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Indiana Department of Environmental Management
Total Maximum Daily Load Program
September 8, 2011

Total Maximum Daily Load (TMDL) for Escherichia coli (E. coli) in Cicero Creek watershed, Hamilton,
Tipton, Boone, and Clinton Counties, Indiana

Introduction

Section 303(d) of the Federal Clean Water Act and the United States Environmental Protection Agency’s
(USEPA’s) Water Quality Planning and Management Regulations (Title 40 of the Code of Federal Regulations
(CFR), Part 130) require states to develop Total Maximum Daily Loads (TMDLs) for waterbodies that are not
meeting Water Quality Standards (WQS). TMDLSs provide states a basis for determining the pollutant reductions
necessary from both point and nonpoint sources to restore and maintain the quality of their water resources. The
purpose of these TMDLSs are to identify the sources and determine the allowable levels of Escherichia coli (E.
coli) bacteria that will result in the attainment of the applicable WQS for E. coli in the Cicero Creek watershed in
Hamilton, Tipton, Boone, and Clinton Counties in Indiana.

Background

In 1998, portions of the Cicero Creek watershed (Figure 3) were listed on Indiana’s 303(d) list as impaired by
bacteria (E. coli) (Buck Creek, Tobin Ditch, Buscher Ditch, and Taylor Creek). A reassessment of the reaches
within the Cicero Creek watershed, using data collected in 2001 and more recently, 2006, was completed by
IDEM during the development of the Cicero Creek TMDLSs. This reassessment indicated that additional
assessment units of the Cicero Creek watershed were impaired by E. coli.

Recently IDEM began using the high resolution National Hydrography Dataset (NHD) created by the United
States Geological Survey (USGS). Previously IDEM could only view streams at medium resolution (1:100,000
scale). The high-resolution streams are at the 1:24,000 scale, which allows for a more detailed view of the
watershed. These high-resolution waters have always been present; however, they have not been visible in
electronic maps until now.

Previously, each stream network within a 14-digit HUC was identified as one assessment unit. This convention
did not accurately represent the stream impairments; therefore, IDEM employed the process of segmenting these
assessment units into smaller and more representative reaches. Segmentation is based upon a number of factors
that are likely to have similar impacts to water quality. IDEM examines several factors such as hydrology, land
use, NPDES facility and outfall locations, confined feeding operation locations (CFOs), concentrated animal
feeding operation locations (CAFOSs), aerial photography, and topographic maps for the process of segmenting
each stream reach or stream network within a watershed. The smaller stream reaches or stream networks resulting
from segmentation allow for better characterization of the impairments within the watershed as well as allowing
for better overall characterization of the watershed as those reaches or networks with potentially differing impacts
are assigned separate assessment unit IDs (AUID).

IDEM switched from using 14-digit HUCs to using the 12-digit HUCs developed by USGS. This switch called
for renaming AUIDs as the AUID is based off the numeric hydrologic unit code itself. In 2009, IDEM undertook
three simultaneous processes: adding high-resolution streams, segmentation for better representation, and
reassigning AUIDs based on the 12-digit HUC. Therefore, in Table 1, there will be an AUID based on the 2008
AUID naming convention and an AUID associated with the new 2012 naming convention, which will be
employed from this point forward. For additional details on IDEM’s segmentation process please see Attachment
G.
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This TMDL will address approximately two hundred thirty-one (231) stream miles in the Cicero Creek watershed
in Hamilton, Tipton, Boone, and Clinton Counties, of which all stream miles are impaired by elevated levels of

E. coli during the recreational season. The Cicero Creek watershed is a single ten-digit Hydrologic Unit Code
(HUC-10) #0512020106, and is divided into ten (10) 12-digit HUC subwatersheds (051202010601-
051202010610) (Figure 8). The Cicero Creek watershed is in central Indiana (Figure 1). Figure 2 depicts all the
waters in the watershed. The impaired segments of the Cicero Creek watershed will be placed on the 303(d) list in
2012 in category 4e. The twenty-seven (27) impaired assessment units (Table 1) for this TMDL are located in the
Cicero Creek basin hydrologic unit code 0512020106 (Figure 3).

