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Total Maximum Daily Loads (TMDL)
For Big Bottom Creek
Pollutant: Low Dissolved Oxygen, Ammonia and Organic Sediment

Name: Big Bottom Creek

Location: Near Rocky Ridge in Ste. Genevieve
County, Missouri

Hydrologic Unit Code (HUC): 07140101-0907
Water Body Identification (WBID): 1746

Missouri Stream Class: Class C!

Designated Beneficial Uses:
e Livestock and Wildlife Watering
e Protection of Warm Water Aquatic Life
e Human Health Protection (Fish Consumption)
e Whole Body Contact Recreation — Category B (CSR, 2009)

Size of Classified Segment: 1.9 miles

Location of Classified Segment: Mouth to Lake Anne. Wholly contained in Land Grant 02046,
Location of Impaired Segment: Mouth to Lake Anne. Wholly contained in Land Grant 02046.
Impaired Use: Protection of Warm Water Aquatic Life

Size of Impaired Segment: 1.9 miles’

Length of Impairments within Segment: 0.5 miles for ammonia; 1.7 miles for low DO; 0.5 mile for
organic sediment

Pollutants: Low Dissolved Oxygen (DO), Ammonia and Organic Sediment
Identified Source on 303(d) list: Lake Forest Estates Wastewater Treatment Plant (WWTP)

TMDL Priority Ranking: High

! Streams that maintain permanent flow even in drought periods. See Missouri Water Quality Standards (WQS) 10
Code of State Regulations (CSR) 20-7.031 (1)(F). The WQS can be found at the following uniform resource locator
(URL): http://www.dnr.mo.gov/wpscd/wpcp/wqstandards/wq_standard_hm.htm

* Missouri’s Public Land Survey System rectangular grid is interrupted by historic land grants that predated the
surveying conducted for the Land Ordinance of 1785.

? The stream length listed corresponds to the EPA approved 2008 Missouri 303(d) List segment length. Due to the
increased accuracy of Geographical Information System (GIS) data layers for analysis over previous methods of
stream length measurements, the stream length used in the TMDL analysis may not correspond exactly to the 303(d)
list. The descriptive start and end point of each segment remains the same and this TMDL addresses the impaired
segment in its entirety.
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1 INTRODUCTION

The Big Bottom Creek Total Maximum Daily Load (TMDL) is being established in
accordance with Section 303(d) of the Clean Water Act (CWA). The water quality limited
segment is included on the United States (U.S.) Environmental Protection Agency (EPA)
approved 2008 Missouri 303(d) List. EPA is establishing this TMDL to meet the milestones of
the 2001 Consent Decree, American Canoe Association, et al. v. EPA, No. 98-1195-CV-W in
consolidation with No. 98-4282-CV-W, February 27, 2001.

Section 303(d) of the CWA and federal Chapter 40 of the Code of Federal Regulations
(CFR) Part 130 requires states to develop TMDLs for waters not meeting designated beneficial
uses under technology-based controls for pollutants of concern. The TMDL process
quantitatively assesses the impairment factors so that states can establish water-quality based
controls to reduce pollutants and restore and protect the quality of their water resources. The
purpose of a TMDL is to determine the maximum amount of a pollutant (the load) that a water
body can assimilate without exceeding the water quality standards (WQS) for that pollutant.
WQS are benchmarks used to assess the quality of streams, rivers and lakes. The TMDL also
establishes the pollutant loading capacity (LC) necessary to meet the Missouri WQS established
for each water body based on the relationship between pollutant sources and instream water
quality conditions. The TMDL consists of a wasteload allocation (WLA), a load allocation (LA)
and a margin of safety (MOS). The WLA is the portion of the allowable load that is allocated to
point sources. The LA is the portion of the allowable load that is allocated to nonpoint sources.
The MOS accounts for the uncertainty associated with linking pollutant loads to water quality
conditions. This is sometimes related to the model assumption and data limitations.

The goal of the TMDL program is to restore impaired designated beneficial uses to water
bodies. Thus, reduction strategies for point and nonpoint sources and implementation of source
controls throughout the watershed will be necessary to restore the protection of warm water
aquatic life use in Big Bottom Creek. In addition to establishing a TMDL for Big Bottom Creek,
this report provides a summary of information, results and recommendations related to the
impairment based on a broad analysis of watershed information, analysis of water quality data
and computer modeling to support TMDL development.

Section 2 of this report provides background information on the Big Bottom Creek
watershed and Section 3 describes potential sources of concern. Section 4 presents the
applicable WQS, Section 5 describes the water quality problems and Section 6 describes the
modeling that was done to support the TMDL. Sections 7 to 11 present the required TMDL
elements (LC, WLA, LA, MOS, seasonal variation) and Sections 12 to 14 summarize the follow-
up monitoring plan, reasonable assurances and public participation. A summary of the
administrative record is presented in Section 15; Appendix A summarizes the available water
quality data. Appendix B presents QUAL2K modeling conducted to support this TMDL.
Methods and data used in the load duration curve (LDC) modeling are presented in Appendix C
— Appendix E.
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2 BACKGROUND

This section of the report provides information on Big Bottom Creek and its watershed.

2.1  The Setting

Big Bottom Creek is located in the Ozark/ Apple/ Joachim Ecological Drainage Unit
(EDU). Big Bottom Creek flows north to Indian Creek which then flows into Establishment
Creek. Establishment Creek flows north and eventually drains to the Mississippi River. The Big
Bottom Creek watershed covers an area of approximately 4.86 square miles with a combined
stream mileage distance of approximately 3.7 miles (Figure 1). Big Bottom Creek is impounded
approximately 2 miles upstream with its confluence with Establishment Creek and forms Lake
Anne (previously called Lake Forest), a 90 acre reservoir with 4.3 square mile drainage area.
Lake Anne effectively splits the watershed into two distinct parts. The upper watershed drains to
Lake Anne while the lower portion receives discharge from Lake Anne and runoff from the
drainage area below Lake Anne (approximately 0.6 square miles).

The EPA-approved 2008 Missouri 303(d) List of impaired waters identifies the impaired
segments of Big Bottom Creek at a length of 1.9 miles. Due to the increased accuracy of
Geographic Information System (GIS) data layers for analysis over previous methods of stream
length measurements, the stream length used in the TMDL analysis does not correspond exactly
to the length shown in the 2008 Missouri 303(d) List. The descriptive start and end point of each
segment remains the same. This TMDL addresses the impaired segment in its entirety and based
on such improved estimates using GIS, the impaired segment is approximately 1.5 miles in
length.

Big Bottom Creek, near Rocky Ridge in Ste. Genevieve County, Missouri, was on the
Missouri 2002 303(d) List for Biochemical Oxygen Demand (BOD) and Volatile Suspended
Solids (VSS). In 2004-2006 these listings were changed to low dissolved oxygen (DO) and
organic sediment. In 2008 the listings were changed to DO, ammonia and organic sediment.
The sole source of these impairments is the Lake Forest Estates Subdivision Wastewater
Treatment Plant (WWTP), Missouri State Operating Permit (MSOP) number MO0035742. The
Lake Forest Estates WWTP serves an established subdivision around Lake Anne with a
population equivalent of 1,040 persons. A revised National Pollutant Discharge Elimination
System (NPDES) permit was issued to the WWTP in order to correct the water quality
exceedances of DO and scarcity of aquatic life observed downstream of the facility. In 2004,
upgrades were made to the WWTP and monitoring was conducted in 2005, 2006 and 2009 to
determine if plant upgrades had resolved the water quality issues. Big Bottom Creek remains on
the 303(d) List due to DO criteria exceedances and reduced abundance and diversity of aquatic
life.

The dam for Lake Anne, a classified lake (called Forest Lake in the current standards,
WBID: 7267) is less than 0.2 mile upstream of the WWTP outfall. When Big Bottom Creek
was assessed for the 1998 Missouri 303(d) List, there was no upstream flow and the poor
condition of the creek was believed to be caused by the WWTP alone. In April 2005, all
inspections found that water from the lake was not contributing to the impairment. Water only
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runs over the lake spillway during high flow periods. Otherwise there is no flow in Big Bottom
Creek below the dam upstream of the WWTP. However, Lake Anne may contribute organic
material to Big Bottom Creek during high flow periods which settle and affects DO via sediment

oxygen demand (SOD).

Sample Site 3

Lower Watershed Indian Creek

Sample Site 1

Upper Watershed

Legend

/\/ Big Bottom Creek Impaired Segment
™.+ State Highway Roads

/\/ Streams

D Big Bottom Creek Impaired Watershed

@ 2009 Monitoring Locations 0 02 04 0.8
e \iles

Figure 1. Big Bottom Creek Location Map

The current 303(d) listing for the impaired reach was based on visual inspections of Big
Bottom Creek below the Lake Forest Estates WWTP during summer low flow conditions in
1995 and 2001. These inspections reported sludge deposits, green water, thick growths of
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prostrate algae, some filamentous algae and a scarcity of aquatic life. In addition, almost all of
the life forms that were present during these surveys were known to have a high tolerance for
pollution. These conditions are characteristic of streams suffering from impacts by wastewater
treatment facilities. Big Bottom Creek was reassessed during the 2009 TMDL study (EPA,
2009) to determine whether conditions have changed since the WWTP upgrade and whether
additional pollutant reductions are necessary.

