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Executive Summary

This report documents the data and assessmentagsthblish TMDLs for the pathogen
indicator bacteria [fecal coliformiEscherichia coli (E. coli)Enterococci] and turbidity for
certain waterbodies in the Caney River basin. &k levels of pathogen indicator bacteria in
aguatic environments indicate that a waterbodyoistaminated with human or animal feces
and that a potential health risk exists for indiats exposed to the water. Elevated turbidity
levels caused by excessive sediment loading anghretrbank erosion impact aquatic
communities. Data assessment and total maximuny dadd (TMDL) calculations are
conducted in accordance with requirements of Se@@B(d) of the Clean Water Act (CWA,
Water Quality Planning and Management Regulatid@sGFR Part 130), U.S. Environmental
Protection Agency (USEPA) guidance, and Oklahompattenent of Environmental Quality
(ODEQ) guidance and procedures. ODEQ is requioedubmit all TMDLs to USEPA for
review and approval. Once the USEPA approves a IMiRen the waterbody may be moved
to Category 4a of a state’s Integrated Water QuBibnitoring and Assessment Report, where
it remains until compliance with water quality stands (WQS) is achieved (USEPA 2003).

The purpose of this TMDL report is to establishlyi@int load allocations for indicator
bacteria and turbidity in impaired waterbodies, athis the first step toward restoring water
qguality and protecting public health. TMDLs detamenthe pollutant loading a waterbody can
assimilate without exceeding the WQS for that gatd. TMDLs also establish the pollutant
load allocation necessary to meet the WQS estadisior a waterbody based on the
relationship between pollutant sources and instregater quality conditions. A TMDL
consists of a wasteload allocation (WLA), load edloon (LA), and a margin of safety (MOS).
The WLA is the fraction of the total pollutant loagportioned to point sources, and includes
stormwater discharges regulated under the NatiBo#dlutant Discharge Elimination System
(NPDES) as point sources. The LA is the fractiérihe total pollutant load apportioned to
nonpoint sources. The MOS is a percentage of MBI set aside to account for the lack of
knowledge associated with natural process in aguststems, model assumptions, and data
limitations.

This report does not stipulate specific controlad (regulatory controls) or management
measures (voluntary best management practices)ssemgeto reduce bacteria or turbidity
within each watershed. Watershed-specific corgotions and management measures will be
identified, selected, and implemented under a s¢parocess.

E.1 Problem Identification and Water Quality Target

This TMDL report focuses on waterbodies in the GaRever Basin, identified in Table
ES-1, that ODEQ placed in Category 5 [303(d) laftthe Water Quality in Oklahoma, 2008
Integrated Repor{2008 Integrated Report) for nonsupport of primbogly contact recreation
(PBCR) or warm water aquatic community (WWAC).

Elevated levels of bacteria or turbidity above WS result in the requirement that a
TMDL be developed. The TMDLs established in tiépart are a necessary step in the process
to develop the pollutant loading controls needetetore the primary body contact recreation
or fish and wildlife propagation use designateddach waterbody.

ES-1 FINAL
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Executive Summary

Table ES- 1 Excerpt from the 2008 Integrated Repadr Oklahoma 303(d) List of Impaired Waters (Categoy 5)

Designated Designated
Stream TMDL et . Use Primary - Use Warm
Waterbody ID Waterbody Name Miles Date Priority ENT E. coli FC Body Contact Turbidity Water Aquatic

Recreation Life
0OK121400010010_00 | Caney River 18 2013 2 X N X N
0OK121400010010_10 | Caney River 47 2013 2 X N X N
0OK121400010300_00 | Hogshooter Creek 20 2016 3 X X X N X N
0OK121400010270_00 | Curl Creek 17 2013 2 X N X N
0OK121400020190_00 | Mission Creek 18 2019 3 X N
0OK121400020140_00 | Little Caney River 6 2019 4 X N
0OK121400010090_00 | Rabb Creek 6 2013 2 X N

ENT = enterococci; FC = fecal coliform; N = Notaitting; X = Criterion Exceeded, TMDL Required Source: 2008 Integrated Report, ODEQ 2008.
ES-2 FINAL
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Executive Summary

Table ES- 2 Summary of Indicator Bacteria Samplesrom Primary Body Contact Recreation Season, 1999-P8

Indicator Geo-Mea_n Number of NSlJz;nn?;regf o &l _Samp_les 2008 _
Waterbody ID Waterbody Name Bacteria Concentration Samples  |Exceeding Single Exceeding _Sln_gle 3_03_’(d) Reason for Listing Change
(count/200ml) Samole Criterion Sample Criterion Listing
p
FC
OK121400010010_00| Caney River ENT X Delist: No data available
EC
FC
0OK121400010010_10| Caney River ENT 69 25 15 60.0% X TMDL required
EC
FC 220 10 3 30.0% X TMDL required
OK121400010300_00| Hogshooter Creek ENT 256 17 16 94.0% X TMDL required
EC 230 17 12 70.6% X TMDL required
FC
0OK121400010270_00| Curl Creek ENT 250 16 15 93.8% X TMDL required
EC
FC
0OK121400020190_00| Mission Creek ENT 131 15 9 60. 0% X TMDL required
EC 139 15 7 46.7% List: Does not meet standards
FC
0OK121400020140_00| Little Caney River ENT 92 16 11 68.8% List: Does not meet standards
EC
FC 215 10 2 20.0% X Delist: Meets standards
0OK121400010090_00| Rabb Creek ENT
EC

Fecal coliform (FC) water quality criterion = Gednie Mean of 400 counts/100 mL
E. coli (EC) water quality criterion = Geometric Bfeof 126 counts/100 mL
Enterococci (ENT) water quality criterion = Geoneivlean of 33 counts/100 mL

ES-3
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For the data collected between 1999 and 2008, wihere is enough data to make an
assessment, evidence of nonsupport of primary lwoayact recreation beneficial uses was
observed for all three bacteria indicators in Hagdglr Creek. Caney River segment
OK121400010010_00 was delisted due to insuffictieta and Rabb Creek segment was found
to meet standards for Fecal Coliform. NonsupporPBCR was observed for Enterococci in
Caney River segment OK121400010010 10, Curl Creuk lattle Caney River (Caney
Creek). There was enough data in Little Caney R{@aney Creek) and Mission Creek to
assess the PBCR uses for EnterococciEancbli respectively, in addition to the impairments
indicated on the Oklahoma 303(d) list. Table ESuBnmarizes the waterbodies requiring
TMDLs for not supporting PBCR

The definition of PBCR is summarized by the follagriexcerpt from Chapter 45 of the
Oklahoma WQSs.

(a) Primary Body Contact Recreation involves dirbotly contact with the water where a
possibility of ingestion exists. In these cases wager shall not contain chemical,
physical or biological substances in concentratidhat are irritating to skin or sense
organs or are toxic or cause illness upon ingesbgrhuman beings.

(b) In waters designated for Primary Body Contacckation...limits...shall apply only
during the recreation period of May 1 to SeptemB@r The criteria for Secondary Body
Contact Recreation will apply during the remaindé¢ithe year.

To implement Oklahoma’'s WQS for PBCR, the OklahokiVater Resources Board
(OWRB) promulgated Chapter 46nplementation of Oklahoma’s Water Quality Standard
(OWRB 2008a). The abbreviated excerpt below framayier 46: 785:46-15-6, stipulates how
water quality data will be assessed to determimppad of the PBCR use as well as how the
water quality target for TMDLs will be defined feach bacterial indicator.

(@) Scope. The provisions of this Section shall used to determine whether the
subcategory of Primary Body Contact of the benafiase of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for rfmiltjacterial indicators on the same
waterbody or waterbody segment, the determinatfarse support shall be based upon the use
and application of all applicable tests and data.

(b) Screening levels:
(1) The screening level for fecal coliform shalldbdensity of 400 colonies per 100 ml.

(2) The screening level for Escherichia coli shmdla density of 235 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 406 colonies per 100 ml
in all other waters of the state designated as RrinBody Contact Recreation.

(3) The screening level for enterococci shall bdemsity of 61 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 108 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

ES-4 FINAL
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(c) Fecal coliform:

(1) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be fully supported with respect tal fealiform if the geometric mean of 400
colonies per 100 ml is met and no greater than 285%he sample concentrations from that
waterbody exceed the screening level prescribgd)inf this Section.

(d) Escherichia coli (E. coli):

(1) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be fully supported with respect took.if the geometric mean of 126 colonies
per 100 ml is met, or the sample concentrationsnfrthat waterbody taken during the
recreation season do not exceed the screening feestribed in (b) of this Section, or both
such conditions exist.

(e) Enterococci:

(1) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be fully supported with respect tereabcci if the geometric mean of 33
colonies per 100 ml is met, or the sample concépira from that waterbody taken during the
recreation season do not exceed the screening pestribed in (b) of this Section, or both
such conditions exist.

Where concurrent data exist for multiple bactemalicators on the same waterbody or
waterbody segment, each indicator group must detrat@scompliance with the numeric
criteria prescribed (OWRB 2008). Waterbodies pllaoe the 303(d) list for not supporting the
PBCR are the result of individual samples exceethegnstantaneous criteria or the long-term
geometric mean of individual samples exceeding gleemetric mean criteria for each
respective bacterial indicator. Targeting theansineous criterion established for the primary
contact recreation season (Maytb September 3% as the water quality goal for TMDLs
corresponds to the basis for 303(d) listing and rbayprotective of the geometric mean
criterion as well as the criteria for the secondawgtact recreation season. However, both the
instantaneous and geometric mean criteriaHocoli and Enterococci will be evaluated as
water quality targets to ensure the most protegjoa is established for each waterbody.

All TMDLs for fecal coliform must take into accoutttat no more than 25 percent of the
samples may exceed the instantaneous numerici&riteffor E. coli and Enterococci, no
samples may exceed instantaneous criteria. Shcattainability of stream beneficial uses for
E. coli and Enterococci is based on the compliance o€eitie instantaneous or a long-term
geometric mean criterion, percent reductions gadlde calculated for both criteria. TMDLs
will be based on the percent reduction requiredh&et either the instantaneous or the long-
term geometric mean criterion, whichever is less.

Turbidity is a measure of water clarity and is @by suspended particles in the water
column. Because turbidity cannot be expressed rmass load, total suspended solids (TSS)
are used as a surrogate for the TMDLs in this tep®herefore, both turbidity and TSS data
are presented.

