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EXECUTIVE SUMMARY

The South Fork Wildcat Creek watershed is located in the upper Wabash River watershed in central
Indiana. The watershed drains an area of approximately 370 square miles that consists primarily of row
crops and pasture/hay. The city of Frankfort (population approximately 16,000) lies in the middle of the
watershed along Prairie Creek. Thirty stream segments in the South Fork Wildcat Creek watershed were
included on Indiana’s 2006 Section 303(d) list as being impaired for Escherichia coli (E. coli), biotic
communities, and/or dissolved oxygen. Total Maximum Daily Loads (TMDLS) were developed to
address these impairments as required by the Clean Water Act. A TMDL is defined as “the sum of the
individual wasteload allocations for point sources and load allocations for nonpoint sources and natural
background” such that the capacity of the waterbody to assimilate pollutant loadings without violating
water quality standards is not exceeded.

To address the impaired biotic community listings, total suspended solids (TSS), nitrate + nitrite, and total
phosphorus were identified as the pollutants for TMDL development. The determination that these three
pollutants are the primary causes of the impaired biotic communities is based on the fact that TSS, nitrate
+ nitrite, and total phosphorus concentrations are elevated in the watershed and exceed the identified
TMDL target values; TSS, nitrate + nitrite and total phosphorus impairments are pervasive throughout the
Midwest; and there are numerous studies documenting the detrimental impact of these pollutants on
aquatic community health (e.g., Baker, 1985; Johnson et al., 1997; Miltner and Rankin, 1998; OEPA,
1999). The one dissolved oxygen listing in the watershed is addressed through the development of
TMDLs for nitrate + nitrite and total phosphorus. This is due to the interrelationship between high
nutrient loads, excessive algal growth, and the subsequent impact of excessive algae on dissolved oxygen.

Developing TMDLs to address the E. coli impairments was relatively straightforward in that E. coli is
used as an indicator of the possible presence of pathogenic organisms and numeric water quality
standards have already been established. The target value used for the TMDLs was based on the 125
counts/100 mL geometric mean component of the standard rather than the 235 counts/100 mL not-to-
exceed component of the standard. This approach ensures that both components of the standard will be
met and also results in an added margin of safety.

No numeric water quality standards have been established for total phosphorus, nitrate + nitrite, or total
suspended solids. Instead, the following target values were used to develop the TMDLSs:

= Total phosphorus should not exceed 0.30 mg/L
= Nitrate + Nitrite should not exceed 10 mg/L
= TSS should not exceed 30 mg/L

Load duration analyses were used to estimate existing and allowable loads of these pollutants in the
watershed and the results indicate that relatively minor load reductions are needed in some locations
whereas very significant load reductions are needed in other locations. Existing loads most frequently
exceed allowable loads during high flow periods, but also were observed to exceed allowable loads during
average and low flow periods.

Several different methodologies were used to estimate the magnitude of TSS, nitrate + nitrite, total
phosphorus, and E. coli sources in the South Fork Wildcat Creek to provide information for more
effective watershed management. (This was a separate analysis from the load duration calculations). The
results suggest that rural runoff is the most significant source of TSS, nitrate + nitrite, and total
phosphorus, primarily because agriculture comprises the majority of the land use in the watershed (80%).
Streambank erosion is also considered a potentially significant source of TSS loads. Wastewater
Treatment Plants are not significant contributors of annual nitrate + nitrite or total phosphorus loads, but
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can be significant sources during critical low flow periods. The most likely sources of E. coli in this
watershed are runoff from both rural and urban areas, livestock operations in close proximity to streams,
failing onsite wastewater treatment systems, and wildlife.

Nonpoint source pollution, which is the primary cause of impairments in this watershed, will need to be
addressed by the implementation of a variety of Best Management Practices (BMPs). BMPs are

practices used in agriculture, forestry, urban areas, and industry to reduce the potential for damage to
natural resources from human activities. Clinton and Tippecanoe Counties are both working on watershed
management plans that will have detailed BMP efforts outlined for areas in the South Fork Wildcat Creek
Watershed and the results from this TMDL report should be incorporated into those plans. The following
three Section 319 implementation and watershed management plan projects are currently ongoing within
the watershed:

» Lauramie Creek Watershed Management Plan Implementation
= Spring Creek-Lick Run Watershed BMP Implementation
= South Fork Wildcat Creek-Kilmore Creek Watershed Management Plan

These implementation and watershed plans are discussed further in Section 9.0.

vi
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1.0 INTRODUCTION

The South Fork Wildcat Creek watershed is located in the upper Wabash River watershed in central
Indiana (Figure 1). The watershed drains an area of approximately 370 square miles that consists
primarily of row crops and pasture/hay. The city of Frankfort (population approximately 16,000) lies in
the middle of the watershed along Prairie Creek. There are also several small (population less than 1,000)
towns located in the watershed. Thirty stream segments in the South Fork Wildcat Creek watershed were
included on Indiana’s 2006 Section 303(d) list as being impaired for Escherichia coli (E. coli), biotic
communities, or dissolved oxygen (Table 1). Priority pollutants believed to be responsible for the
impaired biotic community listings were identified as part of this study and are also listed in Table 1.

The Clean Water Act and U.S. Environmental Protection Agency (USEPA) regulations require that states
develop Total Maximum Daily Loads (TMDLs) for waters on the Section 303(d) lists. A TMDL is
defined as “the sum of the individual wasteload allocations for point sources and load allocations for
nonpoint sources and natural background” such that the capacity of the waterbody to assimilate pollutant
loadings without violating water quality standards is not exceeded. A TMDL is also required to be
developed with seasonal variations and must include a margin of safety that addresses the uncertainty in
the analysis. The South Fork Wildcat Creek watershed was prioritized for TMDL development to take
advantage of ongoing watershed management efforts by a number of entities in the area and to coincide
with TMDLSs also being developed in neighboring watersheds.

IDEM is in the final stages of developing E. coli, nitrate + nitrite, total phosphorus, and TSS TMDLSs for
the South Fork Wildcat Creek watershed. The overall goals and objectives of the project are to:

= Further assess the water quality of the South Fork Wildcat Creek watershed and identify key
issues associated with the impairments and potential pollutant sources.

= Use the best available science to determine the maximum load of E. coli, nitrate + nitrite, total
phosphorus, and TSS that the streams can receive and still fully support all of their designated
uses.

= Use the best available science to determine current loads and sources of E. coli, nitrate + nitrite,
total phosphorus, and TSS.

= |f current loads exceed the maximum allowable load, determine the load reduction that is needed.

= Identify feasible and cost-effective actions that can be taken to reduce loads.

= Inform and involve the public throughout the project to ensure that key concerns are addressed
and the best available information is used.

= Submit a final TMDL report to U.S. EPA for review and approval.

Section 2 of this document describes the South Fork Wildcat Creek watershed and discusses several
characteristics of the watershed that are significant to water quality conditions. Section 3 presents the
relevant water quality standards and Section 4 summarizes the available sampling data. Section 5
discusses all of the significant sources of E. coli, nitrate + nitrite, total phosphorus, and TSS, and Section
6 discusses the technical approach that was used to evaluate the impact of the loadings on instream
conditions. Section 7 allocates the loading capacity to the various source categories and addresses several
TMDL regulatory requirements, such as margin of safety and seasonality. Sections 8 and 9 discuss public
participation and implementation, respectively.
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Table 1. 2006 Section 303(d) List Information for the South Fork Wildcat Creek Watershed and
TMDL pollutants identified as a result of this study.
14-Digit
Hydrologic Unit \Waterbody Waterbody Segment Cause of Impairment TMDL Pollutant(s)
Segment ID Name
Code
INBO741_02 Talbert Ditch IBC Nitrate + Nitrite, TP, TSS
05120107040010 [INBO741_T1002 |Dunn Ditch-Cripe Ditch  |IBC Nitrate + Nitrite, TP, TSS
INBO741_T1004 [South Fork Wildcat Creek [IBC Nitrate + Nitrite, TP, TSS
INBO742_T1001 [Jenkins Ditch IBC Nitrate + Nitrite, TP, TSS
\Wildcat Creek, South . .
05120107040020 [INBO742_T1047 Fork-Unnamed Tributary IBC Nitrate + Nitrite, TP, TSS
INBO742_T104g |/nnamed Stream (Near |- Nitrate + Nitrite, TP, TSS
Avery, IN)
INBO743_00 Prairie Creek (Headwater)(IBC Nitrate + Nitrite, TP, TSS
05120107040030 ||[NBO743 02 | rairie Creek (Through |5~ Nitrate + Nitrite, TP, TSS
Frankfort, IN)
INBO743_T1002 [Mann Ditch IBC Nitrate + Nitrite, TP, TSS
05120107040040 |INB0744_T1019 [>0uth Fork Wildcat Creek |- -, E. coli
- Mainstem
05120107040050 |INBO745_00 E'r';“e?(re Creek - Shanty |5 Nitrate + Nitrite, TP, TSS
INBO746_00 Swamp Creek-Mott Ditch [IBC Nitrate + Nitrite, TP, TSS
05120107040060 [INBO746_T1001 Floyd Ditch-Paris Ditch IBC Nitrate + Nitrite, TP, TSS
INBO746_T1002 [2Wamp Creek-Unnamed |5 Nitrate + Nitrite, TP, TSS
— Tributary
INBO747_T1001 [Davis Ditch IBC Nitrate + Nitrite, TP, TSS
05120107040070
INBO747_T1002 |[Stump Ditch IBC Nitrate + Nitrite, TP, TSS
INBO749_00 Kilmore Creek E. coli E. coli
Boyles Ditch-Unnamed . E. coli, Nitrate + Nitrite,
05120107040090 [INBO749_T1001 Trizutary E. coliand IBC TP, TSS
. . E. coli, Nitrate + Nitrite,
INBO749_T1002 ([Boyles Ditch E. coliand IBC TP, TSS
INBO74A_T1020 S&‘glr:];grmk Wildcat Creek |- E. coli
0512010704000 Heavilon Ditch E. coli and Dissolved E. coli and Nitrate +
INBO74A_T1048 Headwater Oxygen Nitrite, TP
Lauramie Creek (Clinton . E. coli, Nitrate + Nitrite,
INBO74C_00 Co) E. coliand IBC TP, TSS
INBO74C_01 L auramie Creek E. coli E. coli
(Tippecanoe Co)
05120107040120 i Ni itri
INBO74C_T1001 [Mcclellen Fickle Ditch  |E. coli and IBC E. coli, Nitrate + Nitrite,
TP, TSS
INBO74C_T1002 [Hentz Ditch E. coli E. coli
INBO74C_T1003 [Anderson Ditch E. coli E. coli
INBO74D_T1022 [South Fork Wildcat Creek |E. coli E. coli
05120107040130 =
INBO74D_T1050 [Unnamed Tributary Basin [IBC Nitrate + Nitrite, TP, TSS
INBO74E_00  [>Quth Fork Wildcat Creek | E. coll
05120107040140 — - Cary Camp
INBO74E_T1023 [South Fork Wildcat Creek [E. coli E. coli