2.2 Physiographic Location, Geology and Soils

Big Bottom Creek is located within the Interior Highlands; a division of the Springfield-
Salem Plateau. The Springfield-Salem Plateau is a physiographic section of the Ozark Plateaus
Province. Geologically, the Big Bottom Creek watershed is located in the Early Ordovician
Ibexian Series. Predominant rock types include sandstone and dolostone (dolomite).

The soils hydrologic group relates to the rate at which surface water enters the soil profile,
which in turn affects the amount of water that enters the stream as direct runoff. Table 1 and
Figure 2 provide a summary of soil types in the impaired Big Bottom Creek watershed. The
dominant soil type, C, covers approximately 86.2 percent of the watershed and 49.5 percent of
the impaired watershed. Group C includes sandy clay loam soils that have a moderately fine to
fine structure. These soils have low infiltration rates when thoroughly wetted and consist chiefly
of soils with a layer that impedes downward movement of water. Soil type B covers
approximately 5.8 percent of the Big Bottom Creek watershed and 20.6 percent of the impaired
watershed. Group B includes silt loam and loam which have moderate infiltration rates. These
soils consist of well drained soils with moderately fine to moderately coarse textures. Group D
soil covers 4.7 percent of soils in the watershed and 28.8 percent of the impaired watershed.
Group D soils include clay loam, silty clay loam, sandy clay, silty clay or clay. This soil group
has the highest runoff potential. They have very low infiltration rates when thoroughly wetted
and consist chiefly of clay soils, soils with a permanent high water table, soils with a claypan or
clay layer at or near the surface and shallow soils over nearly impervious material (Purdue
Research Foundation, 2009).

Table 1. Types and hydrologic group for soils in Big Bottom Creek.

Lower Watershed
(Impaired Reach) Upper Watershed
Hydrologic Area Area

Soil Type Soil Group Acres Percent Acres Percent
Bloomsdale silt loam B 78.73 20.6 78.73 2.5
Midco gravelly silt loam B 0.0 0 100.21 3.2
Subtotal B 78.73 20.6 178.95 5.8
Caneyville silt loam C 0.0 0.0 13.50 0.4
Goss very cobbly silt loam C 110.31 28.9 | 1,223.88 39.3
Hildebrecht silt loam C 0.0 0.0 28.12 0.9
Wrengart silt loam C 78.52 20.6 | 1,418.83 45.6
Subtotal C 188.83 49.5 | 2,684.33 86.2
Gasconade-Rock outcrop complex D 109.96 28.8 145.75 4.7
Water N/A 4.17 1.1 104.00 3.3
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Lower Watershed

Upper Watershed

Legend

/" \/ Big Bottom Creek Impaired Segment
/\/ Streams

I:l Big Bottom Creek Impaired Watershed
E Bloomsdale silt loam

E Caneyville silt loam

E Gasconade-Rock outcrop complex
E Goss very cobbly silt loam

I:] Hildebrecht silt loam

E Midco gravelly silt loam

I:] Water

001503 0.6
—— \iles I:} Wrengart silt loam

Figure 2. Big Bottom Creek Soils Map
2.3 Rainfall and Climate

Three weather stations are near the Big Bottom Creek watershed (Figure 3). These three
stations record daily precipitation, maximum and minimum temperatures, snowfall, and snow
depth. Figure 4 provides a summary of rainfall and climate data for Station 232850 (Festus,
MO) based on 30 year totals (1971 — 2000) (NOAA, 2009). The annual average precipitation
and temperature over the 30 year period is 39.91 inches and 53.7 degrees Fahrenheit,
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respectively. These nearby weather stations will provide useful information for simulating
stream temperature which impacts the growth of algae, decay of Carbonaceous Biochemical
Oxygen Demand (CBOD), transformations of nutrients and solubility of DO.

®
Festus
Weather‘Station
(ID 232850)
[
De Soto
Weather Station
(ID 23220)
Perryville Wtp
Legend Weather Station
N Big Bottom Creek Impaired Segment (ID 236641)
/\/ Streams
D Big Bottom Creek Impaired Watershed
COUNTY [ — Y

Figure 3. Location of Big Bottom Creek Watershed with weather stations
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Figure 4. Thirty-year monthly temperature and precipitation averages for
Station 232850 (Festus, MO) (NOAA, 2009)

2.4  Population

Population data for the Big Bottom Creek watershed is not directly available. However,
the United States Census Bureau reports that the 2000 population for the cities of St. Mary’s,
Bloomsdale and Ste. Genevieve were 377, 419 and 4,476 persons, respectively (U. S. Census
Bureau, 2000). The urban population of the Big Bottom Creek watershed is zero, as there are no
urban areas within the watershed. Lake Forest Estates is a planned community surrounding Lake
Anne. The community includes year-around homes, seasonal homes and vacation rentals.

The rural population of the watershed can be estimated based on the proportion of the
watershed compared to Ste. Genevieve County. Ste. Genevieve County covers an area of 509.67
square miles and has a population of 17,842 persons. The rural population in Ste. Genevieve
County is approximately 12,570 people (total county population minus St. Mary’s, Bloomsdale
and Ste. Genevieve population) and the rural county area is 503.29 square miles (total county
area minus county urban area). The Big Bottom Creek watershed rural population was estimated
to be 121 persons. This was calculated by dividing the rural watershed area (4.86 square miles)
by the Ste. Genevieve County rural area (503.29 square miles) and multiplying the product by
the Ste. Genevieve County rural population (12,750). The total estimated population of the Big
Bottom Creek watershed is approximately 121 persons. An overall population density for the
Big Bottom Creek watershed was calculated to be (121 persons divided by 4.86 square miles)
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25 persons per square mile. Therefore, the impaired portion of the watershed has approximately
15 persons (25 persons per square mile multiplied by 0.6 square miles).

2.5 Land Use and Land Cover

The land use and land cover of the Big Bottom Creek watershed is summarized in
Table 2 and is shown in Figure 5 (MoRAP, 2005). The primary land uses/land covers are forest
(45.0 percent), grassland (28.6 percent) and herbaceous (14.6 percent) with impervious cover,
low intensity urban areas, cropland and open water occupying the remaining area of the
watershed.

Much of the Big Bottom Creek watershed is upstream of Lake Anne and the impaired
segment. Since this watershed area drains to Lake Anne and influences conditions upstream of
the impaired reach, it has been included in the land use assessment. Water from Lake Anne will
have an effect on DO levels in the impaired segment because accumulated organics in the
watershed are transported downstream and deposited in the impaired segment as runoff events
occur. The deposited organics are the primary source of sediment oxygen demand (SOD) that
can influence DO levels in the segment during critical (or low flow) periods. For completeness,
land use for the total watershed area and the impaired lower watershed area has also been
included in (Table 2).

Table 2. Land Use/Land Cover in the Big Bottom Creek Impaired Watershed

(MoRAP, 2005)
Lower
Impaired Reach Upper Total
Land Use/Land Cover ( {)Va tershed ) Watershed Watershed Area
Sl{l/[lil:le Ze Percent Sltl/llil; l;e Percent Slgllilli: l;e Percent
Impervious® 0.008 1.5 0.06 1.4 0.07 1.4
Low Intensity Urban’ 0.003 0.5 0.15 3.5 0.15 3.1
Barren or Sparsely Vegetated 0.002 0.4 0.02 0.60 0.03 0.58
Cropland 0.046 8.0 0.05 1.1 0.09 1.9
Grassland 0.153 26.6 1.23 28.9 1.39 28.6
Forest 0.210 36.4 1.97 46.3 2.19 45.0
Herbaceous® 0.137 23.8 0.57 13.4 0.71 14.6
Wetland 0.001 0.24 0.0 0.0 0.00 0.04
Open Water 0.015 2.7 0.21 5.0 0.23 4.7
Total 0.57 100 4.3 100 4.9 100

Note: MoRAP = Missouri Resource Assessment Partnership

4 Impervious land use includes non-vegetated, impervious surfaces including areas dominated by streets, parking
lots and buildings (MoRAP, 2005).

> Low Intensity Urban land use includes vegetated urban environments with a low density of buildings (MoRAP,
2005).

% Herbaceous land use includes shrublands, young woodlots and open woodlands
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Figure 5. Land Use/Land Cover in the Big Bottom Creek Impaired Watershed
(MoRAP, 2005)
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3 DEFINING THE PROBLEM

Big Bottom Creek is impaired due to exceedances of Missouri’s general water quality
criteria for the protection of aquatic life and biological aquatic communities (10 CSR 20-
7.031(3)). Historical water quality data collected from June 2004 to August 2007 show DO
concentrations below 5 milligrams per liter (mg/L) in 17 of 34 samples collected at various
locations in Big Bottom Creek (Table 3 and Appendix A). These data indicate Big Bottom
Creek is not in compliance with the Missouri protection of aquatic life DO minimum water
quality criterion of 5 mg/L for general warm water fisheries. Therefore, Big Bottom Creek is not
in compliance with Missouri WQSs. Ammonia, CBOD and organic sediment from the Lake
Forest Estates WWTP are the listed source of the impairment.

Table 3. Summary of Historical DO data for Big Bottom Creek.

