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Indiana Department of Environmental Management 
Total Maximum Daily Load Program 

February 24, 2005 
 

Total Maximum Daily Load (TMDL) for Escherichia coli (E. coli) in the Lower Eel River 
Watershed, Clay, Owen, Greene, Vigo, and Sullivan 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 listed on the state’s section 303(d) list of impaired waterbodies 
because they are not meeting state Water Quality Standards (WQS).  TMDLs 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 this TMDL is to identify 
the sources and determine the allowable levels of E. coli bacteria that will result in the attainment 
of the applicable WQS in the Lower Eel River watershed in Clay, Owen, Greene, Vigo, and 
Sullivan Counties, Indiana. 
 
Background 
 
In 1996, Indiana’s section 303 (d) list cited the Eel River near Worthington, Indiana as being 
impaired for E. coli.  In 1998, 2002, and 2004, a significant number of tributaries to the Eel River, 
as well as additional segments of the Eel River, were cited as being impaired for E. coli.  This 
TMDL will address only the lower 256 square miles of drainage area of the Eel River watershed, 
which has a total drainage area of 1208 square miles.  The Lower Eel River watershed is located 
in parts of Clay (63.06%), Owen (20.10%), Greene (14.18%), Vigo (2.64%), and Sullivan 
(0.03%) counties in Indiana, where recreational uses are impaired by elevated levels of E. coli 
during the recreational season (Figure 1).  All of the twenty-one segments of the listed streams for 
this TMDL are located in the West Fork White River Basin in USGS eleven digit hydrologic unit 
codes (HUCs) 05120203090 and 05120203080.  The waterbody name(s) of the study area, 303(d) 
list IDs, segment ID number(s), length of impaired segments, and impairment are as follows: 
  
Waterbody Name 303(d) 

List ID 
Segment ID number(s) Length 

(miles) 
Impairment 

Connelly Ditch-
Headwaters 

105 INW0395_T1019 7.52 E. coli 

Connelly Ditch 105 INW0396_T1020 5.24 E. coli 
Clay City Trib 105 INW0396_00 4.45 E. coli 
Eel River 112 INW0397_T1018, INW0398_T1015, 

INW039C_T1024, INW039D_T1025 
12.79 E. coli 

Lagoon Creek – 
Howesville Ditch 

112 INW0399_00 17.94 
 

E. coli 

Need/Brush Creek 
And Other 
Tributaries 

112 INW039C_00 12.81 E. coli 

Lick Creek 112 INW039C_T1023 2.13 E. coli 
Eel River  113 INW0393_T1014, INW0394_T1016 9.08 E. coli 
Birch Creek - Little 
Birch Creek 

113 INW0384_00 9.90 E. coli 
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East Fork Birch 
Creek 

113 INW0385_00 7.86 E. coli 

Birch Creek – 
Prairie Creek 

113 INW0386_00 11.09 E. coli 

Brush Creek – 
Crooked Creek 

113 INW0387_00 8.33 E. coli 

Birch Creek – Outlet 
(Zion Church) 

113 INW0388_00 3.93 E. coli 

Splunge Creek – 
Cutoff / Little 
Slough 

113 INW0392_00 25.79 E. coli 

Lick Creek 128 INW039A_T1021, INW039B_T1022 10.61 E. coli 
Wabash & Erie 
Canal 

147 INW0398_T1017 4.93 E. coli 

 
Historical data collected by IDEM documented elevated levels of E. coli in the Eel River at the 
SR 67 Bridge fixed station-sampling site near Worthington, Indiana.  This data was the basis for 
the listing of the Eel River near Worthington as being impaired for E. coli on the 1996 303(d) list.  
Historical data collected by IDEM synoptic sampling in 1996 documented elevated levels of E. 
coli in Connelly Ditch, Lick Creek, Wabash and Erie Canal, and Eel River.  This data was the 
basis for the listing of Connelly Ditch, Lick Creek, Wabash and Erie Canal, and Eel River from 
Splunge Creek to West Fork White River as impaired for E. coli on the 1998 303(d) list.  Birch 
Creek – Little Birch Creek, East Fork Birch Creek, Birch Creek – Prairie Creek, Brush Creek – 
Crooked Creek, Birch Creek – Outlet (Zion Church), Splunge Creek – Cutoff / Little Slough, 
Headwaters of Connelly Ditch, Clay City Tributary, Lagoon Creek – Howesville Ditch, Need / 
Brush Creek, and other tributaries were first listed as being impaired for E. coli on the 2004 
303(d) list.   
 
IDEM completed an intensive survey of the watershed for Eel River, Connelly Ditch, Wabash 
and Erie Canal, and Lick Creek in 2001.  IDEM sampled twenty-seven sites five times evenly 
spaced over a thirty-day period from July 23, 2001, to August 29, 2001.  This water sampling 
event occurred during Indiana’s recreational season (April 1 through October 31) (Figure 2).  The 
geometric means were not calculated for four other sites that were sampled, since five samples 
were either not collected or usable.  Site 1 was sampled twice without a single sample maximum 
violation, Site 3 was sampled three times without a single sample maximum violation, Site 12 
was sampled four times and two of the samples violated the single sample maximum, and Site 28 
was also sampled four times but only one sample violated the single sample maximum.  Twenty-
two of the twenty-seven sites that was sampled five times violated the geometric mean.  The five 
sites where a geometric mean value could be calculated that did not violated the geometric mean 
standard were Sites 9, 11, 17, 18, and 26.  Twenty-five of the twenty-seven sites violated the 
single sample maximum standard at least once during this sampling event.  Two sites, Site 9 and 
18, never violated the single sample maximum standard or the geometric mean during the 
sampling.  Based on this study in 2001, IDEM determined that an E. coli TMDL would need to 
be completed for the Lower Eel River watershed (Attachment A). 
 
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 for TMDL development according to the basin-
rotation schedule unless there is a significant reason to deviate from this schedule.  Waterbodies 
could be scheduled based on the following: 
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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 basin-rotation schedule, which 
represents the most accurate and current information on water quality within the waterbodies 
covered by this TMDL. 
 
Water quality E. coli load duration curves were created by using IDEM’s data.  A flow duration 
interval is described as a percentage.  Zero percent corresponds to the highest stream discharge 
(flood condition) and 100 percent corresponds to the lowest discharge (drought condition).  The 
E. coli values at twenty-four of the sites were plotted with the corresponding flow duration 
interval to show the E. coli violations of the single-sample maximum standard and geometric 
mean standard during both the recreational and non-recreational seasons.  The locations of the 
sites are: 
 

a. Eel River at State Road 67 (Site 31)       
b. Eel River at Splunge Creek (Site 04)    
c. Birch Creek at State Road 46 (Site 01)    
d. Birch Creek at CR300S (Site 02)    
e. Splunge Creek at CR535W-CR550W (Site 03)    
f. Unnamed Tributary #1 to Connelly Ditch (Site 05)  
g. Unnamed Tributary #2 to Connelly Ditch (Site 06)  
h. Connelly Ditch at CR50E (Site 07)    
i. Connelly Ditch at CR600S (Site 08)    
j. Connelly Ditch at SR246 (Site 09)    
k. Connelly Ditch at CR1100S (Site11)     
m. Connelly Ditch at CR1200S (Site 12 & 13) 
n. Connelly Ditch at CR400S near River Road (Site 15) 
o. White Oak Cr at CR1250S (Site 16) 
p. Lagoon Creek at CR850S (Site 21) 
q. Eel River at SR157 (Site 23) 
r. Lick Creek at CR150S East of Bond Rd. (Site 24) 
s. Lick Creek at CR300S (Site 25) 
t. Hauser Creek at CR350S (Site 26) 
u. Lick Creek at CR450S (Site 27) 
v. Lick Creek at CR750S (Site 28) 
w. Need Ditch at Arney Road (Site 29) 
x. Brush Creek at CR700S (Site 30) 
 

“These twenty-four sites are representative of the hydrodynamics of the Lower Eel River 
watershed (Attachment B).” 
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Numeric Targets 
 
The impaired designated use for the waterbodies in the Lower Eel River watershed is for full 
body contact recreational use during the recreational season, April 1st through October 31st.   
 
