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EXECUTIVE SUMMARY 

ES - 1 OVERVIEW 

As promulgated by Section 402 of the Clean Water Act (CWA), the U.S. Environmental Protection Agency 

(EPA) has delegated authority to the Oklahoma Department of Environmental Quality (DEQ) to partially 

oversee the National Pollutant Discharge Elimination System (NPDES) Program in the State of Oklahoma. 

Exceptions are agriculture (retained by State Department of Agriculture, Food, and Forestry), and the oil & 

gas industry (retained by the Oklahoma Corporation Commission) for which EPA has retained permitting 

authority. The NPDES Program in Oklahoma, in accordance with an agreement between DEQ and EPA, is 

implemented via the Oklahoma Pollutant Discharge Elimination System (OPDES) Act [Title 252, 

Chapter 606 (http://www.deq.state.ok.us/rules/606.pdf)]. 

This total maximum daily load (TMDL) report documents the data and assessment used to establish 

TMDLs for the pathogen indicator bacteria [Escherichia coli (E. coli), Enterococci] and turbidity for 

selected waterbodies in the Red River Study Area in Oklahoma. Elevated levels of pathogen indicator 

bacteria in aquatic environments indicate that a waterbody is contaminated with human or animal feces and 

that a potential health risk exists for individuals exposed to the water. Elevated turbidity levels caused by 

excessive sediment loading and stream bank erosion impact aquatic communities.  

Data assessment and TMDL calculations are conducted in accordance with requirements of Section 303(d) 

of the CWA, Water Quality Planning and Management Regulations (40 CFR Part 130), EPA guidance, and 

DEQ guidance and procedures. DEQ is required to develop TMDLs for all impaired waterbodies which are 

on the 303(d) list. Then the draft TMDL goes to EPA for review before submitting it for public comment. 

After the public comment period, the TMDL is submitted to EPA for final approval. Once EPA approves 

the final TMDL, then the waterbody is moved to Category 4a of the Integrated Report, where it remains 

until it reaches compliance with Oklahomaôs water quality standards (WQS).  

The purpose of this TMDL study is to establish pollutant load allocations for indicator bacteria and 

turbidity in impaired waterbodies, which is the first step toward restoring water quality and protecting 

public health. TMDLs determine the pollutant loading a waterbody can assimilate without exceeding the 

WQS for that pollutant. TMDLs also establish the pollutant load allocation necessary to meet the WQS 

established for a waterbody based on the relationship between pollutant sources and in-stream water quality 

conditions. A TMDL consists of a wasteload allocation (WLA), load allocation (LA), and a margin of 

safety (MOS). The WLA is the fraction of the total pollutant load apportioned to point sources, and 

includes stormwater discharges regulated under OPDES as point sources. The LA is the fraction of the total 

pollutant load apportioned to nonpoint sources. MOS can be implicit and/or explicit. The implicit MOS is 

achieved by using conservative assumptions in the TMDL calculations. An explicit MOS is a percentage of 

the TMDL set aside to account for the lack of knowledge associated with natural process in aquatic 

systems, model assumptions, and data limitations.  

This report does not stipulate specific control actions (regulatory controls) or management measures 

(voluntary best management practices) necessary to reduce bacteria or turbidity within each watershed. 

Watershed-specific control actions and management measures will be identified, selected, and implemented 

under a separate process.  

ES - 2 PROBLEM IDENTIFICATION AND WATER QUALITY TARGET 

This TMDL report focuses on waterbodies in the Red Rivers Study Area, identified in Table ES-1, which 

DEQ placed in Category 5 [303(d) list] of the Water Quality in Oklahoma, 2014 Integrated Report for 

nonsupport of primary body contact recreation (PBCR) or the Fish and Wildlife Propagation-Warm Water 

Aquatic Community (WWAC) beneficial uses.  

Elevated levels of bacteria or turbidity above the WQS necessitates the development of a TMDL. The 

TMDLs established in this report are a necessary step in the process to develop the pollutant loading 

controls needed to restore the PBCR or the Fish & Wildlife Propagation beneficial uses designated for each 

waterbody.  

http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://water.epa.gov/polwaste/npdes/basics/State-Program-Status.cfm
http://cfpub.epa.gov/npdes/index.cfm
http://www.deq.state.ok.us/rules/606.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-part130.pdf
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Table ES-2 summarizes water quality data collected during primary contact recreation season from the 

water quality monitoring (WQM) stations between 2000 and 2013 for each bacterial indicator. The data 

summary in Table ES-2 provides a general understanding of the amount of water quality data available and 

the severity of exceedances of the water quality criteria. This data collected during the primary contact 

recreation season includes the data used to support the decision to place specific waterbodies within the 

Study Area on the DEQ 2014 303(d) list (DEQ 2015).  

ES-2.1 Chapter 45 : Criteria for Bacteria  

The definition of PBCR and the bacterial WQSs for PBCR are summarized by the following 

excerpt from Title 785, Chapter 45-5-16 of the Oklahoma WQSs. 

(a).   Primary Body Contact Recreation involves direct body contact with the water where a 

possibility of ingestion exists. In these cases the water shall not contain chemical, 

physical or biological substances in concentrations that are irritating to skin or sense 

organs or are toxic or cause illness upon ingestion by human beings. 

(b).   In waters designated for Primary Body Contact Recreation...limits...shall apply only 

during the recreation period of May 1 to September 30. The criteria for Secondary Body 

Contact Recreation will apply during the remainder of the year. 

(c).   Compliance with 785:45-5-16 shall be based upon meeting the requirements of one of the 

options specified in (1) or (2) of this subsection (c) for bacteria. Upon selection of one (1) 

group or test method, said method shall be used exclusively over the time period 

prescribed therefore. Provided, where concurrent data exist for multiple bacterial 

indicators on the same waterbody or waterbody segment, no criteria exceedances shall 

be allowed for any indicator group. 

(1) Escherichia coli (E. coli): The E. coli geometric mean criterion is 126/100 ml. For 

swimming advisory and permitting purposes, E. coli shall not exceed a monthly 

geometric mean of 126/100 ml based upon a minimum of not less than five (5) 

samples collected over a period of not more than thirty (30) days. For swimming 

advisory and permitting purposes, no sample shall exceed a 75% one-sided 

confidence level of 235/100 ml in lakes and high use waterbodies and the 90% one-

sided confidence level of 406/100 ml in all other Primary Body Contact Recreation 

beneficial use areas. These values are based upon all samples collected over the 

recreation period. For purposes of sections 303(d) and 305(b) of the federal Clean 

Water Act as amended, beneficial use support status shall be assessed using only the 

geometric mean criterion of 126/100 milliliters compared to the geometric mean of 

all samples collected over the recreation period. 

(2) Enterococci: The Enterococci geometric mean criterion is 33/100 ml. For swimming 

advisory and permitting purposes, Enterococci shall not exceed a monthly geometric 

mean of 33/100 ml based upon a minimum of not less than five (5) samples collected 

over a period of not more than thirty (30) days. For swimming advisory and 

permitting purposes, no sample shall exceed a 75% one-sided confidence level of 

61/100 ml in lakes and high use waterbodies and the 90% one-sided confidence level 

of 108/100 ml in all other Primary Body Contact Recreation beneficial use areas. 

These values are based upon all samples collected over the recreation period. For 

purposes of sections 303(d) and 305(b) of the federal Clean Water Act as amended, 

beneficial use support status shall be assessed using only the geometric mean 

criterion of 33/100 milliliters compared to the geometric mean of all samples 

collected over the recreation period. 

ES-2.2 Chapter 46 : Implementation of OWQS for Bacteria  

To implement Oklahomaôs WQS for PBCR, OWRB promulgated Chapter 46, Implementation of 

Oklahomaôs Water Quality Standards (OWRB 2015b). The excerpt below from Chapter 46: 

785:46-15-6, stipulates how water quality data will be assessed to determine support of the PBCR 

use as well as how the water quality target for TMDLs will be defined for each bacterial indicator.  

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
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(a).   Scope.  

The provisions of this Section shall be used to determine whether the 

subcategory of Primary Body Contact of the beneficial use of Recreation 

designated in OAC 785:45 for a waterbody is supported during the 

recreation season from May 1 through September 30 each year. Where 

data exist for multiple bacterial indicators on the same waterbody or 

waterbody segment, the determination of use support shall be based upon 

the use and application of all applicable tests and data.  

(b).   Escherichia coli (E. coli).  

(1) The Primary Body Contact Recreation subcategory designated for a waterbody shall 

be deemed to be fully supported with respect to E. coli if the geometric mean of 126 

colonies per 100 ml is met. These values are based upon all samples collected over 

the recreation period in accordance with OAC 785:46-15-3(c).  

(2) The Primary Body Contact Recreation subcategory designated for a waterbody 

shall be deemed to be not supported with respect to E. coli if the geometric mean of 

126 colonies per 100 ml is not met. These values are based upon all samples 

collected over the recreation period in accordance with OAC 785:46-15-3(c).  

(c).   Enterococci.  

(1) The Primary Body Contact Recreation subcategory designated for a waterbody shall 

be deemed to be fully supported with respect to Enterococci if the geometric mean of 

33 colonies per 100 ml is met. These values are based upon all samples collected 

over the recreation period in accordance with OAC 785:46-15-3(c).  

(2) The Primary Body Contact Recreation subcategory designated for a waterbody shall 

be deemed to be not supported with respect to Enterococci if the geometric mean of 

33 colonies per 100 ml is not met. These values are based upon all samples collected 

over the recreation period in accordance with OAC 785:46-15-3(c).  

Where concurrent data exist for multiple bacterial indicators on the same waterbody, each 

indicator group must demonstrate compliance with the numeric criteria prescribed 

(OWRB 2015a).  

As stipulated in the WQS, only the geometric mean of all samples collected over the recreation 

period shall be used to assess the impairment status of a stream. Therefore, only the geometric 

mean criteria are used to develop TMDLs for E. coli and Enterococci bacterial indicators. 

It is worth noting that the Oklahoma Water Quality Standards (OWQS) prior to July 1, 2011 

contained three bacterial indicators (fecal coliform, E. coli and Enterococci). Since July 1, 2011 

the WQS address only E. coli and Enterococci bacteria. Therefore, bacterial TMDLs are 

developed only for E. coli and/or Enterococci impaired streams.  
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Table ES- 1 Excerpt from the 2014 Integrated Report ï Oklahoma 303(d) List of Impaired Waters (Category 5) 

Waterbody ID Waterbody Name 
Stream 
Miles 

TMDL 
Date 

Priority ENT E. coli 

Designated Use 
Primary Body Contact 

Recreation 
Turbidity 

Designated Use 

Warm Water 
Aquatic Life 

OK311100010230_00 Bills Creek 8.43 2025 4 X  N  I 

OK311100010250_00 Walnut Bayou 10.82 2025 4 X  N  F 

OK311100010300_00 Fleetwood Creek 10.91 2022 3 X X N  N* 

OK311100020010_10 Hickory Creek 37.28 2019 2 X  N  F 

OK311200000080_00 Dry Creek 20.96 2019 2 X X N  N* 

OK311300020010_10 Cache Creek, East 17.08 2016 1 X  N  N* 

OK311300040060_00 Medicine Creek 17.71 2016 1 X  N  F 

OK311310010010_00 Red River 88.02 2022 3 X  N** X N 

OK311310020010_10 Cache Creek, West 19.17 2025 4 X  N  F 

OK311310020060_00 Blue Beaver Creek 18.33 2019 2 X  N  I 

OK311310030040_00 Little Deep Red Creek 33.57 2016 1 X X N  N* 

ENT = Enterococci; N = Not attaining; X = Criterion exceeded; I = Insufficient information; F = Fully supporting Source:  2014 Integrated Report, DEQ 2015 
*: Due to low DO, not addressed in this report. 
**: Impaired for enterococci, but TMDL was done in 2007. 
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Table ES- 2 Summary of Indicator Bacterial Samples from Primary Body Contact Recreation Subcategory Season May 1 to September 
30, 2000-2013 

Waterbody ID Waterbody Name Indicator 
Number of 
samples 

Geometric Mean 
Conc (cfu/100 ml) 