Survey l;\gu;lber of [ Minimum | Average | Maximum Pegc:;;?li: of
amples (mg/L) (mg/L) (mg/L) <5mg/L

June 2004 3 4.8 5.6 6.4 33

July 2004 8 1.1 4.7 7.4 62.5

April 2005 8 1.1 7.6 13 25

June 2005 8 0.8 4.6 12 75
August 2006 6 2.0 4.9 7.2 50
August 2007 1 6.2 6.2 6.2 0

Source: The Missouri Department of Natural Resources

DO in streams is affected by several factors including water temperature, the amount of
decaying matter (i.e. organic sediment) in the stream, turbulence at the air-water interface and
the amount of photosynthesis occurring in plants within the stream. Excessive nitrogen and
phosphorus loading to water bodies can also contribute to DO problems because they can
accelerate algal growth.

Algal growth in streams is most frequently assessed based on the amount of
Chlorophyll-a in the water or attached to the stream bed. Algal growth is affected by numerous
biotic and abiotic factors including light availability, flow and water velocity, nutrients
(particularly phosphorus in freshwater systems), grazing and other influences. In the presence of
light, respiration and photosynthesis can occur simultaneously in algae. However, the respiration
rate is low compared with the photosynthesis rate, resulting in a net production of oxygen. In the
absence of light, algal respiration continues while photosynthesis stops, resulting in a net
consumption of oxygen. The breakdown of dead, decaying algae also removes oxygen from
water. The most common approach to reducing excessive algal growth involves controls on
activities that contribute nutrients to the water body.

Organic sediments can contribute to fluctuating DO concentrations. Decaying matter can

come from wastewater effluent as well as agricultural and urban runoff and is typically measured
instream as BOD. Decaying matter can also accumulate on the bottom of a stream and cause

10 Big Bottom Creek TMDL



SOD. SOD is a combination of all of the oxygen-consuming processes that occur at or just
below the sediment/water interface. SOD is partly due to biological processes and partly due to
chemical processes. Most of the SOD at the surface of the sediment is due to the biological
decomposition of organic material and the bacterially facilitated nitrification of ammonia, while
SOD found several centimeters into the sediment is often dominated by the chemical oxidation
of species such as iron, manganese and sulfide (Wang, 1980; Walker and Snodgrass, 1986).
Organic sediment can settle out of the water column and can smother aquatic invertebrates and
fish eggs and cause offensive odors and unsightliness.

This TMDL study will characterize pollutant sources contributing to low DO through
modeling temperature, nutrient dynamics, algal production and DO during critical, low-flow
periods. Missouri’s DO criterion for general warm water fisheries (5 mg/L) will be used as the
TMDL target.

The DO impairment of Big Bottom Creek could be due to one or more of the following:

Excessive loads of biodegradable matter, as measured by BOD and/or CBOD
Excessive algae in the stream as a result of excessive nutrient loading

High consumption of oxygen from decaying organic matter on the streambed
Chemical oxygen demand from ammonia and other substances

To better determine the cause of the low DO impairment, additional data from Big Bottom Creek
were collected and analyzed in 2009 by URS Corporation under contract with EPA. These data
are of sufficient quality to evaluate compliance with WQSs and to support TMDL development
because they were collected in accordance with required quality assurance procedures and the
Missouri Department of Natural Resources’(MDNR’s) sampling protocols (MDNR, 2005).

The location of the stream survey sampling sites in July and August 2009 are provided in
Figure 6 and the data are summarized in Table 4, Table 5, Table 6 and Table 7. Monitoring was
conducted on July 7 - 8, and August 12 — 13, 2009. For each daily sampling period, flow and
water quality data were collected during a morning and afternoon period at seven monitoring
locations.

There are several issues worth noting from a review of the data collected from Big
Bottom Creek in July and August of 2009 (Sampling locations in Figure 6):

e Sample Location #2 had no flow during the August 12 - 13 sampling events. The stream
was dry upstream for at least 100 meters but was flowing further upstream at Sample
Location #1. The stream was dry downstream from Sample Location #2 to the
confluence with Indian Creek. Indian Creek was flowing and flow was observed further
downstream at Sample Location #3.

e Sample Location #1 had observed DO concentration below the 5 mg/L minimum
criterion during all four sampling periods and Sample Location #3 had observed DO
concentrations below the 5 mg/L minimum criterion during the August 13 sampling
period.
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e Headwater flow from the spillway at Lake Anne is intermittent. During dry periods, the
only flow contributing to the impaired segment of Big Bottom Creek is the discharge
from the Lake Forest Estates Subdivision WWTP.

12 Big Bottom Creek TMDL



2% & %,
N 0 0.15 0.3 0.6
Legend Miles
> %
g 2%, »,
o 53 . ",
W H o %%,
2009 Monitoring L i o %% 7,
onitoring Locations # o %%, g s,
o %%, “,
Ry 2% %,
! e %%
o %2 C? “
™ =% 0
" 2% 6, “
& A %% 2,
o (> %, %, 3
o™ %, % “
(L %%,
o %, %, %,
““\u LTI L . / " 2%, %,
\Q /7, “,
$ S
$ /;9 g,
X
[ g,
Q Uy, 200,
Q”l 1y,
o,
e e,
S ""'o/""ﬂ
e ""m
"y, 0,
"l:,,"’l: .
'o,,,’l:,,
o

/\/ Big Bottom Creek Impaired Segment

/\/ Streams
.+ State Highway Roads

x

&

$
&
&

&

< #2

/

Big Bottom Creek TMDL

Big Bottom Creek
Sample Locations
13

Figure 6. Location of July -and August Sampling Sites




For these reasons, the Lake Forest Estates WWTP is listed as the main contributor to
BOD and nutrient loads to Big Bottom Creek. Historical data (Appendix A) indicates DO
concentrations greater than 5 mg/L upstream of the WWTP discharge (MDNR data: July 9,
2004 and August 7, 2007). The concentration of BOD in the WWTP effluent was below permit
limits during both the July and August sampling events, with the exception of an August 9
sample result that reportedly had a CBOD of 174 mg/L (Allen Grass, Lake Forest Estates
Manager, personal communication October 12, 2009).

Table 4. Summary of Big Bottom Creek water quality data collected on July 7, 2009

sampling | gy | Flow - |Velosiy | o | DS PR Nownn | 20 | pn [Teme| TP
(mg/L) | (mgl) [ (mg/L)
1 7:20 AM 0.052 0.076 3.1 <0.5 1.301 0.615 4.97 ]6.14122.55] 0.157
1 1:15 PM 0.028 0.036 3.8 <0.5 0.978 0.144 7.25 | 8.20]26.30 | 0.0569
2 6:25 AM 0.054 0.061 2.6 <0.5 0.560 0.462 7.48 16.35]19.2910.0735
2 12:35PM | 0.031 0.031 1.5 <0.5 0.446 0.319 10.06 | 8.48 [22.84 [ 0.0786
3 5:40 AM 0.337 0.077 1.7 <0.5 0.521 0.410 932 14.0719.45]0.0599
3 12:02PM | 0.136 0.029 1.8 <0.5 0.547 0.385 8.44 |[7.92121.03]0.0585

(See notes for Tables 4 — 7 after Table 7)

Table S. Summary of Big Bottom Creek water quality data collected on July 8, 2009

Sampling Time Flow | Velocity | CBODs gri;ﬁ%i?é NiF}rI(;ien, Nitrogen, | DO pH Temp.| TP
Station (cms) | (m/sec) | (mg/L) (mg/L) (mg/L) NO,+NO; | (mg/L) (°C) | (mg/L)
1 6:45 AM | 0.011 0.017 3.1 <0.5 1.630 0.930 3.68 |7.21]23.27] 0.330
1 1:30PM | 0.030 | 0.037 52 <0.5 0.897 0.397 4.64 |7.21126.08 0.0832
2 6:00 AM | 0.010 | 0.012 1.3 <0.5 0.455 0.353 5.83 |7.62]20.15] 0.0667
2 12:50 PM | 0.060 | 0.077 2.7 <0.5 0.264 0.297 8.08 | 7.40 [23.92] 0.0628
3 530 AM | 0.109 | 0.024 1.15 <0.5 0.546 0.336 5.05 |7.23]20.73] 0.0591
3 12:10PM | 0.084 | 0.019 1.8 <0.5 0.295 0.339 6.66 | 7.01]21.97] 0.0456

(See notes for Tables 4 — 7 after Table 7)

Table 6. Summary of Big Bottom Creek water quality data collected on August 12, 2009

Sampling Time Flow | Velocity | CBOD;s Eiﬁii?; Niﬁ}rl(g\?n, Nitrogen, | DO pH Temp.| TP
Station (cms) | (m/sec) | (mg/L) (mg/L) (mg/L) NO,+NO; | (mg/L) (°C) | (mg/L)
1 6:55AM | 0.008 | 0.012 2.1 1.70 3.636 0.774 1.75 | 7.20 1 24.10| 0.496
1 1:00 PM | 0.008 [ 0.012 1.2 1.05 1.307 0.546 3.68 |7.3412530] 0.272
3 5:220 AM | 0.031 0.009 0.5 <0.50 0.445 0.117 472 |7.20121.80| 0.046
3 12:05PM | 0.061 0.015 0.5 <0.50 0.441 0.099 6.51 |7.46]23.50] 0.044