327 IAC 2-1-6(d) establishes the total body contact recreational use E. coli Water Quality 
Standard (WQS1) for all waters in the non-Great Lakes system as follows: 
 

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. 

 
The sanitary wastewater E. coli effluent limits from point sources in the non-Great Lakes system 
during the recreational season, April 1st through October 31st, are also covered under 327 IAC 2-
1-6(d).  
 
For the Lower Eel River watershed during the recreational season (April 1st through October 31st) 
the target level is set at the E. coli WQS of 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.                                                                                                                                                                               
 
 
Source Assessment 
 
Watershed Characterization 
 
The Lower Eel River watershed is located in west-central Indiana.  The Eel River originates in 
southwestern Putnam County at the confluence of Mill Creek and Big Walnut Creek.  It continues 
from this point in a southwesterly direction to the lower third of Clay County where it turns south, 
then easterly into Owen County.  It then flows south into Greene County and outlets into the West 
Fork of White River near the town of Worthington, 50.24 river miles downstream.  The Lower 
Eel River watershed covers portions of Clay, Owen, Greene, Vigo, and Sullivan counties.  The 
Lower Eel River watershed encompasses 256 square miles of drainage area of the total drainage 
area for Eel River watershed of 1208 square miles.  The Lower Eel River watershed includes 
approximately 154 miles of impaired streams.   
 
The landuse information, which was gathered from the mid-1970s for the Lower Eel River 
watershed, indicates that approximately 78% of the landuse was agriculture and 2% was 
developed.  The remaining 20% included forested (19%) and other landuses (1%)  (See Table 
3.C. for detailed breakout).  IDEM utilized landuse information obtained in 1992 from the Gap 
Analysis Program (GAP).  In 1992, approximately 73% of the landuse in the Lower Eel River 
watershed was agriculture.  The remaining landuse consisted of approximately 23.6% forested, 
1.4% developed, 1% deciduous shrubland, and 0.8% water (Figure 3).  A comparison of the mid-
1970s land use with the 1992 land use information shows that no substantial changes to the 
Lower Eel River watershed have occurred. 
                                                           
1 E.coli WQS = 125 cfu/100ml or 235 cfu/100ml; 1 cfu (colony forming units)= 1 mpn (most probable number) 
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Wildlife is a known source of E. coli impairments in waterbodies.  Many animals spend time in or 
around waterbodies.  Deer, geese, ducks, raccoons, turkeys, and other animals are potential 
sources of E. coli.  Wildlife contributes to the potential impact of contaminated runoff from 
animal habitats, such as urban park areas, forest, and cropland.   
 
Many homes within the Lower Eel River Watershed are on septic.  Failing septic tanks are a 
known source of E. coli impairment in waterbodies.  The Owen County Health Department 
estimated that 90% of the homes are on septic systems and that the failure rate for existing septic 
systems is 10% to 20% (Personal Communication, 2004).  The Clay County Health Department 
estimated that 6,000 homes in Clay County are not on city sewer systems and approximately 
2,000 homes lack adequate sewage disposal (Personal Communication, 2004).  The Greene 
County Health Department and the Vigo County Health Department were not able to provide an 
estimate of septic failures due to a lack of survey information (Personal Communication, 2004).   
 
 
National Pollutant Discharge Elimination System (NPDES) Permitted Dischargers 
 
There are twenty-one NPDES permitted dischargers in the lower Eel River Watershed.  Five of 
the twenty-one permitted dischargers have a sanitary component in their discharge (Table 1, 
Figure 5).  One of the five permitted dischargers, (IN0021211) Brazil Municipal Sewage 
Treatment Plant (STP), has E. coli limits.  Four of the five dischargers - (IN0039861) Clay City 
Municipal Publicly Owned Treatment Works (POTW), (IN0021008) Jasonville Municipal STP, 
(IN0050695) Wabash Park Campground, and (IN0030783) Jackson Township Elementary School 
only have chlorination and de-chlorination limits in their permits.   
 
In the new permit that is to be issued to City of Brazil WWTP Permit # IN0021211 the two 
permitted combined sewer overflows (CSOs) in the old permit will be removed from the new 
permit.  Brazil will no longer be considered a CSO community as these two CSOs will be 
physically eliminated.  From that point on, the City of Brazil WWTP collection system will be 
classified as 100% sanitary.  There will be one active overflow point in the system (003) that the 
City of Brazil WWTP plans to eliminate.  Until the active overflow is removed it will be 
identified as a sanitary sewer overflow (SSO) in the permit and prohibited from discharging.    
 
In addition to the NPDES permitted dischargers in the watershed, there may be unpermitted, 
illegal discharges to the Lower Eel River watershed.  Illegal discharges of residential wastewater 
(septic tank effluent) to streams and ditches from straight pipe discharges and old inadequate 
systems are a problem throughout the state (Hale, 1999; Fisher, 1999).   
 
 
Confined Feeding Operations and Concentrated Animal Feeding Operations 
 
The removal and disposal of the manure, litter, or processed wastewater that is generated as the 
result of confined feeding operations fall under the regulations for confined feeding operations 
(CFO) and concentrated animal feeding operations (CAFO).  There are ten (10) active CFOs in 
the Lower Eel River watershed.  Of the ten (10) CFOs, none are classified as CAFOs, which have 
general NPDES permits (Table 2, Figure 5).  The CFO and CAFO regulations (327 IAC 16, 327 
IAC 15) require operations “not cause or contribute to an impairment of surface waters of the 
state".  The currently operational animal operations in the Lower Eel River watershed have no 
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open enforcement actions at this time.  Therefore, these operations are not considered a 
significant source of E. coli for the Lower Eel River TMDL.  
 
There are also many small 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 
have an impact on the water quality and the E. coli impairment.  No specific information on these 
small livestock operations is currently available however; these small livestock operations may be 
a source of the E. coli impairment.   
 
 
Linkage Analysis and E. coli Load Duration Curves 
 
The linkage between the E. coli concentrations in the Lower Eel River 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 Lower Eel River watershed indicates that E. coli 
load enters the Lower Eel River watershed through both wet (nonpoint sources) and dry (point 
sources) weather sources. 
 
To investigate further the potential sources mentioned above, an E. coli load duration curve 
analysis, as outlined in an unpublished paper by Cleland (2002), was developed for twenty-four 
sampling sites in the Lower Eel River watershed (Attachment C).  The load duration curve 
analysis is a relatively new method utilized in TMDL development.  The method considers how 
stream flow conditions relate to a variety of pollutant loadings and their sources (point and 
nonpoint).  
 
In order to develop flow duration curves, water quality duration curves, and load duration curves, 
continuous flow data is required.  Three United States Geological Survey (USGS) gages, Eel 
River gage (03360000) located near Bowling Green, Indiana, White River gage (03357000) 
located near Spencer, Indiana, and White River gage (03360500) located near Newberry, Indiana, 
were used for the development of the E. coli duration curves analysis for the Lower Eel River 
watershed TMDL.  USGS gage 03360000 on Eel River at Bowling Green is upstream with a 
drainage area of 830 square miles.  USGS gage 03357000 on White River at Spencer has a 
drainage area of 2,988 square miles and is upstream of the confluence of Eel River watershed 
with the West Fork White River.  USGS gage 03360500 on the White River at Newberry has a 
drainage area of 4,688 square miles and is downstream of the confluence of the Eel River 
watershed with the West Fork White River.  In order to obtain an estimated flow at the various 
sample sites on the Eel River, the drainage area for each sample site is calculated where duration 
curve analysis will be conducted.   
 