Table 1: Impaired Assessment Units in the Cicero Creek Watershed

TMDL Site Segment :
County Stream Name Number 2012 AUID* Ier?gth** Impairment
Prairie Creek 28, 33, 34, INW0161_00 E. coli
37,38 - 23.55
Cicero Creek 21,31, 32, INW0162_01 E. coli
19, 36 -
20.32
Cicero Creek- .
Unnamed Tributary INW0162_01A 0.51 E. coli
Cicero Creek 26 INW0163_01 1.17 E. coli
Dixon Creek 59, 30 INW0163_T1001 13.45 E. coli
Tipton Cicero Creek 1 INW0164 01 2.49 E. coli
Cicero Creek- .
Unnamed Tributary INW0164_T1001 1.54 E. coli
Buck Creek 23, 24,25 | INW0164_T1002 15.34 E. coli
. 17, 18, 21, i
Cicero Creek 22 INW0165 01 942 E. coli
Cicero Creek- .
Unnamed Tributary INW0165_01A 0.61 E. coli
Tobin Ditch 20 INW0165_T1001 5.29 E. coli
Bacon Prairie Creek 29, 60 INW0165_T1002 15.62 E. coli
Buscher Ditch 35 INW0165_T1003 5.07 E. coli
Cicero Creek 15, 54,57 | INW0166 01 11.34 E. coli
Sloan Ditch 56 INW0166_T1001 3.41 E. coli
Weasel Creek 55 INW0166_T1002 6.85 E. coli
Little Cicero Creek 39, 58 INW0167_01 15.82 E. coli
Teter Branch 40 INW0167_T1001 6.00 E. coli
Little Cicero Creek 16, 52,53 | INW0168 01 12.70 E. coli
Bennett Ditch INW0168_T1001 2.90 E. coli
Hamilton Taylor Creek 4 INW0168_T1002 4.84 E. coli
Hinkle Creek 3,41 INW0169 01 14.00 E. coli
Jones Ditch 42,43 INW0169_T1001 10.37 E. coli
Cicero Creek 5,6, 13,14 | INWO16A 01 8.40 E. coli
Bear Slide Creek 51 INWO016A T1001 4.16 E. coli
Morse Reservoir Inlet 48 INWO16A T1002 2.49 E. coli
7,8, 9,10,
Sly Run 11, 12, 46, | INWO16A_T1003 13.52 E. coli
47
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*AUID: Assessment Unit ID
**Segment Length: Length of the Segment

IDEM conducted a sampling survey of the Cicero Creek watershed for E. coli in 2001 and again in 2006. The
primary data for this TMDL is taken from the 2006 sampling data. Forty-Four sites were sampled for E. coli
between August 29, 2006 through September 26, 2006 (Figure 3; Attachment A). E. coli sample sites were
sampled five (5) times, evenly spaced over a thirty (30) day period in accordance with the Water Quality Standard
to determine a geometric mean.

Water quality data collected in the Cicero Creek watershed during the 2006 sampling period were reassessed by
IDEM’s 303(d)/305(b) Coordinator in August 2011 (Attachment B). Of the forty-four (44) sites which were
sampled for E. coli, six (6) sites, Sites 20, 27, 29, 44, 45, and 49 did not violate the monthly geometric mean for
E. coli (125 MPN/100 mL). However, sites 45, 44, and 49 are located on the reservoir and are not included in this
TMDL. Sites 20, 27, and 29 are in the extreme headwaters of their respective subwatersheds, but sites below
increase in E. coli values significantly. All other sites sampled violated the E. coli geometric mean of 125 MPN*
(Most Probable Number)/100 mL. All sites violated the single sample maximum of 235 MPN/ 100 mL at least
once.

Water quality data collected by IDEM’s Assessment Branch in 2006 indicated high levels of E. coli in the Cicero
Creek watershed. Violations ranged from 235 MPN/100 mL to greater than 2420 MPN/100 mL (Figure 2;
Attachment C).

The TMDL development schedule corresponds with IDEM’s basin-rotation water quality monitoring schedule. To
take advantage of all available resources for TMDL development, impaired waters are scheduled according to the
basin-rotation schedule unless there is a significant reason to deviate from this schedule. Waterbodies can be
scheduled based on the following:

1) Waterbodies may be given a high or low priority for TMDL development depending on the specific
designated uses that are not being met, or in relation to the magnitude of the impairment.

2) TMDL development of waterbodies where other interested parties, such as local watershed groups, are
working on alleviating the water quality problem may be delayed to give these other actions time to have
a positive impact on the waterbody. If water quality standards still are not met, then the TMDL process
will be initiated.