Notes: IBC = Impaired Biotic Communities; TP = Total Phosphorus; TSS = Total Suspended Solids; E. coli =

Escherichia coli
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Figure 1. Location of the South Fork Wildcat Creek Watershed.
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2.0 DESCRIPTION OF THE WATERSHED

The South Fork Wildcat Creek watershed is located in the upper Wabash River watershed in central
Indiana and flows 63 miles in a west to northwest direction from the vicinity of Kempton town in Tipton
County to its confluence with Wildcat Creek near Lafayette. The watershed associated with the listed
segments drains 250 square miles and lies within Tipton, Clinton, Howard, and Tippecanoe Counties
(Figure 1). Another 120 square miles drain Middle Fork Wildcat Creek, which is not addressed in this
report. The Middle Fork Wildcat Creek TMDL is in development and will be finalized in 2008. The
South Fork Wildcat Creek watershed is assigned to one 11-digit hydrologic unit code (HUC)
(05120107040) which is divided into the following fourteen 14-digit HUC sub-watersheds:

South Fork Wildcat Creek-Talbert Ditch (05120107040010)
South Fork Wildcat Creek-Michigantown (05120107040020)
Prairie Creek (Clinton) (05120107040030)

South Fork Wildcat Creek-Blinn Ditch (05120107040040)
Kilmore Creek-Shanty Creek (05120107040050)

Swamp Creek (05120107040060)

Kilmore Creek-Stump Ditch (05120107040070)

Kilmore Creek-SR 29 to Kilmore (05120107040080)
Kilmore Creek-Boyles Ditch (05120107040090)

South Fork Wildcat Creek-Spring Creek-Lick Run (05120107040100)
South Fork Wildcat Creek-Mulberry (05120107040110)
Lauramie Creek (05120107040120)

South Fork Wildcat Creek-Dayton (05120107040130)

South Fork Wildcat Creek-Cary Camp (05120107040140)

The sections below provide information on the population, land uses, topography, and climate associated
with the watershed. Obtaining an understanding of these topics is a critical first step in developing a
TMDL because they provide information on the potential sources of pollutants, as well as characteristics
of the watershed that might affect water quality.

2.1 Population

Population data for the watershed is estimated based on county and urban census data from 2000 and
2005. Because portions of Clinton, Howard, Tippecanoe, and Tipton Counties are located outside of the
watershed, population was estimated based on the percentage of the total county and urban area that is
within the watershed. Based on this analysis, the estimated population of the South Fork Wildcat Creek
watershed is approximately 31,000 (Table 2) with more than one-half of the population living in the city
of Frankfort (population 16,662 (U.S. Census Bureau, 2000). There was little change in the population of
the watershed between 2000 and 2005 (Table 3).
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Table 2.

Population Data for Counties in the South Fork Wildcat Creek Watershed.

County | 2000 poputanon | Pecentel T | Jorrban | uiken
Clinton 23,164 75.48 5,529 17,635
Howard 43 0.14 43 0
Tippecanoe 6,504 21.19 4,108 2,396
Tipton 979 3.19 599 380
Total 30,690 100.00 10,279 20,411

® Percentages are a proportion of the total watershed population.
Source: U.S. 2000 Census and geographic information system (GIS) analysis.
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Table 3. Population Data for Cities and Towns in the South Fork Wildcat Creek Watershed.

Cities and Towns County 2000 Population 2005 Population Percent Change

Frankfort Clinton 16,662 16,432 -1.38%
Michigantown Clinton 406 407 0.25%
Mulberry* Clinton 567 596 5.11%
Clarks Hill* Tippecanoe 663 640 -3.47%
Dayton® Tippecanoe 821 842 2.56%
Lafayette1 Tippecanoe 912 978 7.24%
Kempton Tipton 380 375 -1.32%
Total 20,411 20,270 -0.69%

Note that portions of Clarks Hill, Dayton, Lafayette, and Mulberry are outside the South Fork Wildcat Creek
watershed; therefore the population shown in the table was estimated based on the portion of the city that is located
within the watershed.

2.2 Topography

The South Fork Wildcat Creek watershed lies in the Tipton Till Plain, a physiographic region
characterized by flat to gently rolling terrain. Topography in the watershed is a result of continental
glaciation during the most recent ice age. Figure 2 presents the general topography within the watershed
and indicates that elevation ranges from 540 feet above sea level at the most downstream point in the
watershed to 930 feet in the headwaters (USGS, 1993). The average slope in the watershed is relatively
low — around 4.17 percent (calculated by measuring the average slope of each 98 foot by 98 foot parcel of
land in the watershed with a geographic information system (GIS)).
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Figure 2. Topography in the South Fork Wildcat Creek Watershed.

2.3 Land Use/Land Cover

Land use/land cover information for the South Fork Wildcat Creek watershed is available from the
National Land Cover Dataset. The land use/land cover data are derived from images acquired by
Landsat’s Thematic Mapper satellite during 2000. These data categorize the land use for each 98 foot by
98 foot parcel of land in the watershed. Figure 3 displays the spatial distribution of the land use/land
cover and Table 4 summarizes the total areas by each category. The watershed consists primarily of
cultivated crops (80%) with smaller areas of forest (6%), developed open space (6%), and miscellaneous
other categories.
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Figure 3. Land Use/Land Cover in the South Fork Wildcat Creek Watershed.

Table 4. Land Use/Land Cover in the South Fork Wildcat Creek Watershed.

Land Use/Land Cover Acres Percent of Total

Cultivated Crops 128,181 80.04
Deciduous Forest 10,169 6.35
Developed, Open Space 9,789 6.11
Developed, Low Intensity 3,290 2.05
Pasture/Hay 2,798 1.75
Grassland/Herbaceous 2,528 1.58
Woody Wetlands 1,301 0.81
Developed, Medium Intensity 1,212 0.76
Developed, High Intensity 454 0.28
Open Water 311 0.20
Evergreen Forest 64 0.04
Emergent Herbaceous Wetlands 54 0.03
Shrub/Scrub 3 0.00
Total 160,154 100
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2.4 Soils

Data from the Natural Resources Conservation Service (NRCS) were used to characterize soils in the
watershed. General soils data and map unit delineations are available through the State Soil Geographic
(STATSGO) database. GIS coverages provide accurate locations for the soil map units at a scale of
1:250,000 (USDA, 2002). A map unit is composed of several soil series having similar properties.
Identification fields in the GIS coverages can be linked to a database that provides information on
chemical and physical soil characteristics, which can in turn be used in setting up and calibrating a
watershed model.

The hydrologic soil group classification is a means for grouping soils by similar infiltration and runoff
characteristics during periods of prolonged wetting. Typically, clay soils that are poorly drained have
lower infiltration rates, while sandy soils that are well drained have the greatest infiltration rates. NRCS
has defined four hydrologic groups for soils (Table 5). The corresponding spatial distribution of
hydrologic soil groups in the South Fork Wildcat Creek watershed is illustrated in Figure 4. B, C, and D
hydrologic soil groups are present in the watershed, with the majority of soils classified as B and C soils.
B soils are typically moderately deep and well drained soils. C soils are characterized by finer texture
soils and slower infiltration rates. About 11 percent of the soil units are classified as B/D which have
high clay content and poor drainage. Many of the C and D soils in the watershed are drained by
agricultural tiles to better support crop production.

Table 5.  Characteristics of Hydrologic Soil Groups.

Soil Group Characteristics Mlnlmum_ Infiltration Capacity
(inches/hour)

A Sa_ndy, deep, well drained soils; deep loess; aggregated silty 0.30 t0 0.45
soils

B Sandy Igams, ghallow loess, moderately deep and moderately 0.15 t0 0.30
well drained soils
Clay loam soils, shallow sandy loams with a low permeability

c horizon impeding drainage (soils with a high clay content), soils 0.05t0 0.15
low in organic content
Heavy clay soils with swelling potential (heavy plastic clays),

D water-logged soils, certain saline soils, or shallow soils over an 0.00 to 0.05
impermeable layer

Source: NRCS, 1972
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Figure 4. Hydrologic Soil Groups in the South Fork Wildcat Creek Watershed.