(See notes for Tables 4 — 7 after Table 7)
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Table 7. Summary of Big Bottom Creek water quality data collected on August 13, 2009

Saooing | e | o Vel CBOD| | T | N | DO e 1T
(mg/L) (mg/L)

1 6:15AM | 0.010 0.015 5.5 2.05 3.462 0.598 1.84 | 7.07 (23.30] 0.548

1 1:15PM | 0.010 0.012 6.5 1.80 4.042 1.020 429 |7.24125.00] 0.663

3 5:20 AM | 0.041 0.009 0.7 <0.50 0.343 0.115 443 [7.10121.00| 0.049

3 12:25 PM | 0.045 0.012 0.6 <0.50 0.395 0.093 6.20 | 7.31122.90] 0.050

Notes for Tables 4 - 7:
cms = cubic meters per second
m/sec = meters per second
mg/L = milligrams per liter;
CBODS5 = Carbonaceous Biochemical Oxygen Demand (5 days)
TKN = Total Kjeldahl Nitrogen
NO2+NO3 = Nitrite + Nitrate
DO = Dissolved Oxygen
Temp. = Temperature in degrees Celsius
TP = Total Phosphorus

Method Detection Limits: CBODs = 0.2 mg/L, NH3; = 0.5 mg/L, TKN =
0.1 mg/L, NO, + NO3 =0.01 mg/L, TP = 0.003 mg/L.

4 SOURCE INVENTORY

A source assessment is used to identify and characterize the known and suspected
pollutant sources contributing to the impairment in Big Bottom Creek. For the purpose of this
report, sources have been divided into two broad categories; point sources and nonpoint sources.
Point sources can be defined as sources, either constant or time transient, which occur at a fixed
location in a watershed. Nonpoint sources are generally accepted to be diffuse sources not
entering a water body at a specific location. Nutrients and oxygen consuming substances from
both point and nonpoint sources are considered to be the primary contributors to impairment in
Big Bottom Creek. It should be noted that the upper portion of the watershed drains into Lake
Anne and does not have a direct impact on the water quality of the impaired segment; however,
dams and impoundments are known to degrade water quality and aquatic life (FWS, 2009). The
impacts of Lake Anne on the downstream aquatic life use of Big Bottom Creek include alteration
of Big Bottom Creek hydrologic regime, increases to water temperature and greater nutrients
loads during the summer months. Pollutant source information provided in this section
encompasses the entire watershed (both upstream and downstream of Lake Anne). Historic
water quality data used to identify and assess sources is presented in Appendix B of this
document.
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4.1 Point Sources

The term “point source” refers to any discernible, confined and discrete conveyance, such
as a pipe, ditch, channel, tunnel or conduit, by which pollutants are transported to a water body.
For the purposes of TMDL development, point sources are defined as sources regulated through
the National Pollutant Discharge Elimination System (NPDES) program. Missouri has its own
program for administering the NPDES program, referred to as the Missouri State Operating
Permit system (MSOPS). The NPDES and MSOP programs are the same and for the purposes
of this document the term “NPDES” will be used. The following NPDES-regulated entities are
included in this source category:

Municipal and industrial wastewater treatment facilities (e.g. WWTP),
Concentrated animal feeding operations (CAFOs),

Storm water runoff from Municipal Separate Storm Sewer System (MS4) and
General permitted facilities (including storm water runoff from construction and
industrial sites).

General permits (as opposed to site specific or individual permits) are issued to activities
that are similar enough to be covered by a single set of requirements. Storm water permits are
issued to activities that discharge only in response to precipitation events. Point sources in the
Big Bottom Creek watershed were identified by consulting EPA’s Permit Compliance System
(PCS) website’ and MDNR’s GIS inventory® of NPDES permitted facilities covered under storm
water or general permits. There are no permitted concentrated animal feeding operations in this
watershed.

The single point source in Big Bottom Creek watershed is shown in Figure 7 and listed in
Table 8. The Lake Forest Estates Subdivision WWTP is required to monitor and report effluent
concentrations.

Lake Forest Estates upgraded their wastewater treatment facility in 2003. The community
installed a new, three-cell, aerated lagoon adjacent to the existing lagoon site. The existing (old)
three lagoons were converted to flow equalization basins to address infiltration and inflow to the
subdivision collection system around the lake.

A draft operating permit with new effluent limits was public noticed October 28 through
November 27, 2005. The draft included limits for BOD of 18 mg/L weekly average and 9 mg/L
monthly average. The limits for total suspended solids (TSS) were 17 mg/L weekly average and
8 mg/L monthly average. These effluent limits were calculated from a WLA developed with a
water quality model that used data collected in 2004 and 2005. The previous operating permit
contained effluent limits of 60 mg /L weekly average and 30 mg/L monthly average for BOD,
and 60 mg/L. weekly average and 30 mg/L monthly average for TSS. The following ammonia
limits were also included: a daily maximum of 3.4 mg/L and monthly average of 1.7 mg/L for
summer (May through October), and daily maximum of 4.0 mg/L and monthly average of 2.0

7 www.epa.gov/enviro/html/pcs/index.html
¥ http://msdis.missouri.edu/datasearch/ThemeList.jsp; GIS layers updated May 2009 and June 2009
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mg/L for winter (November through April). A compliance schedule was included in the permit
stating (in part) that the facility was required to submit its engineering report for construction
upgrades to MDNR by March 1, 2006. The permit also included instream monitoring
requirements.

Upper Watershed

Legend
N Big Bottom Creek Impaired Segment
N\ Streams

#". State Highway Roads
I  Individual Permit

E Big Bottom Creek Watershed 0 035 0 L4

Miles

Figure 7. Location of permitted facilities in the Big Bottom Creek Watershed
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Table 8. Permitted Facilities in the Big Bottom Creek Watershed

- . . . Design Permit
Facility ID | Facility Name Rg::;;i:llg CIl)a::clgci::::ln/ ReRflli):erI:::f ts! Flow Expiration
P q (MGD) Date
Lake Forest Big Sewerage NHj;, Temperature, | 0.1183 (dry
MO0035742 Estates Bottom Svste mgs pH, DO, BOD, weather 2011
Subdivision Creek y Flow, TSS flow)

' 'Where NH; = Ammonia, BOD = Biochemical Oxygen Demand, TSS = Total Suspended Solids, DO = Dissolved

Oxygen

* MGD = Million Gallons per Day

The NPDES permit for the Lake Forest Estates WWTP was issued December 1, 2006
with existing effluent limitations for BOD, TSS and new seasonal effluent limits for ammonia.
The reissued permit did not contain the proposed effluent limitations based upon the 2004-2005

water quality model. Subsequent to permit reissuance, MDNR inspected the stream and

collected water quality data in 2007 and 2008 to evaluate water quality in Big Bottom Creek.
These data were used to determine whether the operating permit effluent limits needed to be
adjusted or if previous upgrades at the facility were sufficient to achieve water quality. In
addition to water quality data collected by MDNR, twice per month permittee instream
monitoring data for pH, ammonia as nitrogen_temperature and DO were also reviewed. The data
indicates low DO persists below the 5 mg/LL minimum criterion at critical flow conditions
(Appendix A).

[licit straight pipe discharges of household waste are also potential point sources in rural
areas. These sources are discharges directly into streams or land areas and are different than
illicitly connected sewers. There is no specific information on the number of illicit straight pipe
discharges of household wastes in the Big Bottom Creek watershed and since a WWTP is
located within the watershed, it is assumed that illicit straight pipe discharges are an insignificant
load to the stream.

4.2

Nonpoint Sources

Nonpoint sources include all other categories of pollutant sources not classified as point
sources. Potential nonpoint sources contributing to low DO problems in the Big Bottom Creek
watershed include runoff from agricultural areas, runoff from urban areas, onsite wastewater
treatment systems and various sources associated with riparian habitat conditions. Additional
discussion on nonpoint sources is provided in the following sections.

Based on the information before us, the decision to apply discharges associated with
unpermitted sources to the LA, as opposed to the WLA for purposes of this TMDL, is
acceptable. The decision to allocate these sources to the LA does not reflect any determination
by EPA as to whether these discharges are, in fact, unpermitted point source discharges within
this watershed. In addition, by approving these TMDLs with some sources treated as LAs, EPA
is not determining that these discharges are exempt from NPDES permitting requirements. If
sources of the allocated pollutant in this TMDL are found to be, or become, NPDES-regulated
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discharges, their loads must be considered as part of the calculated sum of the WLA in this
TMDL. WLA in addition to that allocated here is not available.

4.2.1 Runoff from Agricultural Areas

Lands used for agricultural purposes can be a source of nutrients and oxygen consuming
substances. Accumulation of nitrogen and phosphorus on cropland occurs from decomposition
of residual crop material, fertilization with chemical and manure fertilizers, atmospheric
deposition, wildlife excreta, irrigation water and livestock excreta. The 2005 land use / land
cover data indicates there are 0.09 square miles of cropland in the watershed, which comprises
2 percent of the entire watershed (Table 2). Cropland is concentrated in the lower watershed
adjacent to the impaired reach (Figure 5) and comprises 8 percent of the lower watershed. An
assessment of cropland in the riparian buffer of the impaired stream segment showed cropland to
be approximately 24.3 percent (Table 9) of the entire watershed.