Table ES-3 summarizes a subset of water qualitg dallected from the WQM stations
between 1999 and 2008 for turbidity under base ftowditions, which ODEQ considers to be
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all flows less than the 35flow exceedance percentile (i.e., the lower 75ceetr of flows)
Water quality samples collected under flow condisigyreater than the $Hlow exceedance
percentile (highest flows) were therefore excluftedn the data set used for TMDL analysis.
Table ES-4 presents a subset of data for TSS saropliected during base flow conditions.
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Table ES- 3 Summary of Turbidity Samples Collecteduring Base Flow Conditions, 1998-2009

Number of Percentage of Average
Number of Samples Samples ag
- i ) Turbidity
Turbidity Exceeding 50 Exceeding (NTU)
WQM Station Waterbody Name Samples (NTU) Criterion
OK121400010010-001AT | Caney River 17 7 41.2% 63.3
0OK121400-01-0300D Hogshooter Creek 48 1 2.1% 19.9
0OK121400-01-0300D
OK121400-01-0300J Curl Creek 27 6 22.2% 33.9
0OK121400-01-0270C .
OK121400-01-0270G Mission Creek 35 5 14.3% 53.4
0OK121400-02-0140H Little Caney River 34 23 67.6% 73.7
0OK121400-01-0090D Rabb Creek 15 3 20.0% 38.0
Table ES- 4 Summary of TSS Samples During Base MdConditions, 1998-2009
WQM Station Waterbody Name NITIEISE @1F TR AIECYS IS
Samples (mg/L)
0OK121400010010-001AT Caney River 17 53.1
0OK121400-01-0300D Hogshooter Creek 48 131
0OK121400-01-0300D
OK121400-01-0300J Curl Creek 26 26.5
0OK121400-01-0270C o
OK121400-01-0270G Mission Creek 33 404
OK121400-02-0140H Little Caney River 32 42.6
0OK121400-01-0090D Rabb Creek 13 30.4
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The beneficial use of WWAC is one of several subgaties of the Fish and Wildlife
Propagation use established to manage the varietyommunities of fish and shellfish
throughout the state (OWRB 2008). The numeriegatfor turbidity to maintain and protect
the use of “Fish and Wildlife Propagation” from[€i785:45-5-12 (f) (7) is as follows:

(A) Turbidity from other than natural sources shiaé restricted to not exceed the following
numerical limits:

1. Cool Water Aquatic Community/Trout Fisheries: 10UST
2. Lakes: 25 NTU; and
3. Other surface waters: 50 NTUSs.

(B) In waters where background turbidity exceedss¢hvalues, turbidity from point sources
will be restricted to not exceed ambient levels.

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

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

The abbreviated excerpt below from Chapter 46: 4885-5, stipulates how water quality
data will be assessed to determine support ofdighwildlife propagation as well as how the
water quality target for TMDLs will be defined farrbidity.

Assessment of Fish and Wildlife Propagation support

(a) Scope. The provisions of this Section shallded to determine whether the beneficial
use of Fish and Wildlife Propagation or any subgaty thereof designated in OAC 785:45 for
a waterbody is supported.

(e) Turbidity. The criteria for turbidity stated in85:45-5-12(f) (7) shall constitute the
screening levels for turbidity. The tests for uspport 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 areedagoon exposure periods of less than
seven days. Short term average parameters to whishSection applies include, but are not
limited to, sample standards and turbidity.

(2) A beneficial use shall be deemed to be fullypetted for a given parameter whose
criterion is based upon a short term average if 10f4ess of the samples for that parameter
exceed the applicable screening level prescribeflismmSubchapter.

TMDLs for turbidity in streams designated as WWAQsntake into account that no more
than 10 percent of the samples may exceed the muoréerion of 50 nephelometric turbidity
units (NTU). However, as described above, becaudrdity cannot be expressed as a mass
load, TSS is used as a surrogate in this TMDL. c&ithere is no numeric criterion in the
Oklahoma WQS for TSS, a regression method to conkerturbidity criterion to TSS based
on a relationship between turbidity and TSS wagl useestablish TSS targets as surrogates.
Table ES-5 provides the results of the waterbodyifip regression analysis.
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Table ES- 5 Regression Statistics and TSS Targets

Waterbody ID Waterbody Name R-square NRMSE TS(?’n ;?C?Et
OK121400010010_10 | Caney River 0.93 6.0% 44
0OK121400010270_00 | Curl Creek 0.65 11.4% 37
OK121400020190_00 | Mission Creek 0.77 15.2% 38
0OK121400020140_00 | Little Caney River 0.51 11.4% 30
OK121400010090_00 | Rabb Creek 0.78 12.1% 36

After re-evaluating bacteria and turbidity/TSS datathe streams listed in Table ES-1, bacteria

and turbidity impairments on Caney River (OK121400@10 00) are recommended for
delisting. Turbidity and bacteria impairments ongldloooter Creek and Rabb Creek are also
recommended for delisting respectively. Table EEw@®ws the bacteria and turbidity TMDLs
that will be developed in this report:

Table ES- 6 Stream Segments and Pollutants for TMDDevelopment

. Indicator Bacteria .
WQM Station Waterbody ID Waterbody Name Turbidity
FC ENT EC
OK121400010010-001AT | OK121400010010_10 | Caney River X X
OK121400-01-0300D
OK121400-01-0300J 0OK121400010300_00 | Hogshooter Creek X X X
OK121400-01-0270C
OK121400-01-0270G OK121400010270_00 | Curl Creek X X
OK121400-02-0190B OK121400020190_00 | Mission Creek X X X
OK121400-02-0140H 0OK121400020140_00 | Little Caney River X X
OK121400-01-0090D OK121400010090_00 | Rabb Creek X
ES-9 FINAL
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E.2 Pollutant Source Assessment

A pollutant source assessment characterizes knowinsaspected sources of pollutant
loading to impaired waterbodies. Sources withimadershed are categorized and quantified to
the extent that information is available. Bacteniginate from warm-blooded animals; some
plant life and sources may be point or nonpointnature. Turbidity may originate from
NPDES-permitted facilities, fields, constructiotesi quarries, stormwater runoff and eroding
stream banks.

Point sources are permitted through the NPDE$§rpm. NPDES-permitted facilities
that discharge treated wastewater are required a@aitar for one of the three bacterial
indicators (fecal coliformE coli, or Enterococci) and TSS in accordance with tpemmits.
Nonpoint sources are diffuse sources that typiaaiynot be identified as entering a waterbody
through a discrete conveyance at a single locatidanpoint sources may emanate from land
activities that contribute bacteria or TSS to stefavater as a result of rainfall runoff. For the
TMDLs in this report, all sources of pollutant laagl not regulated by NPDES are considered
nonpoint sources. Sediment loading of streamsoc@mnate from natural erosion processes,
including the weathering of soil, rocks, and unigalied land; geological abrasion; and other
natural phenomena. There is insufficient datalalbs to quantify contributions of TSS from
these natural processes. TSS or sediment loadim@lso occur under non-runoff conditions
as a result of anthropogenic activities in ripar@mridors which cause erosive conditions.
Given the lack of data to establish the backgrooodditions for TSS/turbidity, separating
background loading from nonpoint sources whethersitfrom natural or anthropogenic
processes is not feasible in this TMDL developmé@iatble ES-6 summarizes the point and
nonpoint sources that contribute bacteria or TS&tdh respective waterbody.

ES-10 FINAL
September 2010



Washita River Bacteria and Turbidity TMDLs

Executive Summary

Table ES- 7 Summary of Potential Pollutant Sourceby Category

Municipal Industrial NPDES No Construction N
Waterbody ID Waterbody Name NPDES NPDES MS4 Discharge CAFO Mines Stormwater S P
” ” o . ource

Facility Facility Facility Permit
0OK121400010010_10 | Caney River Bacteria/TSS Bacteria, TSS
0OK121400010300_00 Hogshooter Creek Bacteria
0OK121400010270_00 | Curl Creek Bacteria, TSS
0OK121400020190 00 | Mission Creek Bacteria, TSS
OK121400020140_00 | Little Caney River Bacteria, TSS
OK121400010090_00 | Rabb Creek TSS

No facility present in watershed.
ES-11 FINAL
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E.3 Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool are
effective at identifying whether impairments aresasated with point or nonpoint sources.
The technical approach for using LDCs for TMDL deypenent includes the following steps:

» Preparing flow duration curves for gaged and unday@M stations;

» Estimating existing loading in the waterbody usamgbient bacteria water quality data;
and estimating loading in the waterbody using mesb0'SS water quality data and
turbidity-converted data; and

* Using LDCs to identify the critical condition thaill dictate loading reductions and
the overall percent reduction goal (PRG) necessaajtain WQS.

Use of the LDC obviates the need to determine adesorm or selected flow recurrence
interval with which to characterize the approprifitav level for the assessment of critical
conditions. For waterbodies impacted by both p@ntl nonpoint sources, the “nonpoint
source critical condition” would typically occur diog high flows, when rainfall runoff would
contribute the bulk of the pollutant load, whileethpoint source critical condition” would
typically occur during low flows, when wastewategdatment plant (WWTP) effluents would
dominate the base flow of the impaired water. Heveflow range is only a general indicator
of the relative proportion of point/nonpoint cobtrtions. Violations have been noted under
low flow conditions in some watersheds that contairpoint sources.

LDCs display the maximum allowable load over thenptete range of flow conditions by
a line using the calculation of flow multiplied laywater quality criterion. The TMDL can be
expressed as a continuous function of flow, equé#éhe line, or as a discrete value derived from
a specific flow condition.

The basic steps to generating an LDC involve:

» obtaining daily flow data for the site of interdsbm the U.S. Geological Survey
(USGS);

» sorting the flow data and calculating flow exceemafrequencies for the time period
and season of interest;

» obtaining the water quality data from the primapniact recreation season (May 1
through September 30); or obtaining available tlithiand TSS water quality data;

* matching the water quality observations with tlesvfldata from the same date;

» displaying a curve on a plot that represents tHewable load determined by
multiplying the actual or estimated flow by the WQ@3 each respective bacteria
indicator; or displaying a curve on a plot thatresgents the allowable load determined
by multiplying the actual or estimated flow by WM& agetfor TSS;

» converting measured concentration values to logdsdtiplying the flow at the time
the sample was collected by the water quality patamconcentration (for sampling
events with both TSS and turbidity data, the mesabUurSS value is used; if only
turbidity was measured, the value was convertedS8 using the regression equation
in Figure 4-1 through Figure 4-5); or multiplyinget flow by the bacteria indicator
concentration to calculate daily loads; then
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» plotting the flow exceedance frequencies and dadg observations in a load duration
plot.

For bacteria TMDLs the culmination of these stepexpressed in the following formula,
which is displayed on the LDC as the TMDL curve:

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

Where: WQS = 400 cfu /100 mL (Fecal coliform); 4@6u/100 mL (E. coli); or 108 cfu/100
mL (Enterococci)

unit conversion factor = 24,465,525 mL*s / ft3*day

For turbidity (TSS) TMDLs the culmination of thesteps is expressed in the following
formula, which is displayed on the LDC as the TM@lrve:

TMDL (Ib/day) = WQuget * flow (cfs) * unit conversion factor

where: WQ,qe: = Waterbody specific TSS concentration derivednfroegression analysis
results presented in Table 4-1

unit conversion factor = 5.39377 L*s*Ib /(ftday*mg)

Historical observations of bacteria, TSS andiwbitlity concentrations are paired with
flow data and are plotted as separate LDCs. Tbal feoliform load (or the y-value of each
point) is calculated by multiplying the fecal colifn concentration (colonies/100 mL) by the
instantaneous flow (cubic feet per second) at thmes site and time, with appropriate
volumetric and time unit conversions. Fecal coiiftE. colVEnterococci loads representing
exceedance of water quality criteria fall above wrager quality criterion line.  Likewise, the
TSS load (or the y-value of each point) is caladaby multiplying the TSS concentration
(measured or converted from turbidity) (mg/L) b ihstantaneous flow (cfs) at the same site
and time, with appropriate volumetric and time uoinversions. TSS loads representing
exceedance of water quality criteria fall above TMDL line.