Assessment Results / 

Recommended Actions 

OK311100010230_00 Bills Creek 
EC 1 239 Insufficient data / No action 

ENT 1 1,650 Insufficient data / Delist 

OK311100010250_00 Walnut Bayou 
EC 14 43 Meeting WQS / No action 

ENT 14 112 Impaired / TMDL 

OK311100010300_00 Fleetwood Creek 
EC 13 561 Impaired / TMDL 

ENT 13 982 Impaired / TMDL 

OK311100020010_10 Hickory Creek 
EC 11 43 Meeting WQS / No action 

ENT 11 80 Impaired / TMDL 

OK311200000080_00 Dry Creek 
EC 4 273 Insufficient data / Delist 

ENT 4 500 Insufficient data / Delist 

OK311300020010_10 Cache Creek, East 
EC 10 40 Meeting WQS / No action 

ENT 10 102 Impaired / TMDL 

OK311300040060_00 Medicine Creek 
EC 10 64 Meeting WQS / No action 

ENT 10 144 Impaired / TMDL 

OK311310010010_00 Red River 
EC 18 91 Meeting WQS / No action 

ENT 18 131 Impaired and 2007 TMDL / No action 

OK311310020010_10 Cache Creek, West 
EC 10 63 Meeting WQS / No action 

ENT 10 142 Impaired / TMDL 

OK311310020060_00 Blue Beaver Creek 

EC 6 69 Insufficient data / No action 

ENT 6 245 
Existing samples indicated a ñnot attainedò 
/ TMDL 

OK311310030040_00 Little Deep Red Creek 
EC 10 128 Impaired / TMDL 

ENT 10 425 Impaired / TMDL 

E. coli (EC) water quality criterion = Geometric Mean of 126 counts/100 mL 
Enterococci (ENT) water quality criterion = Geometric Mean of 33 counts/100 mL 
TMDLs will be developed for waterbodies that are highlighted 
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ES-2.3 Chapter 4 5: Criteria for Turbidity  

The beneficial use of WWAC is one of several subcategories of the Fish and Wildlife Propagation 

use established to manage the variety of communities of fish and shellfish throughout the State 

(OWRB 2015a). The numeric criteria for turbidity to maintain and protect the use of ñFish and 

Wildlife Propagationò from Title 785:45-5-12(f)(7) is as follows: 

(A) Turbidity from other than natural sources shall be restricted to not exceed the following 

numerical limits: 

i. Cool Water Aquatic Community/Trout Fisheries: 10 NTUs; 

ii.  Lakes: 25 NTU; and 

iii.  Other surface waters: 50 NTUs. 

(B)  In waters where background turbidity exceeds these values, turbidity from point sources will 

be restricted to not exceed ambient levels. 

(C)  Numerical criteria listed in (A) of this paragraph apply only to seasonal base flow conditions. 

(D)  Elevated turbidity levels may be expected during, and for several days after, a runoff event.

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
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Table ES- 3 Summary of Turbidity Data Excluding High Flow Samples, 2001-2014 

Waterbody ID Waterbody Name WQM Stations 
Number of turbidity 

samples 
Number of samples 
greater than 50 NTU 

% samples 
exceeding 
criterion 

Average 
Turbidity (NTU) 

Assessment Results / 
Recommended Actions 

OK311100010230_00 Bills Creek 
311100010230-001SRF & 

311100010230-002SRF 
7 0 0% 8 Insufficient data / No action 

OK311100010250_00 Walnut Bayou 
OK311100-03-0010G & 

311100030010-001AT 
25 4 16.0% 60 

Impaired, but not listed in 
303d /TMDL 

OK311100010300_00 Fleetwood Creek OK311100-01-0300D 17 2 11.8% 30 
Impaired and 2010 TMDL / 

No action 

OK311100020010_10 Hickory Creek OK311100-02-0010M 21 1 4.8% 16 Meeting WQS / No action 

OK311200000080_00 Dry Creek OK311200-00-0080G 10 2 20.0% 122 
Impaired and  2010 TMDL / 

No action 

OK311300020010_10 Cache Creek, East OK311300-02-0010M 19 2 10.5% 19 
Impaired, but not listed in 

303d / TMDL 

OK311300040060_00 Medicine Creek OK311300-04-0060H 19 0 0% 2 Meeting WQS / No action 

OK311310010010_00 Red River 311310010010-001AT 56 25 44.6% 187 Impaired / TMDL 

OK311310020010_10 Cache Creek, West OK311310-02-0010M 17 1 5.9% 31 Meeting WQS / Delist 

OK311310020060_00 Blue Beaver Creek OK311310-02-0060G 10 0 0% 1.7 Meeting WQS / No action 

OK311310030040_00 
Little Deep Red 

Creek 
OK311310-03-0040D 15 6 40.0% 44 

Impaired and 2010 TMDL / 
No action 

  

Table ES- 4 Regression Statistics and TSS Goals 

Waterbody ID Waterbody Name R-square NRMSE TSS Goal (mg/L)
a MOS

b
 

OK311100010250_00 Walnut Bayou 0.81 21.4% 23.9 25% 

OK311300020010_10 East Cache Creek 0.82
 

18.5% 60.0 20% 

OK311310010010_00 Red River 0.86 8.3% 86.6 10% 

a
 Calculated using the regression equation and the turbidity standard (50 NTU) 

b
 Based on the goodness-of-fit of the turbidity-TSS regression (NRMSE) 
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ES-2.4 Chapter 46 : Implementation of OWQS for Fish and Wildlife 
Propagation  

Chapter 46, Implementation of Oklahomaôs Water Quality Standards (OWRB 2015b) describes 

Oklahomaôs WQS for Fish and Wildlife Propagation. The excerpt below from Chapter 46: 785:46-

15-5, stipulates how water quality data will be assessed to determine support of fish and wildlife 

propagation as well as how the water quality target for TMDLs will be defined for turbidity.  

Assessment of Fish and Wildlife Propagation support  

(a).   Scope. The provisions of this Section shall be used to determine whether the beneficial 

use of Fish and Wildlife Propagation or any subcategory thereof designated in OAC 

785:45 for a waterbody is supported.  

(e).   Turbidity. The criteria for turbidity stated in 785:45-5-12(f)(7) shall constitute the 

screening levels for turbidity. The tests for use support shall follow the default protocol in 

785:46-15-4(b). 

785:46-15-4. Default protocols 

(b).   Short term average numerical parameters. 

(1) Short term average numerical parameters are based upon exposure periods of less 

than seven days. Short term average parameters to which this Section applies 

include, but are not limited to, sample standards and turbidity. 

(2) A beneficial use shall be deemed to be fully supported for a given parameter whose 

criterion is based upon a short term average if 10% or less of the samples for that 

parameter exceeds the applicable screening level prescribed in this Subchapter. 

(3) A beneficial use shall be deemed to be fully supported but threatened if the use is 

supported currently but the appropriate state environmental agency determines that 

available data indicate that during the next five years the use may become not 

supported due to anticipated sources or adverse trends of pollution not prevented or 

controlled. If data from the preceding two year period indicate a trend away from 

impairment, the appropriate agency shall remove the threatened status. 

(4) A beneficial use shall be deemed to be not supported for a given parameter whose 

criterion is based upon a short term average if at least 10% of the samples for that 

parameter exceed the applicable screening level prescribed in this Subchapter. 

Turbidity is a measure of water clarity and is caused by suspended particles in the water column. 

Because turbidity cannot be expressed as a mass load, total suspended solids (TSS) are used as a 

surrogate for the TMDLs in this report. Therefore, both turbidity and TSS data are presented.  

Table ES-3 summarizes a subset of water quality data collected for turbidity and TSS under base 

flow conditions, which DEQ considers to be all flows less than the 25
th
 flow exceedance percentile 

(i.e., the lower 75% of flows). Water quality samples collected under flow conditions greater than 

the 25
th
 flow exceedance percentile (highest flows) were therefore excluded from the data set used 

for TMDL analysis.  

ES-2.5 Chapter 46 : Minimum number of samples  

Chapter 46, Implementation of Oklahomaôs Water Quality Standards (OWRB 2015) describes 

minimum number of samples to assess beneficial use.   

785:46-15-3 Data requirements 

(d).   Minimum number of samples. 

(1) Streams. Except when (f) of this Section or any of subsection (e), (h), (i), (j), (k), (l), 

or (m) of 785:46-15-5applies, a minimum of 10 samples shall be required to assess 

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
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beneficial use support due to field parameters including but not limited to DO, pH 

and temperature, and due to routine water quality constituents including but not 

limited to coliform bacteria, dissolved solids and salts. Analyses may be aggregated 

to meet the 10 sample minimum requirements in non-wadable stream reaches that 

are 25 miles or less in length, and in wadable stream reaches that are 10 miles or 

less in length, if water quality conditions are similar at all sites. Provided, a 

minimum of 10 samples shall not be necessary if the existing samples already assure 

exceedance of the applicable percentage of a prescribed screening level. 

ES - 3 POLLUTANT SOURCE ASSESSMENT 

A pollutant source assessment characterizes known and suspected sources of pollutant loading to impaired 

waterbodies. Sources within a watershed are categorized and quantified to the extent that information is 

available. Bacteria originate from warm-blooded animals and sources may be point or nonpoint in nature. 

Turbidity may originate from OPDES-permitted facilities, fields, construction sites, quarries, stormwater 

runoff and eroding stream banks.  

Point sources are permitted through the OPDES program. OPDES-permitted facilities that discharge treated 

sanitary wastewater are required to monitor fecal coliform under the current permits and will be required to 

monitor E. coli when their permits come to renew. These facilities are also required to monitor TSS in 

accordance with their permits. There are 11 active permitted municipal or industrial point source facilities 

within the Study Area. 

Nonpoint sources include those sources that cannot be identified as entering a waterbody at a specific 

location. Nonpoint sources may emanate from land activities that contribute bacteria or TSS to surface 

water as a result of rainfall runoff. For the TMDLs in this report, all sources of pollutant loading not 

regulated by OPDES permits are considered nonpoint sources.  

Sediment loading of streams can originate from natural erosion processes, including the weathering of soil, 

rocks, and uncultivated land; geological abrasion; and other natural phenomena. There is insufficient data 

available to quantify contributions of TSS from these natural processes. TSS or sediment loading can also 

occur under non-runoff conditions as a result of anthropogenic activities in riparian corridors which cause 

erosive conditions. Given the lack of data to establish the background conditions for TSS/turbidity, 

separating background loading from nonpoint sources whether it is from natural or anthropogenic processes 

is not feasible in this TMDL development.  

Table ES-5 summarizes the point and nonpoint sources that contribute bacteria or TSS to each respective 

waterbody.  
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Table ES- 5 Summary of Potential Pollutant Sources by Category 

Waterbody ID Waterbody Name 
Municipal 
OPDES 
Facility 

Industrial 
OPDES 
Facility 

MS4 
OPDES No 
Discharge 

Facility 
CAFO Mines 

Construction 
Stormwater 

Permit 

Multi-
Sector 

General 
Permit 

Nonpoint 
Source 

OK311100010230_00 Bills Creek Ø Ø     Ø Ø  

OK311100010250_00 Walnut Bayou    Ø     Bacteria/Turbidity 

OK311100010300_00 Fleetwood Creek         Bacteria 

OK311100020010_10 Hickory Creek O Ø  Ø   Ø Ø Bacteria 

OK311200000080_00 Dry Creek      Ø  Ø  

OK311300020010_10 Cache Creek, East O O O Ø   Ø Ø Bacteria/Turbidity 

OK311300040060_00 Medicine Creek         Bacteria 

OK311310010010_00 Red River Ø Ø  Ø Ø  Ø Ø Turbidity 

OK311310020010_10 Cache Creek, West      Ø   Bacteria 

OK311310020060_00 Blue Beaver Creek         Bacteria 

OK311310030040_00 Little Deep Red Creek O   Ø   Ø  Bacteria 

O: Facility present in watershed and potential as contributing pollutant 
source 
 

 

Ø: Facility present in watershed, but not recognized as pollutant 
source 

 

No facility present in watershed  
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ES - 4 USING LOAD DURATION CURVES TO DEVELOP TMDLS 

The TMDL calculations presented in this report are derived from load duration curves (LDC). LDCs 

facilitate rapid development of TMDLs, and as a TMDL development tool can provide some information 

for identifying whether impairments are associated with point or nonpoint sources. The efficiency and 

simplicity of the LDC method should not be considered as bad descriptors of this powerful tool for 

displaying the changing water quality over changing flows that provides information as to the sources of 

the pollutant that is not apparent in the raw data. The LDC has additional valuable uses in the post-TMDL 

implementation phase of the restoration of the water quality for a waterbody. Plotting future monitoring 

information on the LDC can show trends of improvement to sources that will identify areas for revision to 

the watershed restoration plan. The low cost of the LDC method allows accelerated development of TMDL 

plans on more waterbodies and the evaluation of the implementation of WLAs and BMPs. The technical 

approach for using LDCs for TMDL development includes the following steps: 

1. Prepare flow duration curves for gaged and ungaged WQM stations. 

2. Estimate existing loading in the waterbody using ambient bacterial water quality data. 

3. Estimate loading in the waterbody using measured TSS water quality data and turbidity-converted 

data. 