County wide data from the National Agricultural Statistics Service (NASS) (USDA,
2007) were combined with the land cover data for the Big Bottom Creek watershed to estimate
approximately 364 cattle in the watershed’. The cattle are most likely located on the
approximately 1.4 square miles acres of grassland/pastureland in the total watershed and the
0.153 square miles in the lower watershed. Runoff from these areas can be potential sources of
nutrients and oxygen consuming substances. Animals grazing in pasture areas deposit manure
directly upon the land surface and even though a pasture may be relatively large and animal
densities low, the manure will often be concentrated near the feeding and watering areas in the
field. These areas can quickly become barren of plant cover, increasing the possibility of erosion
and contaminated runoff during a storm event. In addition, when pasture land is not fenced off
from the stream, cattle or other livestock may contribute nutrients to the stream while walking in
or adjacent to the water body. The density of cattle in the Big Bottom Creek watershed (74 cattle
per square mile or 364 cattle in the entire watershed) suggests they are not a potential source of
pollutants. The NASS also reports there were 10,567 hogs and pigs, 933 horses and ponies, 150
sheep and lambs and 1,795 layers in Ste. Genevieve County in 2007 (USDA, 2007).

Permitted CAFOs identified in this TMDL are part of the assigned WLA. At this time,
animal feeding operations (AFOs) and unpermitted CAFOs are considered under the LA because
we do not currently have enough detailed information to know whether these facilities are
required to obtain NPDES permits. This TMDL does not reflect a determination by EPA that
such facility does not meet the definition of a CAFO nor that the facility does not need to obtain
a permit. To the contrary, a CAFO that discharges or proposes to discharge has a duty to obtain
a permit. Ifit is determined that any such operation is an AFO or CAFO that discharges, any
future WLA assigned to the facility must not result in an exceedance of the sum of the WLAs in
this TMDL as approved.

®  According to the NASS there are approximately 32,855 head of cattle in Ste. Genevieve County

(USDA, 2007). There are 126 square miles of grasslands in Ste. Genevieve County (MoRAP, 2005).
These two values result in a cattle density of approximately 261 cattle per square mile of grasslands. This
density was multiplied by the number of grassland square miles in the Big Bottom Creek watershed to
estimate the number of cattle in the watershed.
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Any CAFO that does not obtain an NPDES permit must operate as a no discharge
operation. Any discharge from an unpermitted CAFO is a violation of Section 301. Itis EPA’s
position that all CAFOs should obtain an NPDES permit because it provides clarity of
compliance requirements, authorization to discharge when the discharges are the result of large
precipitation events (e.g., in excess of 25-year and 24-hour frequency/duration) or are from a
man-made conveyance.

4.2.2 Runoff from Urban Areas

Storm water runoff from urban areas can also be a significant source of nutrients and
oxygen consuming substances. Lawn fertilization can lead to high nutrient loads and pet wastes
can contribute both nutrient loads and oxygen consuming substances. Phosphorus loads from
residential areas can be comparable to or higher than loading rates from agricultural areas
(Reckhow et al., 1980; Athayde et al., 1983). Leaking or illicitly connected sewers can also be a
significant source of pollutant loads within urban areas. Storm runoff from urban areas such as
parking lots and buildings is also warmer than runoff from grassy and woodland areas, which can
lead to higher temperatures that lower the DO saturation capacity of the stream. Excessive
discharge of suspended solids from urban areas can also lead to streambed siltation problems.

The areas within Big Bottom Creek watershed classified as urban land use are
predominately composed of impervious surfaces (i.e., driveways, roads, rooftops, etc.). Since
approximately 2.0 percent of the lower watershed and 4.5 percent of the total Big Bottom Creek
watershed is classified as impervious and low intensity urban it is unlikely these areas are a
major contributor of pollutants to the impaired reach.

4.2.3 Onsite Wastewater Treatment Systems

Onsite wastewater treatment systems (e.g., septic systems) that are properly designed and
maintained should not serve as a source of contamination to surface waters. However, onsite
systems do fail for a variety of reasons. When these septic systems fail hydraulically (surface
breakouts) or hydrogeologically (inadequate soil filtration) there can be adverse effects to surface
waters. Failing septic systems are sources of nutrients and pathogens that can reach nearby
streams through both runoff and groundwater flows.

The exact number of onsite wastewater treatment systems in the Big Bottom Creek
watershed is unknown. However, the National Environmental Service Center (NESC) reports
that in 1998 there were 33,703 septic systems with an average population per septic system of
2.57 persons and a septic failure rate of 0.46 percent in the Cahokia-Joachim watershed (HUC
07140101). As discussed in Section 2.4, the estimated rural population of the lower Big Bottom
Creek watershed, where the impaired reach is located, is approximately 15 persons. Based on
this population and an average density of 2.57 persons per septic system, we can estimate that
there are approximately six septic systems in the watershed. Based on a failure rate of 0.46
percent there is approximately one failing septic system within the Big Bottom Creek watershed
(NESC 1998). EPA reports that the statewide failure rate of onsite wastewater systems in
Missouri is 30 to 50 percent (EPA, 2002). If these higher numbers are more accurate there
would be between 2 and 3 failing systems. Based on these estimates it is unlikely that failing
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onsite wastewater treatment systems are a contributor to water quality problems in Big Bottom
Creek.

4.2.4 Riparian Habitat Conditions

Riparian'® (streamside) habitat conditions can have a strong influence on in-stream DO.
Wooded riparian buffers are a vital functional component of stream ecosystems and are
instrumental in the detention, removal and assimilation of nutrients from or by the water column.
Therefore, a stream with good riparian habitat is better able to moderate the impacts of high
nutrient loads than a stream with poor habitat. Wooded riparian buffers can also provide shading
that reduces stream temperatures and increases the DO saturation capacity of the stream.

Riparian buffers can also be sources of natural background material that contributes
nutrients to the creek. For example, leaf fall from vegetation near the water’s edge, aquatic
plants and drainage from organically rich areas like swamps and wetlands are all natural sources
of organic material that consume oxygen.

As indicated in Table 9, approximately 32 percent of the land in the lower Big Bottom
Creek 30-meter riparian corridor is classified as forest (MoRAP, 2005). Grassland, including
pasture areas, covers approximately 34 percent of the riparian corridor and cropland covers 24.3
percent. Compared to wooded areas, grasslands and cropland have the potential to provide much
less shading and higher nutrient loads due to livestock activity and fertilization. Much of the
riparian corridor is comprised of cropland and grassland. Since these land use types are
associated with high nutrient loads their presence near Big Bottom Creek indicates that transport
of pollutants from these areas is more likely to occur than similar land uses further from the
creek.

Table 9. Percentage Land use / Land cover within 30-meter riparian
buffer of lower Big Bottom Watershed (MoRAP, 2005)

Land Use/Land Cover Percent Area
Barren or Sparsely Vegetated 0.4
Cropland 24.3
Deciduous Forest 32.4
Herbaceous 11.1
Grassland 23.5
Impervious 1.7
Low Intensity Urban 1.6
Open Water 2.1
Wetland 2.9
Total 100

12 A riparian corridor (or zone or area) is the linear strip of land running adjacent to a stream bank.
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S  APPLICABLE WQS AND NUMERIC WATER QUALITY TARGETS

Section 303(d) of the CWA and Chapter 40 of the CFR Part 130 require states to develop
TMDLs for waters not meeting WQS. The TMDL process quantitatively assesses the
impairment factors so that states can establish water-quality based controls to reduce pollutants
of concern from both point and nonpoint sources and to restore and protect the quality of their
water resources.

Under the CWA, every state must adopt WQS to protect, maintain and improve the
quality of the nation’s surface waters (US Code Title 33, Chapter 26, Subchapter III [US Code,
2009]). These standards represent a level of water quality that will support the CWA’s goal of
“fishable/swimmable” waters. Missouri’s Surface WQS (10 Code of State Regulation [CSR,
2009] 20-7.031) consist of three components: designated uses, criteria (general and numeric)
and an antidegradation policy.

Beneficial or designated uses for Missouri streams are found in the WQS at 10 CSR 20-
7.031(1)(C), (1)(F) and Table H (CSR, 2009). Criteria for designated uses are found at 10 CSR
20-7.031, Tables A and B (CSR, 2009)). Missouri’s antidegradation policy is outlined at
10 CSR 20-7.031(2) (CSR, 2009).

5.1 Designated Beneficial Uses
The designated beneficial uses of Big Bottom Creek (Water body ID [WBID] 1746) are:

e Livestock and Wildlife Watering

e Protection of Warm Water Aquatic Life

e Protection of Human Health (Fish Consumption)

e Whole Body Contact Recreation — Category B (CSR, 2009)

The use that is impaired is Protection of Warm Water Aquatic Life. The designated beneficial
uses and stream classifications for Missouri may be found in the WQS at 10 CSR 20-
7.031(1)(C), (1)(F) and Table H available from the Missouri Secretary of State (CSR, 2009).