E.4 TMDL Calculations

A TMDL is expressed as the sum of all WLAs (poiatisce loads), LAs (nonpoint source
loads), and an appropriate MOS, which attempts dooant for the lack of knowledge
concerning the relationship between effluent litnitas and water quality.

This definition can be expressed by the followiggation:
TMDL = X WLA +X LA + MOS

For each waterbody the TMDLs presented in this mepoe expressed as a percent
reduction across the full range of flow conditiorihe difference between existing loading and
the water quality target is used to calculate daeling reductions required. PRG are calculated
for each waterbody and bacterial indicator speagshe reductions in load required so no
instantaneous observations would exceed the watdity) target forE. coli and Enterococci
and no more than 25 percent of the samples exbeeddter quality target for fecal coliform.

Table ES-7 presents the percent reductions negeksaeach bacterial indicator causing
nonsupport of the PBCR use in each waterbody ofthdy Area. Selection of the appropriate
PRG for each waterbody in Table ES-7 is denoteddigt text. The TMDL PRG will be the
lesser of that required to meet the geometric n@aimstantaneous criteria fd&. coli and
Enterococci because WQSs are considered to be,mé¢tither the geometric mean of all data
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is less than the geometric mean criteria, or 23araples exceed the instantaneous criteria. The
PRGs range from 19 to 88 percent.

Table ES- 8 TMDL Percent Reductions Required to Met Water Quality Standards for
Indicator Bacteria

Required Reduction Rate
Waterbody ID Waterbody Name 29 = ENT
Instant- Instant- Geo- Instant- Geo-
aneous aneous mean aneous mean
0OK121400010010_10 Caney River 99.9% | 57%
0OK121400010300_00 Hogshooter Creek 40% 81% 51% 95% 88%
0OK121400010270_00 Curl Creek 99% 88%
0OK121400020190 00 Mission Creek 82% 19% 95% 7%
0OK121400020140 00 Little Caney River 96% 68%

Similarly, percent reduction goals for TSS are ghted as the required overall reduction
so that no more than 10 percent of the samplesedxttee water quality target for TSS. The
PRGs for the fourteen waterbodies included in TNEDL report are summarized in Table ES-
8 and range from 31 to 76 percent.

Table ES- 9 TMDL Percent Reductions Required to Met Water Quality Targets for
Total Suspended Solids

Waterbody ID Waterbody Name Re di?:(tliglrr\elgate
0OK121400010010_10 |Caney River 76%
0K121400010270_00 |Curl Creek 36%
0K121400020190_00 |Mission Creek 31%
0OK121400020140_00 |Little Caney River 69%
0K121400010090_00 |Rabb Creek 36%

The TMDL, WLA, LA, and MOS vary with flow conditigrand are calculated at ever§) 5
flow interval percentile. The WLA component of BatMDL is the sum of all WLAs within
each contributing watershed. The sum of the WL#s loe represented as a single line below
the LDC. The LDC and the simple equation of:

Average LA = average TMDL — MOS>WLA

can provide an individual value for the LA in cositer day, which represents the area under
the TMDL target line and above the WLA line.

Federal regulations (40 CFR 8130.7(c) (1)) requiva TMDLs include an MOS and
account for seasonal variability. The MOS, whiem ®e implicit or explicit, is a conservative
measure incorporated into the TMDL equation thatoaots for the lack of knowledge
associated with calculating the allowable pollutaading to ensure WQSs are attained.

For bacteria TMDLs, an explicit MOS was set at #dcpnt, thus, allowable loads were
calculated using targets that are 10 percent Iawan the water quality criterion for each
pathogen, which equates to 360 cfu/100 mL, 3654160 mL, and 97.2/100 mL for fecal
coliform, E. coli, and Enterococgcrespectively. This conservative approach to distahg the
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MOS will ensure that both the 30-day geometric meash instantaneous bacteria standards can
be achieved and maintained.

For turbidity, the TMDLs are calculated for TSSteed of turbidity. Thus, the quality of
the regression has a direct impact on confidencthe@fTMDL calculations. The better the
regression is, the more confidence there is inTtREDL targets. As a result, it leads to a
smaller margin of safety. The selection of MO®ased on the normalized root mean square
error (NRMSE) for each waterbody. The explicit M@®iges from 10 percent to 25 percent.
Table 5-5 shows the MOS for each waterbody.

The bacteria TMDLs established in this report adher the seasonal application of the
Oklahoma WQS which limits the PBCR use to the g6 May £ through September 30
Similarly, the TSS TMDLs established in this repadhere to the seasonal application of the
Oklahoma WQS for turbidity, which applies to seaddrase flow conditions only. Seasonal
variation was also accounted for in these TMDLsubyng more than 5 years of water quality
data and by using the longest period of USGS flewords when estimating flows to develop
flow exceedance percentiles.

E.5 Reasonable Assurance

As authorized by Section 402 of the CWA, ODEQ hateghtion of the NPDES in
Oklahoma, except for certain jurisdictional areakted to agriculture and the oil and gas
industry retained by the Oklahoma Department ofi@gture and Oklahoma Corporation
Commission, for which the USEPA has retained peimgitauthority. The NPDES program in
Oklahoma is implemented via Title 252, Chapter @@@he Oklahoma Pollution Discharge
Elimination System (OPDES) Act, and in accordandh wthe agreement between ODEQ and
USEPA relating to administration and enforcement toé delegated NPDES program.
Implementation of WLAs for point sources is doneotlgh permits issued under the OPDES
program. The reduction rates called for in this OMreport are as high as 88 percent for
bacteria and 76 percent for turbidity. The ODEQognizes that achieving such high
reductions will be a challenge, especially sinceegalated nonpoint sources are a major cause
of both bacteria and TSS loading. The high redunctates are not uncommon for pathogen- or
TSS-impaired waters. Similar reduction rates dtenofound in other pathogen and TSS
TMDLs around the nation.
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SECTION 1
INTRODUCTION

1.1 TMDL Program Background

Section 303(d) of the Clean Water Act (CWA) and .\ESvironmental Protection Agency
(USEPA) Water Quality Planning and Management Ragis (40 Code of Federal
Regulations [CFR] Part 130) require states to dgvébtal maximum daily loads (TMDL) for
waterbodies not meeting designated uses where dlegwbased controls are in place.
TMDLs establish the allowable loadings of pollugmatr other quantifiable parameters for a
waterbody based on the relationship between pofiutiources and in-stream water quality
conditions, so states can implement water quabisel controls to reduce pollution from point
and nonpoint sources and restore and maintain \watdity (USEPA 1991).

This report documents the data and assessmenttosestablish bacteria and turbidity
TMDLs for certain waterbodies in the Caney Riveedr The 2008 Integrated Water Quality
Assessment Report (Oklahoma Department of EnviromshQuality [ODEQ] 2008) identified
these seven streams are impaired for either bacterdl/or turbidity. Data assessment and
TMDL calculations are conducted in accordance wihuirements of Section 303(d) of the
CWA, Water Quality Planning and Management Regoetti (40 CFR Part 130), USEPA
guidance, and Oklahoma Department of EnvironmeQaklity (ODEQ) guidance and
procedures. ODEQ is required to submit all TMDaSASEPA for review and approval. Once
the USEPA approves a TMDL, then the waterbody maynleved to Category 4a of a state’s
Integrated Water Quality Monitoring and Assessmétgport, where it remains until
compliance with water quality standards (WQS) isieed (USEPA 2003).

The purpose of this TMDL report is to establishlyi@int load allocations for indicator
bacteria and turbidity in impaired waterbodies, athis the first step toward restoring water
guality and protecting public health. TMDLs detamenthe pollutant loading a waterbody can
assimilate without exceeding the WQS for that gal. TMDLs also establish the pollutant
load allocation necessary to meet the WQS estadisior a waterbody based on the
relationship between pollutant sources and in-sire@ater quality conditions. A TMDL
consists of a wasteload allocation (WLA), load edloon (LA), and a margin of safety (MOS).
The WLA is the fraction of the total pollutant loagportioned to point sources, and includes
stormwater discharges regulated under the NatiBo#dutant Discharge Elimination System
(NPDES) as point sources. The LA is the fractiérihe total pollutant load apportioned to
nonpoint sources. The MOS is a percentage of kO set aside to account for the
uncertainty associated with natural process in @gsystems, model assumptions, and data
limitations.

This report does not stipulate specific controlatd (regulatory controls) or management
measures (voluntary best management practicesysaageto reduce bacteria and /or turbidity
loadings within each watershed. Watershed-spewifittrol actions and management measures
will be identified, selected, and implemented undeyeparate process involving stakeholders
who live and work in the watersheds, tribes, amalcstate, and federal government agencies.

This TMDL report focuses on waterbodies listed betbat ODEQ placed in Category 5
of the 2008 Integrated Report [303(d) list] for sapport of primary body contact recreation
(PBCR) or beneficial use category Fish and Wildif@pagation:
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e Caney River (OK121400010010_00)

* Caney River (OK121400010010_10)

* Hogshooter Creek (OK121400010300_00)
* Curl Creek (OK121400010270_00)

» Mission Creek (OK121400020190_00)

» Little Caney River (OK121400020140_00)

 Rabb Creek (OK121400010090_00)

Figure 1-1 is a location map showing the impaireghsents of these waterbodies and their
contributing watersheds. This map also displagsldlcations of the water quality monitoring
(WQM) stations used as the basis for placemenhesda waterbodies on the Oklahoma 303(d)
list. These waterbodies and their surrounding rghexls are hereinafter referred to as the
Study Area.

The TMDLs established in this report are a neargsstep in the process to develop the
bacteria and turbidity loading controls neededesiare the contact recreation and the Fish and
Wildlife Propagation use designated for each watgyb Table 1-1 provides a description of
the locations of the WQM stations on the 303(detiswaterbodies.

Table 1-1 Water Quality Monitoring Stations used f@ 2008 303(d) Listing Decision

WQM Station Locations

Waterbody Name Descriptions

Waterbody ID WQM Station

Caney River 0OK121400010010_00 | None None

NEY2 NWY4 Section 5-23N-

Caney River

0OK121400010010_10

OK121400010010-001AT

14E

Hogshooter Creek

0OK121400010300_00

OK121400-01-0300D
0OK121400-01-0300J

SWY4 Section 19-25N-14E
Sections 6/7 25N-14E

Curl Creek

0OK121400010270_00

0OK121400-01-0270C
0OK121400-01-0270G

S.B. Section 31-25N-14E
NWYs SWY4 Section 29-
25N-14E

Mission Creek

0OK121400020190_00

OK121400-02-0190B

SEY4 SWY4 SEY4 Section
28-28N-12E

Little Caney River

0OK121400020140_00

OK121400-02-0140H

N.B. Section 6-27N-13E

Rabb Creek

0OK121400010090_00

OK121400-01-0090D

Sections 22/27 23N-14E

1.2  Watershed Description

General. The watersheds in the Caney River Study Area is TiMDL are located in
Northern Oklahoma. The vast majority of the drgmarea for the waterbodies included in this
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report is located in Washington County. Small jomd of the drainage areas are located in
Nowata County, Osage County, Tulsa County and Rogeunty.