2.5 Hydrology

The U. S. Geological Survey (USGS) operates one stream flow gaging station in the South Fork Wildcat
Creek watershed. USGS gage 03334500, South Fork Wildcat Creek near Lafayette, IN, is located near
the mouth of South Fork Wildcat Creek and drains 243 square miles. The location of the South Fork
Wildcat Creek flow gage is shown in Figure 5 and the period of record is from April 1, 1944 to
September 30, 2006. Figure 6 displays the average daily flows at this gage for the sixteen years between
1991 and 2006 and indicates that, on average, flows are highest from December through April and lowest
in August and September. The flow data from the period January 1, 1991 through December 31, 2006
were used to calculate the loading capacities in the watershed because they coincided with the available
water quality data (see Section 6.0 for more details).
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Figure 6. Average Daily Flow for the South Fork Wildcat Creek at USGS Gage 03334500
(January 1, 1991 to September 30, 2006).
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3.0 WATER QUALITY STANDARDS AND TMDL TARGET VALUES

This section of the report provides information on the Indiana water quality standards and targets that are
being applied to develop TMDLs in the South Fork Wildcat Creek watershed.

3.1 Water Quality Standards

Under the Clean Water Act, every state must adopt water quality standards to protect, maintain, and
improve the quality of the nation’s surface waters. These standards represent a level of water quality that
will support the Clean Water Act’s goal of “swimmable/fishable” waters. Water quality standards consist
of several different components:

= Designated uses reflect how the water can potentially be used by humans and how well it
supports a biological community. Examples of designated uses include aquatic life support,
drinking water supply, and full body contact recreation. Every waterbody in Indiana has a
designated use or uses; however, not all uses apply to all waters.

= Criteria express the condition of the water that is necessary to support the designated uses:
Numeric criteria represent the concentration of a pollutant that can be in the water and still
protect the designated use of the waterbody. Narrative criteria are the general water quality
criteria that apply to all surface waters. These criteria state that all waters must be free from
sludge; floating debris; oil and scum; color- and odor-producing materials; substances that are
harmful to human, animal or aquatic life; and nutrients in concentrations that may cause algal
blooms.

Additional information on the numeric and narrative criteria relevant to the TMDLSs in this report are
presented in the following sections.

3.1.1 Biological Criterion

The Indiana narrative biological criterion [327 IAC 2-1-3(2)] states: “all waters, except those designated
as limited use, will be capable of supporting a well-balanced, warm water aquatic community.” The water
quality regulatory definition of a “well-balanced aquatic community” is “an aquatic community which is
diverse in species composition, contains several different trophic levels, and is not composed mainly of
strictly pollution tolerant species” [327 IAC 2-1-9(49)].

3.1.2 E.coli

E. coli is an indicator of the possible presence of pathogenic organisms (e.g., enterococcal bacteria,
viruses, and protozoa) which may cause human illness. The direct monitoring of these pathogens is
difficult and therefore E. coli is used as an indicator of potential fecal contamination. Concentrations are
typically reported as the count of organisms in 100 milliliters of water (count/100 mL) and may vary at a
particular site depending on the baseline bacteria level already in the river, inputs from other sources,
dilution with precipitation events, and die-off or multiplication of the organism within the river water and
sediments.

The numeric E. coli criteria associated with protecting the recreational use are described below.

“This subsection establishes bacteriological quality for recreational uses. In addition to
subsection (a), the criteria in this subsection are to be used to evaluate waters for full
body contact recreational uses, to establish wastewater treatment requirements, and to
establish effluent limits during the recreational season, which is defined as the months of

13
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April through October, inclusive. E. coli bacteria, using membrane filter (MF) count,
shall not exceed one hundred twenty-five (125) per one hundred (100) milliliters as a
geometric mean based on not less than five (5) samples equally spaced over a thirty (30)
day period nor exceed two hundred thirty-five (235) per one hundred (100) milliliters in
any one (1) sample in a thirty (30) day period.” [327 IAC 2-1-6(3)]

3.1.3 Dissolved Oxygen

Indiana’s dissolved oxygen criteria require that concentrations of dissolved oxygen shall average at least 5
mg/L per calendar day and shall not be less than 4 mg/L at any time. [327 IAC 2-1-6(a)]

3.2 TMDL Target Values

Target values are needed for the development of TMDLs because of the need to calculate allowable daily
loads. For parameters that have numeric criteria, such as E. coli, the target equals the numeric criteria.
For parameters that do not have numeric criteria, target values must be identified from some other source.
The target values used to develop the South Fork Wildcat Creek TMDLSs are presented below.

3.2.1 E.coli

The target value used for the South Fork Wildcat Creek TMDLs was based on the 125 counts/100 mL
geometric mean component of the standard (i.e., daily loading capacities were calculated by multiplying
flows by 125 counts/100 mL). This approach ensures that both components of the standard will be met
since a daily loading capacity based on 125 counts/100 mL will, by definition, meet the 235 counts/100
mL component of the standard. The use of the geometric mean component of the standard also results in
an added margin of safety (see Section 7.4 for more details).

3.2.2 Nitrate + Nitrite and Total Phosphorus

Like most states, Indiana has not yet adopted numeric water quality criteria for nutrients. However,
IDEM has identified the following nutrient benchmarks that are used to assess potential nutrient
impairments:

= Total phosphorus should not exceed 0.30 mg/L (OEPA, 1999).
= Nitrate + Nitrite should not exceed 10 mg/L (Indiana Drinking Water Standard).

The total phosphorus (0.30 mg/L) and nitrate + nitrite (10 mg/L) values were used as TMDL targets
during the development of the South Fork Wildcat Creek TMDL. IDEM has determined that meeting
these targets will result in achieving the narrative biological criterion by improving water quality and
promoting a well balanced aquatic community.

3.23 TSS

IDEM has also not yet adopted numeric water quality criteria for TSS. However, a target of 30 mg/L for
total suspended solids (TSS) has been identified as a permit limit for National Pollutant Discharge
Elimination System (NPDES) facilities. A target value of 30 mg/L TSS was therefore used as the TSS
TMDL target value to ensure consistency with IDEM’s NPDES permitting process. IDEM has
determined that meeting the TSS target will result in achieving the narrative biological criterion by
improving water quality and promoting a well balanced aquatic community. Note that the TSS permit
limit for 10:1 dilution ratio wastewater systems is 75 mg/L.

14
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3.3 Pollutant Linkage to Impaired Biotic Communities

Various waterbody segments in the South Fork Wildcat Creek watershed have been identified as having
impaired biotic communities. To address these impairments, TSS, nitrate + nitrite, and total phosphorus
have been identified as the pollutants for TMDL development. The determination that these three
pollutants are the primary causes of the impaired biotic communities is based on the fact that TSS, nitrate
+ nitrite, and total phosphorus concentrations are elevated in the watershed and exceed the TMDL target
values; TSS, nitrate + nitrite and total phosphorus impairments are pervasive throughout the Midwest; and
there are numerous studies documenting the detrimental impact of these pollutants on aquatic community
health (e.g., Baker, 1985; Johnson et al., 1997; Miltner and Rankin, 1998; OEPA, 1999). The discussion
below provides a summary of the means by which TSS, nitrate + nitrite, and total phosphorus can impact
aquatic life and why load reductions are necessary.

Total suspended solids are particles in the water that can be trapped by a filter. High concentrations of
TSS can reduce the amount of sunlight available to aquatic organisms and decrease water clarity. This
leads to a number of effects including: reduction of aquatic plants available for consumption by higher
level organisms, lower dissolved oxygen concentrations, and the impaired ability of fish to see and catch
food. TSS particles can also hold heat resulting in increased stream temperature. Further, TSS can clog
fish gills, retard growth rates, decrease resistance to disease, and prevent egg and larval development.
When TSS settles on the bottom of a waterbody, eggs of fish and invertebrates are smothered, larvae can
suffocate, and habitat quality is degraded (OEPA, 1999).

Nitrate + nitrite and total phosphorus rarely approach concentrations in the ambient environment that are
toxic to aquatic life; in fact, these two nutrients are essential in minute amounts for the proper functioning
of healthy aquatic ecosystems. However, concentrations in excess of these minute needs can exert
negative effects on the aquatic ecosystem by increasing algal and aquatic plant life production (Sharpley
et al., 1994). Increased plant production increases turbidity, decreases average dissolved oxygen
concentrations, and increases fluctuations in diurnal dissolved oxygen and pH levels. Such changes shift
aquatic species composition away from functional assemblages comprised of intolerant species, benthic
insectivores, and top carnivores that are typical of high quality streams towards less desirable
assemblages of tolerant species, generalists, omnivores, and detrivores that are typical of degraded
streams (OEPA, 1999). Such a shift in community structure lowers the diversity of the system.