5.2 Criteria

Missouri’s water quality criteria that relate to DO, ammonia and organic sediment are
presented in the following sections. The sections also provide brief descriptions of why DO,
organic sediment and ammonia are important to water quality, how they are measured and how
they are related to other water quality parameters.
5.2.1 Dissolved Oxygen

The amount of DO in water is one of the most commonly used indicators of river and

stream health. Under extended hypoxic (low DO) or anoxic (no DO) conditions, many higher
forms of life are driven off or die. Fish, mussels, macroinvertebrates and all other aquatic life
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utilize DO to create energy and metabolize food. The WQS for all Missouri streams except cold
water fisheries require a daily minimum of 5 mg/L DO (10 CSR 20-7.031 Table A [CSR, 2009]).

DO in streams is affected by several factors including water temperature, the amount of
decaying matter (i.e. organic sediment) in the stream, turbulence at the air-water interface and
the amount of photosynthesis occurring in plants within the stream. Excessive nitrogen and
phosphorus loading to water bodies can also contribute to DO problems because they can
accelerate algal growth.

Algal growth in streams is most frequently assessed based on the amount of chlorophyll-a
in the water. Algal growth is affected by numerous biotic and abiotic factors including light
availability, flow and water velocity, nutrients (particularly nitrogen and phosphorus), grazing
and other influences. Algae contribute DO during photosynthesis and consume DO during
respiration. This typically results in a net gain of DO during the day and net loss of DO during
the night. The breakdown of dead, decaying algae also removes oxygen from water. The most
common approach to reducing excessive algal growth involves controls on activities that
contribute phosphorus to the water body.

5.2.2 Organic Sediment

As previously mentioned, organic sediments can contribute to fluctuating DO
concentrations. Decaying matter can come from wastewater effluent, as well as agricultural and
urban runoff and is typically measured in stream as BOD. Decaying matter can also accumulate
on the bottom of a stream and cause SOD. SOD is a combination of all of the oxygen-
consuming processes that occur at or just below the sediment/water interface. SOD is partly due
to biological processes and partly due to chemical processes. Most of the SOD at the surface of
the sediment is due to the biological decomposition of organic material and the bacterially
facilitated nitrification of NH3, while SOD found several centimeters into the sediment is often
dominated by the chemical oxidation of species such as iron, manganese and sulfide (Wang,
1980; Walker and Snodgrass, 1986).

High levels of organic sediment can contribute to sludge production along stream beds
which smother aquatic invertebrates and fish eggs and cause offensive odors and unsightliness.
Missouri’s WQS do not include specific numeric criteria for organic sediment, but given the
natural effects of excessive organic sediment on aquatic life, Missouri’s narrative criteria are
applicable [10 CSR 20-7.031(3)(A), (C), (D) and (G)] (CSR, 2009). Included in the narrative
criteria are the following requirements:

e Waters shall be free from substances in sufficient amounts to cause the formation of
putrescent, unsightly or harmful bottom deposits or prevent full maintenance of beneficial
uses.

e Waters shall be free from substances in sufficient amounts to cause unsightly color or
turbidity, offensive odor or prevent full maintenance of beneficial uses.

e Waters shall be free from substances or conditions in sufficient amounts to result in
toxicity to human, animal or aquatic life.
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e Waters shall be free from physical, chemical or hydrologic changes that would impair the
natural biological community.

There are many quantitative indicators of sediment, such as TSS, turbidity and bedload
sediment, which are appropriate to describe sediment in rivers and streams (EPA, 2006). A
concentration of TSS was selected to represent the numeric target for this TMDL because it
enables the use of the highest quality available data and is included in monitoring data. A
detailed discussion of the method used to develop the TSS target is provided in Appendix D.

5.2.3 Ammonia

Ammonia is an important consideration in Big Bottom Creek because of its influence on
DO concentrations and toxicity to aquatic life. Nitrogenous biochemical oxygen demand
(NBOD) is the result of ammonia oxidation, which is a conversion of ammonia to nitrate in the
aqueous environment. The consumption of nitrogen usually occurs more slowly than that of
carbon. Nitrifying bacteria grow more slowly than the heterotrophic bacteria, which is one of the
reasons why NBOD occurs at a slower rate than CBOD. The Missouri WQS contain acute and
chronic numeric criteria for ammonia that are pH and temperature dependent. The numeric
ammonia criteria are in 10 CSR 20-7 Table B1, B2 and B3 (CSR, 2009). These tables are also
included in Appendix C.

5.2.4 Total Nitrogen and Total Phosphorus

An overabundance of nutrients, in particular nitrogen and phosphorus, is a serious threat
to aquatic ecosystems. Excess nutrients support rapid algal growth, also referred to as algal
blooms, which will cause significant changes to the water body. This phenomenon is called
eutrophication. Eutrophication is the natural aging of lakes or streams caused by nutrient
enrichment. Cultural eutrophication is the accelerated aging of the natural condition caused by
human activities. Nutrient related water quality issues include the following:

e Proliferation of nuisance algae and the resulting unsightly and harmful bottom deposits;

e Turbidity due to suspended algae and the resulting green color;

¢ Organic enrichment when algal blooms die off, which perpetuates the cycle of excessive
plant growth;

e Low DO caused by extreme swings in oxygen production by over abundant plant life and
oxygen depletion resulting from decomposition of algae and other plants, which can have
a negative impact on aquatic organisms.

Missouri does not have a numeric criterion for total nitrogen (TN) or total phosphorus
(TP) in freshwater streams; therefore, targets and LCs are based on EPA-recommended
Ecoregion 39 criteria and water quality observations at locations throughout the ecoregion (EPA,
2000). Reference conditions for TN and TP in level III Ecoregion 39 streams are as follows: TN
= 0.289 milligrams per liter (mg/L) and TP = 0.007 mg/L. For this TMDL, recommended TN
and TP ecoregion criteria are used directly in developing LCs for TN and TP. A detailed
discussion of the method used to develop the TN and TP targets is provided in Appendix E of
this report.
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5.3 Antidegradation Policy

Missouri’s WQS include EPA’s “three-tiered” approach to antidegradation, which may
be found at 10 CSR 20-7.031(2) (CSR, 2009).

Tier 1 — Protects existing in-stream uses and a level of water quality necessary to
maintain and protect those uses. Tier 1 provides the absolute floor of water quality for all
waters of the United States. Existing in-stream water uses are those uses that were
attained on or after November 28, 1975, the date of EPA’s first WQS Regulation.

Tier 2 — Protects and maintains the existing level of water quality where it is better than
applicable water quality criteria. Before water quality in Tier 2 waters can be lowered,
there must be an anti-degradation review consisting of: 1) a finding that it is necessary to
accommodate important economic and social development in the area where the waters
are located; 2) full satisfaction of all intergovernmental coordination and public
participation provisions; and 3) assurance that the highest statutory and regulatory
requirements for point sources and best management practices for nonpoint sources are
achieved. Furthermore, water quality may not be lowered to less than the level necessary
to fully protect the “fishable/swimmable” uses and other existing or beneficial uses.

Tier 3 — Protects the quality of outstanding national and state resource waters, such as
waters of national and state parks, wildlife refuges and exceptional recreational or
ecological significance. There may be no new or increased discharges to these waters
and no new or increased discharges to tributaries of these waters that would result in
lower water quality.

6 MODELING APPROACH

DO in streams is determined by the factors of photosynthetic productivity, respiration
(autotrophic and heterotrophic), reaeration and temperature. These factors are influenced by
natural and anthropogenic conditions within a watershed. Generally, reaeration is based on the
physical properties of the stream and on the capacity of water to hold DO. This capacity is
mainly determined by water temperature with colder water having a higher saturation
concentration for DO. In a review of variables and their importance in DO modeling, Nijboer
and Verdonschot (2004) categorized the impact of a number of variables on oxygen depletion.
For this TMDL, the effects of temperature and the physical aspects of the stream itself were
discounted. Even though the hydrological regime of historic alluvial streams was modified by
changes in land cover and channelization, manipulation of these parameters does not address a
pollutant and so is not the goal of a TMDL. Pollutants which result in oxygen concentrations
below saturation are:

e fine particle size of bottom sediment

e high nutrient levels (nitrogen and phosphorus)
e turbidity
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Because the influence of these three pollutants on DO varies to a large extent based on
anthropogenic factors, they are appropriate targets for a TMDL written to address an impairment
of low DO.

An essential component of developing a TMDL is establishing a relationship between the
source loadings and the resulting water quality. For this TMDL, two modeling approaches are
used. The LDC method is used to develop TMDLs for TSS, TN and TP under all flow
conditions and the QUAL2K model is used to assess DO under low flow conditions. The
relationship between the source loadings of CBOD, nutrients (NH3z, TN and TP) and algal
dynamics on DO is generated by the water quality model QUAL2K (Chapra et al., 2008) under
steady low flow conditions.

Since fine particle sized sediment and turbidity are derived from similar loading
conditions of terrestrial and stream bank erosion, this TMDL establishes an allocation for TSS
(see Appendix C for discussion of development of TSS targets). This target was derived based
on a reference approach by targeting the 25th percentile of TSS measurements (U.S. Geological
Survey [USGS], non-filterable residue) in the geographic region in which Big Bottom Creek is
located. To address nutrient levels, the EPA nutrient ecoregion reference concentrations were
used. For the ecoregion where Big Bottom Creek is located, the reference concentration for TN
is 0.289 mg/L and the reference concentration for TP is 0.007 mg/L. This TMDL will not
specifically target chlorophyll as a WLA, but will use a linkage between nutrient concentrations
and chlorophyll response to achieve the ecoregion reference concentrations.

