediment Loading
Forested* 2,455 0.0015 4 0.005%
Agriculture/Pasture** 16,350 3 49,051 68.3%
Medium Density
Residential* 6,401 0.095 608 0.8%
High Density
Residential* 87 0.21 18 0.025%
Construction* 264 30 7,918 11.0%
Commercial* 1,907 0.5 954 1.3%
Industrial* 146 0.43 63 0.1%
Highway Street* 1,523 0.44 670 0.9%
Open Water/Wetlands*| 903 0.0015 1 0.002%
Open Grassland - Non
Urban** 4,183 3 12,548 17.5%
Urban Grassland* 532 0.0015 1 0.001%
Total 34,749 112,901 100.0%
Notes:

*  Table 11, Page 306 of MDNR Non-Point Source Management Guide (2000)
** Average Annual Soil Erosion By Water, as directed from St. Charles County Soil and Water
Conservation District (Cook, 2005)

3.4.2 Results

As shown in Table 3-26, it is estimated that the major portion of sedimentation is from
non-urban land uses, such as agriculture/pasture (68.3 percent) and open grassland —
non urban (17.5 percent). Approximately 59 percent of the watershed is
agriculture/pasture and open grassland — non urban, so it is expected that most of the
sedimentation would be attributed to these areas. However, because these land use
categories are not separated, it is possible that this is a conservative estimate since
pasture is vegetated and therefore likely to be less erosive than agricultural land. It is
estimated that construction results in 11 percent of the sediment in the watershed.
This is a conservative estimate because no data was available for construction in
Warren County.

3.5 Predictive Modeling

The WMM nutrient model and sedimentation rate estimates were utilized to predict
how nutrient and sediment loads would change upstream of Lake Saint Louis if the
current trend of converting agricultural land to residential and commercial
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developments continue. Loads were predicted for 10, 15, 25, 50 and 75 percent
conversion from agriculture/pasture land use to residential commercial land uses.

3.5.1 Runoff and Nutrient Model Predictions

Because the WMM model was calibrated for the 2003 sampling season, it was
necessary to modify the model to generate the baseline average annual conditions in
order to predict future runoff and nutrient loads. Therefore, the annual average
rainfall of 36.1-inches/year from the Weldon Springs gauge was input into the
calibrated WMM model to establish the baseline annual runoff and nutrient loads.
Once baseline conditions were established, 10, 15, 25, 50, and 75 percent of the
agriculture/pasture land use acreages upstream of Lake Saint Louis (Table 3-21) were
allocated according to their current distribution percentage to medium density
residential, high density residential and commercial land uses. The resulting runoff
compared to the baseline runoff is shown in Table 3-27.

Table 3-27
Predicted Runoff when 10, 15, 25, 50, and 75 Percent of Existing
Agriculture/Pasture Land Use Upstream of Lake Saint Louis is
Converted to Residential/Commercial Land Uses

Annual Runoff | Percent Change
Scenario (acre-feetlyr) from Baseline

Base 13,010 --

10 Percent 15,222 17%
15 Percent 16,319 25%
25 Percent 18,530 42%
50 Percent 24,052 85%
75 Percent 29,568 127%

The model predicts that the decrease in agriculture/pasture land use, and subsequent
increase in residential/commercial land uses will increase annual runoff from

13,010 acre feet/year at baseline conditions up to 29,568 acre feet/year at 75 percent
conversion. This is due to the increase in impervious area which is higher in
residential/commercial land uses.

The resulting nutrient loads compared to baseline nutrient loads are shown in

Table 3-28. All nutrient loads increased with increasing land use conversion.

Nitrates were predicted to increase up to a range of 53 percent to 62 percent from base
line at 75 percent land use conversion. TKN was predicted to increase up to a range
of 132 percent to 133 percent from base line at 75 percent land use conversion. TP was
predicted to increase up to 142 percent from base line at 75 percent land use
conversion. The increasing nutrient loads are a combination of increased runoff and
increased TKN and TP concentrations for residential land uses.
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Table 3-28
Predicated Nutrient Loads when 10, 15, 25, 50, and 75 Percent of Existing
Agriculture/Pasture Land Upstream of Lake Saint Louis is
Converted to Residential/Commercial

Low Nutrient Percent High Nutrient Percent
Load Change from Load Change from
Scenario (Iblyr) Baseline (Iblyr) Baseline
NO2 + NO3

Baseline 21521 - 62551 --

10 Percent 23038 7% 67771 8%

15 Percent 23787 11% 70357 12%
25 Percent 25302 18% 75575 21%
50 Percent 29085 35% 88610 42%
75 Percent 32862 53% 101623 62%

TKN

Baseline 29925 - 83677 --

10 Percent 35209 18% 98496 18%
15 Percent 37833 26% 105863 27%
25 Percent 43116 44% 120682 44%
50 Percent 56313 88% 157704 88%
75 Percent 69498 132% 194696 133%

TP

Baseline 4451 - 16490 --

10 Percent 5298 19% 19627 19%
15 Percent 5718 28% 21185 28%
25 Percent 6565 47% 24322 A47%
50 Percent 8679 95% 32157 95%
75 Percent 10792 142% 39986 142%