4. Use LDCs to identify the critical condition that will dictate loading reductions and the overall percent 

reduction goal (PRG) necessary to attain WQS. 

Use of the LDC obviates the need to determine a design storm or selected flow recurrence interval with 

which to characterize the appropriate flow level for the assessment of critical conditions. For waterbodies 

impacted by both point and nonpoint sources, the ñnonpoint source critical conditionò would typically 

occur during high flows, when rainfall runoff would contribute the bulk of the pollutant load, while the 

ñpoint source critical conditionò would typically occur during low flows, when wastewater treatment 

facilities (WWTF) effluents would dominate the base flow of the impaired water. However, flow range is 

only a general indicator of the relative proportion of point/nonpoint contributions. Violations have been 

noted under low flow conditions in some watersheds that contain no point sources. 

LDCs display the maximum allowable load over the complete range of flow conditions by a line using the 

calculation of flow multiplied by a water quality criterion. The TMDL can be expressed as a continuous 

function of flow, equal to the line, or as a discrete value derived from a specific flow condition.  

The following are the basic steps in developing a LDC:  

1. Obtain daily flow data for the site of interest from the U.S. Geological Survey (USGS), or if 

unavailable, obtain projected flow from a nearby USGS site. 

2. Sort the flow data and calculate the flow exceedance percentiles. 

3. Obtain the water quality data. 

 For bacterial TMDLs, obtain the water quality data from the primary contact 

recreation season (May 1 through September 30). 

 For turbidity TMDLs, obtain available turbidity and TSS water quality data. 

4. Display a curve on a plot that represents the allowable load determined by multiplying the actual or 

estimated flow by the WQS for each respective bacterial indicator.  

5. Display a curve on a plot that represents the allowable load determined by multiplying the actual or 

estimated flow by the WQgoal for TSS. 
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6. For bacterial TMDLs, display and differentiate another curve derived by plotting the geometric mean 

of all existing bacterial samples continuously along the full spectrum of flow exceedance percentiles 

which represents the observed load in the stream. 

7. For turbidity TMDLs, match the water quality observations with the flow data from the same date and 

determine the corresponding exceedance percentile. Plot the flow exceedance percentiles and daily 

load observations in a load duration plot (Section 5). 

ES-4.1 Bacterial LDC  

For bacterial TMDLs, the culmination of these steps is expressed in the following formula, 

which is displayed on the LDC as the TMDL curve: 

TMDL (cfu/day) = WQS * flow (cfs) * unit conversion factor 

Where: WQS = 126 cfu/100 mL (E. coli); or 33 cfu/100 mL (Enterococci) 

Unit conversion factor = 24,465,525  

ES-4.2 TSS LDC 

For turbidity (TSS) TMDLs, the culmination of these steps is expressed in the following 

formula, which is displayed on the LDC as the TMDL curve: 

TMDL (lb/day) = WQ goal * flow (cfs) * unit conversion factor 

where:  

WQ goal = waterbody specific TSS concentration derived from regression analysis 

results presented in Table 5-2 

Unit conversion factor = 5.39377 

ES-4.3 LDC Summary  

The LDC approach recognizes that the assimilative capacity of a waterbody depends on the flow, 

and that maximum allowable loading varies with flow condition. Existing loading and load 

reductions required to meet the TMDL water quality target can also be calculated under various 

flow conditions. The difference between existing loading and the water quality target is used to 

calculate the loading reductions required. 

Historical observations of bacteria were plotted as a separate LDC based on the geometric mean of 

all samples. It is noted that the LDCs for bacteria were based on the geometric mean standards or 

geometric mean of all samples. It is inappropriate to compare single sample bacterial observations 

to a geometric mean water quality criterion in the LDC; therefore individual bacterial samples are 

not plotted on the LDCs.  

Historical observations of TSS and/or turbidity concentrations are paired with flow data and are 

plotted on the LDC for a stream. 

ES - 5   TMDL CALCULATIONS  

A TMDL is expressed as the sum of all WLAs (point source loads), LAs (nonpoint source loads), and an 

appropriate MOS, which attempts to account for the lack of knowledge concerning the relationship between 

pollutant loading and water quality. This definition can be expressed by the following equation: 

TMDL = WLA_WWTF + WLA_MS4 + LA + MOS 
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The WLA is the portion of the TMDL allocated to existing and future point sources. The LA is the portion 

of the TMDL allocated to nonpoint sources, including natural background sources. The MOS is intended to 

ensure that WQSs will be met.  

ES-5.1 Bacterial PRG  

For each waterbody the TMDLs presented in this report are expressed as colony forming units 

(cfu) per day across the full range of flow conditions. For information purpose, percent reductions 

are also provided. The difference between existing loading and the water quality target is used to 

calculate the loading reductions required. For bacteria, the PRG is calculated by reducing all 

samples by the same percentage until the geometric mean of the reduced sample values meets the 

corresponding bacterial geometric mean standard (126 cfu/100 ml for E. coli and 33 cfu/100 ml 

for Enterococci) with 10% of MOS.  

Table ES-6 presents the percent reductions necessary for each bacterial indicator causing 

nonsupport of the PBCR use in each waterbody of the Study Area.  

Table ES- 6 Percent Reductions Required to Meet Water Quality Standards for Indicator 
Bacteria 

Waterbody ID Waterbody Name 
Required Reduction Rate 

E. coli Enterococci 

OK311100010250_00 Walnut Bayou - 73.5% 

OK311100010300_00 Fleetwood Creek 79.8% 97.0% 

OK311100020010_10 Hickory Creek - 62.8% 

OK311300020010_10 Cache Creek, East - 70.9% 

OK311300040060_00 Medicine Creek - 79.4% 

OK311310020010_10 Cache Creek, West - 79.0% 

OK311310020060_00 Blue Beaver Creek - 87.9% 

OK311310030040_00 Little Deep Red Creek 11.5% 93.0% 

ES-5.2 TSS PRG 

PRGs for TSS are calculated as the required overall reduction so that no more than 10% of the 

samples exceed the water quality target for TSS. The PRGs for the waterbodies requiring turbidity 

TMDLs in this report are summarized in Table ES-7. 

Table ES- 7 TMDL Percent Reductions Required to Meet Water Quality Targets for Total 
Suspended Solids 

Waterbody ID Waterbody Name Required Reduction Rate 

OK311100010250_00 Walnut Bayou 63.5% 

OK311300020010_10 Cache Creek, East 34.3% 

OK311310010010_00 Red River 92.8% 

ES-5.3 Seasonal Variation  

The TMDL, WLA, LA, and MOS vary with flow condition, and are calculated at every 5
th
 flow 

interval percentile. The WLA component of each TMDL is the sum of all WLAs within each 

contributing watershed. The LA can then be calculated as follows: 
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LA = TMDL ï MOS - ×WLA 

Federal regulations (40 CFR §130.7(c)(1)) require that TMDLs account for seasonal variation in 

watershed conditions and pollutant loading.  

The bacterial TMDLs established in this report adhere to the seasonal application of the Oklahoma 

WQS which limits the PBCR use to the period of May 1
st
 through September 30

th
.  

The TSS TMDLs established in this report adhere to the seasonal application of the Oklahoma 

WQS for turbidity, which applies to seasonal base flow conditions only. Seasonal variation was 

also accounted for in these TMDLs by using more than five years of water quality data and by 

using all available USGS flow records when estimating flows to develop flow exceedance 

percentiles. 

ES-5.4 MOS 

Federal regulations (40 CFR §130.7(c)(1)) also require that TMDLs include an MOS. The MOS, 

which can be implicit or explicit, is a conservative measure incorporated into the TMDL equation 

that accounts for the lack of knowledge associated with calculating the allowable pollutant loading 

to ensure WQSs are attained.  

For bacterial TMDLs, an explicit MOS was set at 10%. 

For turbidity, the TMDLs are calculated for TSS instead of turbidity. Thus, the quality of the 

regression has a direct impact on confidence of the TMDL calculations. The better the regression 

is, the more confidence there is in the TMDL targets. As a result, it leads to a smaller MOS. The 

selection of MOS is based on the normalized root mean square error (NRMSE) for each 

waterbody (Table ES-4).  

The TMDL represents a continuum of desired load over all flow conditions, rather than fixed at a single 

value, because loading capacity varies as a function of the flow present in the stream. The higher the flow 

is, the more wasteload the stream can handle without violating water quality standards. Regardless of the 

magnitude of the WLA calculated in these TMDLs, future new discharges or increased load from existing 

discharges will be considered consistent with the TMDL provided the OPDES permit requires in-stream 

criteria to be met. 

ES - 6 REASONABLE ASSURANCE 

Reasonable assurance is required by the EPA guidance for a TMDL to be approvable only when a 

waterbody is impaired by both point and nonpoint sources and where a point source is given a less stringent 

wasteload allocation based on an assumption that nonpoint source load reductions will occur. In such a 

case, ñreasonable assuranceò that the NPS load reductions will actually occur must be demonstrated.  

In this report, all point source discharges either already have or will be given discharge limitations less than 

or equal to the water quality standards numerical criteria. Therefore, reasonable assurance is derived from 

Oklahoma Pollutant Discharge Elimination System (OPDES). The wasteload allocations for MS4s will be 

implemented through the OPDES MS4 permits. MS4 permits contain specific requirements for the 

regulated communities/facilities to establish a comprehensive stormwater management program (SWMP) 

or stormwater pollution prevention plan (SWP3) to implement best management practices (BMPs), public 

education and outreach, and illicit discharge elimination. 

Reasonable assurance that nonpoint sources will meet their allocated amount in the TMDL is dependent 

upon the availability and implementation of nonpoint source pollutant reduction plans, controls or BMPs 

within the watershed. The OCC has responsibilities for the state's NPS program defined in Section 319 of 

CWA. DEQ will work in conjunction with OCC and other federal, state, and local partners to meet the load 

reduction goals for NPS. All waterbodies are prioritized as part of the Unified Watershed Assessment 

(UWA) and that ranking will determine the likelihood of an implementation project in a watershed. 

http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-sec130-7.pdf
http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-sec130-7.pdf
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ES - 7 PUBLIC PARTICIPATION 

A public notice for the draft TMDL report will be sent to local newspapers, government agencies, 

stakeholders in the Study Area affected by these draft TMDLs, and stakeholders who have requested copies 

of all TMDL public notices. The public notice (which includes the draft 208 TMDL factsheet) and draft 

TMDL report will be posted at the following DEQ website: www.deq.state.ok.us/wqdnew/index.htm. The 

public will have an opportunity to review the draft TMDL report and make written comments. 

The public comment period lasts 45 days. Depending on the interest and responses from the public, a public 

meeting may be held within the watershed affected by the TMDLs in this report. If a public meeting is held, 

the public will also have opportunities to ask questions and make formal oral comments at the meeting 

and/or submit written comments at the public meeting.  