3) TMDLs that are required due to water quality violations relating to pollutant parameters where no EPA
guidance is available, may be delayed to give EPA time to develop guidance.

This TMDL was scheduled based on the data available from the IDEM basin-rotation schedule, and on additional
water quality sampling within the Cicero Creek watershed.

A data request to all counties and known watershed groups was made; however, no additional data were received.
Water Quality Standards
One of the designated uses for the waterbodies in the Cicero Creek watershed is for total body contact during the

recreational season, April 1 through October 31. The WQS for E. coli is 125 per one hundred milliliters as a 30-
day geometric mean based on not less than five samples equally spaced over a thirty-day period. High

11 MPN (most probable number) = 1 cfu (colony forming unit)
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concentrations of E. coli may limit the use of the water body for recreation; E. coli is an indicator species of fecal
contamination, which may contain other microorganisms that are harmful to human health.

327 IAC 2-1-6(d) (3) establishes the full body contact recreational use E. coli WQS for all waters in the non-Great
Lakes system as follows:
(3) For full body contact recreational uses, E. coli bacteria shall not exceed the following:
(A) 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.
(B) Two hundred thirty-five (235) per one hundred (100) milliliters in any one (1) sample in a
thirty (30) day period, except that in cases where there are at least ten (10) samples at a given site,
up to ten percent (10%) of the samples may exceed two hundred thirty-five (235) cfu or MPN per
one hundred (100) milliliters where the:
(i) E. coli exceedances are incidental and attributable solely to E. coli resulting from the
discharge of treated wastewater from a wastewater treatment plant as defined at IC 13-11-2-
258; and
(i) criterion in clause (A) is met. However, a single sample shall be used for making beach
notification and closure decisions. If a geometric mean cannot be calculated because five (5)
equally spaced samples are not available, then the criterion stated in clause (B) must be met.

The sanitary wastewater E. coli effluent limits from point sources in the non-Great Lakes system during the
recreational season, April 1through October 31, are also covered under 327 IAC 2-1-6(d)(4) and 327 IAC 2-1-
6(d)(5).
(4) For demonstrating compliance with wastewater treatment requirements, sanitary wastewater
dischargers shall ensure the following:
(A) The concentration of E. coli in the undiluted discharge does not exceed one hundred twenty-
five (125) cfu or MPN per one hundred (100) milliliters as a geometric mean of the effluent
samples taken in a calendar month.
(B) Not more than ten percent (10%) of all samples when not less than ten (10) samples are taken
and analyzed for E. coli in a calendar month exceed two hundred thirty-five (235) cfu or MPN per
one hundred (100) milliliters as a daily maximum. Under this clause, the calculation of ten
percent (10%) of the samples taken shall be limited to the lowest whole number result.
(5) Effluent limits to implement the criteria in subdivision (3) during the recreational season shall be
established in NPDES permits by incorporating the following that are to be applied to the undiluted
discharge:
(A) The concentration of E. coli in the undiluted discharge shall not exceed one hundred twenty-
five (125) cfu or MPN per one hundred (100) milliliters as a geometric mean of the effluent
samples taken in a calendar month.
(B) Not more than ten percent (10%) of all samples in a calendar month exceed two hundred
thirty-five (235) cfu or MPN per one hundred (100) milliliters as a daily maximum. Under this
clause, the calculation of ten percent (10%) of the samples taken shall be limited to the lowest
whole number result.

Source Assessment

Watershed Characterization

Waters in the Cicero Creek watershed flow northeast then southeast to south. The waters in Cicero Creek
watershed flow through four (4) Indiana Counties. The watershed headwaters begin in Boone County (1.2%) and
Clinton County (1.1%) and flows northeast into Tipton County (44.0%) before turning southeast/south into
Hamilton County (53.7%) (Figure 1).
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Land Use

Land use information was assembled in 1992 using the Gap Analysis Program (GAP). In 1992, approximately
94.1% of the land use in the Cicero Creek watershed was agriculture. The remaining land use for the Cicero Creek
watershed consisted of approximately 1.3% Forest, 2.6% Wetland, 1.0% Water, and 1.0% Urban (Figure 4). Site
visits during the sampling events confirm that this watershed is still primarily agricultural with mixtures of forest
and wetland uses however, there has been significant growth of suburban developments in the Noblesville and
Cicero town limits, but until such time as a quantifiable geodatabase of landuse is available, specific percentages
of current landuse cannot be calculated.