As an example, at sample site four (Eel River and Splunge Creek) where the duration curve 
analysis was conducted the drainage area is 998 square miles.  To calculate the estimated flow at 
sample site four (998 square miles) the flow at USGS gage 03360000 (830 square miles) was 
used, leaving another 168 square miles of contributing watershed to be calculated.  USGS gage 
03360000 flow is regulated by Cataract Lake discharge and therefore could not be used to 
calculate the additional flow from the 168 square miles of watershed.  At USGS gage 03357000 
the drainage area is 2,988 square miles.  The area of 168 square miles is 5.62% of the 2,988 
square miles measured by this gage.  To calculate the estimated flow at sample site four (998 
square miles) 100% of the flow at USGS gage 03360000 with a drainage area of 830 square miles 
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was added to 5.62% of the total flow at USGS gage 03357000 with a drainage area of 2,988 
square miles.  The flow for any sample site with a drainage area below the Eel River at the 
Bowling Green gage, greater than 830 square miles, is estimated using the same procedure.  Any 
sample site having a drainage area less than 830 square miles will use the appropriate proportion 
of USGS gage 03357000 with a drainage area of 2,988 square miles.  USGS White River gage 
(03360500), located near Newberry, Indiana, was used to calculate the average flow in cubic feet 
per second (CFS) per square mile of drainage area.  Compared to the average flow per unit area 
of USGS White River gage (03357000) located near Spencer, Indiana, there were no significant 
differences between the flows per unit area for the two gages. 
 
The flow data is used to create flow duration curves that 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 monitoring station to the percent of time 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 daily and geometric mean 
standards of 235 E. coli per 100 ml and 125 E. coli per 100 ml, respectively.   
 
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 and provides 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 WQS (Mississippi DEQ, 2002).   
 
Load duration curves were created for twenty-four sampling sites (31, 14, 4, 1, 2, 3, 5, 6, 7, 8, 9, 
11, 12&13, 15, 16, 21, 23, 24, 25, 26, 27, 28, 29, and 30) in the Lower Eel River watershed.  
However, the sampling site at the fixed station on Eel River on SR 67 (Site 31) provides the best 
description of the sources of E. coli to Eel River watershed (Figure 2, Attachment C).  This is 
because this site has fixed station monitoring data from 1991 to 2000 and 2001 supplemental 
sampling data.  The data indicate that the largest exceedances of the E. coli WQS are prevalent 
during wet weather conditions (noted by diamonds above the curve on the far left side of the 
figure in Attachment C).  Dry weather contributions are also a source of E. coli to the Lower Eel 
River watershed (noted by the diamonds above the curve on right side of the figure in Attachment 
C). 
 
While there are point source contributors, who must not operate in a manner that impairs water 
quality, compliance with the numeric E. coli WQS in the Lower Eel River Watershed also 
depends on the control of nonpoint sources using best management plans (BMPs).  If the E. coli 
inputs can be controlled, then the total body contact recreation use in the Lower Eel River 
watershed will be protected. 
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TMDL Development 
 
The TMDL represents the maximum loading that can be assimilated by the waterbody while still 
achieving the Water Quality Standard (WQS).  As indicated in the Numeric Targets section of 
this document, the target for this E. coli TMDL is 125 per one hundred milliliters as a geometric 
mean based on not less than five samples equally spaced over a thirty-day period from April 1st  
through October 31st.  Concurrent with the selection of a numeric concentration endpoint, TMDL 
development also defines the critical conditions that will be used when defining allowable levels.  
Many TMDLs are designed as the set of critical conditions that, when addressed by appropriate 
controls, will ensure attainment of the WQS for the pollutant.  For example, the critical conditions 
for the control of point sources in Indiana are given in 327 IAC 5-2-11.1(b).  In general, the 7-day 
average low flow in 10 years (Q7, 10) for a stream is used as the design condition for point source 
dischargers.  However, E. coli sources to the Eel River watershed arise from a mixture of dry and 
wet weather-driven conditions and there is no single critical condition that would achieve the     
E. coli WQS.  For the Lower Eel River watershed and the contributing sources, there are a 
number of different allowable loads that will ensure compliance, as long as they are distributed 
properly throughout the watershed. 
 
For most pollutants, TMDLs are expressed on a mass loading basis (e.g. pounds per day).  For  
E. coli indicators, however, mass is not an appropriate measure because E. coli is expressed in 
terms of organism counts (or resulting concentration) (USEPA, 2001).  The geometric mean E. 
coli WQS allows for the best characterization of the watershed.  Therefore, this E. coli TMDL is 
concentration-based consistent with 327 IAC 5-2-11.1(b) and 40 CFR, Section 130.2 (i) and the 
TMDL is equal to the geometric mean E. coli WQS for each month of the recreational season 
(April 1st through October 31st). 
 
 
Allocations 
 
TMDLs are comprised of the sum of individual wasteload allocations (WLAs) for point sources 
and load allocations (LAs) for nonpoint sources and natural background levels.  In addition, the 
TMDL must include a Margin of Safety (MOS), either implicitly or explicitly, that accounts for 
uncertainty in the relationship between pollutant loads and the quality of the receiving waterbody.  
Conceptually, this definition is denoted by the equation:  
  

TMDL = ∑WLAs + ∑LAs + MOS 
 
The term TMDL represents the maximum loading that can be assimilated by the receiving water 
while still achieving WQS.  The overall loading capacity is subsequently allocated into the 
TMDL components of WLAs for point sources, LAs for nonpoint sources, and the MOS.  This   
E. coli TMDL is concentration-based consistent with USEPA regulations at 40 CFR, Section 
130.2(i). 
 
 
Wasteload Allocations 
 
As mentioned previously, there are twenty-one NPDES permitted point source dischargers 
located in the Lower Eel River watershed.  There are only five known NPDES permitted 
dischargers that have a sanitary component to their discharge.  Of these five, only Brazil 
Municipal STP has a limit for E. coli.  Four of the five NPDES dischargers are required to 
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monitor for and have limits for total residual chlorine.  These dischargers, Clay City Municipal 
POTW IN0039861, Jasonville Municipal STP IN0021008, Wabash Park Campground 
IN0050695, and Jackson Twp. Elementary School IN0030783 will likely receive E. coli limits the 
next time their permits come up for renewal.   
 
 
Load Allocations 
 
The LA is equal to the WQS of 125 per one hundred milliliters as a geometric mean based on not 
less than five samples equally spaced over a thirty-day period from April 1st through October 31st.  
The assumption used in this load allocation strategy is that there are equal bacterial loads per unit 
area for all lands within the watershed.  Therefore, the relative responsibility for achieving the 
necessary reductions of bacteria and maintaining acceptable conditions is determined by the 
amount of land under the jurisdiction of the various local units of government within the 
watershed.  This gives a clear indication of the relative amount of effort that will be required by 
each entity to restore and maintain the full body contact recreational use of the Lower Eel River 
watershed. 
 
The Clay County government and their corresponding portions of the land area in the Lower Eel 
River watershed are as follows: Harrison Township (20.07%), Lewis Township (13.35%), Perry 
Township (13.34%), Jackson Township (6.32%), Sugar Ridge Township (4.68%), Posey 
Township (4.62%), Brazil Township (0.61%), Van Buren Township (0.06%), and Washington 
Township (0.01%).  The Owen County government and their corresponding portions of the land 
area in the Lower Eel River watershed are as follows: Jefferson Township (12.42%), Marion 
Township (7.49%), and Lafayette Township (0.19%).  The Greene County government and their 
corresponding portions of the land area in the Lower Eel River watershed are as follows: Smith 
Township (5.97), Wright Township (3.14%), and Jefferson Township (5.07%).  The Vigo County 
government and their corresponding portions of the land area in the Lower Eel River watershed 
are as follows: Pierson Township (1.75%) and Riley Township (0.89%).  The Sullivan County 
government and their corresponding portion of the land area in the Lower Eel River watershed 
are as follows: Jackson Township (0.03%).  (ESRI, 2004)  (Table 3.A. and Figure 6.)  
 