Table 1-2, derived from the 2000 U.S. Census,ahstnates that the counties in which
these watersheds are located are sparsely populdt&l Census Bureau 2000) with the
exception of Tulsa County which is densely populate

Table 1-2 County Population and Density
County Name “EpuELen Area_ Pcl)Dpeur:zittlsn
(2000 Census) (square miles) .
(per square mile)

Nowata 10,569 581 18
Osage 44,437 2,304 19
Rogers 70,641 711 99
Tulsa 563,299 587 960
Washington 48,996 424 116

Climate. Table 1-3 summarizes the average annual preguitéor each stream segment.
Average annual precipitation values among the streagments in this portion of Oklahoma
range between 38.2 and 41.6 inches (Oklahoma Gllogital Survey 2005).

Table 1-3 Average Annual Precipitation by Stream Sgment

Waterbody Name Waterbody ID Aver(zi\ gsh'g‘g)n el
Caney River 0OK121400010010_00 40.66
Caney River 0OK121400010010_10 40.66
Hogshooter Creek 0OK121400010300_00 40.76
Curl Creek 0OK121400010270_00 41.02
Mission Creek 0OK121400020190_00 38.17
Little Caney River 0OK121400020140_00 39.46
Rabb Creek 0OK121400010090_00 41.58

Land Use. Table 1-4 summarizes the acreages and the cormdisigopercentages of the
land use categories for the contributing watersiiegbciated with each respective Oklahoma
waterbody. The land use/land cover data were éerivom the U.S. Geological Survey
(USGS) 2001 National Land Cover Dataset (USGS 2007he land use categories are
displayed in Figure 1-2.

The dominant land use throughout all of the StudgaAis pasture/hay. The second most
prevalent land use in all sub-watersheds is the bawetion of Deciduous Forest and
grassland/herbaceous.
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Table 1-4 Land Use Summaries by Watershed
Stream Segments
Land Use Category Caney Caney Hogshooter | . .~ Mission Little Caney Rabb
River River Creek Creek River Creek
Waterbody |D 0K121400010010_00 0OK121400010010_10 0OK121400010300_00 0OK121400010270_00 0OK121400020190_00 0K121400020140_00 OK121400010090_00
Herbaceous Wetland 0.09% 0.09% 0.00% 0.00% 0.00% 0.45% 0.00%
Woody Wetland 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Cultivated 2.63% 3.64% 0.16% 0.11% 0.48% 3.85% 3.71%
Pasture Hay 40.98% 31.57% 49.80% 41.89% 32.43% 49.57% 60.74%
Grassland 25.67% 40.10% 28.89% 40.82% 35.74% 16.39% 20.25%
Shrub 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Mixed Forest 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Evergreen Forest 0.06% 0.03% 0.07% 0.00% 0.05% 0.83% 0.00%
Deciduous Forest 17.94% 17.47% 14.20% 12.73% 26.70% 16.39% 6.27%
Barren 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Developed High Intensity 0.18% 0.05% 0.02% 0.00% 0.00% 0.05% 0.13%
Developed Medium 3.51% 1.07% 0.11% 0.10% 0.07% 2.02% 1.71%
Intensity
Developed Low Intensity 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Developed Open Space 7.95% 4.96% 6.36% 4.08% 4.28% 9.42% 5.91%
Water 1.00% 0.77% 0.78% 0.32% 0.26% 0.84% 0.41%
Total Percentage: 100% 100% 100% 100% 100% 100% 100%
Herbaceous Wetland a1 123 0 0 0 47 0
(Acres)
Woody Wetland (Acres) 0 0 0 0 0 0 0
Cultivated (Acres) 1,257 5,077 a7 34 130 397 214
Pasture Hay (Acres) 19,607 44,605 14,167 12,894 8,701 5,104 3,498
Grassland (Acres) 12,281 55,977 8,217 12,563 9,588 1,688 1,166
Shrub (Acres) 0 0 0 0 0 0 0
Mixed Forest 0 0 0 0 0 0 0
Evergreen Forest (Acres) 27 40 19 0 12 86 0
Deciduous Forest (Acres) 8,581 24,392 3987 3,917 7,162 1,688 361
Barren (Acres) 0 2 0 0 0 0 0
Developed High Intensity 86 73 7 0 0 6 8
(Acres)
Developed Medium 1,679 1,487 31 30 18 208 99
Intensity (Acres)
Developed Low Intensity 0 0 0 0 0 0 0
(Acres)
Developed Open Space 3,802 6,918 1,808 1,256 1,148 970 341
(Acres)
Water (Acres) 478 1,081 221 99 70 87 24
Total (Acres) 47,841 139,599 28,446 30,778 26,827 10,296 5,760
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Figure 1-1  Watersheds Not Supporting Primary Body @ntact Recreation and/ or Fish and Wildlife Propagéion Use
within the Study Area
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Introduction

Figure 1-2  Land Use Map by Watershed
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SECTION 2
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

2.1  Oklahoma Water Quality Standards

Title 785 of the Oklahoma Administrative Code camsa Oklahoma’s water quality
standards and implementation procedures (OWRB 2008)e Oklahoma Water Resources
Board (OWRB) has statutory authority and respotigibconcerning establishment of state
water quality standards, as provided under 82 @ktahStatute [O.S.], 81085.30. This statute
authorizes the OWRB to promulgate rulesvhich establish classifications of uses of watédrs o
the state, criteria to maintain and protect suchssifications, and other standards or policies
pertaining to the quality of such watef8.S. 82:1085:30(A)] Beneficial uses are designated
for all waters of the state. Such uses are predethrough restrictions imposed by the
antidegradation policy statement, narrative wataslity criteria, and numerical criteria
(OWRB 2008). An excerpt of the Oklahoma WQS (Tifl®85) summarizing the State of
Oklahoma Antidegredation Policy is provided in Apdix D. Table 2-1a, an excerpt from the
2008 Integrated Report (ODEQ 2008), lists bendfies®es designated for each bacteria and/or
turbidity impaired stream segment in the Study Afidee beneficial uses include:

* AES - Aesthetics

* AG — Agriculture Water Supply

* HLAC - Habitat Limited Aquatic Community
« WWAC — Warm Water Aquatic Community

* FISH - Fishery and Wildlife Propagation

* PBCR - Primary Body Contact Recreation

* SBCR - Secondary Body Contact Recreation
* PPWS - Public & Private Water Supply

» EWS — Emergency Water Supply

* SWS - Sensitive Water Supply

Table 2-1 summarizes the PBCR and WWAC use attaihms&atus and bacteria &
turbidity impairment status for streams in the $tédea. The TMDL priority shown in Table
2-1 is directly related to the TMDL target datdhe TMDLs established in this report, which
are a necessary step in the process of restoriteg waality, only address bacteria and turbidity
pollutants that affect the PBCR and WWAC designaises.
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Problem Identification anchi®r Quality Target

Table 2-1  Excerpt from the Oklahoma 2008 303(d)ist
Desngnated Designated
Stream | TMDL CES I Use Warm
Waterbody ID Waterbody Name Miles Date Priority ENT E. coli FC Body Turbidity Water Aquatic
Contact .
X Life
Recreation
OK121400010010_00 | Caney River 18 2013 2 X N X N
OK121400010010_10 | Caney River 47 2013 2 X N X N
OK121400010300_00 | Hogshooter Creek 20 2016 3 X X X N X N
OK121400010270_00 | Curl Creek 17 2013 2 X N X N
0OK121400020190_00 | Mission Creek 18 2019 3 X N
OK121400020140_00 | Little Caney River 6 2019 4 X N
OK121400010090_00 | Rabb Creek 6 2013 2 X N
Table 2-1a  Designated Beneficial Uses for Each Impad Waterbody in the Study Area
Waterbody ID Waterbody Name AES AG WWAC FISH PBCR SBCR PPWS | Limitation

OK121400010010_10 | Caney River I F N F N I

0OK121400010300_00 | Hogshooter Creek F N X N

0OK121400010270_00 | Curl Creek F F N X N

0OK121400020190_00 | Mission Creek F F N X N

0OK121400020140_00 | Little Caney River F F N X F I

0OK121400010090_00 | Rabb Creek I F F X N X

F — Fully supporting; N — Not supporting; Insufficient information; X — Not assessed
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Bacteria Standards

The definition of PBCR is summarized by the follogriexcerpt from Chapter 45 of the
Oklahoma WQS.

(a) Primary Body Contact Recreation involves dirbody contact with the water where a
possibility of ingestion exists. In these cases waer shall not contain chemical,
physical or biological substances in concentratidhat are irritating to skin or sense
organs or are toxic or cause illness upon ingesbgrhuman beings.

(b) In waters designated for Primary Body Contaaciation...limits...shall apply only
during the recreation period of May 1 to Septem®@r The criteria for Secondary Body
Contact Recreation will apply during the remaindé¢ithe year.

To implement Oklahoma's WQS for PBCR, OWRB promtéga Chapter 46,
Implementation of Oklahoma’s Water Quality Standaf@WRB 2007). The excerpt below
from Chapter 46: 785:46-15-6, stipulates how wgtality data will be assessed to determine
support of the PBCR use as well as how the watalitguarget for TMDLs will be defined for
each bacterial indicator.

(a) Scope. The provisions of this Section shallused to determine whether the
subcategory of Primary Body Contact of the bengfiose of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for naltjacterial indicators on the same
waterbody or waterbody segment, the determinatfarse support shall be based upon the use
and application of all applicable tests and data.

(b) Screening levels.
(1) The screening level for fecal coliform shalldbdensity of 400 colonies per 100ml.

(2) The screening level for Escherichia coli shmdla density of 235 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 406 colonies per 100 ml
in all other waters of the state designated as RrinBody Contact Recreation.

(3) The screening level for enterococci shall bdemsity of 61 colonies per 100 ml in
streams designated in OAC 785:45 as Scenic Rivetsralakes, and 108 colonies per 100 ml
in all other waters of the state designated as RryrBody Contact Recreation.

(c) Fecal coliform:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tal fealiform if the geometric mean of 400
colonies per 100 ml is met and no greater than 28%he sample concentrations from that
waterbody exceed the screening level prescribgd)inf this Section.

(2) The parameter of fecal coliform is not susdaptio an assessment that Primary Body
Contact Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to feadbrm if the geometric mean of 400
colonies per 100 ml is not met, or greater than 26P4he sample concentrations from that
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waterbody exceed the screening level prescribdt)iof this Section, or both such conditions
exist.(d) Escherichia coli (E. coli):

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect took.if the geometric mean of 126 colonies
per 100 ml is met, or the sample concentrationsnfrthat waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(2) The parameter of E. coli is not susceptiblancassessment that Primary Body Contact
Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect tolEf tle geometric mean of 126 colonies per
100 ml is not met and any of the sample concentratirom that waterbody taken during the
recreation season exceed a screening level prestiito (b) of this Section.