A landuse survey compiled in the Morse Reservoir/Cicero Creek Watershed Management Plan, 2011 states:
This watershed has historically been natural areas that were drained and converted for agricultural
uses. The area is dominated by agricultural land and based on the 2001 land use information
comprises 83.74% (cultivated crops and pasture hay) of its area. Additionally, forests and
wetlands comprise 6.38% (open water, forest, shrub/scrub, grassland/herbaceous, woody
wetlands and emergent herbaceous), and urban and residential lands comprise 9.87% of the
watershed. Only 6.38% of the entire watershed is categorized as green space (e.g. forest and
wetland areas).

The Morse Reservoir/Cicero Creek Watershed Management Plan uses different classifications than IDEM for
landuse coverage and is only included for information purposes only and not used for any TMDL calculations.

Future Growth

According to the 2010 Census data (U.S. Census, 2010), there has been a significant positive growth rate in
Hamilton County, which is 53.7% of the Cicero Creek watershed. Population increased by 96,547 or 34.57% from
2000 to 2009. Tipton County, which is 44.0% of the Cicero Creek watershed, decreased in population by 685 or -
4.31% from 2000 to 2009. There are no incorporated areas near the Boone and Clinton County portions of the
watershed, which only account for 2.3% (1.2% and 1.1% respectively) of the watershed, therefore, they were not
included in the future growth portion of the TMDL.

IDEM acknowledges that the U.S. Census data is county wide and may not accurately reflect the growth
rate/potential within the Cicero Creek watershed, but does include the data as recognition that there is potential
for future growth in Hamilton and Tipton Counties within the watershed.

Source Discussion

Point Sources for E. coli

National Pollutant Discharge Elimination System (NPDES) Permitted Dischargers

There are six (6) NPDES permitted facilities in the Cicero Creek watershed (Figure 5, Table 2). Five (5)
dischargers have E. coli limits in their permits. The remaining one (1) facility does not have a sanitary component.
Facilities that do not discharge E. coli are not required to be assigned a wasteload allocation (WLA) for E. coli.
Following is a list of the NPDES facilities, including their permit numbers and a summary of violations.

. Tipton County Landfill (INO061441): Does not have a sanitary component to their permit.

° Tipton WWTP (IN0021474): Has a sanitary component with no exceedances of E. coli in the last three
years.

o Atlanta WWTP (IN0022306): Since April 2008 during the 18 months of recreational season and
reporting, this facility has violated the geometric mean seven (7) times, with geometric means as high
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as 2420 and single sample maximums reported at 2419.6. A Notice of Violation and Proposed Agreed
Order letter was sent out April 21, 2011 and is discussed in more detail below.

. Arcadia WWTP (IN0021334): Since April 2008 during the 18 months of recreational season and
reporting, this facility has no exceedances of the geometric mean and only one exceedances of the
single sample maximum with a value of 250 (the single sample maximum is 235).

o Sheridan WWTP (IN0031071): Since April 2008 during the 18 months of recreational season
reporting, this facility has no exceedances of the geometric mean and no exceedances of the sample
maximum.

. Gas America (IN0059943): Since April 2008 during the 18 months of recreational season reporting, this
facility has no exceedances of the geometric mean and only two exceedances of the single sample
maximum with values of 300 and 2419.6 (the single sample maximum is 235), which does not trigger
an enforcement action.

Municipal Separate Storm Sewer Systems (MS4): Storm Water General Permit Rule 13

There are five (5) municipal separate storm sewer system (MS4) communities in Hamilton County: Hamilton
County (INR040066), Town of Cicero (INR040066-Co-Permittee with Hamilton County), City of Noblesville
(INR040127), City of Westfield (INR040109), and the Town of Arcadia (INR040004). Sheridan and Atlanta are
incorporated into Hamilton County's MS4 permit. There are no municipal separate storm sewer system (MS4)
communities within the watershed in Boone, Tipton, or Clinton Counties (R. Korthals, IDEM MS4 Coordinator,
Personal Communication, July 2011).

Guidelines for MS4 permits and timelines are outlined in Indiana’s Municipal Separate Storm Sewer System
(MS4) Rule 13 (327 IAC 15-13-10 and 327 IAC 15-13-11)
Sec. 10. If a total maximum daily load (TMDL) is approved for any water body into which an MS4
conveyance discharges, the MS4 operator must review and appropriately modify Parts B and C of their
Storm Water Quality Management Plan (SWQMP) if the TMDL includes requirements for control of
storm water discharges under the jurisdiction of the MS4 operator.