IDEM believes that attaining the TSS, nitrate + nitrite, and total phosphorus targets identified in Section
3.2 will result in the waterbody attaining the aquatic life use. It should be noted that TMDLSs to address
the impaired biotic community listings were developed for TSS, nitrate + nitrite, and total phosphorus
even for segments where little or no observed data were available to estimate existing loads. This was
done based on knowing that the segments were impaired for biology and that TSS, nitrate + nitrite, and
total phosphorus concentrations are, for the most part, elevated throughout the watershed. Additional
sampling in these segments for these pollutants is recommended to confirm that load reductions are
warranted. The load reductions that are needed to meet the targets are presented for each waterbody
segment in Section 7.0.
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4.0 INVENTORY AND ASSESSMENT OF WATER QUALITY INFORMATION

Data from a variety of agencies including the Clinton County Soil Water and Conservation District
(SWCD), IDEM, USEPA, USGS, and Hoosier Riverwatch volunteers have been collected in the South
Fork Wildcat Creek watershed. These data were all compiled into a master database and screened for
their acceptability for use in TMDL development (Appendix A). Summaries of the data are provided in
Table 6 through Table 9 and provide a general estimate of the reductions needed to meet the TMDL target
values for each location. The purpose of these estimates is simply to provide stakeholders an idea of the
magnitude of the problem so that limited resources can be prioritized. The necessary reductions range
from 6 to 97 percent and vary both by location and pollutant. Appendix B contains all of the individual

sample results.

Note that a direct comparison to the E. coli water quality standard could not be made since five evenly
spaced samples over a thirty day period were not available. Instead, the entire data set for each sampling

station was used to calculate the geometric mean for that location.

Table 6.

Summary of Existing E. coli Data in the South Fork Wildcat Creek Watershed.

. . # of Geometric Mean o .
Waterbody Segment Name Sampling Station Samples (count/100 mL)? % Reduction
WAWO040-0006 1 330° 62%
- 0,
South Fork Wildcat Creek WAW040-0043 6 148 16%
WAWO040-0093 4 614 80%
WAWO040-0001 28 355 65%
_ WAWO040-0027 1 190° 34%
Kilmore Creek
WAWO040-0028 6 227 45%
Heavilon Ditch WAWO040-0031 1 610 80%
. WAWO040-0090 5 1035 88%
Lauramie Creek
WAWO040-0039 6 770 84%
Lauramie Creek Ag Ditch WAWO040-0054 3 3650 97%
McClellan Fickle Ditch WAWO040-0091 1 770° 84%
Hentz Ditch WAWO040-0086 4 447 2%
Anderson Ditch WAWO040-0037 8 311 60%

bOnly one sample available, reduction based on single sample.

Table 7.

“Geomean calculated based on all samples available for each sampling station.

Summary of Existing Nitrate+Nitrite Data in the South Fork Wildcat Creek Watershed.

Waterbody Segment Name

Sampling Station

# of
Samples

Maximum (mg/L)

% Reduction from
Maximum

Clinton County SWCD

Kilmore Creek Site 8 4 13 23%
Boyles Ditch - Unnamed Clinton County SWCD

Tributary Site 5 4 12 17%
Heavilon Ditch WAWO040-0084 3 11 9%
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Table 8. Summary of existing Total Phosphorus data in the South Fork Wildcat Creek watershed.
# of % Reduction from
Waterbody Segment Name Sampling Station Samples Maximum (mg/L) Maximum
South Fork Wildcat Creek WAWO040-0093 3 0.43 30%
Kilmore Creek - Unnamed
Tributary WAWO040-0098 0.32 6%
Swamp Creek - Mott Ditch WAWO040-0102 0.50 40%
Clinton County SWCD
Kilmore Creek Site 8 4 0.40 25%
Boyles Ditch - Unnamed Clinton County SWCD
Tributary Site 5 4 0.44 32%
South Fork Wildcat Creek WAWO040-0130 1 0.98 69%
Heavilon Ditch WAWO040-0031 4 0.56 46%
McClellan Fickle Ditch WAWO040-0139 1 0.58 48%
Anderson Ditch WAWO040-0037 2 0.44 31%
South Fork Wildcat Creek WAWO040-0056 2 0.32 6%

Table 9.

Summary of Existing TSS Data in the South Fork Wildcat Creek Watershed.

# of % Reduction from
Waterbody Segment Name Sampling Station Samples Maximum (mg/L) Maximum
Cripe Ditch WAWO040-0109 1 44 32%
Walker Ditch WAWO040-0112 1 35 14%
South Fork Wildcat Creek WAWO040-0006 2 69 57%
Prairie Creek WAWO040-0126 1 45 33%
Mann Ditch WAWO040-0127 1 49 39%
South Fork Wildcat Creek WAWO040-0093 2 194 85%
Kilmore Creek - Unnamed
Tributary WAWO040-0099 1 44 32%
Boyles Ditch - Unnamed
Tributary WAWO040-0154 1 44 32%
Boyles Ditch - Unnamed Clinton County SWCD
Tributary Site 5 63 52%
Lauramie Creek WAWO040-0140 1 73 59%
Anderson Ditch WAWO040-0037 2 47 36%
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5.0 SOURCE ASSESSMENT

This section summarizes the available information on significant sources of E. coli, nitrate + nitrite, total
phosphorus, and TSS in the South Fork Wildcat Creek watershed. Estimating the importance of the
various source categories is critical to effective watershed management because it allows for more
focused implementation activities.

The Spreadsheet Tool for the Estimation of Pollutant Loads (STEPL) was used to estimate the magnitude
of TSS, total nitrogen, and total phosphorus sources in the South Fork Wildcat Creek watershed and the
results are presented in Table 10 and Figure 7. The details of the STEPL modeling are also described in
Appendix C.

STEPL does not simulate E. coli and the loads from urban and rural runoff were instead estimated using
the Simple Method. The Simple Method is an empirical approach developed for estimating pollutant
loadings based on drainage area, impervious cover, stormwater runoff pollutant concentrations, and
annual precipitation (USEPA, 2001). Its intended application is for small drainage areas of less than one
square mile but it is frequently used for larger watersheds to get a screening level assessment of pollutant
sources. Significantly more uncertainty is associated with the loads estimated by the Simple Method
compared to STEPL because much less is understood regarding how E. coli stormwater runoff pollutant
concentrations vary by land cover type. The details of the Simple Method modeling are described in
Appendix D. Point source loads of E. coli were estimated based on information made available through
the NPDES permitting program and estimates of septic system loads were made using the approach
described in Section 5.2.3.

It is important to note that the STEPL and Simple Method modeling referred to in this section of the
report were separate analyses from the load duration calculations that were used to estimate existing and
allowable in-stream loads (see Sections 6.0 and 7.0). The load duration calculations form the basis for
identifying the required TMDL components (e.g., loading capacity, wasteload allocations, load
allocations) whereas the STEPL and Simple Method modeling simply provides some insight into the
potential sources of each pollutant. The loads calculated by the two methods are also not directly
comparable because STEPL and the Simple Method estimate the loading into the stream from each of the
various sources, whereas the load duration results are estimates of the instream loads at a particular
location. These two values will differ due to the settling of pollutants, uptake by instream aquatic
vegetation, re-suspension, etc.

! Total nitrogen loads from the STEPL model are presented even though nitrate + nitrite is the pollutant of concern
because STEPL does not provide separate estimates of nitrate + nitrite. Total nitrogen estimates are considered a
good surrogate for nitrate + nitrite. Once organic nitrogen and ammonia are introduced into the aquatic environment
they are eventually transformed from organic nitrogen and ammonia into nitrite and then nitrate. Total nitrogen is a
measurement of all forms of nitrogen.
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Table 10.  Sources of total nitrogen, total phosphorus, TSS, and E. coli in the South Fork Wildcat
Creek Watershed.
Percent ' Total Total Sugpended R
Area |of Total Total Nitrogen Phosphorus Solids E. coli

Source (acres) | Area Ibslyr % Ibslyr % Ibslyr % million/yr %
Urban
Runoff 14,737 9.2 107,109| 8.34%| 17,589| 5.48% 5,273,049 4.61%| 536,641,349 6.79%
Rural Runoff {145,033 83.5| 1,080,035| 84.12%262,675| 81.87%| 75,996,842 66.49%|5,850,461,929| 74.07%
Streambank
Erosion -- -- 26,280| 2.05%| 10,118 3.15%| 32,850,619| 28.74% 0| 0.00%
WWTPs &
Industrial
Facilities -- -- 48,107 3.75%| 25,775 8.03% 182,282 0.16% 2,414,475 0.03%
Onsite
Wastewater
Treatment
Systems -- -- 22,3761 1.74%| 4,683 1.46% --| 0.00%]1,509,301,183| 19.11%
Total 159,770 92.7°| 1,283,907|100.00%|320,840(100.00%| 114,302,792(100.00%|7,898,818,936|100.00%

 No estimates of existing CSO E. coli loads from the Frankfort CSO were made due to a lack of water quality data.
® Forest and wetland area make up the remaining 7.3% of the area in the watershed.

Streambank
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2%

Rural Runoff
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Erosion
28.7%

Figure 7.
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Sources of total nitrogen, total phosphorus, TSS, and E. coli in the South Fork Wildcat
Creek Watershed.

19




Indiana Department of Environmental Management South Fork Wildcat Creek TMDL Report

5.1 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 waterbody. By law, the term “point
source” also includes: concentrated animal feeding operations (which are places where animals are
confined and fed); stormwater runoff from Municipal Separate Storm Sewer Systems (MS4s); and illicitly
connected “straight pipe” discharges of household waste. A discussion of the various point sources in the
South Fork Wildcat Creek watershed is presented below.