All written comments received during the public notice period become a part of the record of these 

TMDLs. All comments will be considered and the TMDL report will be revised according to the 

comments, if necessary, prior to the ultimate completion of these TMDLs for submission to EPA for final 

approval.
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SECTION 1  INTRODUCTION 

1.1 TMDL PROGRAM BACKGROUND  

As promulgated by Section 402 of the Clean Water Act (CWA), the U.S. Environmental Protection 

Agency (EPA) has delegated authority to the Oklahoma Department of Environmental Quality (DEQ) 

to partially oversee the National Pollutant Discharge Elimination System (NPDES) Program in the 

State of Oklahoma. Exceptions are agriculture (retained by State Department of Agriculture, Food, and 

Forestry), and the oil & gas industry (retained by the Oklahoma Corporation Commission) for which 

EPA has retained permitting authority. The NPDES Program in Oklahoma, in accordance with an 

agreement between DEQ and EPA, is implemented via the Oklahoma Pollutant Discharge Elimination 

System (OPDES) Act [Title 252, Chapter 606 (http://www.deq.state.ok.us/rules/606.pdf)]. 

Section 303(d) of the CWA and EPA Water Quality Planning and Management Regulations [40 Code 

of Federal Regulations (CFR) Part 130] require states to develop total maximum daily loads (TMDL) 

for all waterbodies and pollutants identified by the Regional Administrator as suitable for TMDL 

calculation. Waterbodies and pollutants identified on the approved 303(d) list as not meeting 

designated uses where technology-based controls are in place will be given a higher priority for 

development of TMDLs. TMDLs establish the allowable loadings of pollutants or other quantifiable 

parameters for a waterbody based on the relationship between pollution sources and in-stream water 

quality conditions, so states can implement water quality-based controls to reduce pollution from point 

and nonpoint sources and restore and maintain water quality (EPA 1991). 

This report documents the data and assessment used to establish TMDLs for the pathogen indicator 

bacteria [Escherichia coli (E. coli) and Enterococci]
1
 and turbidity for selected waterbodies in the Red 

River area in Oklahoma. Elevated levels of pathogen indicator bacteria in aquatic environments 

indicate that a waterbody is contaminated with human or animal feces and that a potential health risk 

exists for individuals exposed to the water. Elevated turbidity levels caused by excessive sediment 

loading and stream bank erosion impact aquatic biological communities.  

Data assessment and TMDL calculations are conducted in accordance with requirements of Section 

303(d) of the CWA, Water Quality Planning and Management Regulations (40 CFR Part 130), EPA 

guidance, and Oklahoma Department of Environmental Quality (DEQ) guidance and procedures. DEQ 

is required to submit all TMDLs to EPA for review. Approved 303(d) listed waterbody-pollutant pairs 

or surrogates TMDLs will receive notification of the approval or disapproval action. Once the EPA 

approves a TMDL, then the waterbody may be moved to Category 4a of a stateôs Integrated Water 

Quality Monitoring and Assessment Report, where it remains until compliance with water quality 

standards (WQS) is achieved (EPA 2003).  

The purpose of this TMDL study was to establish pollutant load allocations for indicator bacteria and 

turbidity in impaired waterbodies, which is the first step toward restoring water quality and protecting 

public health. TMDLs determine the pollutant loading a waterbody can assimilate without exceeding 

the WQS for that pollutant. TMDLs also establish the pollutant load allocation necessary to meet the 

WQS established for a waterbody based on the relationship between pollutant sources and in-stream 

water quality conditions. A TMDL consists of a wasteload allocation (WLA), load allocation (LA), 

and a margin of safety (MOS). The WLA is the fraction of the total pollutant load apportioned to point 

sources, and includes stormwater discharges regulated under OPDES. The LA is the fraction of the 

total pollutant load apportioned to nonpoint sources. MOS can be implicit and/or explicit. An implicit 

MOS is achieved by using conservative assumptions in the TMDL calculations. An explicit MOS is a 

percentage of the TMDL set aside to account for the lack of knowledge associated with natural process 

in aquatic systems, model assumptions, and data limitations. 

This report does not stipulate specific control actions (regulatory controls) or management measures 

(voluntary best management practices) necessary to reduce bacteria or turbidity within each watershed. 

                                                           

1
  All future references to bacteria in this document imply these two fecal pathogen indicator bacterial groups unless 

specifically stated otherwise 

http://cfpub.epa.gov/npdes/statestats.cfm?program_id=45&view=specific#comments
http://cfpub.epa.gov/npdes/statestats.cfm?program_id=45&view=specific#comments
http://cfpub.epa.gov/npdes/index.cfm
http://www.deq.state.ok.us/rules/606.pdf)
http://www.gpo.gov/fdsys/search/pagedetails.action?browsePath=Title+40%2FChapter+I%2FSubchapter+D%2FPart+130&granuleId=CFR-2011-title40-vol22-part130&packageId=CFR-2011-title40-vol22&collapse=true&fromBrowse=true
http://www.gpo.gov/fdsys/search/pagedetails.action?browsePath=Title+40%2FChapter+I%2FSubchapter+D%2FPart+130&granuleId=CFR-2011-title40-vol22-part130&packageId=CFR-2011-title40-vol22&collapse=true&fromBrowse=true
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Watershed-specific control actions and management measures will be identified, selected, and 

implemented under a separate process involving stakeholders who live and work in the watersheds, 

along with tribes, and local, state, and federal government agencies.  

This TMDL report focuses on waterbodies that DEQ placed in Category 5 [303(d) list] of the Water 

Quality in Oklahoma, 2014 Integrated Report for nonsupport of primary body contact recreation 

(PBCR) or Fish & Wildlife Propagation beneficial uses. The waterbodies considered for TMDL 

development in this report are listed in Table 1-1:                

 

Table 1-1 TMDL Waterbodies 

Bills Creek OK311100010230_00 

Walnut Bayou OK311100010250_00 

Fleetwood Creek OK311100010300_00 

Hickory Creek OK311100020010_10 

Dry Creek OK311200000080_00 

Cache Creek, East OK311300020010_10 

Medicine Creek OK311300040060_00 

Red River OK311310010010_00 

Cache Creek, West OK311310020010_10 

Blue Beaver Creek OK311310020060_00 

Little Deep Red Creek OK311310030040_00 

 

Figure 1-1 shows these Oklahoma waterbodies and their contributing watersheds. This map also 

displays locations of the water quality monitoring (WQM) stations used as the basis for placement 

of these waterbodies on the Oklahoma 303(d) list. These waterbodies and their surrounding 

watersheds are hereinafter referred to as the Study Area. 

TMDLs are required to be developed whenever elevated levels of pathogen indicator bacteria or 

turbidity are above the WQS numeric criterion. The TMDLs established in this report are a 

necessary step in the process to develop the pollutant loading controls needed to restore the PBCR 

or Fish & Wildlife Propagation use designated for each waterbody. Table 1-2 provides a 

description of the locations of WQM stations on the 303(d)-listed waterbodies.  
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Figure 1-1  Red River Watersheds Not Supporting Primary Body Contact Recreation or Fish & Wildlife Propagation Beneficial 
Uses 
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Table 1-2  Water Quality Monitoring Stations used for Assessment of Streams 

WQM Station Waterbody Name Station Location Waterbody ID 

311100010230-001SRF 
Bills Creek 

Lat.: 33.93, Long.: -97.13 
OK311100010230_00 

311100010230-002SRF Lat.: 33.90, Long.: -97.16 

311100030010-001AT 
Walnut Bayou 

Lat.: 33.94, Long.: -97.31 
OK311100010250_00 

OK311100-03-0010G Lat.: 33.92, Long.: -97.28 

OK311100-01-0300D Fleetwood Creek Lat.: 33.88, Long.: -97.86 OK311100010300_00 

OK311100-02-0010M Hickory Creek Lat.: 34.01, Long.: -97.08 OK311100020010_10 

OK311200-00-0080G Dry Creek Lat.: 34.30, Long.: -98.00 OK311200000080_00 

OK311300-02-0010M Cache Creek, East Lat: 34.725, Long: -98.388 OK311300020010_10 

OK311300-04-0060H Medicine Creek Lat: 34.772, Long: -98.580 OK311300040060_00 

311310010010-001AT Red River Lat: 34.212, Long: -99.082 OK311310010010_00 

OK311310-02-0010M Cache Creek, West Lat: 34.275, Long: -98.388 OK311310020010_10 

OK311310-02-0060G Blue Beaver Creek Lat: 34.631, Long: -98.552 OK311310020060_00 

OK311310-03-0040D Little Deep Red Creek Lat: 34.278, Long: -98.662 OK311310030040_00 

1.2 WATERSHED DESCRIPTION 

1.2.1 General  

The Red River study area is located in the southern portion of Oklahoma. The waterbodies 

and their watersheds addressed in this report are scattered over Carter, Comanche, Cotton, 

Jefferson, Love, Stephens, and Tillman counties. These counties are part of the Great Central 

Plains and Cross Timber Level III ecoregions (Woods, A.J, et al 2005). The watersheds in the 

Study Area are located in the Wichita Uplift and Hollis Basin geological provinces. 

Table 1-3, derived from the 2010 U.S. Census, demonstrates that the counties in which these 

watersheds are located are mostly sparsely populated (U.S. Census Bureau 2010). Table 1-4 

lists major towns and cities located in each watershed.  

 

Table 1-3  County Population and Density 

County Name 
Population 

(2010 Census) 
Population Density 

(per square mile) 

Carter 47,557 57 

Comanche 124,098 115 

Cotton 6,193 10 

Jefferson 2,475 8 

Love 4,151 18 

Stephens 21,904 51 

Tillman 7,992 9 
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Table 1-4  Major Municipalities by Watershed 

Waterbody Name Waterbody ID Municipalities 

Bills Creek OK311100010230_00 Horseshoe Bend, Thackerville 

Walnut Bayou OK311100010250_00 Burneyville, Marysville 

Fleetwood Creek OK311100010300_00 Belcherville, Fleetwood, Ringgold, Terral 

Hickory Creek OK311100020010_10 Ardmore, Lake Murray, Marietta, Overbrook 

Dry Creek OK311200000080_00 
Comanche, Corum, Duncan, Empire, 
Waurika 

Cache Creek, East OK311300020010_10 Arbuckle Hill, Fort Sill, Lawton 

Medicine Creek OK311300040060_00 Meers, Quanah Mountain, Saddle Mountain 

Red River OK311310010010_00 
Augar Creek, Burkburnett, Clara, Cowboy 
Springs, Davidson, Devol, Frederick, 
Oklaunion, Sunshine Hill, Thornberry 

Cache Creek, West OK311310020010_10 Cookietown, Randlett, Tayor 

Blue Beaver Creek OK311310020060_00 Mount Scott, Taupa 

Little Deep Red Creek OK311310030040_00 Grandfield, Hackberry Flat, Hollister 

1.2.2 Climate  

Table 1-5 summarizes the average annual precipitation for each Oklahoma waterbody derived 

from a geospatial layer developed to display annual precipitation using data collected from 

Oklahoma weather stations between 1971 through 2000. Average annual precipitation values 

among the watersheds in this portion of Oklahoma range between 30 and 39 inches 

(Oklahoma Climatological Survey 2005). 

Table 1-5  Average Annual Precipitation by Watershed 

Waterbody Name Waterbody ID Average Annual Precipitation (inches) 

Bills Creek OK311100010230_00 38.8 

Walnut Bayou OK311100010250_00 38.0 

Fleetwood Creek OK311100010300_00 33.2 

Hickory Creek OK311100020010_10 38.9 

Dry Creek OK311200000080_00 35.4 

Cache Creek, East OK311300020010_10 32.8 

Medicine Creek OK311300040060_00 33.0 

Red River OK311310010010_00 30.2 

Cache Creek, West OK311310020010_10 32.5 

Blue Beaver Creek OK311310020060_00 32.4 

Little Deep Red Creek OK311310030040_00 30.6 
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1.2.3 Land Use  

Table 1-6 summarizes the percentages and acreages of the land use categories for the 

contributing watershed associated with each respective Oklahoma waterbody addressed in the 

Study Area. The land use/land cover data were derived from the U.S. Geological Survey 

(USGS) 2011 National Land Cover Dataset (USGS 2014). The percentages provided in Table 

1-6 are rounded so in some cases may not total exactly 100%. The land use categories are 

displayed in Figure 1-2. The two most dominant land use categories throughout the Red 

River Study Area are Grassland/Herbaceous and Cultivated Crops. The aggregated total of 

developed land ranges from approximately 1.4% of the land use in the Medicine Creek 

(OK311300040060_00) watershed to 18.0% of the land use in the Bills Creek 

(OK311100010230_00) watershed. The watersheds targeted for TMDL development in this 

Study Area range in size from 7,695 acres (Bills Creek, OK311100010230_00) to 248,044 

acres (Red River, OK311310010010_00). 