6.1 Load Duration Curves

The sediment target for this TMDL was derived using a reference approach. In this
approach, the target for pollutant loading is the 25th percentile of the current EDU condition
calculated from all TSS data available (USGS, non-filterable residue) within the EDU in which
the water body is located (see Appendix C for a list of sites and data). Therefore, the 25th
percentile (10mg/L) is targeted as the TMDL LDC (See Appendices D and F).

To develop LDCs for TN and TP, a method similar to that used for TSS was employed.
First, TN and TP measurements were collected from USGS sites in the vicinity of the impaired
stream. These data were adjusted such that the median of the measured data was equal to the
ecoregion reference concentration. This was accomplished by subtracting the difference of the
data median and the reference concentration. Where this would result in a negative
concentration, the data point in question was replaced with the minimum concentration seen in
the measured data. This resulted in a modeled data set which retained much of the original
variability seen in the measured data. This modeled data was then regressed as instantaneous
load versus flow. The resultant regression equation was used to develop the LDC. Allowable
pollutant loads were calculated for all flow conditions by multiplying flow by either the EPA-
recommended ecoregion reference concentration or the concentration established using the
regional streams, whichever concentration is higher.

To develop the TMDL expression of maximum daily loads, the background discharge at
the stream outlet was modified from the traditional approach using synthetic flow estimation.
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Since the design flow from permitted facilities would overwhelm the background natural low
flow, the sum of permitted volumes was added to the derived stream discharge at all percentiles
of flow to take into account the increases in flow volume as well as pollutant load. The TMDL
curves in the LDCs flatten at low flow because at these lower flows the TMDL target is
dominated by the point source flow.

6.2 QUAL2K

QUAL2K and its predecessor models have been used extensively for permitting of
wastewater treatment discharges and TMDL development across the country. QUAL2K is
supported by EPA and is well accepted within the scientific community because of its proven
ability to simulate the processes important to DO conditions within streams. QUAL2K is
suitable for simulating the hydraulics and water quality conditions of a small river. It is a one-
dimensional model with the assumption of a completely mixed system for each computational
cell. QUAL2K assumes that the major pollutant transport mechanisms, advection and
dispersion, are significant only along the longitudinal direction of flow. The model allows for
multiple waste discharges, water withdrawals, tributary flows and incremental inflows and
outflows. The processes employed in QUAL2K address nutrient cycles, algal growth and DO
dynamics. QUAL2K links plant respiration and photosynthesis as well as other oxygen
demanding substances such as CBOD, the nitrification process (which uses oxygen to reduce
organic nitrogen to NH3 and then to NO3;+NO,) and sediment demands of organic substances to
instream oxygen levels.

Flow and water quality data collected on July 7 - 8, August 12 - 13 were used to calibrate
and validate the QUAL2K model. Once the QUAL2K model was set up and calibrated for Big
Bottom Creek, a series of scenarios were run to evaluate the pollutant load reductions needed to
achieve the minimum DO criterion. These results are summarized in Section 7 and a detailed
discussion of the QUAL2K model is included in Appendix B.

7 CALCULATION OF LOADING CAPACITY

LC is defined as the greatest amount of pollutant that a water body can assimilate without
violating WQS. This load is then divided among the point source (WLA) and nonpoint source
(LA) contributions to the stream, with an allowance for an explicit MOS. The MOS accounts for
uncertainty in the relationship between pollutant loads and the quality of the receiving water
body. If the MOS is implicit, no numeric allowance is necessary. Conceptually, this definition
is represented by the equation:

LC=YWLA +YLA +MOS Equation 1
Where:
LC= Loading Capacity
WLA = Wasteload Allocations (point source)
LA = Load Allocations (non point source)
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MOS = Margin of Safety (may be implicit and factored into a conservative WLA or
LA, or explicit)

The objective of the TMDL is to estimate allowable pollutant loads and to allocate these
loads to known pollutant sources within the watershed so appropriate control measures can be
implemented and the WQS achieved. The WLA and LA are calculated by multiplying the
appropriate flow in cubic feet per second (cfs) by the appropriate pollutant concentration in
milligrams per liter (mg/L). A conversion factor of 5.395 is used to convert to pounds per day
(Ibs/day).

Critical conditions are considered when the LC is calculated. DO levels that threaten the
integrity of aquatic communities generally occur during low flow periods, so these periods are
considered the critical condition. Mixing zones and zones of initial dilution are not allowed in
regulation for Class C streams [10 CSR 20-7.031(4)(A)4.B.(I)]. Therefore, in order to ensure
attainment of applicable WQS, all water quality criteria must be met end of pipe for permitted
facilities.

The QUAL2K model was set up and calibrated to the 2009 July and August sampling
dates to further investigate the DO issues. The August 12, 2009, model was used to identify the
LC since it represented a more critical condition (i.e., reduced DO and lower flows). The
following steps were taken during the modeling process:

e Step 1: Application of the Model to Existing Conditions
0 This application forms the current condition that is used to evaluate the magnitude
of load reductions that are needed to meet WQS. Nonpoint source loads are set
equal to the calibrated conditions.

e Step 2: Application of the Model to Existing Conditions with Point Sources at Permit
Limits
0 This application forms the baseline condition that will be reduced to meet the
allowable load. The Lake Forest Estates WWTP was set at its permit limits using
the permitted flow and mean daily concentration allowed for in the permit. For
pollutants not included in the permit, the observed effluent data were used.

e Step 3: Develop and Test Allocation Scenarios

0 Working from the baseline condition and considering the primary pollutant
sources, sample allocation scenarios were developed and applied. For example, if
existing BOD or ammonia effluent limits for the Lake Forest Estates WWTP in
Step 2 are not protective of the instream DO WQS, the QUAL2K model is
iteratively run at reduced BOD and ammonia concentrations until compliance
with the WQS is met. The difference between the baseline condition and BOD
and ammonia WLA required to achieve the standard is the percent reduction
needed at the facility.
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The TMDL, summarized in Table 10, is based on 7Q10 flows'' of 0.01 cfs (0.00028
cubic meters per second) and the environmental conditions (air temperature, dew point
temperature and cloud cover) that were present on the August 12, 2009 model. For the purposes
of QUAL2K modeling, MDNR assigns a 7Q10 flow of 0.01 cfs for Class C waters. The results
of the modeling analysis indicate that the effluent needs to be aerated to above 8.0 mg/L DO in
addition to the specified load reductions. Lower DO concentrations will require greater
reductions in BOD, CBOD and/or ammonia. Based on the QUAL2K modeling the load
reductions from baseline conditions required to meet 5 mg/L of DO are:

e 78 percent reduction in BOD,
e 72 percent reduction in SOD,
e 84 percent reduction in ammonia.

The SOD assumed for the impaired reach in the TMDL scenarios is a low value for
enriched sediments and is a reasonable value downstream of a WWTP. The effluent
characteristics of the Lake Forest Estates WWTP that results in a minimum DO of 5 mg/L are
provided in Table 10. These values represent the daily load that will result in a DO of 5 mg/L
during low flow critical conditions. During this period flow in the stream is almost entirely from
the WWTP.

The treatment technology required to meet the BOD limits corresponding to the WLAs
shown below should result in corresponding reductions of organic sediment that will eliminate
the organic sediment impairment and reduce the SOD in Big Bottom Creek.

To meet the targeted nutrient and TSS critical condition targets outlined in this TMDL,
the sum of the WLA was calculated by using nutrient ecoregion reference concentrations and
25th percentile EDU TSS concentrations and the sum of the design flows of permitted facilities
in the watershed. The nonpoint sources or LA TMDL targets for TSS, TP and TN were
calculated using nutrient ecoregion reference concentrations and 25th percentile EDU TSS
concentrations and the sum of the headwater and tributary flows. For tributary loading (Indian
Creek), the ecoregion target for nitrogen (289 micrograms nitrogen per liter [ugN/L]) was
assigned as 289 pugN/L in the organic nitrogen fraction because there are no wastewater
treatment facilities on the tributary and nitrogen from nonpoint sources is expected to be largely
represented by the organic nitrogen fraction. For point source loading, the ecoregion target for
nitrogen was assigned as 289 pugN/L ammonia, based on the assumption that ammonia is the
primary parameter of concern, with respect to nitrogen, in treated WWTP effluent. For both
point and nonpoint sources, the ecoregion criteria target for TP (7 ug/L) was split 80:20 between
organic and inorganic phosphorus fractions, respectively, such that the organic phosphorus target
was set equal to 5.6 micrograms per liter [pg/L] and the inorganic phosphorus target was set
equal to 1.4 pg/L. TP and TN nonpoint source baseline flow conditions were obtained using
existing loads sampled on August 12, 2009. The LDCs for the targeted pollutants are depicted in
Figure 8, Figure 9 and Figure 10, where the TMDL line represents the total LC of all point and

" For the purposes of QUAL2K modeling, MDNR assigns a 7Q10 flow of 0.01 cfs for Class C waters
(personal communication with John Hoke, MDNR TMDL Unit Chief, October 15, 2009).
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nonpoint sources of pollutants. The pollutant allocations under a range of flow conditions are
presented in Table 11, Table 12 and Table 13.