5.1.1 Wastewater Treatment Plants (WWTPSs) and Industrial Facilities

Treated municipal sewage can be a significant source of nitrate + nitrite and total phosphorus but is
usually not a significant contributor of TSS or E. coli (if the sewage is disinfected prior to discharge).
Typical effluent values from WWTPs are 13 mg/L total nitrogen and 4 mg/L total phosphorus (USEPA,
1997) which are both above the proposed TMDL target values identified in Section 3.2. Industrial
facilities can also be significant sources of nitrate + nitrite and total phosphorus, depending on how the
discharged water is used. As authorized by the Clean Water Act, the NPDES permit program controls
water pollution by regulating WWTPs, industrial facilities, and other permittees that discharge pollutants
into waters of the United States.

There are four WWTPs, one Regional Sewer District (RSD), and three industrial facilities in South Fork
Wildcat Creek watershed. Table 11 identifies these facilities along with the streams they discharge to.
Additional NPDES facilities in the watershed with general permits were identified; however they were
not included in the TMDL analysis since they are not expected to discharge any of the pollutants of
concern. The locations of the facilities included in the TMDL are shown in Figure 5. Information from
the monthly reports sent by each facility to IDEM was used to estimate annual loadings from each of
these facilities and then combined with the STEPL modeling results to evaluate their significance. As
shown in Table 10, the analysis suggests that WWTPs and industrial facilities contribute a relatively
small portion of the nitrate + nitrite (4%) and phosphorus (8%) loads and an insignificant portion of the
TSS and E. coli loads (less than 1%). However, as discussed in Section 7.0, some of these facilities can
be a relatively larger source of loads in the individual tributaries to which they discharge, especially
during low flow periods.

Table 11. NPDES Permitted Wastewater Dischargers within the South Fork Wildcat Creek

Watershed.
Facility Permit Number Receiving Water
Frankfort Municipal WWTP IN0022934 South Fork Wildcat Creek via Prairie Creek
Mulberry Municipal WWTP IN0031976 South Fork Wildcat Creek to Wabash River
Clarks Hill Municipal WWTP IN0039853 fﬁggt‘;;’rk Wildcat Creek via Lauramie Creek
Michigantown Municipal WWTP IN0040355 South Fork Wildcat Creek to Wabash River
CF Industries Inc IN0044245 South Fork Wildcat Creek via Lick Run Creek

South Fork Wildcat Creek, Heavilon Ditch, Blinn

Frito Lay Inc IN0051624 and Spring Creek
Wainwright Middle School IN0055697 Lauramie Creek to Wildcat Creek
IIS?:trri:rtme Township Regional Sewer IN0061964 South Fork Wildcat Creek via Lauramie Creek
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5.1.2 Concentrated Animal Feeding Operations

The removal and disposal of the manure, litter, or processed wastewater that is generated as the result of
concentrated animal feeding operations (CAFOSs) is considered a point source and falls under the
regulations at 327 IAC 15-15.

There are eleven CAFOs in the South Fork Wildcat Creek watershed (Table 12) and U.S. EPA regulations
require that these facilities receive a WLA as part of the TMDL development process. The WLA is set at
zero for all pollutants based on Indiana’s regulation requiring that CAFOs not add or contribute to a
violation of water quality standards. The locations of the CAFOs are shown in Figure 8 and additional
information on the operations are presented in Appendix E.

Table 12. CAFOs within the South Fork Wildcat Creek Watershed.

Facility Permit Number
Skiles Brothers Farms ING800604
Thompson Farms Of Clinton County ING800913
Brown Land & Hog Co Inc ING800919
Michael Beard - Home ING800920
J&L Crum Farms L.P. - #1 ING802456
Stewart Prairie Swine Farms ING802545
Salsberry Pork Producers, Inc - Old Rayl Farm |ING802777
Paul P Davis Trust Farm #1 ING802853
Burton Russel Farm ING802867
J. & M. Pullets ING806048
Meadowlane Farms, Inc. ING806300
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Figure 8. Location of Concentrated Animal Feeding Operations (CAFOs) and Confined Feeding
Operations (CFOs) in the South Fork Wildcat Creek Watershed.

5.1.3 Municipal Separate Storm Sewer Systems (MS4s)

Stormwater runoff from MS4s is regulated under the NPDES program and is a potential source of E. coli,
nitrate + nitrite, total phosphorus, and TSS. Under Phase Il of the NPDES stormwater program, certain
smaller urbanized areas that contain MS4s are required to apply for a NPDES permit and to establish
stormwater management plans that entail the implementation of mitigation controls. MS4 permits have
been issued in the state of Indiana. Guidelines for MS4 permits and timelines are outlined in Indiana’s
Municipal Separate Storm Sewer System Rule 13 (327 IAC 15-13-10 and 327 IAC 15-13-11). Once
these permits have been issued and implemented, they will improve water quality and address stormwater
impacts in the related watersheds. Two MS4s lie within the South Fork Wildcat Creek Watershed: a
portion of the Tippecanoe County MS4 (Permit ID INR040129) and the City of Frankfort MS4 (Permit
ID INR040020). As required by U.S. EPA regulations, the allowable loads from these MS4s were
identified as wasteload allocations during the development of the TMDL (see Section 7.3). The wasteload
allocations vary by location and are presented in Section 7.
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Figure 9. MS4 Areas in the South Fork Wildcat Creek Watershed.

5.1.4 Combined Sewer Systems

Combined sewer systems are sewers that are designed to collect rainwater runoff, domestic sewage, and
industrial wastewater into the same pipe. Most of the time, combined sewer systems transport all of their
wastewater to a sewage treatment plant, where it is treated and then discharged to a water body. During
periods of heavy rainfall or snowmelt, however, the wastewater volume in a combined sewer system can
exceed the capacity of the sewer system or treatment plant. For this reason, combined sewer systems are
designed to overflow occasionally and discharge excess wastewater directly to nearby streams, rivers, or
other water bodies. These overflows contain both stormwater and untreated human and industrial waste,
including E. coli, nitrate + nitrite, total phosphorus, and TSS. Because they are associated with wet
weather events, combined sewer overflows (CSOs) typically discharge for short periods of time at
random intervals. WLAs for the combined sewer overflow were therefore assigned to only high flow
periods and assumed to equal the maximum observed daily flow from the CSO (as reported on the
Frankfort WWTP 2006 discharge monitoring reports) multiplied by the TMDL target concentration for
each pollutant. IDEM regulates CSOs in Indiana through the state’s NPDES program. One key
component of this program is locating all CSO outfalls for tracking purposes. The city of Frankfort
operates a combined sewer system and has one CSO outfall (Figure 5).

5.1.5 llicitly Connected “Straight Pipe” Systems
Some household wastes within Indiana and potentially within the South Fork Wildcat Creek watershed

directly discharge to a stream or are illegally connected directly to tile-drainage pipes in agricultural
watersheds, providing a direct source of nutrients and E. coli to the stream (these systems are sometimes
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referred to as “straight pipe” discharges). These systems are technically classified as point sources;
however, since they are illegal they receive a wasteload allocation of zero for all pollutants (see Section
7.3).

5.2 Nonpoint Sources

Nonpoint sources include all other categories not classified as point sources. In developed areas,
nonpoint sources can include leaking or faulty septic systems, runoff from lawn fertilizer applications, pet
waste, stormwater runoff (outside of MS4 communities), and other sources. In more rural areas, major
contributors can be runoff from cropland, pastures, improper manure storage and spreading, and wildlife.

5.2.1 Agriculture

Lands used for agricultural purposes can be a source of nitrate + nitrite, total phosphorus, TSS, and E.
coli. Accumulation of nitrate + nitrite and total phosphorus on cropland occurs from decomposition of
residual crop material, fertilization with chemical (e.g., anhydrous ammonia) and manure fertilizers,
atmospheric deposition, wildlife excreta, and irrigation water. Surface erosion from bare fields is the
primary source of TSS from agricultural lands, although streambank erosion can also be worsened by
agricultural activities that remove riparian stream corridor vegetation and de-stabilize streambanks.
Runoff from Confined Feeding Operations (CFOs) and pasture areas can also be potential sources of E.
coli, nitrate + nitrite, total phosphorus, and TSS. For example, 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.

As shown in Table 10 STEPL indicates that runoff from rural areas was found to be the most significant
source of TSS, nitrate + nitrite, total phosphorus and E. coli in the watershed, primarily due to the fact
that the majority of the land use in the watershed (80%) is classified as cropland or pastureland.

5.2.2 Streambank Erosion

Table 10 indicates that streambank erosion is also potentially a significant source of TSS (28.7% of the
loading) in the watershed, although it is recognized that limited information was available to set up the
STEPL model. Streambank erosion is a natural process but can be accelerated due to a variety of human
activities:

= Vegetation located adjacent to streams flowing through crop or pasture fields is often removed to
promote drainage or cattle access to water. The loss of vegetation makes the streambanks more
susceptible to erosion due to the loss of plant roots.

= Extensive areas of agricultural tiles promote much quicker delivery of rainfall into streams than
would occur without subsurface drainage, which could potentially contribute to streambank erosion
due to high velocities and shear stress.

= The creation of impervious surfaces (e.g., streets, rooftops, driveways, parking lots) can also lead to
rapid runoff of rainfall and higher stream velocities that might cause streambank erosion.

5.2.3 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. Common soil-type limitations in central Indiana which contribute to failure are:
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seasonal water tables, compact glacial till, bedrock, coarse sand and gravel outwash, and impervious soil
layers. When these septic systems fail hydraulically (surface breakouts) or hydrogeologically (inadequate
soil filtration) there can be adverse effects to surface waters due to the release of E. coli, nitrate + nitrite,
and total phosphorus (Horsely and Witten, 1996).