IDEM recognizes that these MS4 communities can be sources of E. coli and more information needs to be
collected. As part of the permit process, these systems will be better defined and will continuously work towards
meeting the water quality standard, which is the limit and goal of this TMDL. This process will take several
permitting cycles and it is anticipated that in the future, MS4 permits will meet the water quality standards.

Combined Sewer Overflows (CSO) and Sanitary Sewer Overflows (SSO)

There is one (1) CSO community and two (2) SSO communities within the Cicero Creek watershed. The City of
Tipton has a CSO community. The Town of Atlanta and the Town of Cicero contain the two (2) SSO
communities in the watershed.

The City of Tipton, in October 2008, was issued an Agreed Order regarding the eight (8) CSO outfalls and
requires the City of Tipton to submit a Long Term Control Plan (LTCP) to be effective not later than October 30,
2030. In March 2010, the City of Tipton submitted their LTCP. The plan was approved on July 9, 2010. The city
plans to use a combination of several controls to be constructed over the next ten years at a cost of $6.2M. Some
proposed projects include the elimination of CSOs 007 and 009, upgrades to the WWTP to treat wet weather
flows. The city has committed to the elimination or capture for treatment of no less than 85% by volume of the
combined sewage collected in the CSO system during wet weather events in a typical year.

The Town of Atlanta, in April 2011, was issued a Notice of Violation (NOV) and Proposed Agreed Order (AO)
due to a determination that violations exist. The NOV was issued in part to a Sanitary Sewer Overflow from June
15, 2010 through July 3, 2010, which was not reported orally within 24 hours or in writing within five days of the
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event. The Town of Atlanta has 60 days to respond to the NOV by June 21, 2011. IDEM officials have met with
and are working towards the best solution. In a letter dated June 15, 2011, the Town of Atlanta informed IDEM
that the town has voted to proceed with a grant application to improve the situation.

In June 1998, the Town of Arcadia started the separation of its combined sewer system and finished phase I in
October 1998. Phase Il separation of its combined sewer system began in March of 1999 and completed in
September 1999. Arcadia has had in the past a combined CSO with an overflow, with the separation of the system
completed; Arcadia now has a separate wastewater collection system and a separate storm sewer system.

The Town of Cicero has a Sewage Treatment plant which discharges directly to Morse Reservoir. There have
been no recorded violations at this facility and inspections have had positive results.

Concentrated Animal Feeding Operations (CAFQOs)

There are six (6) active CAFOs within the Cicero Creek watershed, five are located in Tipton County and one is
located in Hamilton County (Table 13).

The removal and disposal of the manure, litter, or processed wastewater that is generated as the result of confined
feeding operations falls under the regulations for confined feeding operations CFOs and concentrated animal
feeding operations CAFOs. The CFO and CAFO 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 IAC 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 IAC 5-4-3 (effective 12/28/06) and 327
IAC 5-4-3.1 (effective 3/24/04). CAFO loads fall under WLA.

Due to size, some confined feeding operations are defined as CAFOs. For purposes of discussion, it is important
to remember that all CAFOs are confined feeding operations. The CAFO regulation, however, contains more
stringent operational requirements and slightly different application requirements. All facilities that are identified
as CFO’s will be addressed in the nonpoint sources.

Nonpoint sources for E. coli:

Wildlife

Wildlife is a known source of E. coli in waterbodies. Many animals spend time in or around waterbodies. Deer,
geese, ducks, raccoons, turkeys, and other animals all create potential sources of E. coli. Wildlife contributes to
the potential impact of contaminated runoff from animal habitats, such as urban park areas, forest, and rural areas.

Septic System

Failing septic tanks are known sources of E. coli and can impair waterbodies. All the counties in the watershed
follow the state IAC 16-1-4-9 and IAC 36-1-6-2 rules regarding septic systems. Failures are typically identified
through complaints and through the sale of older properties that have not passed inspection. Effluents from failing
septic tanks can leach into groundwater or pond at the surface where they can be washed into surface waters via
stormwater runoff events.
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Hamilton County:

On-site sewage disposal is a large portion of the work completed by the Environmental Health Division. Sewage
effluent is a concoction of many things such as pathogenic microorganisms, which are capable of causing a
variety of diseases such as hepatitis, cholera, E. coli, etc., leading to illness or even death if untreated. These
contaminants are illegally discharged from homes often by means of old field tile connections and/or surface
failures finally making their way to surface and drinking water supplies of Hamilton County. The goal of the
health department is to identify such unlawful conditions and abate the conditions through regulatory
enforcement. Water sample results and positive dye tests of homes confirm investigations of possible sewage
discharges.