Load allocations may be affected by subsequent work in the watershed.  A 319 watershed project 
has been proposed for this watershed.  It is anticipated that, if approved, this watershed project 
will help to reduce the nonpoint source contribution to the E. coli loading in the Lower Eel River 
watershed.  
 
 
Margin of Safety 
 
A Margin of Safety (MOS) was incorporated into this TMDL analysis.  The MOS accounts for 
any uncertainty or lack of knowledge concerning the relationship between pollutant loading and 
water quality.  The MOS can be either implicit (i.e., incorporated into TMDL analysis thorough 
conservative assumptions) or explicit (i.e., expressed in the TMDL as a portion of the loadings).  
This TMDL uses an implicit MOS by applying a couple of conservative assumptions.  First, no 
rate of decay for E. coli was applied.  E. coli bacteria have a limited capability of surviving 
outside of their hosts and therefore, a rate of decay normally would be applied.  However, 
applying a rate of decay could result in a discharge limit that would be greater than the E. coli 
WQS, thus no rate of decay was applied.  Second, the E. coli WQS was applied to all flow 
conditions.  This adds to the MOS for this TMDL.  IDEM determined that applying the E. coli 
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WQS of 125 per one hundred milliliters to all flow conditions and with no rate of decay for E. 
coli is a conservative approach that provides for greater protection of the water quality. 
 
 
Seasonality  
 
Seasonality in the TMDL is addressed by expressing the TMDL in terms of the E. coli WQS for 
full body contact during the recreational season (April 1st through October 31st) as defined by 327 
IAC 2-1-6(d).  There is no applicable full body contact E. coli WQS during the remainder of the 
year in Indiana.  Because this is a concentration-based TMDL, E. coli WQS will be met 
regardless of flow conditions in the applicable season. 
 
 
Monitoring 
 
Future monitoring of the Lower Eel River watershed will take place during IDEM’s five-year 
rotating basin schedule and/or once TMDL implementation methods are in place.  During the 
five-year rotating basin schedule, IDEM will monitor the Lower Eel River watershed for E. coli.  
Monitoring will be adjusted as needed to assist in continued source identification and elimination.  
When these results indicate that the waterbody is meeting the E. coli WQS, IDEM will monitor at 
an appropriate frequency to determine if Indiana’s 30-day geometric mean value of 125 E. coli 
per one hundred milliliters is being met.  
 
 
Reasonable Assurance Activities 
 
Reasonable assurance activities are programs that are in place or will be in place that assist in 
meeting the Lower Eel River watershed TMDL allocations and the E. coli Water Quality 
Standard (WQS). 
 
 
Confined Feeding Operations and Concentrated Animal Feeding Operations 
 
CFOs and CAFOs are required to manage manure, litter, and processed wastewater pollutants in a 
manner that does not cause or contribute to the impairment of E. coli WQS. 
 
 
National Pollutant Discharge Elimination Systems 
 
327 IAC 5-2-11.1(h) requires effluent limits to be included in NPDES permits for pollutants 
discharged at levels that have the reasonable potential to cause an exceedance of water quality 
standards.  For the permitted dischargers that have only chlorine limits in their current permits, 
IDEM proposes that E. coli limits and monitoring be included when next permit renewals is 
issued. 
 
City of Brazil WWTP collection system in the new NPDES permit will be classified as 100% 
sanitary sewer system instead of a combined sewer system.  In the new permit, The City of Brazil 
WWTP will no longer be a CSO community, as the two CSO outfalls will be eliminated.  In the 
new permit, there will be one active overflow point in the system (003) that the City of Brazil 
WWTP plans to eliminate.  Until the active overflow is removed it will be identified as a sanitary 
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sewer overflow (SSO) in the permit and prohibited from discharging.  Brazil Municipal STP has 
installed a new interceptor sewer to reduce sewer system bypassing.  Clay City Municipal POTW 
now lacks the necessary funds to eliminate the hydraulic overload at the wastewater plant and 
excessive sewer system bypassing, but could be a candidate for a State Revolving Fund (SRF) 
loan.  Jasonville Municipal STP has received approval for funding through SRF to improve their 
wastewater infrastructure, thereby reducing sources of E. coli.   
 
 
Regional Sewer District 
 
Owen County has formed a countywide Regional Sewer District (RSD).  Currently, activity is 
being focused in Clay City, Cunot, and unincorporated portions of the county.  Clay City is in the 
central part of the Lower Eel River Watershed and Cunot is upstream of the Lower Eel River 
Watershed near Cagles Mill Lake.  As more homes on septic connect to the RSD, reductions in  
E. coli loading from leaking or failed septics will occur, which will help the watershed meet the 
Water Quality Standard (WQS). 
 
 
Watershed Projects 
 
There is a 319 proposal that was submitted for the Lower Eel River Watershed to address the     
E. coli impairment.  This proposal is awaiting approval by EPA for funding, however, this project 
can help to further identify and reduce the E. coli that nonpoint sources are contributing to the 
impairment in the Lower Eel River watershed. 
 
In addition, IDEM has recently hired a Watershed Specialist for this area of the state.  The 
Watershed Specialist will be available to assist stakeholders with starting a watershed group, 
facilitating planning activities, and serving as a liaison between watershed planning and TMDL 
activities in the Lower Eel River watershed. 
 
 
Potential Future Activities: 
  
Nonpoint source pollution, which is the primary cause of E. coli impairment in this watershed, 
can be reduced by the implementation of “best management practices" (BMPs).  BMPs are 
practices used in agriculture, forestry, urban land development, and industry to reduce the 
potential for damage to natural resources from human activities.  A BMP may be structural, that 
is, something that is built or involves changes in landforms or equipment, or it may be 
managerial, that is, a specific way of using or handling infrastructure or resources.  BMPs should 
be selected based on the goals of a watershed management plan.  Livestock owners, farmers, and 
urban planners, can implement BMPs outside of a watershed management plan, but the success of 
BMPs would be enhanced if coordinated as part of a watershed management plan.  Following are 
examples of BMPs that may be used to reduce E. coli runoff: 
  
Riparian Area Management - Management of riparian areas protects stream banks and riverbanks 
with a buffer zone of vegetation, either grasses, legumes, or trees.  
 
Manure Collection and Storage - Collecting, storing, and handling manure in such a way that 
nutrients or bacteria do not run off into surface waters or leach down into ground water. 
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Contour Row Crops - Farming with row patterns and field operations aligned at or nearly 
perpendicular to the slope of the land.  
 
No-Till Farming - No-till is a year-round conservation farming system.  In its pure form, no-till 
does not include any tillage operations either before or after planting.  The practice reduces wind 
and water erosion, catches snow, conserves soil and water, protects water quality, and provides 
wildlife habitat.  No-till helps control soil erosion and improve water quality by maintaining 
maximum residue plant levels on the soil surface.  These plant residues: 1) protect soil particles 
and applied nutrients and pesticides from detachment by wind and water; 2) increase infiltration; 
and 3) reduce the speed at which wind and water move over the soil surface. 
 
Manure Nutrient Testing - If manure application is desired, sampling and chemical analysis of 
manure should be performed to determine nutrient content for establishing the proper manure 
application rate in order to avoid over application and run-off.   
 
Drift Fences - Drift fences (short fences or barriers) can be installed to direct livestock movement.  
A drift fence parallel to a stream keep animals out and prevents direct input of E. coli to the 
stream. 
 
Pet Clean-up / Education - Education programs for pet owners can improve water quality of 
runoff from urban areas. 
  
Septic Management/Public Education - Programs for management of septic systems can provide a 
systematic approach to reducing septic system pollution.  Education on proper maintenance of 
septic systems as well as the need to remove illicit discharges could alleviate some anthropogenic 
sources of E. coli. 
 