Assumptions used to estimate the nutrient load from septic systems are listed below. These assumptions
are based on similar TMDL studies conducted throughout the Midwest, information provided by the
Clinton County Health Department, available information on the population of the watershed and typical
characteristics of onsite wastewater effluent.

= Total number of systems derived from system density estimates available from the US Census.

= Thirty percent of all systems were estimated to discharge directly to perennial streams (i.e., illegal
straight pipe discharges) (See Appendix C).

= The populations served by the systems in each 14 Digit HUC were estimated to be an average of
2.5t0 2.7 people per household (based on US Census data)

= The nutrient load from systems was estimated to be 12 grams of nitrogen per day person and 2.5
grams per day of total phosphorus per person (Haith et al., 1992).

» The E. coli load from normal systems was estimated to be 0.1 million counts per day and the load
from systems discharging directly to the streams was estimated to be 532 million counts per day
(Siegrist et al., 2000).

Table 10 indicates that loads from onsite wastewater treatment systems are estimated to be a minor
portion of the total nitrate + nitrite and phosphorus loads at less than two percent each. However, the
table suggests that onsite wastewater treatment systems may be a much larger portion of the E. coli loads
(approximately 19 percent).

5.2.4 Confined Feeding Operations

The animals raised in CFOs produce manure that is stored in pits, lagoons, tanks and other storage
devices. The manure is then applied to area fields as fertilizer. When stored and applied properly, this
beneficial re-use of manure provides a natural source for crop nutrition. It also lessens the need for fuel
and other natural resources that are used in the production of fertilizer. CFOs, however, can also be
potential sources of TSS, nitrate + nitrite, total phosphorus, and E. coli due to the following:

= Manure can leak or spill from storage pits, lagoons, tanks, etc.
= Improper application of manure can contaminate surface or ground water.
= Manure overapplication can adversely impact soil productivity.

CFOs receive a zero discharge permit from the state of Indiana and therefore receive a load allocation
(LA) of zero for all pollutants. The CFO regulations (327 IAC 16, 327 IAC 15) require that operations
“not cause or contribute to an impairment of surface waters of the state”. IDEM regulates these confined
feeding operations under IC 13-18-10, the Confined Feeding Control Law. The rules at 327 IAC 16,
which implement the statute regulating confined feeding operations, were effective on March 10, 2002.
The rule at 327 1AC 15-15, which regulates concentrated animal feeding operations and complies with
most federal CAFO regulations, became effective on March 24, 2004, with two exceptions. 327 IAC 15-
15-11 and 327 IAC 15-15-12 became effective on December 28, 2006. Point Source rules can be found at
327 |1AC 5-4-3 (effective 12/28/06) and 327 IAC 5-4-3.1 (effective 3/24/04).

The locations of CFOs in the South Fork Wildcat Creek watershed are shown in Figure 8 and additional
information on the operations is presented in Appendix E.
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6.0 TECHNICAL APPROACH

Load duration analyses were used to estimate existing and allowable loads of nitrate + nitrite, total
phosphorus, TSS, and E. coli for the impaired stream segments in the South Fork Wildcat Creek
watershed. This approach involves calculating the allowable loadings over the range of flow conditions
expected to occur in the impaired stream by taking the following steps:

1. A flow duration curve for the stream is developed by generating a flow frequency table and plotting
the observed flows in order from highest (left portion of curve) to lowest (right portion of curve).

2. The flow curve is translated into a load duration (or TMDL) curve. To accomplish this, each flow
value is multiplied by the TMDL target value and by a conversion factor and the resulting points are
graphed. Conversion factors are used to convert the concentration units of the target (e.g., mg/L) to
loading units (e.g., kg/day) with the following factors used for this TMDL.:

= Flow (cfs) x TMDL Concentration Target (mg/L) x Conversion Factor (2.45) = Load

(kg/day)

= Flow (cfs) x TMDL Concentration Target (ug/L) x Conversion Factor (0.00245) = Load
(kg/day)

=  Flow (cfs) x TMDL Concentration Target (CFU/100 mL) x Conversion Factor (24.5)= Load
(million/day)

3. Each available water quality sample is converted to an existing load by multiplying the water quality
sample concentration by the average daily flow on the day the sample was collected and a conversion
factor. Then, the existing individual loads are plotted on the TMDL graph with the curve. These
individual loads represent the existing loads in the watershed and are useful in determining
implementation priorities; however, these loads have no impact on the loading capacity or the TMDL
allocations.

4. Points plotting above the curve represent deviations from the water quality standard and the daily
allowable load. Those points plotting below the curve represent compliance with standards and the
daily allowable load.

5. The area beneath the TMDL curve is interpreted as the loading capacity of the stream. The difference
between this area and the area representing the current loading conditions is the load that must be
reduced to meet water quality standards.

An example load duration curve is presented in Figure 10 and illustrates that observed TSS loads exceed
allowable loads primarily during high flows zones (left portion of graph) and are below allowable loads
during other flow zones (right portion of graph). The figure also indicates that excessive loads primarily
occur when surface flows exceed subsurface flows (i.e., when there is a lot of stormwater runoff over the
land surface which can cause soil erosion and transport sediment to nearby streams). All of the load
duration curve results are included in Appendix F.
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Figure 10. TSS Load Duration Curve Example for South Fork Wildcat Creek at Assessment
Location WAWO040-0001.

The stream flows displayed on a load duration curve may be grouped into various flow regimes to aid
with interpretation of the load duration curves. The flow regimes are typically divided into 10 groups
which can be further categorized into the following five “hydrologic zones” (Cleland, 2005):

High flow zone: stream flows that plot in the 0 to 10 percentile range, related to flood flows.
Moist zone: flows in the 10 to 40 percentile range, related to wet weather conditions.
Mid-range zone: flows in the 40 to 60 percentile range, median stream flow conditions;

Dry zone: flows in the 60 to 90 percentile range, related to dry weather flows.

Low flow zone: flows in the 90 to 100 percentile range, related to drought conditions.

The load duration approach helps to identify the issues surrounding the impairment and to roughly
differentiate between sources. Table 13 summarizes the relationship between the five hydrologic zones

and potentially contributing source areas.

The load reduction approach also considers critical conditions and seasonal variation in the TMDL
development as required by the Clean Water Act and EPA’s implementing regulations. Because the
approach establishes loads based on a representative flow regime, it inherently considers seasonal
variations and critical conditions attributed to flow conditions.
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Table 13. Relationship Between Load Duration Curve Zones and Contributing Sources.

Duration Curve Zone
Contributing Source Area High Moist Mid-Range Dry Low

Wastewater Treatment Plant

I

Livestock direct access to streams

On-site wastewater systems M M-H

Riparian areas

IIZ|TIZ|LZ
T

Stormwater: Impervious

Combined sewer overflow (CSO)

|I|T|(XT|T

Stormwater: Upland

Field drainage: Natural condition

IT|IT|T|T
TIZ|T|(T|XT|T

Field drainage: Tile system M-H L-M

Bank erosion H M

Note:  Potential relative importance of source area to contribute loads under given hydrologic condition (H: High;
M: Medium; L: Low)

Load duration assessment locations in the South Fork Wildcat Creek watershed were chosen based on the
location of the impaired stream segments and the availability of water quality samples to estimate existing
loads (Figure 11). Daily stream flows for each assessment location are needed to apply the load duration
curve. Continuous stream flow data are available for USGS gage 03334500 which drains more than 90
percent of the entire South Fork Wildcat Creek watershed.

Since the load duration approach requires a stream flow time series for each site where the method is
applied, stream flows were extrapolated from gage 03334500 for each assessment location by using a
multiplier based upon the ratio of the upstream drainage area for a given location to the drainage area of
South Fork Wildcat Creek. For example, the ratio of the drainage area at the Kilmore Creek assessment
location is 77.1 square miles which, if divided by the drainage area of South Fork Wildcat Creek (243
square miles), equals 0.317. Thus, the observed daily stream flows at the USGS gage were multiplied by
0.317 to estimate the daily stream flows at the Kilmore Creek assessment location. Table 14 presents the
drainage area ratios used to estimate stream flow for all of the assessment locations included in this
TMDL.

A further modification to the flow estimates was made to ensure that they accounted for the design flows
of any upstream point sources. This was necessary because the methodology used to estimate flows does
not directly account for upstream point source discharges and, therefore, can underestimate the actual in-
stream flows (and thus the loading capacity of the stream). Point source flows were added to the load
duration curves calculated at the following assessment locations: WAWO040-0001, WAWO040-0037,
WAWO040-0043, and WAWO040-0093.

Estimates of existing pollutant loads were also made, where possible, to provide some perspective on the
degree to which loads must be reduced. The water quality stations that were used to estimate existing
loads as shown in Figure 11 and listed in Table 14.
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Table 14. Drainage Area Ratios Used to Estimate Stream Flow for Load Duration Analyses in the
South Fork Wildcat Creek Watershed.
Assessment Location Upstream Drainage
(Sampling Station Used P 9
. L Waterbody Segment Name Area . .
to Estimate Existing . Drainage Area Ratio
(Sg. mi.)