  



Red River Bacterial and Turbidity TMDLs Introduction  

DRAFT 1-7 May 2016 

Figure 1-2  Land Use Map 
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Table 1-6  Land Use Summaries by Watershed 

Landuse Category 

Watershed 

Bills Creek 
Walnut 
Bayou 

Fleetwood 
Creek 

Hickory 
Creek 

Dry Creek 
Cache 
Creek, 
East 

Medicine 
Creek 

Red River 
Cache 
Creek, 
West 

Blue 
Beaver 
Creek 

Little Deep 
Red Creek 

Waterbody ID OK311100010230_00 OK311100010250_00 OK311100010300_00 OK311100020010_10 OK311200000080_00 OK311300020010_10 OK311300040060_00 OK311310010010_00 OK311310020010_10 OK311310020060_00 OK311310030040_00 

Open Water 65 181 5 6,893 154 267 38 4,089 129 175 1,596 

Developed, Open Space 660 1,319 322 7,035 1,429 2,175 581 10,912 2,235 1,063 3,808 

Developed, Low Intensity 391 84  3,987 36 490 11 1,297 237 108 925 

Developed, Medium Intensity 249 26  1,467 12 421 4 404 128 29 176 

Developed, High Intensity 85 1  623 1 42  147 7  56 

Barren Land 11 55 13 302  556  8,065 18  38 

Deciduous Forest 593 5,999 923 40,784 3,917 3,046 3,103 2,891 1,835 933 216 

Evergreen Forest  104  280 2  514 5 3 50 2 

Mixed Forest       363   51  

Shrub/Scrub   256 5 4 52 512 2,368 319 681 983 

Grasslands/Herbaceous 2,423 9,535 4,391 47,881 20,584 27,559 35,274 63,166 16,994 16,138 30,328 

Pasture/Hay 3,020 2,637 256 19,322 26 144  165 3  28 

Cultivated Crops 195 1,433 4,334 1,425 5,145 3,473 850 154,436 21,620 817 52,362 

Woody Wetlands 3 2  45    21    

Emergent Herbaceous Wetlands    78 6  9 78 6  86 

Total (Acres) 7,695 21,376 10,500 130,127 31,316 38,225 41,259 248,044 43,534 20,045 90,604 

Open Water 0.8 0.8 0.05 5.3 0.5 0.7 0.1 1.6 0.3 0.9 1.8 

Developed, Open Space 8.6 6.2 3.1 5.4 4.6 5.7 1.4 4.4 5.1 5.3 4.2 

Developed, Low Intensity 5.1 0.4  3.1 0.1 1.3 0.03 0.5 0.5 0.5 1.0 

Developed, Medium Intensity 3.2 0.1  1.1 0.04 1.1 0.01 0.2 0.3 0.1 0.2 

Developed, High Intensity 1.1 0.005  0.5 0.003 0.1  0.1 0.02  0.1 

Barren Land 0.1 0.3 0.1 0.2  1.5  3.3 0.04  0.04 

Deciduous Forest 7.7 28.1 8.8 31.3 12.5 8.0 7.5 1.2 4.2 4.7 0.2 

Evergreen Forest  0.5  0.2 0.006  1.2 0.002 0.01 0.2 0.002 

Mixed Forest       0.9   0.3  

Shrub/Scrub   2.4 0.004 0.01 0.1 1.2 1.0 0.7 3.4 1.1 

Grasslands/Herbaceous 31.5 44.6 41.8 36.8 65.7 72.1 85.5 25.5 39.0 80.5 33.5 

Pasture/Hay 39.2 12.3 2.4 14.8 0.1 0.4  0.1 0.01  0.03 

Cultivated Crops 2.5 6.7 41.3 1.1 16.4 9.1 2.1 62.3 49.7 4.1 57.8 

Woody Wetlands 0.04 0.01  0.03    0.01    

Emergent Herbaceous Wetlands    0.06 0.02  0.02 0.03 0.01  0.1 

Total (%): 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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1.3 STREAM FLOW CONDITIONS 

Stream flow characteristics and data are key information when conducting water quality 

assessments such as TMDLs. The USGS operates flow gages throughout Oklahoma, from which 

long-term stream flow records can be obtained. Not all of the waterbodies in this Study Area have 

historical flow data available. At various WQM stations additional flow measurements are 

available which were collected at the same time bacteria, total suspended solids (TSS) and 

turbidity water quality samples were collected. Flow data from the surrounding USGS gage 

stations and the instantaneous flow measurement data taken with water quality samples have been 

used to estimate flows for ungaged streams. Flow conditions recorded during the time of water 

quality sampling for turbidity are included in Appendix A along with corresponding water 

chemistry data results. A summary of the method used to project flows for ungaged streams and 

flow exceedance percentiles from projected flow data are provided in Appendix C. 
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SECTION 2  
PROBLEM IDENTIFICATI ON AND WATER QUALITY  

TARGET 

2.1 OKLAHOMA WATER QUALITY STANDARDS  

Title 785 of the Oklahoma Administrative Code contains Oklahoma Water Quality Standards 

(OWQS) and implementation procedures (OWRB 2015b). The Oklahoma Water Resources Board 

(OWRB) has statutory authority and responsibility concerning establishment of State WQS, as 

provided under 82 Oklahoma Statute [O.S.], §1085.30. This statute authorizes the OWRB to 

promulgate rules éwhich establish classifications of uses of waters of the state, criteria to 

maintain and protect such classifications, and other standards or policies pertaining to the quality 

of such waters. [O.S. 82:1085:30(A)]. Beneficial uses are designated for all waters of the State. 

Such uses are protected through restrictions imposed by the antidegradation policy statement, 

narrative water quality criteria, and numerical criteria (OWRB 2015a). An excerpt of the 

Oklahoma WQS (Title 785) summarizing the State of Oklahoma Antidegradation Policy is 

provided in Appendix G. Table 2-1, an excerpt from the 2014 Integrated Report (DEQ 2015), 

lists beneficial uses designated for each impaired stream segment in the Study Area. The 

beneficial uses include:    

 AES ï Aesthetics  

 AG ï Agriculture Water Supply 

 Fish and Wildlife Propagation 

 WWAC ï Warm Water Aquatic Community 

 FISH ï Fish Consumption 

 PBCR ï Primary Body Contact Recreation 

 PPWS ï Public & Private Water Supply 

 EWS ï Emergency Water Supply 

 SWS ï Sensitive Water Supply 

Table 2-1  Designated Beneficial Uses for Each Stream Segment in the Study Area 

Waterbody ID Waterbody Name AES AG WWAC FISH PBCR PPWS EWS SWS 

OK311100010230_00 Bills Creek I X I X N    

OK311100010250_00 Walnut Bayou I F F I N I   

OK311100010300_00 Fleetwood Creek I F N X N I   

OK311100020010_10 Hickory Creek I F F I N I   

OK311200000080_00 Dry Creek F I N X N I   

OK311300020010_10 Cache Creek, East F N N X N X   

OK311300040060_00 Medicine Creek F F F X N I  v 

OK311310010010_00 Red River I N N F N  F  

OK311310020010_10 Cache Creek, West F F F X N I   

OK311310020060_00 Blue Beaver Creek F F I X N F   

OK311310030040_00 Little Deep Red Creek I N N X N I   

F ï Fully supporting information N ï Not supporting I ï Insufficient X - Not assessed V - Listed Source: DEQ 2014 Integrated Report 
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2.1.1 Chapter 45 : Definition of PBCR and Bacterial WQSs  

The definition of PBCR and the bacterial WQSs for PBCR are summarized by the following 

excerpt from Title 785, Chapter 45-5-16 of the Oklahoma WQSs. 

(a).   Primary Body Contact Recreation involves direct body contact with the water where a 

possibility of ingestion exists. In these cases the water shall not contain chemical, 

physical or biological substances in concentrations that are irritating to skin or sense 

organs or are toxic or cause illness upon ingestion by human beings. 

(b).   In waters designated for Primary Body Contact Recreation...limits...shall apply only 

during the recreation period of May 1 to September 30. The criteria for Secondary Body 

Contact Recreation will apply during the remainder of the year. 

(c).   Compliance with 785:45-5-16 shall be based upon meeting the requirements of one of the 

options specified in (1) or (2) of this subsection (c) for bacteria. Upon selection of one (1) 

group or test method, said method shall be used exclusively over the time period 

prescribed therefore. Provided, where concurrent data exist for multiple bacterial 

indicators on the same waterbody or waterbody segment, no criteria exceedances shall 

be allowed for any indicator group. 

(1) Escherichia coli (E. coli): The E. coli geometric mean criterion is 126/100 ml. For 

swimming advisory and permitting purposes, E. coli shall not exceed a monthly 

geometric mean of 126/100 ml based upon a minimum of not less than five (5) 

samples collected over a period of not more than thirty (30) days. For swimming 

advisory and permitting purposes, no sample shall exceed a 75% one-sided 

confidence level of 235/100 ml in lakes and high use waterbodies and the 90% one-

sided confidence level of 406/100 ml in all other Primary Body Contact Recreation 

beneficial use areas. These values are based upon all samples collected over the 

recreation period. For purposes of sections 303(d) and 305(b) of the federal Clean 

Water Act as amended, beneficial use support status shall be assessed using only the 

geometric mean criterion of 126/100 milliliters compared to the geometric mean of 

all samples collected over the recreation period. 

(2) Enterococci: The Enterococci geometric mean criterion is 33/100 ml. For swimming 

advisory and permitting purposes, Enterococci shall not exceed a monthly geometric 

mean of 33/100 ml based upon a minimum of not less than five (5) samples collected 

over a period of not more than thirty (30) days. For swimming advisory and 

permitting purposes, no sample shall exceed a 75% one-sided confidence level of 

61/100 ml in lakes and high use waterbodies and the 90% one-sided confidence level 

of 108/100 ml in all other Primary Body Contact Recreation beneficial use areas. 

These values are based upon all samples collected over the recreation period. For 

purposes of sections 303(d) and 305(b) of the federal Clean Water Act as amended, 

beneficial use support status shall be assessed using only the geometric mean 

criterion of 33/100 milliliters compared to the geometric mean of all samples 

collected over the recreation period. 

2.1.2 Chapter 46 : Implementation of OWQS for PBCR  

To implement Oklahomaôs WQS for PBCR, OWRB promulgated Chapter 46, Implementation of 

Oklahomaôs Water Quality Standards (OWRB 2015b). The following excerpt from Chapter 46: 

785:46-15-6, stipulates how water quality data will be assessed to determine support of the PBCR 

use as well as how the water quality target for TMDLs will be defined for each bacterial indicator.  

(a).   Scope.  

The provisions of this Section shall be used to determine whether the subcategory of 

Primary Body Contact of the beneficial use of Recreation designated in OAC 785:45 

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch46.pdf
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for a waterbody is supported during the recreation season from May 1 through 

September 30 each year. Where data exist for multiple bacterial indicators on the 

same waterbody or waterbody segment, the determination of use support shall be 

based upon the use and application of all applicable tests and data.  

(b).   Escherichia coli (E. coli).  

(1) The Primary Body Contact Recreation subcategory designated for a waterbody 

shall be deemed to be fully supported with respect to E. coli if the geometric 

mean of 126 colonies per 100 ml is met. These values are based upon all 

samples collected over the recreation period in accordance with OAC 

785:46-15-3(c).  

(2) The Primary Body Contact Recreation subcategory designated for a waterbody 

shall be deemed to be not supported with respect to E. coli if the geometric 

mean of 126 colonies per 100 ml is not met. These values are based upon 

all samples collected over the recreation period in accordance with OAC 

785:46-15-3(c).  

(c).   Enterococci.  