Septic systems installed in Hamilton County are regulated, permitted and inspected by the Health Department.
Sizing of septic systems is based on the number of bedrooms and bedroom equivalents multiplied by one hundred
fifty gallons per day per bedroom and divided by the soil-loading rate as specified in Indiana State Department of
Health Rule 410 IAC 6-8.2. The soil-loading rate is determined during a site inspection performed by a Registered
Soil Scientist. An update list of soil scientist and registered septic installers is available by contacting the
Hamilton County Health Department.

Tipton County:

Tipton County addresses septic complaints through a specialist. The specialist will visit the site, inspect, and take
pictures of a site where a complaint was filed and give a 60-90 day notice to fix the problem should a violation
exist. After the 60-90 days, the specialist will return to verify if the issue has been addressed. If the issue is not
addressed the health department will send a second notice informing the landowner the issue is being sent to the
county board for review and further action that can include up to $500/day for first offense and up to $1000/day
for subsequent offenses. Tipton County can fine the installers if the system was installed improperly.

Boone and Clinton Counties were not addressed in the discussion on septic systems due to the small area of
representation.

Confined Feeding Operations (CFOs)

There are seven (7) active CFOs within the Cicero Creek watershed, four are located in Tipton County and three
are located in Hamilton County (Table 13).

The removal and disposal of the manure, litter, or processed wastewater that is generated as the result of confined
feeding operations falls under the regulations for confined feeding operations CFOs and concentrated animal
feeding operations CAFOs. The CFO and CAFO regulations (327 IAC 16, 327 1AC 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 difference between the two
feeding operation is that concentrated animal feeding operations fall under Federal regulation and confined
feeding operations fall under State regulations. Due to this difference, CAFO loads fall under WLA and CFO
loads fall under LA, and are required to have no discharge to waters of the State.

The animals raised in confined feeding operations 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. Confined feeding operations, however, can also pose
environmental concerns, including the following:
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e Manure can leak or spill from storage pits, lagoons, tanks, etc.
e Improper application of manure can contaminate surface or ground water.
e Manure overapplication can adversely impact soil productivity.

The locations of Confined Feeding Operations in the Cicero Creek watershed are shown in Figure 7.

It was noted during the watershed tour there are many smaller livestock operations in the watershed. These
operations, due to their small size, are not regulated under the CFO or CAFO regulations. These operations may
still add E. coli to surface waters via wastewater from the facilities, near-stream pastures, manure spreading onto
fields, and livestock with access to stream environments. Runoff from pastures and livestock operations can also
be potential agriculture sources of bacteria. For example, animals grazing in pasturelands deposit manure directly
upon the land surface and, even thought 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 land cover, increasing the possibility of erosion and contaminated runoff during a storm event. Due to the small
size of these operations, alternative management practices need to be in place to reduce their impact on water
guality. Some of the management alternatives are outlined in the reasonable assurance activities section to follow.

Stormwater runoff from agricultural land use practices

Runoff from agricultural lands (feedlots, pastures and fields) can contain significant amounts of bacteria. Manure
spread onto fields is often a source, and can be exacerbated by field-tile drainage lines, which channelize the
stormwater flows and reduce the time available for bacteria to die-off. Land applied manure may also reach
surface waters via overland runoff and via macropore/preferential flow pathways. Stormwater runoff related to
manure stockpiles and manure storage facilities can also contribute E. coli to stream environments in the Cicero
Creek watershed.

Unrestricted livestock access to streams

Livestock with access to stream environments may add bacteria directly to the surfaces waters or resuspend
particles that had settled on the stream bottom. Direct deposit of animal wastes can result in very high localized
bacteria counts and can also contribute to downstream impairments. Smaller animal operations may add bacteria
to surface waters via stormwater runoff from near-stream pastures.

Urban Runoff

Runoff from urban areas (urban, residential, commercial or industrial land uses) can contribute E. coli to local
water bodies. Stormwater from urban areas, which drain impervious surfaces, may introduce bacteria to surface
waters. Urban bacteria sources can include wildlife or pet wastes.