Loads)
WAWO040-0006 South Fork Wildcat Creek 37 0.152
WAWO040-0001 South Fork Wildcat Creek 75.4 0.310
WAWO040-0043 South Fork Wildcat Creek 243 1.000
WAWO040-0093* South Fork Wildcat Creek 373.7 1.538
WAWO040-0102 Swamp Creek - Mott Ditch 9 0.037
WAWO040-0154 Boyles Ditch - Unnamed Tributary 0.5 0.002
WAWO040-0028 Kilmore Creek 77.1 0.317
WAWO040-0031 Heavilon Ditch 21 0.009
WAWO040-0037 Anderson Ditch 3.3 0.014

" This location drains 373.7 square miles, including the Middle Fork Wildcat Creek watershed which was
not a focus of this TMDL
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Figure 11. Location of Load Duration Curve Assessment Locations Within the South Fork Wildcat
Creek Watershed.
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7.0 ALLOCATIONS

A TMDL is the total amount of a pollutant that can be assimilated by the receiving water while still
achieving water quality standards. TMDLs can be expressed in terms of mass per time or by other
appropriate measures. TMDLs are composed of the sum of individual wasteload allocations (WLAS) for
point sources and load allocations (LAS) for nonpoint sources (including natural background levels). In
addition, the TMDL must include a margin of safety (MOS), either implicitly or explicitly, that accounts
for the uncertainty in the relationship between pollutant loads and the quality of the receiving waterbody.
Conceptually, this is defined by the equation:

TMDL = ZWLAS + ZLAS + MOS

A summary of the TMDL allocations for the South Fork Wildcat Creek watershed is presented in this
section of the report.

7.1 Results by Assessment Location

This section of the report presents the results of the load duration analyses for the various assessment
locations. Load duration analyses were not calculated for each and every impaired segment because of
the large number of segments (30) and the fact that many are located in close proximity to one another
and therefore would have similar loading capacities and allocations. Instead, selective locations located
downstream of the impaired segments were identified based on: (1) the availability of existing water
quality data (to estimate existing loads); and (2) location (to make sure each part of the watershed was
assessed). The relationship between the assessed segments and all of the impaired segments is shown in
Table 15.
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Table 15. 2006 303 (d) Listed Stream Segments Assessment Locations Used for TMDL Development.

Assessment Location Impaired Segment Pollutant(s)
INBO741_02 Nitrate + Nitrite, TP, and TSS
INBO741_T1002 Nitrate + Nitrite, TP, and TSS
INBO741_T1004 Nitrate + Nitrite, TP, and TSS
INBO742_T1001 Nitrate + Nitrite, TP, and TSS
WAWO040-0006 INBO742_T1047 Nitrate + Nitrite, TP, and TSS
INBO742_T1048 Nitrate + Nitrite, TP, and TSS
INBO743_00 Nitrate + Nitrite, TP, and TSS
INBO743_02 Nitrate + Nitrite, TP, and TSS
INBO743_T1002 Nitrate + Nitrite, TP, and TSS
INBO742_00% E. coliand TSS
WAWO040-0001 INBO744_T1019 E. coli
INBO745_00 Nitrate + Nitrite, TP, and TSS
INBO746_00 Nitrate + Nitrite, TP, and TSS
INBO746_T1001 Nitrate + Nitrite, TP, and TSS
WAWO040-0102
INBO746_T1002 Nitrate + Nitrite, TP, and TSS
INBO747_T1001 Nitrate + Nitrite, TP, and TSS
INBO747_T1002 Nitrate + Nitrite, TP, and TSS
INBO749_00 E. coli
INBO74A_T1020 E. coli
WAWO040-0028 —
INBO749_T1001 E. coli
INBO749_T1002 E. coli
INBO749_T1001 Nitrate + Nitrite, TP, and TSS
WAWO040-0154
INBO749_T1002 Nitrate + Nitrite, TP, and TSS
WAWO040-0031 INBO74A_T1048 E. coli, Nitrate + Nitrite and TP
INBO74C_00 E. coli, Nitrate + Nitrite, TP, and TSS
INBO74C_01 E. coli
WAWO040-0037 INBO74C_T1001 E. coli, Nitrate + Nitrite, TP, and TSS
INBO74C_T1002 E. coli
INBO74C_T1003 E. coli
INBO74D_T1022 E. coli
WAWO040-0043
INBO74E_00O E. coli
INBO74D_T1050 Nitrate + Nitrite, TP, and TSS
WAWO040-0093
INBO74E_T1023 E. coli

#Segment does not appear on 2006 Section 303(d) list but data indicate it is impaired due to TSS and E. coli. IDEM
will be adding this segment to the 2008 Integrated Report.
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7.1.1 South Fork Wildcat Creek (WAWO040-0001)

Existing and allowable loads were calculated for South Fork Wildcat Creek at assessment location
WAWO040-0001, located northwest of Frankfort and downstream of the Prairie Creek confluence. This
location drains 72.4 square miles and land use/land cover consisting primarily of row crops (80%) and
urban areas (12%). A total of 28 E. coli samples were available for the load duration analysis at this
location and two NPDES permitted facilities discharge into South Fork Wildcat Creek or its tributaries
upstream of this location:

=  Frankfort Municipal WWTP and CSO (IN0022934)
= Michigantown Municipal WWTP (IN0040355)

Table 16 presents the TMDL summary for this location which addresses the E. coli impairment on
segment INBO744_T1019. Current loads of E. coli exceed allowable loads during dry to high flow
conditions. The most likely sources of E. coli are nonpoint source pollution from urban areas and rural
runoff, as well as the re-suspension of E. coli that might be present in the stream channel. Loads from the
Frankfort CSO and Michigantown Municipal WWTP may also be contributing to the E. coli impairment.

E. coli WLAs were calculated for both NPDES facilities based on each facility’s design flow and their E.
coli permit limit of 125 CFU/100 mL (Table 25). Existing E. coli loads were calculated using reported
NPDES DMR data from the facilities.

It should also be noted that the Michigantown WWTP is a lagoon facility and its NPDES permit only
allows discharge to occur when flow in South Fork Wildcat Creek is sufficient to support a 10:1 dilution
ratio (e.g., in-stream flow must be 1 cfs to allow a 0.1 cfs discharge). Because this flow threshold is met
during all five of the load duration curve flow regimes, a WLA was established for each as shown in
Table 16. Furthermore, available data for the Michigantown WWTP indicates that the effluent frequently
exceeds the water quality standard of 235 CFU/100 mL and therefore this facility might be a source of the
E. coli impairment. Five out of the six samples taken at Michigantown WWTP in the past five years were
above 235 CFU/100 mL. Samples were above the 235 CFU/100 mL standard on 6/30/2005, 4/30/2006,
5/31/2006, 7/31/2006, and 10/31/2006.

The Frankfort City MS4 area drains to this segment. The MS4 area comprises about 6.5 percent® of the
drainage area of South Fork Wildcat Creek at assessment location WAWO040-0001 and the MS4 WLA
was therefore calculated as 6.5 percent of the loading capacity minus the contribution of the MOS and
WLA for the permitted NPDES facilities in the watershed.

% The MS4 area was calculated using the Frankfort urban boundary.
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Table 16. TMDL Summary for Assessment Location WAW040-0001

WAWO040-0001 TMDL Existing Daily Loads Total Maximum Daily Load
. Point Nonpoint TMDL= WLA®: MOS
Pollutant Flow Regime Sources? Sources LA+WLA+MOS LA Total (10%)
High Flows 6,435 1,831,097 331,720 175,439 123,109 33,172
Moist
Conditions 6,435 1,005,764 155,210 117,260 22,429 15,521
E. coli Mid-Range
(Million/day) Flows 6,435 212,661 65,543 36,560 22,429 6,554
Dry 6,435 3,629,047
Conditions ’ e 40,999 14,470 22,429 4,100

Low Flows 6,435 35,229 25,903 884 22,429 2,590

& No estimates of existing CSO E. coli loads from the Frankfort CSO were made due to a lack of water quality data.
® Frankfort CSO WLA only assigned to high flows regime.

7.1.2 South Fork Wildcat Creek (WAWO040-0006)

Allowable loads of nitrate + nitrite, total phosphorus, E. coli and TSS were calculated for the South Fork
Wildcat Creek near Michigantown. The assessment location drains approximately 37 square miles and
land use/land cover upstream consists primarily of row crops (90%). One NPDES permitted facility
discharges into the South Fork Wildcat Creek upstream of this location: the Michigantown Municipal
WWTP (IN0040355).

Table 17 presents the TMDL summary for this assessment location which addresses the impaired biotic
community listings on segments INB0741_02, INB0741_T1002, INB0741 T1004, INB0742_T1001,
INBO742_T1047, INB0742_T1048, INB0743_00, INB0743_02, and IN0743_T1002 (Table 1 and Table
15)). It addresses the impaired biotic community listings by identifying the allowable loads of total
phosphorus, nitrate + nitrite, and TSS that are needed to meet the TMDL target values. Because the
allowable loads are a function of the flow from all upstream areas, they implicitly represent the loading
capacity of each of the upstream impaired segments.

It should be noted that assessment location WAWO040-0006 is actually located on South Fork Wildcat
Creek segment INB0742_00, downstream of the above listed segments. Segment INB0742_00 does not
appear on the 2006 Section 303(d) list; however, the sampling data indicate that both E. coli and TSS data
exceed the TMDL target values. Additional instream sampling is recommended for E. coli, nitrate +
nitrite, total phosphorus, and TSS to better characterize existing loads and current stream conditions.