Table 10. TMDL Summary for Big Bottom Creek at 7Q10 Low Flow Critical Conditions

Baseline Conditions (based on

monthly average limits and TMDL
design flow) WLA LA
Pollutant Point | N int Percent Percent
Point | Nonpoint omn onporn Reduction | Reduction
Sources | Sources Total Sources | Sources Total
(WLA) (LA)
Flow o o
(MGD) 0.118 0.001 0.119 0.118 0.001 0.119 0% 0%
BODs 0 0
(Ibs/day) 29.6 0.23 29.9 6.4 0.26 6.7 78% 0%
CBOD No Not Not 0
(Ibs/day) limit 0.12 applicable 10.9 0.34 1.2 applicable 0%
NBOD, No Not Not o
(Ibs/day) limit 0.33 applicable 1.3 0.15 1.49 applicable >3%
NH3 0 0
(Ibs/day) 1.9 0.05 1.927 0.3 0.00 0.29 84% 100%
TS5 29.6 1.3 30.9 9.9 1.1 11.0 67% 16%
TN No Not Not o
(Ibs/day) limit 0.57 applicable 0.285 0.031 0.317 applicable 4%
TP No Not Not o
(Ibs/day) limit 0.004 applicable 0.007 0.001 0.008 applicable 81%

Note: The WLA and LA specified in Table 10 results in a minimum DO of 5.0 mg/L when the effluent is
aerated to at least 8.0 mg/L DO. Baseline conditions for point sources are based on permitted flow and
concentration at the Lake Forest Estates Subdivision WWTP. Baseline conditions for nonpoint sources
are based on inputs used in the August 12, 2009, QUAL2K model. Monthly average permit limits were
used for baseline point source conditions. The Lake Forest Estates Subdivision WWTP has numeric
limits for BODs, which are 60 mg/L weekly average and 30 mg/L monthly average and ammonia which
are 3.7 mg/L daily maximum and 1.9 mg/L monthly average from May through October. Numeric limits
for TSS are 60 mg/L weekly average and 30 mg/L monthly average. Point and nonpoint TMDL values
for flow, BODs, CBOD,;;, NBOD,;; and NH3, are based on the August 12, 2009, QUAL2K TMDL model
in which background and point source nutrient concentrations are set to ecoregion criteria (TN = 0.289
mg/L and TP = 0.007 mg/L), flows are adjusted to 7Q10 conditions and aeration (to 8.0 mg/L. DO) is used
at the Lake Forest Estates Subdivision WWTP. In developing the TMDL scenarios, the ecoregion target
for nitrogen (289 ugN/L) was fully assigned to the organic nitrogen fraction for tributary loading because
there are no wastewater treatment facilities on the tributary and nitrogen from nonpoint sources is
expected to be largely represented by the organic nitrogen fraction. For point source loading, the
ecoregion target for nitrogen was assigned as 289 ugN/L ammonia, based on the assumption that
ammonia is the primary parameter of concern, with respect to nitrogen, in treated WWTP effluent.
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Figure 8. TSS LDC for Big Bottom Creek

Table 11. TSS TMDL under a range of flow conditions in Big Bottom Creek

Percent Flow Estimated TMDL MOS' LA Lake Forest
Exceedance Flow (cfs) (Ibs/day) (Ibs/day) (Ibs/day) WWTP (Ibs/day)

95% 0.46 25 -- 15 10

90% 0.54 29 -- 19 10

70% 0.86 47 -- 37 10

50% 1.58 85 -- 75 10

30% 3.05 164 -- 154 10

10% 7.97 623 -- 613 10

5% 12.98 1,370 -- 1,360 10

" The TSS MOS is implicit.
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Figure 9. TN LDC for Big Bottom Creek

Table 12. TN TMDL under a range of flow conditions in Big Bottom Creek

Percent Flow Estimated TMDL MOS' Lake Forest
Exceedance Flow (cfs) (Ibs/day) (Ibs/day) | LA (Ibs/day) | WWTP (Ibs/day)

95% 0.46 0.72 -- 0.43 0.29

90% 0.54 0.85 -- 0.56 0.29

70% 0.86 1.35 -- 1.06 0.29

50% 1.58 2.47 -- 2.18 0.29

30% 3.05 4.75 -- 4.46 0.29

10% 7.97 12.42 -- 12.13 0.29

5% 12.98 20.24 -- 19.95 0.29

" The TN MOS is implicit.
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Figure 10. TP LDC for Big Bottom Creek

Table 13. TP TMDL under a range of flow conditions in Big Bottom Creek

Percent Flow Estimated TMDL MOS' LA Lake Forest
Exceedance Flow (cfs) (Ibs/day) (Ibs/day) (Ibs/day) WWTP (Ibs/day)
95% 0.46 0.02 -- 0.01 0.01
90% 0.54 0.02 -- 0.01 0.01
70% 0.86 0.03 -- 0.02 0.01
50% 1.58 0.06 -- 0.05 0.01
30% 3.05 0.12 -- 0.11 0.01
10% 7.97 0.30 -- 0.29 0.01
5% 12.98 0.49 -- 0.48 0.01

" The TP MOS is implicit.

8 WASTELOAD ALLOCATION (POINT SOURCE LOADS)

The WLA is the portion of the LC that is allocated to existing or future point sources of
pollutants. New WLAs for the Lake Forest Estates Subdivision WWTP were calculated through
the modeling process and are shown in Table 14. The WLAs for CBOD and ammonia should
ensure attainment of the DO water quality criterion in Big Bottom Creek if SOD is reduced by
72 percent and DO is increased to 8.0 mg/L. The treatment technology required to meet the
CBOD limits corresponding to the WLAs should result in corresponding reductions of organic
sediments that will reduce the SOD in Big Bottom Creek. To meet the WLAs, a reduction below
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existing permit limits is required. The existing and reduced permit limits are summarized in
Table 14.

Table 14. WLASs for Lake Forest Estates Subdivision WWTP (M00035742) in the
Big Bottom Creek Watershed

Existine Permit Limit WLA at Design Flow based
Design g(m ) on QUAL2K and LDC
Effluent Flow g modeling (mg/L) Percel.lt
Parameter Reduction
(MGD) Concentration Load Concentration Load
(mg/L) (Ibs/day) (mg/L) (Ibs/day)
CBODs 0.1183 No limit No limit 5.04 4.99 Not applicable
NBODs 0.1183 No limit No limit 1.46 1.45 Not applicable
TN 0.1183 No limit No limit 0.289 0.29 Not applicable
TP 0.1183 No limit No limit 0.007 0.01 Not applicable
Daily Maximum =
3.7%-75" 3.7-74
NH; 0.1183 Monthly Average - 0.3 0.9 50
1.9"-3.7" 19-3.7
Weekly Average = 60 =59.2
TSS 0.1183 |\ by Average =30 | —29.6 10.0 9.9 67

Notes: CBOD:s is calculated using simulated BODs divided by 1.29, based on 1998 EPA modeling
guidance for NH3 toxicity and DO modeling. NBOD:; is the difference between BODs and
CBODs. TN target loading for point sources was based on 289 ugN/L, Ecoregion 39 TN value.
TP target loading for point sources was based on 7 pgP/L, Ecoregion 39 TP value.

Existing permit limit loads (Ibs/day) are based on existing design flow and monthly average
limits.

9 LOAD ALLOCATION (NONPOINT SOURCE LOADS)

The LA includes all existing and future nonpoint sources and natural background
contributions (40 CFR § 130.2(g)). The LA for the Big Bottom Creek TMDL is for all nonpoint
sources of CBOD, NBOD, TSS, TP and TN, which could include loads from agricultural lands,
runoff from urban areas, livestock and failing onsite wastewater treatment systems. The LAs
provided in Table 11, Table 12 and Table 13 are expected to be protective of water quality in Big
Bottom Creek during critical low flow periods. During periods of higher flow, such as when
Lake Anne overflows, low DO has not been identified as a water quality problem.

12 Represents limits from May 1 — October 31
13 Represents limits from November 1 — April 30
' Represents limits from May 1 — October 31
' Represents limits from November 1 — April 30
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10 MARGIN OF SAFETY

A MOS, is required in the TMDL calculation to account for uncertainties in scientific and
technical understanding of water quality in natural systems. The MOS is intended to account for
such uncertainties in a conservative manner. Based on EPA guidance, the MOS can be achieved
through one of two approaches:

1) Explicit - Reserve a numeric portion of the LC as a separate term in the TMDL.
2) Implicit - Incorporate the MOS as part of the critical conditions for the WLA and LA
calculations by making conservative assumptions in the analysis.

An implicit MOS was incorporated into the BOD, CBOD and ammonia TMDLs by
identifying a LC that achieves a minimum DO concentration of 5 mg/L at the 7Q10 low flow by
using conservative modeling assumptions within QUAL2K. The conservative modeling
assumptions included focusing calibration on the measured low DO concentrations, critical low

flow conditions and DO concentrations under critical low flow conditions in deriving applicable
CBOD, NBOD, NH3 and TSS targets.

For TSS, TN and TP, an implicit MOS was incorporated into the TMDL based on
conservative assumptions used in the development of the T