 
Conclusion 
 
The sources of E. coli to the Lower Eel River watershed include both point and non-point 
sources.  In order for the Lower Eel River watershed to achieve Indiana’s E. coli WQS, the 
wasteload and load allocations for the Lower Eel River watershed in Indiana have been set to the 
E. coli WQS of 125 per one hundred milliliters as a geometric mean based on not less than five 
samples equally spaced over a thirty day period from April 1st through October 31st.  Achieving 
the wasteload and load allocations for the Lower Eel River watershed depends on: 
1) permitted facilities meeting their permit limits; 
2) CFOs and CAFOs not violating their permits; 
3) nonpoint sources of E. coli being controlled by implementing best management practices in 

the watershed. 
 
The next phase of this TMDL is to identify and support the implementation of activities that will 
bring the Lower Eel River watershed in compliance with the E. coli WQS.  IDEM will continue 
to work with its existing programs on implementation.  In the event that designated uses and  
associated water quality criteria applicable to the Lower Eel River watershed are revised in 
accordance with applicable requirements of state and federal law, the TMDL implementation 
activities may be revised to be consistent with such revisions.  Additionally, IDEM will work 
with local stakeholder groups to pursue best management practices that will result in 
improvement of the water quality in the Lower Eel River watershed.  
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Table 1: NPDES Permits in Lower Eel River Watershed 
 
Permitted Discharger required to monitor for and report E. coli values 
Permit No.  Facility Name     Receiving Waters 
IN0021211  Brazil Municipal STP           Eel River / Birch Cr / Unnamed  

Ditch 
 
Permitted Dischargers required to chlorinate and de-chlorinate without E. coli limits 
Permit No.  Facility Name     Receiving Waters 
IN0039861  Clay City Municipal POTW  Eel River / Connelly Ditch 
IN0050695  Wabash Park Campground  Connelly Ditch / Unnamed Trib.     
IN0030783                     Jackson Twp. Elem. School  Eel River / East Fork Birch  

Creek 
IN0021008  Jasonville Municipal STP  Eel River / Howesville Ditch 
        
Other Permitted Dischargers 
Permit No.  Facility Name     Receiving Waters 
IN0109606   Swift Beef Co/Signature Foods IN     Eel R/Oxbow/Trib. 
IN0061379   Clay City Water Works    
IN0061468    Worthington Sanitary Landfill  Eel R/Lemon Cr/Unnamed Trib.  
IN0061981   Brickcraft LLC    Eel River/Birch Creek /  

Unnamed Drain 
ING040182   Triad Mining, Martz Mine  Eel R/Susan Bros Cr & White  

Oak  
ING040172   Triad Mining, Pond Crk #2 Mine  Eel R/Lick Cr/Tribs 
ING040197   Sunrise Coal, Howesville Mine  Eel R/Unnamed Trib 
ING040094         Black Beauty Coal, Eel Mine    Eel R/Connelly D-Trib. 
ING040061  Black Beauty Coal, White Oak Mine White Oak Creek  
ING040110    Solar Sources, Lewis Mine   Eel R/Watkins Cr&Tribs 
ING040096    Black Beauty Coal, Sugar Ridge  Eel R/Birch & Turkey Creek                            
INR600018    Nelsons Auto Parts & Salvage   Stormwater  
INR800004    Wabash Valley Transfer Station  Stormwater Prairie Cr 
INR00l110     IN NT’L GRD OMS #8 Stormwater  Eel R/Birch Cr/Small Cr 
INR00W059  Worthington Sanitary Landfill              Brunnel Branch  
INP000037   Great Dane Trailers, Inc.   Pre-treatment, Brazil WWTP



 

  

 
 
 
 
Table 2:  Confined Feeding Operations (CFO) in the Lower Eel River Watershed

   Approved Animals 
Log 
Number 

Name Status Nursery 
Pig 

Grower/Finishers Sows/Boars Beef Dairy Dairy 
Calves 

Veal Layers Turkeys 

97 New Fashion Pork Active 4,800 0 0 0 0 0 0 0 0 
331 New Fashion Pork Active 320 180 97 0 0 0 0 0 0 
1355 Koehler Active 250 600 0 0 0 0 0 0 0 
4572 Stevenson Active 0 0 0 0 0 0 0 0 22,000 
4996 New Fashion Pork Active 4,800 0 0 0 0 0 0 0 0 
5001 Martin Active 0 0 0 700 0 0 0 0 0 
5003 New Fashion Pork Active 0 10,800 0 0 0 0 0 0 0 
6171 Butts Dairy Farm Active 0 0 0 0 600 120 0 0 0 
160 New Fashion Pork Active 0 11,400 0 0 0 0 0 0 0 
3642 Worland Active 450 960 244 0 0 0 0 0 0 



 

  

 
 
 
 
 
Table 3.A: Land Area Distribution for the Lower Eel River Watershed 

 
County Municipality Acres Percent 

Clay Harrison Township 39603.580 20.07% 
Clay Lewis Township 26346.104 13.35% 
Clay Perry Township 26317.212 13.34% 
Clay Jackson Township 12474.397 6.32% 
Clay Sugar Ridge Township 9239.202 4.68% 
Clay Posey Township 9110.384 4.62% 
Clay Brazil Township 1201.570 0.61% 
Clay Van Buren Township 127.779 0.06% 
Clay Washington Township 23.795 0.01% 
Clay County  124444 63.06% 
    
Owen Jefferson Township 24505.104 12.42% 
Owen Marion Township 14784.608 7.49% 
Owen Lafayette Township 383.129 0.19% 
Owen County  39672.84 20.10% 
    
Greene Smith Township 11772.979 5.97% 
Greene Jefferson Township 10000.316 5.07% 
Greene Wright Township 6187.276 3.14% 
Greene Highland Township 0.183 0.00% 
Greene County  27960.754 14.18% 
    
Vigo Pierson Township 3448.517 1.75% 
Vigo Riley Township 1764.481 0.89% 
Vigo County  5212.998 2.64% 
    
Sullivan Jackson Township 55.401 0.03% 
Sullivan County  55.401 0.03% 
    
 Total 197346.017 100% 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

 
 
 
 
 
 
 

Table 3.B: 1992 Gap Analysis Program (GAP) Landuse Distribution for the Lower Eel River Watershed 

 
Landuse Acres Percent 

   
Developed: Agriculture, Row Crop 107652.518 54.55% 
Terrestrial: Forest, Deciduous 37349.851 18.93% 
Developed: Agriculture, 
Pasture/Grassland 

36459.694 
 

18.48% 
 

Palustrian: Forest, Deciduous 4006.149 2.03% 
Palustrian: Shrubland, Deciduous 1945.44 0.99% 
Terrestrial: Woodland, Deciduous 1895.342 0.96% 
Terrestrial: Forest, Mixed 1736.890 0.88% 
Developed: Low Density Urban 1556.714 0.79% 
Water 1521.141 0.77% 
Terrestrial: Forest, Evergreen 1477.398 0.75% 
Developed: Non-Vegetated 675.114 0.34% 
Developed: High Density Urban 549.015 0.28% 
Palustrian: Herbaceous, Deciduous 231.222 0.12% 
Developed: Agriculture:, Wet 
Areas 148.889 0.08% 
Palustrian: Woodland, Deciduous 132.807 0.07% 
Palustrian: Sparsely Vegetated or 
Non-Vegetated 

7.844 
 

0.004% 
 

   
Total Acreage 241,265.855 100 % 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

  

 

 

 

 

 

 

Table 3.C: 1970’s LANDUSE DATA Used To Determine Distribution for the Lower Eel River Watershed 