(e) Enterococci:

(1) The Primary Body Contact Recreation subcategtegignated for a waterbody shall
be deemed to be fully supported with respect tereabcci if the geometric mean of 33
colonies per 100 ml is met, or the sample concéptra from that waterbody taken during the
recreation season do not exceed the screening prestribed in (b) of this Section, or both
such conditions exist.

(2) The parameter of enterococci is not susceptiblan assessment that Primary Body
Contact Recreation is partially supported.

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to@teci if the geometric mean of 33 colonies
per 100 ml is not met and any of the sample conagons from that waterbody taken during
the recreation season exceed a screening levetpbesl in (b) of this Section.

Compliance with the Oklahoma WQS is based on mgetaguirements for all three
bacterial indicators. Where concurrent data eéwistnultiple bacterial indicators on the same
waterbody or waterbody segment, each indicatormgroust demonstrate compliance with the
numeric criteria prescribed (OWRB 2008).

As stipulated in the WQS, utilization of the geontetmean to determine compliance for
any of the three indicator bacteria depends onctilection of five samples within a 30-day
period. For most stream segments in Oklahoma trerensufficient data available to calculate
the 30-day geometric mean since most water qusdityples are collected once a month. As a
result, waterbodies placed on the 303(d) list fot supporting the PBCR are the result of
individual samples exceeding the instantaneougr@itor the long-term geometric mean of
individual samples exceeding the geometric meater@i for each respective bacterial
indicator. Targeting the instantaneous criteriatakelished for the primary body contact
recreation season (May'1o September 3% as the water quality goal for TMDLs corresponds
to the basis for 303(d) listing and may be protecbf the geometric mean criterion as well as
the criteria for the secondary contact recreatessen. However, both the instantaneous and
geometric mean criteria fd&. coliand Enterococci will be evaluated as water quaditgets to
ensure the most protective goal is establisheddoh waterbody.
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The specific data assessment method for listingcator bacteria based on instantaneous
or single sample criterion is detailed in Oklahosn2004 Integrated Report. As stated in the
report, a minimum of 10 samples collected betweey B and September 30(during the
primary recreation season) is required to listgasent forE. coliand Enterococci.

A sample quantity exception exists for fecal califiothat allows waterbodies to be listed
for nonsupport of PBCR if there are less than I0mas. The assessment method states that if
there are less than 10 samples and the existingleaset already assures a nonsupport
determination, then the waterbody should be lisgedrMDL development. This condition is
true in any case where the small sample set denatestthat at least three out of six samples
exceed the single sample fecal coliform criteriom this case if four more samples were
available to meet minimum of 10 samples, this watilll translate to >25 percent exceedance
or nonsupport of PBCR.¢., three out of 10 samples = 33 percent exceedaie®)e. coliand
Enterococci, the 10-sample minimum was used, with@xception, in attainment
determination.

Turbidity Standards

The TMDL established in this report is a necesseyp in the process to restore the fish
and wildlife propagation designation for these wiabelies.

The numeric criteria for turbidity to maintain armtotect the use of “Fish and Wildlife
Propagation” from Title 785:45-5-12 (f) (7) is asllows:

(@) Turbidity from other than natural sources shiaé restricted to not exceed the following
numerical limits:

4. Cool Water Aquatic Community/Trout Fisheries: 10U8T
5. Lakes: 25 NTU; and
6. Other surface waters: 50 NTUs.

(b) In waters where background turbidity exceedsséhvalues, turbidity from point sources
will be restricted to not exceed ambient levels.

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

(d) Elevated turbidity levels may be expected dyrand for several days after, a runoff event.

To implement Oklahoma’s WQS for Fish and Wildlifeopagation, OWRB promulgated
Chapter 46,implementation of Oklahoma’s Water Quality Standaf@WRB 2008). The
excerpt below from Chapter 46: 785:46-15-5, stigddow water quality data will be assessed
to determine support of fish and wildlife propagatas 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 shalidel to determine whether the beneficial
use of Fish and Wildlife Propagation or any subgaty thereof designated in OAC 785:45 for
a waterbody is supported.
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(e) Turbidity. The criteria for turbidity stated i#85:45-5-12(f)(7) shall constitute the
screening levels for turbidity. The tests for uspport 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 aresbdagoon exposure periods of less than
seven days. Short term average parameters to whishSection applies include, but are not
limited to, sample standards and turbidity.

(2) A beneficial use shall be deemed to be fulpgpsted for a given parameter whose
criterion is based upon a short term average if 10f4ess of the samples for that parameter
exceed the applicable screening level prescribadi;ySubchapter.

(3) A beneficial use shall be deemed to be fullgpsued but threatened if the use is
supported currently but the appropriate state emwmental agency determines that available
data indicate that during the next five years thge umay become not supported due to
anticipated sources or adverse trends of polluton prevented or controlled. If data from the
preceding two year period indicate a trend awaynfranpairment, the appropriate agency
shall remove the threatened status.

(4) A beneficial use shall be deemed to be not @igpg for a given parameter whose
criterion is based upon a short term average ifeaist 10% of the samples for that parameter
exceed the applicable screening level prescribeflismmSubchapter.

2.2 Problem Identification

Bacteria

Table 2-2 summarizes water quality data collectaihd primary body contact recreation
season from the stream segments between 1999 @8df@0each indicator bacteria. All the
data within this time frame were used to suppoet diecision to place specific waterbodies
within the Study Area on the ODEQ 2008 303(d) (BDEQ 2008). Water quality data from
the primary and secondary contact recreation ssame@nprovided in Appendix A.

For the data collected between 1999 and 2008, wihere is enough data to make an
assessment, evidence of nonsupport of primary loodyact recreation beneficial uses was
observed for all three bacteria indicators in Hagdlr Creek . Nonsupport of PBCR was
observed for Enterococci in Caney River (OK1214@@ID 10) and Curl Creek. There is not
enough data in Caney River (OK121400010010_00)Retab Creek to assess the PBCR uses
for Enterococci and Fecal Coliform respectively.sson Creek was found supporting PBCR
beneficial uses for Enterococci and E. coli altHouigis only listed for Enterococci. Little
Caney River was also found supporting PBRC beratfiges for Enterococci though it is only
listed for turbidity. Table 2-3 summarizes the wiatelies requiring TMDLSs for not supporting
PBCR.
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Table 2-2 Summary of Indicator Bacteria Samplesrobm Primary Body Contact Recreation Season, 1999-P8

Geo-Mean Number of % of Samples 2008
Waterbody Indicator - Number of Samples Exceeding .
X Concentration - - . 303(d) Reason for Listing Change
Waterbody ID Name Bacteria Samples | Exceeding Single | Single Sample o
(count/200ml) o e Listing
Sample Criterion Criterion
FC
0OK121400010010_00| Caney River ENT X Delist: No data available
EC
FC
0OK121400010010_10| Caney River ENT 69 25 15 60.0% X TMDL required
EC
EC 220 10 3 30.0% X TMDL required
OK121400010300_00| Hogshooter Creek | ~ ENT 256 17 16 94.0% X TMDL required
EC 230 17 12 70.6% X TMDL reqired
FC
0OK121400010270_00| Curl Creek ENT 250 16 15 93.8% X TMDL required
EC
FC
0K121400020190 00| Mission Creek ENT 131 15 9 60. 0% X TMDL required
EC List: Does not meet
139 15 7 46.7% standards
FC
0K121400020140_00| Little Caney River | ENT SEE S
- y 92 16 11 68.8% standards
EC
Delist: Single sample criterion
0,
FC 215 10 2 20.0% X exceedance < 25%
0OK121400010090_00| Rabb Creek ENT
EC
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Table 2-3  Waterbodies Requiring TMDLs for Not $ipporting Primary Body Contact
Recreation Use
Indicator Bacteria
WQM Station Waterbody ID Waterbody Name .
FC ENT E. coli

OK121400010010-001AT | OK121400010010 10 | Caney River X
OK121400-01-0300D
OK121400-01-0300J 0OK121400010300_00 | Hogshooter Creek X X X
OK121400-01-0270C
OK121400-01-0270G OK121400010270_00 | Curl Creek X
0OK121400-02-0190B 0OK121400020190_00 | Mission Creek X X
OK121400-02-0140H OK121400020140_00 | Little Caney River X

ENT = enterococci; FC = fecal Coliform
Turbidity

Turbidity is a measure of water clarity and is @by suspended particles in the water column.
Because turbidity cannot be expressed as a magsttmal suspended solids (TSS) are used as a
surrogate in this TMDL. Therefore, both turbidétiyd TSS data are presented in this section.

Table 2-4 summarizes water quality data collectethfthe WQM stations between 1998 and
2008 for turbidity. However, as stipulated in &ifi85:45-5-12 (f) (7) (C)numeric criteria for
turbidity only apply under base flow conditions.hifé the base flow condition is not specifically
defined in the Oklahoma Water Quality StandardsQénsiders base flow conditions to be all
flows less than the 35flow exceedance percentile (i.e., the lower 7%@eft of flows) which is
consistent with the USGS Streamflow Conditions ifléSGS 2009). Therefore, Table 2-5 was
prepared to represent the subset of these dasarfaples collected during base flow conditions.
Water quality samples collected under flow condisigreater than the 9%low exceedance
percentile were therefore excluded from the dataised for TMDL analysis. The data in Table 2-5
were used to support the decision to place CanegrRCurl Creek, Mission Creek and Little Caney
River on the ODEQ 2008 303(d) list (ODEQ 2008)rionsupport of the Fish and Wildlife
Propagation use based on turbidity levels observéte waterbody. Although Rabb Creek is not
listed for turbidity, it was found to not suppdnetFish and Wildlife Propagation use based on its
turbidity levels. There were no turbidity data da&ble for Caney River segment
OK121400010010_00 and the percentage of sampleséxg the turbidity criteria of 50 NTU for
Hogshooter Creek was found to be less than terepewhich implies that Hogshooter Creek should
be delisted for turbidity
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Table 2-4  Summaries of All Turbidity Samples 199 - 2008
Number of Percentage Average
Number of Samples of Samples ag
U=l . Turbidity
Turbidity Exceed 50 Exceeding (NTU)
WQM Station Waterbody Name Samples (NTU) Criterion
OK121400010010-001AT Caney River 26 16 61.5% 146.3
OK121400-01-0300D
OK121400-01-0300J Hogshooter Creek 61 3 4.9% 19.5
0OK121400-01-0300D
OK121400-01-0300J Curl Creek 30 8 26.7% 36.5
OK121400-01-0270C o
OK121400-01-0270G Mission Creek 42 9 21.4% 52.2
OK121400-02-0140H Little Caney River 42 27 64.3% 86.0
OK121400-01-0090D Rabb Creek 22 7 31.8% 51.6

Table 2-5 Summary of Turbidity Samples Collecté During Base Flow Conditions
1999 - 2008
Number Number of | Percentage
Average
of Samples of Samples Turbidit
Turbidity Exceed 50 Exceeding (NTU)y
WQM Station Waterbody Name Samples (NTU) Criterion
0OK121400010010-001AT Caney River 17 7 41.2% 63.3
0K121400-01-0300D Hogshooter Creek 48 1 2.1% 19.9
OK121400-01-0300D
OK121400-01-0300J Curl Creek 27 6 22.2% 33.9
OK121400-01-0270C .
OK121400-01-0270G Mission Creek 35 5 14.3% 53.4
0K121400-02-0140H Little Caney River 18 6 33.3% 54.9
0K121400-01-0090D Rabb Creek 15 3 20.0% 38.0

Table 2-6 summarizes water quality data collectechfthe WQM stations between 1998 and
2008 for TSS. Table 2-7 presents a subset of tHate for samples collected during base flow
conditions. Water quality data for turbidity an83 are provided in Appendix A.