(1) The Primary Body Contact Recreation subcategory designated for a waterbody 

shall be deemed to be fully supported with respect to Enterococci if the 

geometric mean of 33 colonies per 100 ml is met. These values are based 

upon all samples collected over the recreation period in accordance with 

OAC 785:46-15-3(c).  

(2) The Primary Body Contact Recreation subcategory designated for a waterbody 

shall be deemed to be not supported with respect to Enterococci if the 

geometric mean of 33 colonies per 100 ml is not met. These values are 

based upon all samples collected over the recreation period in accordance 

with OAC 785:46-15-3(c). 

Compliance with the Oklahoma WQS is based on meeting requirements for both E. coli and 

Enterococci bacterial indicators in addition to the minimum sample requirements for 

assessment. Where concurrent data exist for multiple bacterial indicators on the same 

waterbody or waterbody segment, each indicator group must demonstrate compliance with the 

numeric criteria prescribed (OWRB 2015a). 

As stipulated in the WQS, only the geometric mean of all samples collected over the primary 

recreation period shall be used to assess the impairment status of a stream segment. Therefore, 

only the geometric mean criteria will be used to develop TMDLs for E. coli and Enterococci.  

2.1.3 Chapter 45 : Criteria for Turbidity  

The beneficial use of WWAC is one of several subcategories of the Fish and Wildlife Propagation 

use established to manage the variety of communities of fish and shellfish throughout the state 

(OWRB 2011). The numeric criteria for turbidity to maintain and protect the use of ñFish and 

Wildlife Propagationò from Title 785:45-5-12(f)(7) is as follows: 

(A) Turbidity from other than natural sources shall be restricted to not exceed the 

following numerical limits: 

i.Cool Water Aquatic Community/Trout Fisheries: 10 NTUs; 

ii.Lakes: 25 NTU; and 

iii. Other surface waters: 50 NTUs. 

(B)  In waters where background turbidity exceeds these values, turbidity from point 

sources will be restricted to not exceed ambient levels. 

http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
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(C)  Numerical criteria listed in (A) of this paragraph apply only to seasonal base flow 

conditions. 

(D)  Elevated turbidity levels may be expected during, and for several days after, a runoff 

event. 

2.1.4 Chapter 46: Implementation of OWQS for Fish and Wildlife 
Propagation  

Chapter 46, Implementation of Oklahomaôs Water Quality Standards (OWRB 2015b) describes 

Oklahomaôs WQS for Fish and Wildlife Propagation. The following excerpt (785:46-15-5) 

stipulates how water quality data will be assessed to determine support of fish and wildlife 

propagation as well as how the water quality target for TMDLs will be defined for turbidity:  

Assessment of Fish and Wildlife Propagation support  

(a).   Scope. The provisions of this Section shall be used to determine whether the 

beneficial use of Fish and Wildlife Propagation or any subcategory thereof 

designated in OAC 785:45 for a waterbody is supported.  

(e).   Turbidity. The criteria for turbidity stated in 785:45-5-12(f)(7) shall constitute 

the screening levels for turbidity. The tests for use support shall follow the 

default protocol in 785:46-15-4(b). 

785:46-15-4. Default protocols 

(b).   Short term average numerical parameters. 

(1) Short term average numerical parameters are based upon exposure periods 

of less than seven days. Short term average parameters to which this 

Section applies include, but are not limited to, sample standards and 

turbidity. 

(2) A beneficial use shall be deemed to be fully supported for a given parameter 

whose criterion is based upon a short term average if 10% or less of the 

samples for that parameter exceeds the applicable screening level 

prescribed in this Subchapter. 

(3) A beneficial use shall be deemed to be fully supported but threatened if the 

use is supported currently but the appropriate state environmental agency 

determines that available data indicate that during the next five years the 

use may become not supported due to anticipated sources or adverse trends 

of pollution not prevented or controlled. If data from the preceding two year 

period indicate a trend away from impairment, the appropriate agency shall 

remove the threatened status. 

(4) A beneficial use shall be deemed to be not supported for a given parameter 

whose criterion is based upon a short term average if at least 10% of the 

samples for that parameter exceed the applicable screening level prescribed 

in this Subchapter. 

2.1.5 Chapter 46: Minimum number of samples  

Chapter 46, Implementation of Oklahomaôs Water Quality Standards (OWRB 2015b) describes 

minimum number of samples to assess beneficial use.   

785:46-15-3 Data requirements 

(e).   Minimum number of samples. 

(1) Streams. Except when (f) of this Section or any of subsection (e), (h), (i), (j), 

(k), (l), or (m) of 785:46-15-5applies, a minimum of 10 samples shall be 

required to assess beneficial use support due to field parameters including 

but not limited to DO, pH and temperature, and due to routine water quality 
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constituents including but not limited to coliform bacteria, dissolved solids 

and salts. Analyses may be aggregated to meet the 10 sample minimum 

requirements in non-wadable stream reaches that are 25 miles or less in 

length, and in wadable stream reaches that are 10 miles or less in length, if 

water quality conditions are similar at all sites. Provided, a minimum of 10 

samples shall not be necessary if the existing samples already assure 

exceedance of the applicable percentage of a prescribed screening level. 

2.1.6 Prioriti zation of TMDL Development  

Table 2-2 summarizes the PBCR and WWAC use attainment status and the bacterial and 

turbidity impairment status for streams in the Study Area. The TMDL priority shown in 

Table 2-2 is directly related to the TMDL target date. The TMDLs established in this report, 

which are a necessary step in the process of restoring water quality, only address bacterial 

and/or turbidity impairments that affect the PBCR and WWAC beneficial uses. 

After the 303(d) list is compiled, DEQ assigns a four-level rank to each of the Category 5a 

waterbodies. This rank helps in determining the priority for TMDL development. The rank is 

based on criteria developed using the procedure outlined in the 2012 Continuing Planning 

Process (pp. 139-140). The TMDL prioritization point totals calculated for each watershed 

were broken down into the following four priority levels:
1
 

Priority 1 watersheds - above the 90th percentile (27 watersheds) 

Priority 2 watersheds - 70th to 90th percentile (66 watersheds) 

Priority 3 watersheds - 40th to 70th percentile (78 watersheds) 

Priority 4 watersheds - below the 40th percentile (141 watersheds) 

Each waterbody on the 2014 303(d) list has been assigned a potential date of TMDL 

development based on the priority level for the corresponding HUC 11 watershed. 

Priority 1 watersheds are targeted for TMDL development within the next two years. Other 

priority watersheds are established for TMDL development within the next five years for 

Priority 2, eight years for Priority 3, and eleven years for Priority 4. 

                                                           

1  Appendix C, 2014 Integrated Report 

http://www.deq.state.ok.us/wqdnew/305b_303d/2012IRReport/2012%20Appendix%20C%20-%20303d%20List.pdf
http://www.deq.state.ok.us/wqdnew/305b_303d/Final%20CPP.pdf
http://www.deq.state.ok.us/wqdnew/305b_303d/Final%20CPP.pdf
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Table 2-2  Excerpt from the 2014 Integrated Report ï Oklahoma 303(d) List of Impaired Waters (Category 5) 

Waterbody ID Waterbody Name 
Stream 
Miles 

TMDL 
Date 

Priority ENT 
E. 

coli 

Designated Use 
Primary Body 

Contact Recreation 
Turbidity 

Designated Use 

Warm Water 
Aquatic Life 

OK311100010230_00 Bills Creek 8.43 2025 4 X  N  I 

OK311100010250_00 Walnut Bayou 10.82 2025 4 X  N  F 

OK311100010300_00 Fleetwood Creek 10.91 2022 3 X X N  N* 

OK311100020010_10 Hickory Creek 37.28 2019 2 X  N  F 

OK311200000080_00 Dry Creek 20.96 2019 2 X X N  N* 

OK311300020010_10 Cache Creek, East 17.08 2016 1 X  N  N* 

OK311300040060_00 Medicine Creek 17.71 2016 1 X  N  F 

OK311310010010_00 Red River 88.02 2022 3 X  N** X N 

OK311310020010_10 Cache Creek, West 19.17 2025 4 X  N  F 

OK311310020060_00 Blue Beaver Creek 18.33 2019 2 X  N  I 

OK311310030040_00 Little Deep Red Creek 33.57 2016 1 X X N  N* 

ENT = Enterococci; N = Not attaining; X = Criterion exceeded   Source:  2014 Integrated Report, DEQ 2015 
*: Due to low DO, not addressed in this report. 
**: Impaired for enterococci, but TMDL was done in 2007. 
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2.2 PROBLEM IDENTIFICATION  

This subsection summarizes water quality data caused by elevated levels of impairments.  

2.2.1 Bacterial  Data Summary  

Table 2-3 summarizes water quality data collected during primary contact recreation season 

from the WQM stations between 2000 and 2013 for each indicator bacteria. The data 

summary in Table 2-3 provides a general understanding of the amount of water quality data 

available and the severity of exceedances of the water quality criteria. This data collected 

during the primary contact recreation season was used to support the decision to place specific 

waterbodies within the Study Area on the DEQ 2014 303(d) list (DEQ 2015). Water quality 

data from the primary contact recreation season are provided in Appendix A 

For the data collected between 2000 and 2013, evidence of nonsupport of the PBCR use based 

on E. coli or Enterococci exceedances was observed in eight waterbodies [E. coli and 

Enterococci exceedance on Fleetwood Creek (OK311100010300_00) and Little Deep Red 

Creek (OK311310030040_00); Enterococci only exceedance on Walnut Bayou 

(OK311100010250_00), Hickory Creek (OK311100020010_10), East Cache Creek 

(OK311300020010_10), Medicine Creek (OK311300040060_00), West Cache Creek 

(OK311310020010_10), and Blue Beaver Creek (OK311310020060_00)]. Rows highlighted 

in green in Table 2-3 require TMDLs.  

Two waterbodies within the Study Area will be removed from further consideration for 

bacterial TMDL development in this report. Detailed review of the data collected in 2001 for 

Bills Creek (OK311100010230_00) and Dry Creek (OK311200000080_00) indicated an 

insufficient number of samples were available. As a result, no bacterial TMDLs are included 

in this report for these two waterbodies.  

2.2.2 Turbidity Data Summary  

Turbidity is a measure of water clarity and is caused by suspended particles in the water 

column. Because turbidity cannot be expressed as a mass load, total suspended solids (TSS) 

are used as a surrogate in this TMDL. Therefore, both turbidity and TSS data are presented in 

this subsection.  

Table 2-4 summarizes water quality data collected from the WQM stations between 2001 and 

2014 for turbidity. However, as stipulated in Title 785:45-5-12 (f)(7)(C), numeric criteria for 

turbidity only apply under base flow conditions. While the base flow condition is not 

specifically defined in the Oklahoma WQS, DEQ considers base flow conditions to be all 

flows less than the 25
th
 flow exceedance percentile (i.e., the lower 75% of flows) which is 

consistent with the USGS Streamflow Conditions Index (USGS 2009). Therefore, Table 2-5 

was prepared to represent the subset of these data for samples collected during base flow 

conditions. Water quality samples collected under flow conditions greater than the 25
th
 flow 

exceedance percentile (highest flows) were therefore excluded from the data set used for 

TMDL analysis. Using this qualified data set, 3 of the 11 waterbodies identified in Table 2-5 

indicate nonsupport of the Fish and Wildlife Propagation use based on turbidity levels 

observed in the waterbody so TMDLs were developed for them. Table 2-6 summarizes water 

quality data collected from the WQM stations between 1999 and 2011 for TSS. Table 2-7 

presents a subset of these data for samples collected during base flow conditions. In using 

TSS as a surrogate to support TMDL development, at least 10 TSS samples are required to 

conduct the regression analysis between turbidity and TSS. The water quality data analyzed 

for turbidity and TSS are provided in Appendix A.  
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2.3 WATER QUALITY TARGETS 

The Code of Federal Regulations (40 CFR §130.7(c)(1)) states that, ñTMDLs shall be established at 

levels necessary to attain and maintain the applicable narrative and numerical water quality standards.ò 

The water quality targets for E. coli and Enterococci are geometric mean standards of 126 cfu/100ml 

and 33 cfu/100ml, respectively. The TMDL for bacteria will incorporate an explicit 10% margin of 

safety.  