 
Landuse Acres Percent 

   
Cropland And Pasture 188,142.496 77.981 % 
Deciduous Forest Land 31,978.405 13.254 % 
Mixed Forest Land 14,733.676 6.107 % 
Residential 2,388.086 0.990 % 
Reservoirs 748.260 0.310 % 
Mixed Urban Or Built-Up 715.673 0.297 % 
Transitional Areas 632.654 0.262 % 
Commercial And Services 480.545 0.199 % 
Industrial 419.728 0.174 % 
Trans, Comm, Utilities 415.623 0.172 % 
Strip Mines 411.219 0.170 % 
Other Urban Or Built-Up 199.471 0.083 % 
   
Total Acreage & Percentage 241,265.836 100.00 % 
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Site 
# 

Project ID L-Site # Stream Name Description 14 digit HUCs Sample # Sample  
Date 

E. coli 
(MPN/100mL) 

Geometric 
Mean 

          
1 1996 Synoptic WWE080-0003 Birch Creek SR 46 – Clay County Plat 

Directory, page 35 
Perry Township - NE 

05120203080060 D120352 02/29/1996 30 (JH) NC 
D122351 11/22/1996 100 (JH) 

          
2 2001 E. coli - Lower 

WFWR and Eel 
River 

WWE080-0009 Birch Creek CR  300 S, West of 200 W 
Clay County Plat, page 37 
Perry Twp.-East Center 

05120203080080 AA06599 07/31/2001 387.3 252.29 
AA06942 08/07/2001 60.5 
AA07098 08/14/2001 172.6 
AA07401 08/21/2001 770.1 
AA08147 08/29/2001 328.2 

          
3 1996 Synoptic WWE090-0002 Splunge Creek CR 535 W - CR 550 W 

Clay County Plat, page 38 
Perry Twp - South 

05120203090020 D120354 02/29/1996 120 (JH) NC 
D121721 07/17/1996 80 
D122353 11/22/1996 70 

          
4 2001 E. coli – Lower 

WFWR and Eel 
River 

WWE090-0014 Eel River CR 600 S, Old Hill, IN 
Clay County Plat, page 38 
Perry Twp - South 

05120203090030 AA06601 07/31/2001 2419.17 487.83 
AA06943 08/07/2001 198.9 
AA07097 08/14/2001 52.8 
AA07400 08/21/2001 1986.28 
AA08146 08/29/2001 547.5 

          
5 2001 Conneley Ditch 

TMDL e. coli 
WWE090-0033 Unnamed 

Tributary 
CR400S & CR150E 
Clay County Plat, page 23 
Harrison Twp – NE 

05120203090050 AA06504 07/24/2001 770.1 305.58 
AA06694 07/31/2001 2419.2 
AA06815 08/07/2001 155.3 
AA07060 08/14/2001 93.3 
AA07270 08/21/2001 98.7 
   

          
6 2001 Conneley Ditch 

TMDL e. coli 
WWE090-0034 Unnamed 

Tributary 
CR500S & CR100E 
Clay County Plat, page 23 
Harrison Twp – NE 

05120203090050 AA06505 07/24/2001 1299.65 678.20 
AA06695 07/31/2001 1203.31 
AA06816 08/07/2001 770.1 
AA07061 08/14/2001 387.3 
AA07272 08/21/2001 307.6 

          
7 2001 Conneley Ditch 

TMDL e. coli 
WWE090-0035 Connelley  

Ditch 
CR50E 
Clay County Plat, page 23 
Harrison Twp – NE 

05120203090050 AA06506 07/24/2001 770.1 1004.31 
AA06507 07/24/2001 980.4 Dup 
AA06696 07/31/2001 1203.31 
AA06818 08/07/2001 461.1 
AA07062 08/14/2001 1413.6 
AA07273 08/21/2001 1732.87 
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Site 
# 

Project ID L-Site # Stream Name Description 14 digit HUCs Sample # Sample  
Date 

E. coli 
(MPN/100mL) 

Geometric 
Mean 

          
8 2001 Conneley Ditch 

TMDL e. coli 
WWE090-0036 Connelley  

Ditch 
CR600S 
Clay County Plat, page 22 
Harrison Twp - NW 

05120203090050 AA06509 07/24/2001 66.9 192.65 
AA06698 07/31/2001 1413.6 
AA6819 08/07/2001 143.9 
AA07063 08/14/2001 135.4 
AA07274 08/21/2001 144 

          
9 2001 Conneley Ditch 

TMDL e. coli 
WWE090-0038 Connelley 

Ditch 
SR246 
Clay County Plat, p 22 
Harrison Twp - NW 

05120203090050 AA06511 07/24/2001 35.9 63.90 
AA06700 07/31/2001 214.2 
AA06821 08/07/2001 68.9 
AA07065 08/14/2002 58.3 
AA07276 08/21/2001 34.5 

          
10 2001 Conneley Ditch 

TMDL e. coli 
WWE090-0037 Clay City 

WWTP 
Effluent 

Clay City WWTP Outfall 
Clay County Plat, page 22 
Harrison Twp - NW 

05120203090050 AA06510 07/24/2001 86.2 652.33 
AA06699 07/31/2001 >2419.2 
AA06820 08/07/2001 686.7 
AA07064 08/14/2001 4611 
AA07275 08/21/2001 178.9 

          
11 2001 Conneley Ditch 

TMDL E. coli 
WWE090-0039 Connelley 

Ditch 
CR1100S 
Clay County Plat, page 24 
Harrison Twp - SW 

05120203090060 AA06512 07/24/2001 285.1 85.50 
AA06701 07/31/2001 344.8 
AA06822 08/07/2001 37.9 
AA07066 08/14/2001 25.6 
AA07277 08/21/2001 47.9 

          
12 2001 Conneley Ditch 

TMDL E. coli 
WWE090-0040 Connelley 

Ditch 
CR1200S 
Clay County Plat, p 24 
Harrison Twp - SW 

05120203090060 AA06697 07/31/2001 304.4 NC 
AA06823 08/07/2001 770.1 
AA07067 08/14/2001 139.6 
AA07278 08/21/2001 85.7 

          
13 1996 Synoptic WWE090-0003 Connelley 

 Ditch 
CR1200S 
Clay County Plat, page 24 
Harrison Twp - SW 

05120203090060 D120355 03/01/1996 40 (JH) 246.76 
D121338 06/11/1996 2400 
D121722 07/18/1996 130 
D122196 10/11/1996 100 
D122354 11/22/1996 170 
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Site 
# 

Project ID L-Site # Stream Name Description 14 digit HUCs Sample # Sample  
Date 

E. coli 
(MPN/100mL) 

Geometric 
Mean 

          
14 1996 Synoptic WWE090-0004 

 
Eel River SR59 

Clay County Plat, page 25 
Harrison Twp - SE 

05120203090070 D120357 03/01/1996 400 (JH) 224.95 
D121340 06/11/1996 2000 (JH) 
D121724 07/18/1996 80 
D122197 10/11/1996 60 
D122356 11/22/1996 150 

     
2001 Eel River 
TMDL 

AA06514 07/23/2001 >2419.2 915.03 
AA06646 07/30/2001 4884 
AA06795 08/06/2001 195.6 
AA07049 08/13/2001 67.6 
AA07295 08/20/2001 4106 

          
15 2001Conneley Ditch 

TMDL E. coli 
WWE090-0032 Connelley 

Ditch 
CR400S near River Rd 
Clay County Plat, page 23 
Harrison Township - NE 

05120203090070 AA06502 07/24/2001 579.4 203.16 
AA06690 07/31/2001 648.8 
AA06812 08/07/2001 111.9 
AA07057 08/14/2001 70.8 
AA07267 08/21/2001 116.2 

          
16 2001 Eel River 

TMDL 
WWE090-0021 White Oak 

Creek 
CR1250S 
Clay County Plat, page 25 
Harrison TWp - SE 

05120203090070 AA06517 07/23/2001 435.2 218.66 
AA06650 07/30/2001 1732.87 
AA06800 08/06/2001 135.4 
AA07053 08/13/2001 75.9 
AA07299 08/20/2001 64.5 