Table 2-6  Summary of All TSS Samples 1999 - 200
WQM Station Waterbody Name Number of TSS Samples Average TSS (mg/L)

OK121400010010-001AT Caney River 24 98.1
0OK121400-01-0300D Hogshooter Creek 58 12.6
0OK121400-01-0300D

OK121400-01-0300J Curl Creek 29 271
0OK121400-01-0270C I

OK121400-01-0270G Mission Creek 40 36.9
0OK121400-02-0140H Little Caney River 40 52.2
OK121400-01-0090D Rabb Creek 20 40.7
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Table 2-7  Summary of TSS Samples Excluding Highlow Samples

WQM Station Waterbody Name Number of TSS Samples Average TSS (mg/L)
0OK121400010010-001AT Caney River 17 53.1
0OK121400-01-0300D Hogshooter Creek 48 13.1
0OK121400-01-0300D
OK121400-01-0300J Curl Creek 26 265
0OK121400-01-0270C .

OK121400-01-0270G Mission Creek 33 40.4
0OK121400-02-0140H Little Caney River 18 33.8
0OK121400-01-0090D Rabb Creek 13 30.4

2.3  Water Quality Target

The Code of Federal Regulations (40 CFR 8130.7)\c)ttates that, “TMDLs shall be
established at levels necessary to attain and aiaittie applicable narrative and numerical water
quality standards.” For the WQM stations requirlvacteria TMDLSs in this report, defining the
water quality target is somewhat complicated byubke of three different bacterial indicators each
with different numeric criterion for determininganment of PBCR use as defined in the Oklahoma
WQSs. An individual water quality target is esisiibd for each bacterial indicator since each
indicator group must demonstrate compliance withrtbmeric criteria prescribed in the Oklahoma
WQS (OWRB 2008). As previously stated, becauselabla bacteria data were collected on an
approximate monthly basis (see Appendix A) instefadt least five samples over a 30—day period,
data for these TMDLs are analyzed and presentedlation to both the instantaneous and a long-
term geometric mean for each bacterial indicator.

All TMDLs for fecal coliform must take into accoutihat no more than 25 percent of the
samples may exceed the instantaneous numerici&ritéor E. coli and Enterococci, no samples
may exceed instantaneous criteria. Since thenatidity of stream beneficial uses f&r coli and
Enterococci is based on the compliance of eitherinstantaneous or a long-term geometric mean
criterion, percent reductions goals will be caltedbfor both criteria. TMDLs will be based on the
percent reduction required to meet either the mateous or long-term geometric mean criterion,
whichever is less.

The water quality target for bacteria will also ongorate an explicit 10 percent MOS. For
example, if fecal coliform is utilized to establithe TMDL, then the water quality target is
360 organisms per 100 milliliters (mL), 10 percdatver than the instantaneous water quality
criteria (400/100 mL). FoE. coli the instantaneous water quality target is 365rasgas/100 mL,
which is 10 percent lower than the criterion va(d€6/100 mL), and the geometric mean water
quality target is 113 organisms/100 mL, which is pEocent lower than the criterion value
(126/100 mL). For Enterococci the instantaneouservguality target is 97/100 mL, which is
10 percent lower than the criterion value (108/&lQ and the geometric mean water quality target
is 30 organisms/100 mL, which is 10 percent lovmantthe criterion value (33/100 mL).

The allowable bacteria load is derived by usingatieial or estimated flow record multiplied by
the water quality target. The line drawn throulglé &llowable load data points is the water quality
target which represents the maximum load for amgrgilow that still satisfies the WQS.
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An individual water quality target established farbidity must demonstrate compliance with
the numeric criteria prescribed in the Oklahoma WQ®/RB 2008). According to the Oklahoma
WQS [785:45-5-12(f)(7)], the turbidity criterionrfgstreams with WWAC beneficial use is 50 NTUs
(OWRB 2008). The turbidity of 50 NTUs applies omdyseasonal base flow conditions. Turbidity
levels are expected to be elevated during, anddeeral days after, a storm event.

TMDLs for turbidity in streams designated as WWAQsntake into account that no more than
10 percent of the samples may exceed the numaterion of 50 NTU. However, as described
above, because turbidity cannot be expressed assa lvad, TSS is used as a surrogate for TMDL
development. Since there is no numeric criterrothe Oklahoma WQS for TSS, a specific method
must be developed to convert the turbidity criterio TSS based on a relationship between turbidity
and TSS. The method for deriving the relationsigépwveen turbidity and TSS and for calculating a
water body specific water quality target using TiSSummarized in Section 4 of this report.

The MOS for the TSS TMDLs varies by waterbody andelated to the goodness-of-fit metrics

of the turbidity-TSS regressions. The method fdimidley MOS percentages is described in Section
5 of this report.
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SECTION 3
POLLUTANT SOURCE ASSESSMENT

A source assessment characterizes known and sedpsctrces of pollutant loading to
impaired waterbodies. Sources within a waterstredcategorized and quantified to the extent
that information is available. Bacteria origindtem humans and warm-blooded animals; and
sources may be point or nonpoint in nature. Tutpidnay originate from NPDES-permitted
facilities, fields, construction sites, quarriemrswater runoff and eroding stream banks

Point sources are permitted through the NPDES progr NPDES-permitted facilities that
discharge treated wastewater are required to nrdioitane of the three bacterial indicators (fecal
coliform, E coli, or Enterococci) and turbidity in accordance wiitkir permit. Nonpoint sources
are diffuse sources that typically cannot be ideatias entering a waterbody through a discrete
conveyance at a single location. These sourcesimualve land activities that contribute bacteria
and /or TSS to surface water as a result of rdiméadoff. For the TMDLs in this report, all
sources of pollutant loading not regulated by NPD&& considered nonpoint sources. The
following discussion describes what is known regaggoint and nonpoint sources of bacteria in
the impaired watersheds.

3.1 NPDES-Permitted Facilities

Under 40 CFR, 8122.2, a point source is descrilzed discernable, confined, and discrete
conveyance from which pollutants are or may behdisged to surface waters. Certain NPDES-
permitted municipal plants are classified as naithsge facilities. NPDES-permitted facilities
classified as point sources that may contributeédoecor TSS loadings include:

* NPDES municipal wastewater treatment plant (WWTP);

* NPDES Industrial WWTP Discharges;

* NPDES municipal no-discharge WWTP;

* NPDES Concentrated Animal Feeding Operation (CAFO);

* NPDES municipal separate storm sewer system (MiSdharges;
* NPDES multi-sector general permits; and

* NPDES construction stormwater discharges.

Continuous point source discharges such as WWTddd gesult in discharge of elevated
concentrations of fecal coliform bacteria if theidfection unit is not properly maintained, is of
poor design, or if flow rates are above the disitifa capacity. It is possible that continuous poin
source discharges from municipal and industrial WR&/Tcould result in discharge of elevated
concentrations of TSS if a facility is not properaintained, is of poor design, or flow rates
exceed capacity. However, in most cases suspesdids discharged by WWTPs consist
primarily of organic solids rather than inorganitsgended solids (i.e., soil and sediment particles
from erosion or sediment resuspensiomischarges of organic suspended solids from WWTPs
are addressed by ODEQ through its permitting ohfpsources to maintain WQS for dissolved
oxygen and are not considered a potential sourdarbidity in this TMDL. Discharges of TSS
will be considered to be organic suspended sdiitteidischarge permit includes a limit for BOD
or CBOD. Only WWTP discharges of inorganic susmehdolids will be considered and will
receive wasteload allocations.
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While the no-discharge facilities do not dischavggstewater directly to a waterbody, it is
possible that the collection systems associatetl egtch facility may be a source of bacteria
loading to surface waters. CAFOs are recognizetd8F¢PA as significant sources of pollution,
and may have the potential to cause serious impagtater quality if not properly managed.

Stormwater runoff from MS4 areas, which is now tatgd under the USEPA NPDES
Program, can also contain high fecal coliform b@ateoncentrations. Stormwater runoff from
MS4 areas, facilities under multi-sector generainpes, and NPDES construction stormwater
discharges, which are regulated under the USEPA B8DProgram, can contain TSS
concentrations. 40 C.F.R. 8§ 130.2(h) requires NRIDES-regulated stormwater discharges must
be addressed by the wasteload allocation compooieat TMDL. However, any stormwater
discharge by definition occurs during or immedaatigllowing periods of rainfall and elevated
flow conditions when where Oklahoma Water Qualityarflard for turbidity does not apply.
Oklahoma Water Quality Standards specify that tliterea for turbidity “apply only to seasonal
base flow conditions” and go on to say “Elevatedbitlity levels may be expected during, and for
several days after, a runoff event” [OAC 785:452fK7)]. In other words, the turbidity
impairment status is limited to base flow condii@nd stormwater discharges from MS4 areas or
construction sites do not contribute to the vidatof Oklahoma’s turbidity standard. Therefore,
WLAs for NPDES-regulated stormwater dischargessieatially considered unnecessary in this
TMDL report and will not be included in the TMDL Icalations.

There are two NPDES permitted facilities in the tabating watershed of Caney River
(OK121400010010_10). Of the two discharging fae#it the Town of Ramona’'s WWT s
considered a seasonal discharger and the Town bela@le’s WWT would be a continuous
discharger.

3.1.1 Continuous Point Source Discharges

The location of the two NPDES permitted facilitiedich are tributaries to Caney River
(OK121400010010_10) addressed in these TMDLs amvishin Figure 3-1 and is listed in
Table 3-1. For the purposes of the TMDLs calcaateChapter 5, only facility types identified
in Table 3-1 as Sewerage Systems are assumed tribots bacteria loads within the watersheds
of the impaired waterbodies.

Table 3-1 Point Source Discharges in the Study Area

NPDES . Design . -
Permit Name Receiving Water Feeity County Flow Act|v_e/ el
Type Name Inactive ID
No. (mgd)
Ramona Caney River _ )
OK0028339 Sewage | Washington 0.06 Active S21407

PWA OK121400010010

Ochelata Caney River . _
OKO0034517 UA OK121400010010 Sewage | Washington 0.07 Active S21410
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Discharge Monitoring Reports (DMR) on bacteria vaa$ available for either of the above
facilities. Bacteria monitoring was not requiredheir NPDES permit.