Linkage Analysis and E. coli Load Duration Curves

The linkage between the E. coli concentrations in the Cicero Creek watershed and the potential sources provides
the basis for the development of this TMDL. The linkage is defined as the cause and effect relationship between
the selected indicators and the sources. Analysis of this relationship allows for estimating the total assimilative
capacity of the stream and any needed load reductions. Analysis of the data for the Cicero Creek watershed
indicates that a significant amount of the E. coli and phosphorus load enters the Cicero Creek watershed through
both wet (nonpoint) and dry (point) weather sources.
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To investigate further the potential sources mentioned above, an E. coli duration curve analysis, as outlined in an
unpublished paper by Cleland (2002), was developed for each of the 41 (reservoir sites were not included)
sampling sites in the Cicero Creek watershed (Attachments C, D, E). The method considers how stream flow
conditions relate to a variety of pollutant loadings and their sources (point and nonpoint).

In order to develop a load duration curve, continuous flow data is required. The USGS gage for Cicero Creek near
Cicero, Indiana (0335000) was utilized. The Cicero Creek gage station is located on Cicero Creek at Mt. Pleasant
Rd approximately 2.5 miles upstream of Morse Reservoir. Due to the uncertainty of extrapolated flows, gage flow
values were used to calculate the loadings for all sites.

The flow data is used to create flow duration curves, which display the cumulative frequency of distribution of the
daily flow for the period of record. The flow duration curve relates flow values measured at the gage station to the
percent of time that those values are met or exceeded. Flows are ranked from extremely low flows, which are
exceeded nearly 100 percent of the time, to extremely high flows, which are rarely exceeded. Flow duration
curves are then transformed into load duration curves by multiplying the flow values along the curve by
applicable water quality criteria values for E. coli and appropriate conversion factors. The load duration curves are
conceptually similar to the flow duration curves in that the x-axis represents the flow recurrence interval and the
y-axis represents the allowable load of the water quality parameter. The curve representing the allowable load of
E. coli was calculated using the geometric mean standard of 125 E. coli MPN per 100 ml. The final step in the
development of a load duration curve is to add the water quality pollutant data to the curves. Pollutant loads are
estimated from the data as the product of the pollutant concentrations, instantaneous flows measured at the time of
sample collection, and appropriate conversion factors. In order to identify the plotting position of each calculated
load, the recurrence interval of each instantaneous flow measurement was defined. Water quality pollutant
monitoring data are plotted on the same graph as the load duration curve so as to provide a graphical display of
the water quality conditions in the waterbody. The pollutant monitoring data points that are above the target line
exceed the water quality standards (WQS); those that fall below the target line meet the WQS (Cleland, 2002 and
Mississippi DEQ, 2002).

Flow regimes in the load duration curve are broken down into five categories.

Very High Flows: Flows in this area are 90% greater than what is seen most of the time. These flows represent
flooding or near flooding stages of a stream. These flows are exceeded 0 — 10 % of the time.

Higher Flows: Flows in this range, to the local observer, might be indicated as near bank full conditions. These
flows are exceeded 10 — 40 % of the time.

"Normal™ Flows": Normal flows are the "typical” flows an observer would see on an "average" day. These flows
are exceeded 40 — 60% of the time.

Lower Flows/Drier Conditions: To the observer, these conditions are seen when the stream begins to "dry up" or
have less than "average" type flows. These flows are exceeded 60 -90 % of the time.

Very Low Flows: Flows in this range are the lowest of all flows, typically seen in drought-like conditions or even
no water at times. These flows correspond are exceeded 90 -100 % of the time, where all flows recorded are
typically higher than these flows.

Load duration curves were created for all the sampling sites in the Cicero Creek watershed (Figure 3, Attachment
C, D, E). These sampling sites were sampled for E. coli August through September 2006. The data indicate that
the largest exceedances of the E. coli WQS were prevalent during all flow conditions and weather events (noted
by diamonds above the curve on the far left side of the figure in Attachment D).
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Subwatershed Summary Tables

Impaired segments are listed in the Tables 2 - 11 and include the following information: impaired segment 1D,
drainage area, sampling sites, listed segments, land use, NPDES facilities, MS4 community, CSO communities,
CFO's, Load Allocations, Wasteload Allocations, and Margin of Safety values for E. co