          
17 2001 Wabash and 

Erie Canal TMDL 
WWE090-0042 DrainageDitch 

to Wabash & 
Erie Canal 
(Old K&E Canal) 

CR 500 W Just South of CR 
1000 S 
Clay County Plat, page 31 
Lewis Twp - North 

05120203090030 AA0621 07/23/2001 27.8 93.84 
AA06630 07/30/2001 111.9 
AA06788 08/06/2001 290.9 
AA07025 08/13/2001 177.9 
AA07288 08/20/2001 45.2 

          
18 2001 Wabash and 

Erie Canal TMDL 
WWE090-0016 Unnamed Trib 

of Wabash and 
Erie Canal 
(Old K & E 
Canal) 

CR 1200 S – Between  
CR 400 W & CR 300 W  
Clay County Plat, page 31 
Lewis Twp - North 

05120203090080 AA06523 07/23/2001 55.7 39.31 
AA06642 07/30/2001 90.9 
AA06794 08/06/2001 23.1 
AA07028 08/13/2001 14.5 
AA07291 08/20/2001 55.4 

          
19 2001 Wabash and 

Erie Canal TMDL 
WWE090-0017 Unnamed Trib 

of Wabash and 
Erie Canal 
(Old K & E 
Canal) 

CR 400 W – Between 
CR 1300 S and CR 1350 S 
Clay County Plat, page 32 
Lewis Twp - SW 

05120203090080 AA06524 07/23/2001 726 251.42 
AA06644 07/30/2001 196.8 
AA06791 08/06/2001 365.4 
AA07029 08/13/2001 166.9 
AA07292 08/20/2001 115.3 
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Site 
# 

Project ID L-Site # Stream Name Description 14 digit HUCs Sample # Sample  
Date 

E. coli 
(MPN/100mL) 

Geometric 
Mean 

          
20 1996 Synoptic WWE090-0005 Wabash & 

Erie Canal 
(Old K & E 
Canal) 

CR 1300 S – Between 
CR 200 W & CR 100 W 
Clay County Plat, page 33 
Lewis Twp - SE 

05120203090080 D120356 03/01/1996 10 (JH) 151.27 
D121339 06/11/1996 2200 (JH) 
D121723 07/18/1996 250 
D122198 10/11/1996 160 
D122355 11/22/1996 90 

          
21 2001 Eel River 

TMDL 
WWE090-0023 Lagoon Creek CR 850 S – Between 

CR 1425 W and SR 157 
Owen County Plat, page 22 
Jefferson Twp 
 

05120203090080 AA06518 07/23/2001 579.4 285.09 
AA06651 07/30/2001 1203.31 
AA06801 08/06/2001 146.7 
AA07054 08/13/2001 84.2 
AA07300 08/20/2001 218.7 

          
22 2001 Wabash and 

Erie Canal 
WWE090-0018 Wabash and 

Erie Canal 
(Old K & E 
Canal) – 
Lateral #4 
 

SR 59 & CR 1400 S  
Clay County Plat, page 33 
Lewis Twp - SE 

05120203090090 AA06525 07/23/2001 980.4 700.41 
AA06645 07/30/2001 365.4 
AA06792 08/06/2001 770.1 
AA07030 08/13/2001 1986.3 
AA07293 08/20/2001 307.6 

          
23 2001 Eel River 

TMDL 
WWE090-0024 Eel River SR 157 W 

Owen County Plat, Page 22 
Jefferson Township 

05120203090120 AA06519 07/23/2001 >2419.2 816.93 
AA06648 07/30/2001 >2419.2 
AA06798 08/06/2001 198.9 
AA07052 08/13/2001 64 
AA07298 08/20/2001 4884 

          
24 2001 Lick Creek 

TMDL 
WWE090-0025 Lick Creek CR 150 S, East of Bond Rd. 

Owen County Plat, Page 30 
Marion Township 

05120203090100 AA06474 07/24/2001 290.9 150.47 
AA06688 07/31/2001 547.5 
AA06803 08/07/2001 66.3 
AA07040 08/14/2001 63.8 
AA07279 08/21/2001 114.5 

          
25 2001 Lick Creek 

TMDL 
WWE090-0026 Lick Creek CR 300 S, Black Beauty 

Coal Company 
Owen County Plat, Page 23 
Jefferson Twp – West Part 

05120203090110 AA06494 07/24/2001 39.3 147.28 
AA06689 07/31/2001 980.4 
AA06806 08/07/2001 155.3 
AA07043 08/14/2001 93.4 
AA07282 08/21/2001 124 

          
 
 
 



Attachment A: Lower Eel River Watershed E. coli Data 

tmdl_lowereel_atta          TMDL Program – Office Water Quality    Page 6 of 7           "Version 7" 
 

Site 
# 

Project ID L-Site # Stream Name Description 14 digit HUCs Sample # Sample  
Date 

E. coli 
(MPN/100 
mL) 

Geometric 
Mean 

          
26 2001 Lick Creek 

TMDL 
WWE090-0027 Hauser Creek 

(Tributary of 
Lick Creek) 

CR 350 S (Stockton Rd) 
Owen County Plat, Page 23 
Jefferson Twp – West Part 

05120203090110 AA06495 07/24/2001 152.9 106.20 
AA06681 07/31/2001 292.4 
AA06807 08/07/2001 209.8 
AA07044 08/14/2001 55.6 
AA07283 08/21/2001 25.9 

          
27 2001 Lick Creek 

TMDL 
WWE090-0028 Lick Creek CR 450 S 

Owen County Plat, Page 23 
Jefferson Twp – West Part 

05120203090110 AA06496 07/24/2001 195.6 342.69 
AA06684 07/31/2001 816.4 
AA06808 08/07/2001 613.1 
AA07045 08/14/2001 298.7 
AA07284 08/21/2001 161.6 

          
28 1996 Synoptic WWE090-0006 Lick Creek CR 750 S (H-S Rd ?) 

Owen County Plat, Page 22 
Jefferson Twp 

05120203090110 D120358 03/01/1996 40 (JH) NC 
D121341 06/11/1996 3200 (JH) 
D121725 07/18/1996 120 
D122357 11/22/1996 80 

          
29 2001 Lick Creek 

TMDL 
WWE090-0029 Beech Creek 

(Need Ditch / 
Beach Creek) 
(Tributary of 
Lick Creek) 

Arney Road 
Owen County Plat, Page 22 
Jefferson Twp 

05120203090120 AA06497 07/24/2001 579.4 674.23 
AA06685 07/31/2001 686.7 
AA06809 08/14/2001 791.5 
AA07046 08/14/2001 1413.6 
AA07285 08/21/2001 313 

          
30 2001 Lick Creek 

TMDL 
WWE090-0030 Brush Creek 

(Tributary of 
Lick Creek) 

CR 700 S 
Owen County Plat, Page 24 
Jefferson Twp 

05120203090120 AA06498 07/24/2001 69.1 295.33 
AA06686 07/31/2001 1203.31 
AA06810 08/07/2001 1732.87 
AA07047 08/14/2001 90.5 
AA07286 08/21/2001 172.3 

          
31 2001 Eel River 

TMDL 
WWE090-0001 Eel River  SR 67 

Greene County 
Jefferson Twp 

05120203090130 AA06529 07/23/2001 259.5 639.80 
AA06652 07/30/2001 4352 
AA06802 08/06/2001 143.9 
AA07055 08/13/2001 107.6 
AA07301 08/20/2001 6131 

     
1996 Synoptic D120359 03/01/1996 230 (JH) NC 

D121342 06/11/1996 4200 (JH) 
D121726 07/18/1996 100 
D122358 11/22/1996 120 
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Site 

# 
Project ID L-Site # Stream Name Description 14 digit HUCs Sample # Sample  

Date 
E. coli 
(MPN/100 
mL) 