The Michigantown Municipal WWTP does not currently have permit limits for nitrate + nitrite or
phosphorus and no data are available with which to estimate existing concentrations of these parameters
in the WWTP effluent. WLAs were therefore calculated based on the facility’s design flow and the
TMDL targets of 10 mg/L nitrate + nitrite and 0.30 mg/L total phosphorus. TSS WLASs were calculated
based on the facility’s design flow and its TSS permit limit of 75 mg/L (Table 25). E. coli WLAs were
calculated based on the facility’s design flow and its E. coli permit limit of 125 CFU/100mL. Additional
instream sampling is recommended for nitrate + nitrite and total phosphorus downstream of the WWTP,
as well as from the plant effluent, to better characterize current stream conditions and loads from the
WWTP.
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It should also be noted that the Michigantown WWTP is a lagoon facility and its NPDES permit only
allows discharge to occur when flow in South Fork Wildcat Creek is sufficient to support a 10:1 dilution
ratio (e.g., in-stream flow must be 1 cfs to allow a 0.1 cfs discharge). Because this flow threshold is met
during all five of the load duration curve flow regimes, a WLA was established for each as shown in

Table 17.

34



Indiana Department of Environmental Management

South Fork Wildcat Creek TMDL Report

Table 17. TMDL Summary for Assessment Location WAW040-0006
WAWO040-0006 TMDL Existing Daily Loads Total Maximum Daily Load
. Point Nonpoint TMDL= WLA: MOS
Pollutant Flow Regime | . 1ces | Sources | LA+WLA+MOS LA IN0040355 | (10%)
High Flows 4,087 No Data 2,933,626 2,639,979 284 293,363
Moist
. 4,087 No Data 144,539 129,801 284 14,454
Conditions
E. coli Mid-Range
(Million/day) Flows 4,087 No Data 29,337 26,119 284 2,934
Dry 4,087 7,868 2,980 2,398 284 298
Conditions
Low Flows 4,087 No Data 1,816 1,350 284 182
High Flows No Data No Data 23,469 21,120 2 2,347
Moist | No Data|  No Data 1,482 1,332 2 148
) Conditions
Nitrate + Mid-R
Nitrite FI' -range No Data|  No Data 291 260 2 29
(kg/day) ows
Dry
Conditions No Data 2 27 22 2 3
Low Flows No Data No Data 17 13 2 2
High Flows No Data No Data 704.07 633.56 0.10 70.41
Moist | No Data|  No Data 44.48 39.93 0.10 4.45
Conditions
TP (kg/day) ~ |Mid-Range No Data| No Data 8.74 7.77 0.10 0.87
Flows
Dry No Data 1 0.8 0.62 0.10 0.08
Conditions
Low Flows No Data No Data 0.51 0.36 0.10 0.05
High Flows 11 No Data 70,407 63,349 17 7,041
Moist 11|  No Data 4,448 3,086 17 445
Conditions
Mid-Range
TSS (kg/day) 11 No Data 874 770 17 87
Flows
Dry
Conditions 11 185 80 55 17 8
Low Flows 11 No Data 51 29 17 5

Note: TP= Total Phosphorus; TSS= Total Suspended Solids
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7.1.3 South Fork Wildcat (WAW040-0043)

Existing and allowable loads of E. coli were calculated for South Fork Wildcat Creek near Dayton at
assessment location WAWO040-0043. This stream segment drains most of the South Fork Wildcat Creek
watershed (243.2 square miles) and land use/land cover upstream of this station consists primarily of row
crops (80%), urban lands (9%), and forested lands (6%). Eight NPDES permitted facilities discharge into
South Fork Wildcat Creek or its tributaries upstream of this location:

Frankfort Municipal WWTP (IN0022934)
Mulberry Municipal WWTP (IN0031976)
Clarks Hill Municipal WWTP (IN0039853)
Michigantown Municipal WWTP (IN0040355)
CF Industries Inc (IN044245)

Frito Lay Inc (IN0051624)

Wainwright Middle School (IN0055697)
Lauramie Township RSD (IN0061964)

WLAs for each individual permitted facility can be found in Table 25. Table 18 presents the TMDL
summary for WAWO040-0043 which addresses E. coli impairments on the following stream segments:
INBO74D_T1022 and INBO74E_00. Limited observed water quality data are available at this location but
they suggest that existing loads of E. coli exceeded allowable loads during high flows and significant
reductions are needed. Additional instream sampling is recommended for E. coli to better characterize
existing loads and current stream conditions.

The Frankfort City MS4 area drains to this segment. The MS4 area comprises about 2.1 percent® of the
drainage area of South Fork Wildcat Creek near Dayton and the MS4 WLA was calculated as 2.1 percent
of the loading capacity minus the contribution of the MOS and WLA for the permitted NPDES facilities
in the watershed.

Portions of Tippecanoe County are a designated MS4 area and also drain to this segment. The MS4 area
comprises about 1.3 percent® of the drainage area of South Fork Wildcat Creek near Dayton and the MS4
WLA was calculated as 1.3 percent of the loading capacity minus the contribution of the MOS and WLA
for the permitted NPDES facilities in the watershed.

® The MS4 area was calculated using the Frankfort urban boundary.
* The MS4 area was calculated using the Tippecanoe MS4 boundary received from the Tippecanoe County GIS
Administrator in April 2007)
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Table 18. TMDL Summary for Assessment Location WAW040-0043

WAWO040-0043 TMDL Existing Daily Loads Total Maximum Daily Load

Pollutant |Flow Regime | (oL L | OO | O os | A | ol | ooy
High Flows 6,615| 63,711,948 1,244,374| 967,160 152,777 124,437
Conditions 6,615 No Data 979,521| 851,317| 30.252| 97,952

FMicll(i)(I)ln/day) mngange 6,615 163,664 204,579 153,869 30,252 20,458
Conditions 6,615 38,981 76,134| 38269| 30252| 7,613
Low Flows 6,615 No Data 42,180 7,710 30,252 4,218

# No estimates of existing CSO E. coli loads from the Frankfort CSO were made due to a lack of water quality data. No estimates
of existing MS4 E. coli loads were made due to a lack of water quality data.
® Frankfort CSO WLA only assigned to high flows regime.
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7.1.4 South Fork Wildcat (WAW040-0093)

Existing and allowable loads were calculated for South Fork Wildcat Creek near Lafayette at assessment
location WAWO040-0093. This location drains 373.7 square miles, including the Middle Fork Wildcat
Creek watershed which was not a focus of this TMDL. The Middle Fork Wildcat Creek watershed
represents approximately 35 percent of the drainage area to WAWO040-0093. The estimated flows at this
station were therefore increased by a factor of 1.538 to account for the area from the Middle Fork Wildcat
Creek watershed. Land use/land cover upstream of this location consists primarily of row crops (81%),
urban areas (8%), forest (6%), and pasture (3%). Eight NPDES permitted facilities discharge into South
Fork Wildcat Creek or its tributaries upstream of this location:

Frankfort Municipal WWTP (IN0022934)
Mulberry Municipal WWTP (IN0031976)
Clarks Hill Municipal WWTP (IN0039853)
Michigantown Municipal WWTP (IN0040355)
CF Industries Inc (IN0044245)

Frito Lay Inc (IN0051624)

Wainwright Middle School (IN0055697)
Lauramie Township RSD (IN0061964)

WLASs for each individual permitted facility can be found in Table 25. Table 19 summarizes the TMDL
to address the E. coli impairment for segment INBO74E_T1023. The TMDL also addresses the IBC
impairment (through development of total phosphorus, nitrate + nitrite, and TSS loading capacities) on
segment INBO74D_T1050 (Table 1 and Table 15)). Current loads of E. coli exceed allowable loads
during high and moist flow conditions. The most likely sources of E. coli during these periods are runoff
from rural and urban areas, as well as the re-suspension of E. coli that might be present in the stream
channel. Existing nitrate + nitrite loads were below the allowable loads, total phosphorus loads were
exceeded during high flows and TSS loads were also exceeded during high flows. Additional instream
sampling is recommended for E. coli, nitrate + nitrite, total phosphorus, and TSS to better characterize
existing loads and current stream conditions.

The Frankfort City MS4 area drains to this segment. The MS4 area comprises about 1.4 percent® of the
drainage area of South Fork Wildcat Creek near Dayton and the MS4 WLA was calculated as 1.4 percent
of the loading capacity minus the contribution of the MOS and WLA for the permitted NPDES facilities
in the watershed.

Portions of Tippecanoe County are a designated MS4 area and drain to this segment. The MS4 area
comprises about 2.5 percent® of the drainage area of South Fork Wildcat Creek near Lafayette and the
MS4 WLA was calculated as 2.5 percent of the loading capacity minus the contribution of the MOS and
WLA for the permitted NPDES facilities in the watershed.

®> The MS4 area was calculated using the Frankfort urban boundary.
® The MS4 area was calculated using the Tippecanoe MS4 boundary received from the Tippecanoe County GIS
Administrator in April 2007)
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Table 19.

TMDL Summary for Assessment Location WAW040-0093

WAWO040-0093 TMDL

Existing Daily Loads

Total Maximum Daily Load

Pollutant Flow Regime Point Nonpoint TMDL= LA WLA: MOS
9 Sources Sources LA+WLA+MOS Total (10%)

High Flows 6,615| 384,121,619 3,990,293 3,336,058 255,206 399,029
Moist Conditions 6,615 3,099,921 1,126,098 983,236 30,252 112,610

E. coli -

(Million/day) Mid-Range Flows 6,615 No Data 326,554 263,647 30,252 32,655
Dry Conditions 6,615 No Data 147,836 102,800 30,252 14,784
Low Flows 6,615 No Data 48,596 13,484 30,252 4,860
High Flows No Data 14,429 31,922 26,688 2,042 3,192

.