The facilities in Table 3-1 discharge organic T$8 are not considered potential sources of
turbidity for this TMDL. The locations of the disargers are shown in Figure 3-1. The Monthly
Discharge Monitoring Reports (DMR) for TSS availbor the facilities listed in Table 3-1
showed permit violations which have been highlighteTable 3-2 for the Town of Ochelata. The
permit issued to the Ochelata Utility Authority alls for a 15 mg/l TSS for the spring and
summer seasons. The Town of Ramona showed no pa@ofation from their DMR. Additional
Monthly Discharge Monitoring Reports (DMR) for T&8ailable for the facilities listed below is
provided in Appendix B.

Table 3-2 Discharge Monitoring Data for Facities in the Study Area
NPDES Nam_e_z of Time Max Flow Ave Flow Max TSS Ave TSS

Facility (mad) (magd) (mag/L) (mag/L)
OK0034517 Ochelata UA 5/31/2009 0.07 0.07 5 5
OK0034517 Ochelata UA 4/30/2009 0.07 0.07 5 5
OK0034517 Ochelata UA 3/31/2009 0.07 0.07 57 57
OK0034517 Ochelata UA 2/28/2009 0.07 0.07 22 22
OK0034517 Ochelata UA 1/31/2009 0.07 0.07 20 20
OK0034517 Ochelata UA 12/31/2008 0.07 0.07 40 40
OK0034517 Ochelata UA 11/30/2008 0.07 0.07 5 5
OK0034517 Ochelata UA 10/31/2008 0.07 0.07 5 5
OKO0034517 | Ochelata UA 0/30/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA 8/31/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA 7/31/2008 NODI NODI NODI NODI
OKO0034517 Ochelata UA 6/30/2008 NODI NODI NODI NODI
OK0034517 Ochelata UA 5/31/2008 0.07 0.07 36 36
OK0034517 | Ochelata UA 4/30/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA 3/31/2008 NODI NODI NODI NODI
OK0034517 Ochelata UA 2/29/2008 0.07 0.07 5 5
OK0034517 | Ochelata UA 1/31/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA 12/31/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 11/30/2007 NODI NODI NODI NODI
OK0034517 Ochelata UA 10/31/2007 0.07 0.07 22 22
OK0034517 | Ochelata UA 9/30/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 8/31/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 7/31/2007 NODI NODI NODI NODI
OKO0034517 Ochelata UA 6/30/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 5/31/2007 NODI NODI NODI NODI
OK0034517 Ochelata UA 4/30/2007 0.07 0.07 25 25
OK0034517 | Ochelata UA 3/31/2007 NODI NODI NODI NODI
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NPDES Name of Time Max Flow Ave Flow Max TSS Ave TSS
Facility_ (mad) (mad) (ma/L) (ma/L)
OK0034517 | Ochelata UA 2/28/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 1/31/2007 NODI NODI NODI NODI
0OK0028339 | Ramona PWA 5/31/2009 0.070 0.030 44 44
OK0028339 | Ramona PWA | 4/30/2009 0.058 0.045 7 7
OK0028339 | Ramona PWA | 3/31/2009 0.040 0.030 5 5
OK0028339 | Ramona PWA | 2/28/2009 0.030 0.030 7 7
OK0028339 | Ramona PWA 1/31/2009 0.040 0.020 5 5
OK0028339 | Ramona PWA | 12/31/2008 0.030 0.015 6 6
OK0028339 | Ramona PWA | 11/30/2008 0.040 0.025 90 90
OK0028339 | Ramona PWA | 10/31/2008 0.040 0.025 59 59
OK0028339 | Ramona PWA | 9/30/2008 NODI NODI NODI NODI
OK0028339 | Ramona PWA | 8/31/2008 NODI NODI NODI NODI
OK0028339 | Ramona PWA | 7/31/2008 0.120 0.036 6 6
OK0028339 | Ramona PWA | 6/30/2008 0.050 0.045 5 5
OK0028339 | Ramona PWA | 5/31/2008 0.050 0.040 63 63
0OK0028339 | Ramona PWA 4/30/2008 0.226 0.183 17 17
OK0028339 | Ramona PWA | 3/31/2008 0.103 0.062 6 6
OK0028339 | Ramona PWA | 2/29/2008 0.030 0.030 19 19
0OK0028339 | Ramona PWA 1/31/2008 0.040 0.033 31 31
OK0028339 | Ramona PWA | 12/31/2007 0.080 0.048 44 44
OK0028339 | Ramona PWA | 11/30/2007 0.040 0.035 58 58
OK0028339 | Ramona PWA | 10/31/2007 0.030 0.030 79 79
OK0028339 | Ramona PWA | g/30/2007 NDR NDR NDR NDR
OK0028339 | Ramona PWA | g/31/2007 0.040 0.038 17 17
OK0028339 | Ramona PWA | 7/31/2007 0.120 0.056 32 32
0OK0028339 | Ramona PWA 6/30/2007 0.040 0.021 27 27
OK0028339 | Ramona PWA | 5/31/2007 0.030 0.023 38 38
OK0028339 | Ramona PWA | 4/30/2007 0.030 0.017 55 55
OK0028339 | Ramona PWA | 3/31/2007 0.030 0.015 65 65
OK0028339 | Ramona PWA | 2/28/2007 0.030 0.019 42 42
OK0028339 | Ramona PWA 1/31/2007 0.030 0.020 25 25

NODI= No discharge; NDR = No Data Received
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Figure 3-1 Locations of NPDES-Permitted Facilitis in the Study Area
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3.1.2 NPDES No-Discharge Facilities and SSOs
There is no NPDES no-discharge facility in anyhad sub-watersheds in the study area.

Sanitary sewer overflows (SSO) from wastewaterectibn systems, although infrequent,
can be a major source of fecal coliform loadingsteeams. SSOs have existed since the
introduction of separate sanitary sewers, and ramstcaused by blockage of sewer pipes by
grease, tree roots, and other debris that clogrskwes, by sewer line breaks and leaks, cross
connections with storm sewers, and inflow and tirefilon of groundwater into sanitary sewers.
SSOs are permit violations that must be addresgdtebresponsible NPDES permittee. The
reporting of SSOs has been strongly encouraged ®RA, primarily through enforcement
and fines. While not all sewer overflows are répdr ODEQ has some data on SSOs
available. There were 50 combined SSO occurreincé® Caney River Study Area on record
which goes back to as early as 1990. The firsuiweace was in May 1990 and the last in
November 2009. A summary of the reported SSOBarCaney River Study Area are provided
in Table 3-3. Additional data on each individu&Cs event and the facility are provided in
Appendix B.

Table 3-3 Sanitary Sewer Overflow Summary

Facility NPDES R Facility | Number of Date Range
Name Permit No. 9 ID Occurrences From To
Ramona Caney River
PWA OKO0028339 OK121400010010 S21407 38 5/28/1990 11/28/2009
Ochelata Caney River
OKO0034517 S21410 12 01/06/1998 | 11/13/2008
UA OK121400010010

SSOs are a common result of the aging wastewdtastructure around the state. DEQ
has been ahead of other states and, in some cBRgegdelf, in its handling of SSOs. Due to
the widespread nature of the SSO problem, DEQdmasséd its limited resources to first target
SSOs that result in definitive environmental hasaoch as fish kills, or lead to citizen
complaints. All SSOs falling in these two categeriare addressed through DEQ’s formal
enforcement process. A Notice of Violation (NO¥Yirst issued to the owner of the collection
system and a Consent Order (CO) is negotiated ketwee owner and DEQ to establish a
schedule for necessary collection system upgradebkninate future SSOs.

Another target area for DEQ is chronic SSOs fronD8B major facilities, those with a
total design flow in excess of 1 MGD. DEQ periadig reviews the bypass reports submitted
by these major facilities and identifies probleraaa and chronic SSOs. When these problems
are attributable to wet weather, DEQ endeavorsntereinto a CO with the owner of the
collection system to establish a schedule for reaoggepairs. When the problems seem to be
dry weather-related, DEQ will encourage the owrfethe collection system to implement the
proposed Capacity, Management, Operation, and Elamce (CMOM) guidelines aimed at
minimizing or eliminating dry weather SSOs. Thisiten accomplished through entering into
a Consent Order to establish a schedule for impiatien and annual auditing of the CMOM
program.
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All SSOs are considered unpermitted dischargesrusidge statute and DEQ regulations.
The smaller towns have a smaller reserve, are tikalg to use utility revenue for general
purposes, and/or tend to budget less for ongoid¢paipreventive maintenance. If and when
DEQ becomes aware of chronic SSOs (more than onedrsingle location in a year) or
receives a complaint about an SSO in a smaller aamityn DEQ will pursue enforcement
action. Enforcement almost always begins with siseance of an NOV and, if the problem is
not corrected by a long-term solution, DEQ willemninto a CO with the facility for a long-
term solution. Long-term solutions usually begirthaganitary sewer evaluation surveys
(SSESSs). Based on the result of the SSES, thétieitan prioritize and take corrective action.

3.1.3 NPDES Municipal Separate Storm Sewer Discharg e

Bacteria
Phase | MS4

In 1990 the USEPA developed rules establishing €had the NPDES Stormwater
Program, designed to prevent harmful pollutantsfleing washed by stormwater runoff into
MS4s (or from being dumped directly into the MS4)dahen discharged into local water
bodies (USEPA 2005). Phase | of the program reduiperators of medium and large MS4s
(those generally serving populations of 100,000goeater) to implement a stormwater
management program as a means to control polluitechatges. Approved stormwater
management programs for medium and large MS4seanéired to address a variety of water
quality-related issues, including roadway runoff nagement, municipal-owned operations,
and hazardous waste treatment. There are no PNt permits in the Study Area.

Phase Il MS4

Phase Il of the rule extends coverage of the NPBE8nwater Program to certain small
MS4s. Small MS4s are defined as any MS4 that tsanmedium or large MS4 covered by
Phase | of the NPDES Stormwater Program. Phassgllires operators of regulated small
MS4s to obtain NPDES permits and develop a storemvatinagement program. Programs are
designed to reduce discharges of pollutants tdrtteximum extent practicable,” protect water
quality, and satisfy appropriate water quality regments of the CWA. Small MS4
stormwater programs must address the following mimn control measures:

* Public Education and Outreach;

* Public Participation/Involvement;

 lllicit Discharge Detection and Elimination;

» Construction Site Runoff Control,

» Post- Construction Runoff Control; and

» Pollution Prevention/Good Housekeeping.

The small MS4 General Permit for communities in @kima became effective on
February 8, 2005. There are no permitted MS4sinvitie study area.

Turbidity

There are no urbanized areas designated as MShm whtis Study Area. A general
stormwater permit is required for constructiondtigs. Permittees are authorized to discharge
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pollutants in stormwater runoff associated with stauction activities for construction sites.
Stormwater discharges occur only during or immediyatollowing periods of rainfall and
elevated flow conditions when the turbidity criterdo not apply and are not considered
potential contributors to turbidity impairment. @0 provides information on the current
status of its MS4 program on its website, found at:

http://www.deq.state.ok.us/WQDnew/stormwater/ms4/

3.1.4 Concentrated Animal Feeding Operations
There are no NPDES-permitted CAFO facilities witthie Study Area.

3.1.5 Section 404 Permits

Section 404 of the Clean Water Act (CWA) establisheograms to regulate the discharge
of dredged or fill material into waters of the Wt States, including wetlands. Activities in
waters of the United States regulated under thigifam include fill for development, water
resource projects (such as dams and levees), tinftage development (such as highways and
airports) and mining projects. Section 404 requagermit before dredged or fill material may
be discharged into waters of the United Statesasnthe activity is exempt from Section 404
regulation (e.g. certain farming and forestry &tigg).