An individual water quality target established for turbidity must demonstrate compliance with the 

numeric criteria prescribed in the Oklahoma WQS (OWRB 2015a). According to the Oklahoma WQS 

[785:45-5-12(f)(7)], the turbidity criterion for streams with WWAC beneficial use is 50 NTUs (OWRB 

2015a). The turbidity of 50 NTUs applies only to seasonal base flow conditions. Turbidity levels are 

expected to be elevated during, and for several days after, a storm event.  

TMDLs for turbidity in streams designated as WWAC must take into account that no more than 10% 

of the samples may exceed the numeric criterion of 50 NTU. However, as described above, because 

turbidity cannot be expressed as a mass load, TSS is used as a surrogate for TMDL development. Since 

there is no numeric criterion in the Oklahoma WQS for TSS, a specific method must be developed to 

convert the turbidity criterion to TSS based on a relationship between turbidity and TSS. The method 

for deriving the relationship between turbidity and TSS and for calculating a water body specific water 

quality goal using TSS is summarized in Section 4 of this report.  

The MOS for the TSS TMDLs varies by waterbody and is related to the goodness-of-fit metrics of the 

turbidity-TSS regressions. The method for defining MOS percentages is described in Section 5 of this 

report.  

 

 

http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-sec130-7.pdf
http://www.owrb.ok.gov/util/rules/pdf_rul/current/Ch45.pdf
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Table 2-3  Summary of Assessment of Indicator Bacterial Samples from Primary Body Contact Recreation Subcategory Season 
May 1 to September 30, 2000-2013 

Waterbody ID Waterbody Name Indicator 
Number of 
samples 

Geometric Mean 
Conc (cfu/100 ml) 

Assessment Results /  

Recommended Actions 

OK311100010230_00 Bills Creek 
EC 1 239 Insufficient data / No action 

ENT 1 1,650 Insufficient data / Delist 

OK311100010250_00 Walnut Bayou 
EC 14 43 Meeting WQS / No action 

ENT 14 112 Impaired / TMDL 

OK311100010300_00 Fleetwood Creek 
EC 13 561 Impaired / TMDL 

ENT 13 982 Impaired / TMDL 

OK311100020010_10 Hickory Creek 
EC 11 43 Meeting WQS / No action 

ENT 11 80 Impaired / TMDL 

OK311200000080_00 Dry Creek 
EC 4 273 Insufficient data / Delist 

ENT 4 500 Insufficient data / Delist  

OK311300020010_10 Cache Creek, East 
EC 10 40 Meeting WQS / No action 

ENT 10 102 Impaired / TMDL 

OK311300040060_00 Medicine Creek 
EC 10 64 Meeting WQS / No action 

ENT 10 144 Impaired / TMDL 

OK311310010010_00 Red River 
EC 18 91 Meeting WQS / No action 

ENT 18 131 Impaired and 2007 TMDL / No action 

OK311310020010_10 Cache Creek, West 
EC 10 63 Meeting WQS / No action 

ENT 10 142 Impaired / TMDL 

OK311310020060_00 Blue Beaver Creek 

EC 6 69 Insufficient data / No action 

ENT 6 245 
Existing samples indicated a ñnot attainedò 
/ TMDL 

OK311310030040_00 Little Deep Red Creek 
EC 10 128 Impaired / TMDL 

ENT 10 425 Impaired / TMDL 

E. coli (EC) water quality criterion = Geometric Mean of 126 counts/100 mL 
Enterococci (ENT) water quality criterion = Geometric Mean of 33 counts/100 mL 
TMDLs will be developed for waterbodies that are highlighted 
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Table 2-4    Summary of All Turbidity Samples, 2001-2014 

Waterbody ID Waterbody Name WQM Stations 
Number of 

turbidity samples 
Number of samples 
greater than 50 NTU 

% samples 
exceeding criterion 

Average 
Turbidity (NTU) 

OK311100010230_00 Bills Creek 

311100010230-001SRF 
&  

311100010230-002SRF 

7 0 0% 8 

OK311100010250_00 Walnut Bayou 

OK311100-03-0010G 

 & 

311100030010-001AT 

27 6 22.2% 61 

OK311100010300_00 Fleetwood Creek OK311100-01-0300D 19 4 21.1% 54 

OK311100020010_10 Hickory Creek OK311100-02-0010M 21 1 4.8% 16 

OK311200000080_00 Dry Creek OK311200-00-0080G 10 2 20.0% 122 

OK311300020010_10 Cache Creek, East OK311300-02-0010M 21 3 14.3% 22 

OK311300040060_00 Medicine Creek OK311300-04-0060H 21 0 0% 3 

OK311310010010_00 Red River 311310010010-001AT 58 27 46.6% 215 

OK311310020010_10 Cache Creek, West OK311310-02-0010M 21 1 4.8% 35 

OK311310020060_00 Blue Beaver Creek OK311310-02-0060G 10 0 0% 1.7 

OK311310030040_00 Little Deep Red Creek OK311310-03-0040D 20 9 45.0% 72 
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Table 2-5  Summary of Turbidity Samples Excluding High Flow Samples, 2001-2014 

Waterbody ID Waterbody Name WQM Stations 
Number of turbidity 

samples 
Number of samples 
greater than 50 NTU 

% samples 
exceeding 
criterion 

Average 
Turbidity (NTU) 

Assessment Results/ 
Recommended 

Actions 

OK311100010230_00 Bills Creek 
311100010230-001SRF &  

311100010230-002SRF 
7 0 0% 8 Insufficient data / No action 

OK311100010250_00 Walnut Bayou 
OK311100-03-0010G & 

311100030010-001AT 
25 4 16.0% 60 

Impaired, but not listed in 
303 (d) / TMDL 

OK311100010300_00 Fleetwood Creek OK311100-01-0300D 17 2 11.8% 30 
Impaired and 2010 TMDL / 

No action 

OK311100020010_10 Hickory Creek OK311100-02-0010M 21 1 4.8% 16 Meeting WQS / No action 

OK311200000080_00 Dry Creek OK311200-00-0080G 10 2 20.0% 122 
Impaired and 2010 TMDL / 

No action 

OK311300020010_10 Cache Creek, East OK311300-02-0010M 19 2 10.5% 19 
Impaired, but not listed in 

303 (d) /TMDL 

OK311300040060_00 Medicine Creek OK311300-04-0060H 19 0 0% 2 Meeting WQS / No action 

OK311310010010_00 Red River 311310010010-001AT 56 25 44.6% 187 Impaired / TMDL 

OK311310020010_10 Cache Creek, West OK311310-02-0010M 17 1 5.9% 31 Meeting WQS / Delist 

OK311310020060_00 Blue Beaver Creek OK311310-02-0060G 10 0 0% 1.7 Meeting WQS / No action 

OK311310030040_00 
Little Deep Red 

Creek 
OK311310-03-0040D 15 6 40.0% 44 

Impaired and 2010 TMDL / 
No action 
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Table 2-6 Summary of All TSS Samples, 1999-2011 

Waterbody ID Waterbody Name WQM Stations 
Number of 

TSS samples 
Average TSS 

(mg/L) 

OK311100010230_00 Bills Creek 
311100010230-001SRF &  

311100010230-002SRF 
0 

 

OK311100010250_00 Walnut Bayou OK311100-03-0010G 20 38.7 

OK311100010300_00 Fleetwood Creek OK311100-01-0300D 19 16.5 

OK311100020010_10 Hickory Creek OK311100-02-0010M 20 13.0 

OK311200000080_00 Dry Creek OK311200-00-0080G 16 34.9 

OK311300020010_10 Cache Creek, East OK311300-02-0010M 19 15.3 

OK311300040060_00 Medicine Creek OK311300-04-0060H 20 10.0 

OK311310010010_00 Red River 311310010010-001AT 17 1,083.6 

OK311310020010_10 Cache Creek, West OK311310-02-0010M 20 18.2 

OK311310020060_00 Blue Beaver Creek OK311310-02-0060G 10 10.3 

OK311310030040_00 Little Deep Red Creek OK311310-03-0040D 19 53.2 

There are no TSS data available for Bills Creek segment OK311100010230_00. 
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Table 2-7  Summary of TSS Samples Excluding High Flow Samples, 1999-2011 

Waterbody ID Waterbody Name WQM Stations 
Number of 

TSS samples 
Average TSS 

(mg/L) 

OK311100010230_00 Bills Creek 
311100010230-001SRF &  

311100010230-002SRF 
0  

OK311100010250_00 Walnut Bayou OK311100-03-0010G 18 38.8 

OK311100010300_00 Fleetwood Creek OK311100-01-0300D 16 14.1 

OK311100020010_10 Hickory Creek OK311100-02-0010M 20 13.0 

OK311200000080_00 Dry Creek OK311200-00-0080G 15 34.9 

OK311300020010_10 Cache Creek, East OK311300-02-0010M 17 15.1 

OK311300040060_00 Medicine Creek OK311300-04-0060H 18 10.0 

OK311310010010_00 Red River 311310010010-001AT 16 967.6 

OK311310020010_10 Cache Creek, West OK311310-02-0010M 16 16.1 

OK311310020060_00 Blue Beaver Creek OK311310-02-0060G 10 10.3 

OK311310030040_00 Little Deep Red Creek OK311310-03-0040D 14 22.7 

There are no TSS data available for Bills Creek segment OK311100010230_00. 
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SECTION 3   POLLUTANT SOURCE ASS ESSMENT 

3.1 OVERVIEW 

A pollutant source assessment characterizes known and suspected sources of pollutant loading to 

impaired waterbodies. Sources within a watershed are categorized and quantified to the extent that 

information is available. Pathogen indicator bacteria originate from the digestive tract of warm-

blooded animals, and sources may be point or nonpoint in nature. Turbidity may originate from 

OPDES-permitted facilities, fields, construction sites, quarries, stormwater runoff and eroding stream 

banks.  

Point source dischargers are permitted through the OPDES program. OPDES-permitted facilities that 

discharge treated wastewater are currently required to monitor for fecal coliform in accordance with 

their permits. Dischargers with bacterial limits will be required to monitor for E. coli when their 

permits come up for renewal. Nonpoint sources are diffuse sources that typically cannot be identified 

as entering a waterbody through a discrete conveyance at a single location. Nonpoint sources may 

emanate from natural sources or land activities that contribute bacteria or TSS to surface water as a 

result of rainfall runoff. For the TMDLs in this report, all sources of pollutant loading not regulated by 

OPDES permits are considered nonpoint sources.  

The potential nonpoint sources for bacteria were compared based on the fecal coliform load produced 

in each subwatershed. Although fecal coliform is no longer used as a bacterial indicator in the 

Oklahoma WQS, it is still valid to use fecal coliform concentration or loading estimates to compare the 

potential contributions of different nonpoint sources because E. coli is a subset of fecal coliform. 

Currently there is insufficient data available in the scientific arena to quantify counts of E. coli in feces 

from warm-blooded animals discussed in Section 3.  