3.5.2 Sediment Loading Predictions

To predict future sediment loads, 10, 15, 25, 50, and 75 percent of the agriculture/
pasture land use acreages upstream of Lake Saint Louis (Table 3-26) were allocated
according to their current distribution percentage to medium density residential, high
density residential, construction and commercial land uses. In addition, since the
percentage of residential construction was based on percentage of annual residential
new building permits in St. Charles County, and realizing that sites could be under
construction for several years and that some sites may be unaccounted for in Warren
County, it was assumed that residential development could be higher than what was
estimated, so sediment loading was predicted at construction of 3.9 percent, 5 percent,
10 percent and 15 percent of residential land uses. The resulting sediment loads
compared to baseline conditions are shown in Tables 3-29 to 3-32.
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Table 3-29
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Table 3-30
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Table 3-31
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Table 3-32
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Because agricultural land has a higher sedimentation rate than residential/
commercial land, and since there is a large area of agricultural land in the watershed,
overall the sediment load is predicted to decrease with increasing conversion from
agricultural land to residential/commercial development. However, because the
agriculture and pasture land uses were combined, it is possible that the sediment load
predicted from this land use type is conservative because it is based on erosion rates
from agriculture land which is typically higher than erosion from pasture. The
model does not take into consideration the increase in erosion rates from increased
velocity as the amount of impervious areas increase in the watershed. Therefore,
instream erosion will contribute more to the sediment load as the watershed is
developed. Currently, instream erosion from high velocities, along with erosion from
construction sites and agricultural land are contributing to heavy sediment loading to
Lake Saint Louis and the creek during wet-weather events.

3.5.3 Point Sources

Point sources were not included in the nutrient and runoff model because point
sources are part of the baseflow. However, because point sources contribute to the
nutrient load in the stream, they are worth noting and are detailed in Table 3-33.
Nutrient concentration data, contained in Table 3-12, for each significant point source
upstream of Lake Saint Louis (Wright City, Foristell and Castlegate Estates) were
obtained from 2002 MDNR sampling. A range of concentrations, representing the
mean + 1 standard deviation, were assumed for each constituent in the loading
calculations performed here. The point source flow used was the average daily flow
listed on the respective NPDES permits. Table 3-33 contains the flow and range of
loads calculated for each point source.

Table 3-33
Point Source Characteristics Upstream
Of Lake Saint Louis

Point Sources Flow (acre-ftlyr) 370
Low Range |High Range Load
Nutrient Load (Ib/yr) (Iblyr)
NO2 + NO3 342 946
TKN 3,983 4,801
TP 1,240 2,146

Comparing the characteristics of the point sources detailed in Table 3-33 to that of
total runoff in Tables 3-24 and 3-25 demonstrates that the point sources are
insignificant when compared to total runoff.

3.6 Summary

3.6.1 Water Quality

Water quality samples were taken in Peruque Creek by MDC/MDNR in 2002, and by
the Peruque Creek Watershed Study Project Team in 2003. Samples were taken at
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Highway T, Hepperman Road and Point Prairie Road in 2002, and at Point Prairie
Road and Duello Road in 2003. Results at Point Prairie Road were comparable for
both data sets .

Of the MDC/MDNR sampling sites, ammonia concentration was constant at all three
sites. Similar ammonia levels were measured at Point Prairie and Duello Road in 2003
during baseflow conditions. Even during runoff conditions, ammonia standards were
not exceeded at either 2003 sampling site.

Nutrient criteria does not exist for this stream, however it is known that nutrient
levels contribute to algal blooms in Lake Saint Louis. Therefore, TKN, nitrate, TN and
TP were measured in 2002 and nitrate + nitrite, TN and TP were measured in 2003.
All nutrients — TKN, nitrate, TN, TP, decreased from Hwy T downstream to
Hepperman Road in 2002 In 2003, nitrate + nitrite increased, while TN and TP both
decreased from Point Prairie Road downstream to Duello Road. The reduction in
nutrient concentration further downstream may be due to adjacent land uses. High
nutrient concentrations are generally associated with agricultural land use which
decreases downstream where the watershed urbanizes. Concentrations of nutrients
increased significantly during storm events, but even during these events, the trend of
decreasing nutrient concentrations further downstream continued. All nutrient
concentrations were lower at Duello Road than at Point Prairie Road.

TSS was sampled in 2002 and 2003. Baseflow TSS was low at all sites during both
sampling periods. However, during storm events sampled in 2003, TSS increased by
an average factor of 45 at both sites. TSS concentration nearly doubled from Point
Prairie Road to Duello Road. The increase in sediment concentration further
downstream may be due to adjacent land uses. The area between Point Prairie and
Duello Road is experiencing rapid development. Higher sediment loads are generally
associated with construction areas.

Increased flow during storm events is also significant. Average flow was measured at
118 cfs at Point Prairie Road and 91 cfs at Duello Road. The maximum flow measured
at each site was 3362 cfs and 2880 cfs at Point Prairie Road and Duello Road,
respectively. With higher concentrations of nutrients and sediment during storm
events, the increased flows can have a significant impact on water quality in Lake
Saint Louis and further downstream.