Geometric 
Mean 

          
Cont. 
31 

1991 – 2000 Fixed 
Station Data 

WWE090-0001 Eel River  SR 67 - Greene County 
Jefferson Township 

05120203090130 D105619 01/31/1991 100 NC 

     D17472 04/24/1991 30 
     D19293 08/07/1991 440 
     D19608 12/05/1991 2000 
     D18105 03/12/1992 3400 
     Dl13531 11/30/1992 120 
     Dl14537 10/21/1993 1200 
     Dl16622 05/25/1994 310 
     Dl17930 11/02/1994 200 
     Dl18511 05/10/1995 190 
     Dl19813 08/15/1995 170 
     Dl18985 10/12/1995 40 
     Dl20525 11/29/1995 60 
     Dl20837 02/15/1996 30 
     Dl21550 06/26/1996 390 
     Dl22573 09/26/1996 290 
     Dl22885 11/18/1996 290 
     Dl23105 01/09/1997 280 
     Dl23428 04/09/1997 10 
     Dl23772 06/25/1997 1000 
     Dl24244 10/30/1997 10 
     Dl24707 01/22/1998 40 (H) 
     Dl26841 03/10/1999 390 
     Dl27494 06/10/1999 137 
     Dl27675 07/22/1999 1800 
     Dl28086 09/22/1999 110 
     Dl28298 10/20/1999 49 (H) 
     Dl28517 11/19/1999 66 
     Dl29097 02/17/2000 50 (JH) 
     Dl29433 04/18/2000 8200 
     Dl30234 08/08/2000 1550 
     Dl30437 09/14/2000 220 (JH) 

           WQS Violations are in RED  
> - Greater Than 
Dup – Duplicate Sample 
H – Holding Time Exceeded 

 J – Estimated Value 
 NC – Not Calculated - Geometric Means was only calculated on sites with 5 samples in 30 days as IN WQS dictates 



Attachment B
Water Quality Duration Curves for the 

Lower Eel River Watershed
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Low 
Flows

Office of Water 
Quality 

Total Maximum 
Daily Load
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Apr-Oct

>50% SF

Beech Creek (Need Ditch-Beach Creek)  
on Arney Rd

WQ Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)
Site:   #29 (WWE090- 0029)

6.01 square milesIDEM Data & USGS Gage Duration Interval

High 
Flows

Moist 
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Flows

Office of Water 
Quality 

Total Maximum 
Daily LoadGeometric Mean = 674.23
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Apr-Oct

>50% SF

Brush Creek at CR700S
WQ Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #30 (WWE090- 0030)

3.09 square milesIDEM Data & USGS Gage Duration Interval
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Moist 
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Mid-range 
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Dry 
Conditions

Low 
Flows

Office of Water 
Quality 

Total Maximum 
Daily Load

Geometric Mean = 295.33



Attachment C
Load Duration Curves for the 

Lower Eel River Watershed



1.E+10

1.E+11

1.E+12

1.E+13

1.E+14

1.E+15

0 10 20 30 40 50 60 70 80 90 100

Flow Duration Interval (%)

E.
 c

ol
i 

Lo
ad

 (
CF

U
/d

ay
) Target

All Data

Apr-Oct

>50% SF

Eel River at SR 67 Bridge Fixed Station Site
Load Duration Curve  (1 991  - 2001  Monitoring Data)

Site:  #31  (WWE090- 0001 )

1 , 208 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric                         
Mean for 
2001 Data

639.80
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Apr-Oct

>50% SF

Eel River Including Connelly Ditch
Load Duration Curve  (1 991  - 2001  Flow Data)

Site:   #1 4 (WWE090- 0004)

1 060 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean for 
2001 Data 
is 915.03
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Apr-Oct

>50% SF

Eel River Including Splunge Creek
Load Duration Curve  (1 991  - 2001  Flow Data)

Site:   #4 (WWE090- 001 4)

998 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

488.83
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Apr-Oct

>50% SF

Birch Cr above Crooked Cr and Brush Cr at SR 46
Load Duration Curve  (1 991 - 2001  Flow Data & 1 996 E.  coli Data)

Site:   #1  (WWE080- 0003)

39. 2 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load
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Apr-Oct

>50% SF

Birch Cr below Crooked Cr and Brush Cr at CR300S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #2 (WWE080- 0009)

64. 8 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to

252.29
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Apr-Oct

>50% SF

Splunge Cr at mouth on CR535W-CR550W
Load Duration Curve  (1 991 - 2001  Flow Data & 1 996 E.  coli Data)

Site:   #3 (WWE090- 0002)

46. 1 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load
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Apr-Oct

>50% SF

Unnamed Trib #1 to Connelly Ditch
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #05 (WWE090- 0033)

3. 1 2square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to

305.58
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Apr-Oct

> 50% SF

Unnamed Trib.#2 to Connelly Ditch at CR500S & CR100E
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #06 (WWE090- 0034)

1 . 56 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to
677.20
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Apr-Oct

>50% SF

Connelly Ditch at CR50E
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #07 (WWE090- 0035)

6. 24 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

1004.31
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Apr-Oct

>50% SF

Connelly Ditch at CR600S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #08 (WWE090- 0036)

1 2. 48 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to

192.65
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Apr-Oct

>50% SF

Connelly Ditch upstream of Clay City Trib. on SR 246
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #09 (WWE090- 0038)

1 5. 6 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to
63.90
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Apr-Oct

>50% SF

Connelly Ditch at CR1100S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #1 1  (WWE090- 0039)

28. 08 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

85.50
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Apr-Oct

>50% SF

Connelly Ditch near mouth at CR1200S
Load Duration Curve  (1 991 - 2001  Flow Data & 1 996 & 2001  E.  coli Data)
Site:   #1 2&1 3 (WWE090- 0003 & WWE090- 0040)

31 . 2 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean for 
1996 Data 
is 246.76
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Apr-Oct

>50% SF

Connelly Ditch at CR400S near River Rd
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #1 5 (WWE090- 0032)

4. 68 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to

203.16
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Apr-Oct

>50% SF

White Oak Cr at CR1250S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:  #1 6 (WWE090- 0021 )

9. 6 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

218.66
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Apr-Oct

>50% SF

Lagoon Creek at CR850S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #21  (WWE090- 0023)

23. 9 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

285.09
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Apr-Oct

>50% SF

Eel River Above Turkey Creek at SR 157
Load Duration Curve  (1 991  - 2001  Monitoring Data)

Site:  #23 (WWE090- 0024)

1 , 1 31  square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

816.93
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Apr-Oct

>50% SF

Lick Creek at CR150S East of Bond Rd.
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #24 (WWE090- 0025)

8. 1 6 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 
150.47
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Apr-Oct

>50% SF

Lick Creek at CR300S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #25 (WWE090- 0026)

1 9. 525 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

147.28
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Apr-Oct

>50% SF

Hauser Creek a Trib of Lick Creek at CR350S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #26 (WWE090- 0027)

7. 875 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

106.20
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Apr-Oct

>50% SF

Lick Creek at CR450S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #27 (WWE090- 0028)

32. 2 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

342.69
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Apr-Oct

>50% SF

Lick Creek above Beech Creek (Need Ditch-Beach Creek) 
at CR750S

Load Duration Curve  (1 991 - 2001  Flow Data & 1 996 E.  coli Data)
Site:   #28 (WWE090- 0006)

38. 8 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load
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Apr-Oct

>50% SF

Beech Creek (Need Ditch-Beach Creek) on Arney Rd
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #29 (WWE090- 0029)

6. 01  square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean  is 
equal to 

674.23
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Apr-Oct

>50% SF

Brush Creek at CR700S
Load Duration Curve  (1 991 - 2001  Flow Data & 2001  E.  coli Data)

Site:   #30 (WWE090- 0030)

3. 09 square milesIDEM Data & USGS Gage Duration Interval

Office of 
Water Quality 

Total 
Maximum 
Daily Load

Geometric 
Mean is 
equal to 

295.33
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