The following nonpoint sources of bacteria were considered in this report: 

 Wildlife (deer) 

 Non-Permitted Agricultural Activities and Domesticated Animals 

 Pets (dogs and cats) 

 Failing Onsite Wastewater Disposal (OSWD) Systems and Illicit Discharges 

The 2014 Integrated Water Quality Assessment Report (DEQ 2013) listed potential sources of 

turbidity as: 

 Grazing in riparian corridors of streams and creeks 

 Highway/road/bridge runoff (non-construction related) 

 Non-irrigated crop production 

 Petroleum/natural gas activities 

 Rangeland grazing 

 Unknown sources  

The following discussion describes what is known regarding point and nonpoint sources of bacteria 

and/or TSS in the impaired watersheds. Where information was available on point and nonpoint 

sources of indicator bacteria and/or TSS data were provided and summarized as part of each category.  
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3.2 OPDES-PERMITTED FACILITIES  

Under 40 CFR, §122.2, a point source is described as a discernable, confined, and discrete conveyance 

from which pollutants are or may be discharged to surface waters. OPDES-permitted facilities 

classified as point sources that may contribute bacterial or TSS loading into the watersheds include: 

 Continuous Point Source Dischargers 

 OPDES municipal wastewater treatment facilities (WWTFs) 

 OPDES Industrial WWTFs 

 OPDES-regulated stormwater discharges 

 Municipal separate storm sewer system (MS4) discharges  

 Phase 1 MS4 

 Phase 2 MS4 ï OKR04 

 Multi-sector general permits (OKR05) 

 Regulated Sector J Discharges 

 Rock, Sand and Gravel Quarries 

 Construction stormwater discharges (OKR10) 

 No-discharge WWTFs 

 Sanitary sewer overflow (SSO)  

 NPDES Animal Feeding Operations (AFO) 

 Concentrated Animal Feeding Operations (CAFO) 

 Swine Feeding Operation (SFO) 

 Poultry Feeding Operation (PFO) 

Four watersheds in the Study Area [Fleetwood Creek, Medicine Creek, West Cache Creek, and Blue 

Beaver Creek] have no OPDES-permitted facilities within their contributing watershed. There is at 

least one OPDES-permitted facility in each of the remaining seven watersheds in the Study Area [Bills 

Creek, Walnut Bayou, Hickory Creek, Dry Creek, East Cache Creek, Red River, and Little Deep Red 

Creek]. 

While the no-discharge facilities do not discharge wastewater directly to a waterbody, it is possible that 

the collection systems associated with each facility may be a source of bacterial loading to surface 

waters. CAFOs are recognized by EPA as potential significant sources of pollution, and may have the 

potential to cause serious impacts to water quality if not properly managed. 

http://www.gpo.gov/fdsys/pkg/CFR-2011-title40-vol22/pdf/CFR-2011-title40-vol22-part122.pdf
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Table 3-1   Point Source Discharges in the Study Area 

Receiving stream or 
facility 

Watershed 
OPDES 

Permit No. 
Facility 

SIC 
code 

Facility Type 
Design 
Flow 

(MGD) 

Ave/Max 
FC 

cfu/100mL 

Avg/Max 
TSS 
mg/L 

Expiration 
Date 

Notes 

Marietta PWA 

Bills Creek 

OKP003031 Innovation One LLC 3535 
Conveyors and Conveying 

Equipment 
0.0011 N/A N/A 2/28/2019 Active 

OKP003030 OKTEX Baking   0.0004   1/1/2009 Inactive 

Bills Creek 
OK311100010230_00 

OK00202571 Marietta PWA 4952 Sewerage Systems 0.32 200/400 30/45 1/31/2016 Active 

Unnamed Tributary of 
Hickory Creek 

(OK311100020010_10) Hickory 
Creek 

OK0034266 Lone Grove WWT 4952 Sewerage Systems 0.764 200/400 

15/22.5 
 Jun ï Oct 

30/45 
Nov - May 

7/31/2019 Active 

Unnamed Tributary of 
Spring Branch 

(OK311100020120_00) 
OKG950032 

Dolese Bros 
Ardmore Quarry 

1422 
Crushed and Broken 

Limestone 
0.0004 N/A -/45 5/3/2018 Active 

Cache Creek, East 
OK311300020010_10 

Cache 
Creek, East 

OK0030295 Fort Sill WWT 4952 Sewerage Systems 4.3 200/400 

15/22.5 
 Apr ï Oct 

30/45 
Nov - Mar 

2/28/2018 Active 

Lime Creek 
OK311300020130_00 

OKG950031 
Dolese Bros 

Richard's Spur 
Quarry 

1422 
1423 
1442 

Quarry facility 0.0384 N/A -/45 5/31/2018 Active 

Frederick POTW 

Red River 

OKP003022 
Henniges 

Automotive 
3069 

Fabricated Rubber 
Products 

0.15 N/A N/A 1/31/2019 Active 

Unnamed Tributary of 
Suttle Creek 

(OK311310010090_00) 
OK0027189 

Frederick Industrial 
Park 

4952 Sewerage Systems 0.15 N/A 90/135 10/31/2018 Active 

Unnamed tributary of the 
Red River 

(OK311310010010_00) 
OK0022578 Devol WWT 4952 Sewerage Systems 0.06 N/A 90/135 11/30/2019 Active 

Unnamed tributary of 
Little Deep Red Creek 

(OK311310030040_00) 

Little Deep 
Red Creek 

OK0027171 Frederick POTW 4952 Sewerage Systems 0.55 200/400 90/135 3/31/2017 Active 

NA = not available or not applicable 

 
  



Red River Bacterial and Turbidity TMDLs Pollutant Source Assessment 

DRAFT 3-4 May 2016 

Table 3-2  Construction Permits Summary 

Company Name County Permit ID 
NOI Received 

date 
Watershed 

Estimated 
Acres 

Note 

Western Farmers Electric Cooperative Love OKR1021536 10/4/2012 
Bills Creek 

2 In Effect 

Clancy & Theys Construction Co Love OKR1022460 8/7/2013 11 In Effect 

Western Farmers Electric Cooperative Love OKR1021894 1/23/2013 

Hickory Creek 

2 In Effect 

Calvary United Pentecostal Church, Carter OKR1022166 4/24/2013 4 In Effect 

Lance Windel Carter OKR1022437 7/30/2013 10 In Effect 

Piazza Construction Carter OKR1022459 8/7/2013 4 In Effect 

Carstensen Contracting Inc Carter OKR1022575 9/13/2013 4 In Effect 

Piazza Construction Carter OKR1022871 12/3/2013 4 In Effect 

Purvis Industries Carter OKR1023087 2/25/2014 1 In Effect 

Crossroads Development Limited Partnership Carter OKR108175 12/7/2012 1 In Effect 

HE & I Construction Inc Comanche OKR1011496 12/7/2012 

East Cache Creek 

6 In Effect 

Zachry Federal Construction Corporation Comanche OKR1021404 10/25/2012 12 In Effect 

Greenleaf Construction Co Inc Comanche OKR1021715 11/16/2012 6 In Effect 

Diversified Construction of Oklahoma Inc Comanche OKR1022400 7/15/2013 1 In Effect 

Comanche County RWD 2 Comanche OKR1022628 10/3/2013 1 In Effect 

Herring Construction Inc Comanche OKR1022957 1/6/2014 2 In Effect 

Department of Veterans Affairs Ft. Sill National Cemetery Comanche OKR1022993 1/17/2014 2 In Effect 

Tri City Seal Co Inc Comanche OKR1023012 1/23/2014 1 In Effect 

The Whiting Turner Contracting Company Inc Comanche OKR1023120 3/7/2014 6 In Effect 

BRB Contractors Inc Tillman OKR1022845 11/25/2013 Little Deep Red Creek 14 In Effect 

Fenix Constructors Inc Tillman OKR1021406 8/14/2012 

Red River 

3 In Effect 

Sewell Bros Inc Tillman OKR1022420 7/25/2013 1 In Effect 

T&G Construction Inc Cotton OKR1021582 10/15/2012 3 In Effect 

Duit Construction Company Cotton OKR1022808 11/13/2013 1 In Effect 
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Table 3-3  Multi-sector General Permits Summary  

Company Name County Permit ID 
NOI Received 

date 
Watershed SIC Note 

Innovation One LLC Love OKR050062 11/21/2011 Bills Creek 3535 In Effect 

Michelin North America Inc Carter OKR050599 9/22/2011 

Hickory Creek 

3011 In Effect 

Dolese Bros CO Carter OKR050720 11/21/2011 1422 In Effect 

United Parcel Service Inc. Carter OKR050905 12/5/2011 4215 In Effect 

City of Ardmore Carter OKR050907 9/21/2011 4581 In Effect 

Watkins Salvage Carter OKR051330 11/9/2011 5015 In Effect 

Ardmore Trailer Auto Sales Parts & Service Carter OKR051428 10/24/2011 5015 In Effect 

AC Nutrition LP Carter OKR051709 1/12/2012 2048 In Effect 

Rolling Frito-Lay Sales LP Carter OKR051962 10/31/2011 4213 In Effect 

Empire Auto Salvage Stephens OKR051326 11/21/2011 Dry Creek 5015 In Effect 

T & G Construction Comanche OKR050294 11/22/2011 

East Cache Creek 

2951 In Effect 

Dolese Bros CO Richard's Spur Quarry Comanche OKR050733 11/21/2011 1422 In Effect 

Doyle and Cynthia Latimer Comanche OKR052618 10/17/2013 1429 In Effect 

City of Frederick Tillman OKR050391 9/29/2011 

Red River 

4581 In Effect 

J & J Used Parts Tillman OKR051311 11/22/2011 5015 In Effect 

Henniges Automotive Oklahoma Inc. Tillman OKR051698 10/3/2011 3053 In Effect 
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Table 3-4  OPDES No-Discharge Facilities in the Study Area 

Facility Facility ID County Facility Type Type Watershed 

Falconhead Prop. Owners Assoc. S11104 Love Lagoon (Total Retention) Municipal Walnut Bayou 

Golden Oaks Home Owners Assoc. S10919 Love Lagoon (Total Retention) Municipal 

Hickory Creek 

Huebsch Hsng Addition WWT S11105 Carter Lagoon (Total Retention) Municipal 

Joe Brown Co 10000860 Carter Lagoon (Total Retention) Industrial 

Estes MHP WWT S10918 Carter Lagoon (Total Retention) Municipal 

Ardmore Site 5 S30804 Carter Land Application Municipal 

Ardmore Site 6 S30804 Carter Land Application Municipal 

Ardmore Site 7 S30804 Carter Land Application Municipal 

Fox Fire Addition WWT S11323 Comanche Lagoon (Total Retention) Municipal 

Cache Creek, East 

Maddische Est WWT S11329 Comanche Lagoon (Total Retention) Municipal 

Mega Car Wash 16000590 Comanche Lagoon (Total Retention) Industrial 

Wichita Mountain Est #1 (Ferguson) N S11327 Comanche Lagoon (Total Retention) Municipal 

Wichita Mountain Est #2 (S) S11326 Comanche Lagoon (Total Retention) Municipal 

Ft. Sill (Site 4) S11304 Comanche Land Application Municipal 

Ft. Sill (Site 3) S11304 Comanche Land Application Municipal 

Hollister S11310 Tillman Lagoon (Total Retention) Municipal 
Little Deep Red Creek 

Grandfield S11311 Tillman Land Application Municipal 

Weaver Doc Detention Center S11382 Tillman Lagoon (Total Retention) Municipal 

Red River Davidson S11401 Tillman Land Application Municipal 

Cotton Co RWD # 1 (Randlett) WWT S11321 Cotton Lagoon (Total Retention) Municipal 

 

 

  



Red River Bacterial and Turbidity TMDLs Pollutant Source Assessment 

DRAFT 3-7 May 2016 

Table 3-5  Sanitary Sewer Overflow Summary (1989 - 2014) 

Facility Name 
NPDES 

Permit No. 
Watershed Facility ID 

Number of 
Occurrences 

Date Range Amount (Gallons) 

From To Min Max 

Falconhead  Walnut Bayou S11104 1 9/28/2003 500 

Marietta OK00202571 Bills Creek S10901 27 1/13/1992 10/20/2009 0 60,000 

Ardmore  

Hickory Creek 

S30804 1,196 12/21/1989 3/17/2014 3 1,128,000 

Golden Oaks  S10919 2 6/11/1993 1/26/2010 0 168 

Lone Grove OK0034266 S11003 4 7/23/2008 6/16/2011 2 100 

Fort Sill WWT OK0030295 Cache Creek, East S11304 99 2/28/1990 6/27/2000 Minimal >6,000,000 

Davidson  

Red River 

S11401 1 6/6/1995 Minimal 

Frederick Industrial Park OK0027189 S11402 3 2/25/1991 6/11/1995 Minimal 350,000 

Devol WWT OKG580032 S11403 10 10/11/1997 3/1/2001 Minimal 70,000 

Frederick POTW OK0027171 
Little Deep Red Creek 

S11309 1 6/11/1995 Minimal 

Grandfield  S11311 7 6/5/1995 1/21/2001 Minimal 44,593,920 
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Figure 3-1  Location of OPDES-Permitted Facilities in the Study Area 

  














































































































































































































































































































