Both LMVP sampling data and 2003 Peruque Creek Watershed Study Project Team
sampling data have indicated that Lake Saint Louis is phosphorus limited. Therefore,
reducing phosphorus concentrations should lower algal concentration within the
reservoir. During dry conditions, the clarity of the reservoir is dependent on algal
biomass. If the current trend of converting agriculture/pasture land to
residential/commercial land uses continue in the watershed, predictive modeling has
shown that nutrient contributions may increase by 7% to 142%, respectively, if 10% to
75% of this land is converted. Runoff contributions may also increase by 17% to 127%,
respectively, if 10% to 75% of this land is converted. Increased runoff is due to
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increased impervious area. In contrast, predictive modeling has shown that sediment
loading may decrease because of less agriculture/pasture land. However, the
modeling did not take into account in-stream erosion and sediment transport, which
would most likely increase due to increased flow.

NPDES monitoring and watershed modeling have shown that point sources do not
have a significant impact on the stream. Currently, all NPDES dischargers are in
compliance with their permits and have had infrequent excursion from their
permitted limits. Sampling has shown low dissolved oxygen near an upstream
NPDES discharger, however further monitoring has indicated that this is most likely a
naturally occurring condition in the upper reach of Peruque Creek.

High fecal coliform counts have been measured at all sites sampled on Lake Saint
Louis by the LSLCA. However, because the geometric mean is below the criterion of
200 cfu/100 mL, the lake is in compliance with current standards.

3.6.2 Habitat and Biodiversity

MDC conducted a habitat survey during sampling of Peruque Creek in 2002. Habitat
was generally good along most sites sampled. However, it was noted that fish cover
was not present to a great degree at the Hwy T site.

Compared to the reference site, the North Fork Cuivre River, Peruque Creek had
fewer species of fish and total individuals. Total sampling along Peruque Creek
included 18 species and 343 individuals, while 25 species and 649 individuals were
collected along the North Fork Cuivre River. The sites immediately upstream of Lake
Saint Louis had a wider variety of species than the sites further upstream. Greater
diversity at these sites may be influenced by backwater from Lake Saint Louis.

During the macroinvertrebrate study of 2002, MDC noted that Hepperman Road and
Hwy T had poor adjacent land uses impacted by property development. Ruge Park at
Wright City had SCI scores indicating only partially supporting in spring and fall,
while Hwy T and Hepperman Road were partially supporting in the spring but fully
supporting in the fall. All other sites were fully supporting during spring and fall.

3.6.3 Areas of Concern

Several aerial assessments of the watershed have been performed in recent years.
Flyovers were conducted in 1993 by the City of Lake Saint Louis, in 2000 by MDC,
and in 2002 by the Peruque Creek Watershed Study Project Team. In addition,
numerous field inspections were performed by the project team during the study
period. A pictorial map of the watershed is included in Figure 3-39. Based upon these
inspections, as well as the aforementioned water quality and habitat assessments,
several areas warrant further monitoring. The following “areas of concern” are listed
from upstream to downstream:
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Figure 3-39
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Figure 3-39 Cont.
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n Headwaters
Concerns: Adjacent land uses, low dissolved oxygen concentration,
erosion

Figure 3-40

Property adjacent to headwaters in October 2002 Figure 3-41

Headwaters in Summer 2002

] Stringtown Road
Concern: Erosion

Figure 3-42
Erosion at Stringtown Road
in October 2002
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n Hwy T
Concerns: Poor fish cover, adjacent land uses

Figure 3-43 Figure 3-44
Property development near Hwy T Peruque Creek at Hwy T
October 2002 October 2002
] Point Prairie Road to Hepperman Road
Concerns: Adjacent land use, property development, increased runoff to

stream, erosion

Figure 3-45 Figure 3-46

Adjacent golf course between Point Prairie Storm pipe draining into Peruque Creek at
Road and Hepperman Road Hepperman Road

October 2002 October 2002
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] Area near Hwy Z Road Crossing
Concerns: Adjacent land uses, unmarked dam, site of old sewage disposal

ponds, sedimentation

Figure 3-47 . Figure 3-48
Old sewage disposal ponds at Hwy Z Sod farm and unmarked dam near Hwy Z
October 2002 October 2002
] Duello Road
Concerns: High flows, increased runoff to stream, sediment load, property

development

Figure 3-49 Figure 3-50

Peruque Creek at Duello Road during storm Peruque Creek at Duello Road during baseflow
event conditions

June 2003 June 2004
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n Lake Saint Louis
Concerns: Low clarity, high sediment load, fecal coliform exceedances

Figure 3-51 Figure 3-52
Lake Saint Louis Lake Saint Louis Dam
October 2002 October 2002
n North of I-70 Crossing
Concern: Adjacent land uses

Figure 3-53

Sewage disposal ponds
adjacent to Peruque Creek
just north of I-70 crossing
October 2002
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