Section 404 permits are administrated by the Ur&éyACorps of Engineers. EPA reviews
and provides comments on each permit applicatiomake sure it adequately protects water
quality and complies with applicable guidelinestiB&ISACE and EPA can take enforcement
actions for violations of Section 404.

Discharge of dredged or fill material in waters &ena significant source of turbidity/TSS.
The federal Clean Water Act requires that a pebmritissued for activities which discharge
dredged or fill materials into the waters of theitdd States, including wetlands. The state of
Oklahoma will use its Section 401 certificationtaarity to ensure Section 404 permits protect
Oklahoma water quality standards.

3.2 Nonpoint Sources

Nonpoint sources include those sources that cdmnatentified as entering the waterbody
at a specific location. The relatively homogenelaunsl use/land cover categories throughout
the Study Area associated with rural agricultuiaest and range management activities has an
influence on the origin and pathways of pollutamiirees to surface water. Bacteria originate
from warm-blooded animals in rural, suburban, amdao areas. @ These sources include
wildlife, various agricultural activities and dontieated animals, land application fields, urban
runoff, failing onsite wastewater disposal (OSWB3tems and domestic pets. Water quality
data collected from streams draining urban comresiften show existing concentrations of
fecal coliform bacteria at levels greater thanadess instantaneous standards. A study under
USEPA’s National Urban Runoff Project indicated tthéne average fecal coliform
concentration from 14 watersheds in different aveidisin the United States was approximately
15,000/100 mL in stormwater runoff (USEPA 1983)unBff from urban areas not permitted
under the MS4 program can be a significant soufdeaal coliform bacteria. Water quality
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data collected from streams draining many of thapeomitted communities show existing
loads of fecal coliform bacteria at levels gredtemn the State’s instantaneous standards.

Various potential nonpoint sources of TSS as irtditan the 2008 Integrated Report
include sediments originating from grazing in ripar corridors of streams and creeks,
highway/road/bridge runoff, non-irrigated crop puotlon, rangeland grazing and other sources
of sediment loading (ODEQ 2008). Elevated turliditeasurements can be caused by stream
bank erosion processes, stormwater runoff events @her channel disturbances. The
following section provides general information oanpoint sources contributing bacteria or
TSS loading within the Study Area.

3.2.1 Wildlife

Fecal coliform bacteria are produced by all warmelled animals, including wildlife such
as mammals and birds. In developing bacteria TMDIis important to identify the potential
for bacteria contributions from wildlife by wateesh Wildlife is naturally attracted to riparian
corridors of streams and rivers. With direct ascesthe stream channel, wildlife can be a
concentrated source of bacteria loading to a wathrb Fecal coliform bacteria from wildlife
are also deposited onto land surfaces, where it beayashed into nearby streams by rainfall
runoff. Currently there are insufficient data dablie to estimate populations and spatial
distribution of wildlife and avian species by wateed. Consequently it is difficult to assess
the magnitude of bacteria contributions from wikgspecies as a general category.

However, adequate data are available by countystonate the number of deer by
watershed. This report assumes that deer halbi¢hides forests, croplands, and pastures.
Using Oklahoma Department of Wildlife Conservatamunty data, the population of deer can
be roughly estimated from the actual number of demwested and harvest rate estimates.
Because harvest success varies from year to yesmdban weather and other factors, the
average harvest from 1999 to 2003 was combined antlestimated annual harvest rate of
20 percent to predict deer population by countging the estimated deer population by county
and the percentage of the watershed area withih eagnty, a wild deer population can be
calculated for each watershed. Table 3-3 provithes estimated number of deer for each
watershed.

Table 3-3 Estimated Deer Populations

Waterbody ID Waterbody Name Deer Acre
0OK121400010010_10 Caney River 2,085 139,599
0OK121400010300_00 Hogshooter Creek 498 28,446
OK121400010270_00 Curl Creek 590 30,778
0OK121400020190_00 Mission Creek 34 26,827
0OK121400020140_00 Little Caney River 160 10,296

According to a study conducted by ASAE (the Amaric&ociety of Agricultural
Engineers), deer release approximately 3xf€cal coliform units per animal per day
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(ASAE 1999). Although only a fraction of the tofi@cal coliform loading produced by the
deer population may actually enter a waterbody, ettmated fecal coliform production for
deer provided in Table 3-4 in cfu/day provides é&atree magnitude of loading in each
watershed.

Table 3-4 Estimated Fecal Coliform Production for @er

Fecal
Watershed Wild Deer Estimated Production
Waterbody ID Waterbody Name Area ; Wild Deer (x 10° cfu/day)
Population
(acres) per acre of Deer
Population
OK121400010010_10 | Caney River 139,599 2,085 0.0149 1,042
OK121400010300_00 | Hogshooter Creek 28,446 498 0.0175 249
OK121400010270_00 | Curl Creek 30,778 590 0.0192 295
OK121400020190_00 | Mission Creek 26,827 34 0.0013 18
OK121400020140_00 | Little Caney River 10,296 160 0.0156 81

3.2.2 Non-Permitted Agricultural Activities and Dom  esticated Animals

There are a number of non-permitted agriculturaéaies that can also be sources of fecal
bacteria loading. Agricultural activities of gresat concern are typically those associated with
livestock operations (Drapcho and Hubbs 2002). féHewing are examples of commercially
raised farm animal activities that can contributéacteria sources:

* Processed commercially raised farm animal manureftsn applied to fields as
fertilizer, and can contribute to fecal bacteriadimg to waterbodies if washed into
streams by runoff.

* Animals grazing in pastures deposit manure comigirfecal bacteria onto land
surfaces. These bacteria may be washed into veatiebby runoff.

* Animals often have direct access to waterbodiescandprovide a concentrated source
of fecal bacteria loading directly into streams.

Table 3-5 provides estimated numbers of commeyciaised farm animals by watershed
based on the 2002 U.S. Department of Agricultur&{8) county agricultural census data
(USDA 2002). The estimated animal populations abl& 3-5 were derived by using the
percentage of the watershed within each countycaB&e the watersheds are generally much
smaller than the counties, and commercially raifsgth animals are not evenly distributed
across counties or constant with time, these aughreestimates only. Cattle generate the
largest amount of fecal coliform and often havecliaccess to the impaired waterbodies.

Detailed information is not available to describe quantify the relationship between
instream concentrations of bacteria and land agjpdic of manure. The estimated acreage by
watershed where manure was applied in 2002 is showiable 3-5. These estimates are also
based on the county level reports from the 2002 A$Dunty agricultural census, and thus
represent approximations of the land applicati@aan each watershed. Because of the lack of
specific data, for the purpose of these TMDLs, lapplication of animal manure is not
guantified in Table 3-6 but is considered a potnsource of bacteria loading to the
waterbodies in the Study Area. Most poultry fegdaperations are regulated by ODAFF, and
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are required to land apply chicken waste in acawréavith their Animal Waste Management
Plans or Comprehensive Nutrient Management Plalibile these plans are not designed to
control bacteria loading, best management practces conservation measures, if properly
implemented, could greatly reduce the contributdrbacteria from this group of animals to
the watershed.

According to a study conducted by the ASAE, thdydaical coliform production rates by
species were estimated as follows (ASAE 1999):

» Beef cattle release approximately 1.04E+11 fechfiocon counts per animal per day;

» Dairy cattle release approximately 1.01E+11 pemahiper day

* Swine release approximately 1.08E+10 per animatipgr

* Chickens release approximately 1.36E+08 per anp@iatiay

* Sheep release approximately 1.20E+10 per animalaer

* Horses release approximately 4.20E+08 per anieradiay;

* Turkey release approximately 9.30E+07 per animabtpg

* Ducks release approximately 2.43E+09 per animatlpgr

* Geese release approximately 4.90E+10 per animalger

Using the estimated animal populations and thelfeodform production rates from
ASAE, an estimate of fecal coliform production fr@ach group of commercially raised farm
animals was calculated in each watershed of thdyStuea in Table 3-6. Note that only a
small fraction of these fecal coliform are expediedepresent loading into waterbodies, either

washed into streams by runoff or by direct deposifrom wading animals. Cattle appear to
represent the largest source of fecal bacteria.

According to data provided by Oklahoma DepartmdnAgriculture, Food, and Forestry
(ODAFF), there are no CAFOs or poultry operationthie study area (Figure 3-1).
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Table 3-5 Commercially Raised Farm Animals and Mante Application Area Estimates by Watershed
Cattle & Dairy Horses & Sheep & | Hogs | Ducks & | Chicken & FETES €
Waterbody ID Waterbody Name X Goats ; Manure
Calves-all Cows Ponies Lambs & Pigs Geese Turkeys o
Application
OK121400010010_10 | Caney River 17,922 85 1,360 3 408 36 92 959 1255
OK121400010300_00 | Hogshooter Creek 4,328 16 225 0 70 10 6 144 150
0OK121400010270_00 | Curl Creek 5,224 26 187 0 47 20 6 127 58
OK121400020190_00 | Mission Creek 3,155 3 86 0 22 10 4 63 15
OK121400020140_00 | Little Caney River 1,250 2 64 0 23 0 2 64 97
Table 3-6 Fecal Coliform Production Estimates for @mmercially Raised Farm Animals (x18 number/day)
Cattle & Dairy Horses & Sheep & Hogs Ducks & Chickens
EHEEEE b7 10) BUEHEEEER NETE Calves-all Cows Ponies s Lambs & Pigs Geese & Turkeys V!
0OK121400010010_10 | Caney River 1,863,888 8,585 571 N/A 4,896 389 118 13 1,878,460
0OK121400010300_00 | Hogshooter Creek 450,112 1,616 95 N/A 840 108 8 2 452,781
0OK121400010270_00 | Curl Creek 543,296 2,626 79 N/A 564 216 8 2 546,791
0OK121400020190_00 | Mission Creek 328,120 303 36 N/A 264 108 5 1 328,837
0OK121400020140_00 | Little Caney River 130,000 202 27 N/A 276 0 3 1 130,509
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3.2.3 Failing Onsite Wastewater Disposal Systems an  d lllicit Discharges

ODEQ is responsible for implementing the reguldiai Title 252, Chapter 641 of the
Oklahoma Administrative Code, which define desitandards for individual and small public
onsite sewage disposal systems (ODEQ 2008a). OSy§tems and illicit discharges can be a
source of bacteria loading to streams and riv&acteria loading from failing OSWD systems
can be transported to streams in a variety of wangduding runoff from surface ponding or
through groundwater. Fecal coliform-contaminatealugdwater discharges to creeks through
springs and seeps.

To estimate the potential magnitude of OSWDs fdiadteria loading, the number of
OSWD systems was estimated for each watershed. e$timate of OSWD systems was
derived by using data from the 1990 U.S. Censususethis data was not available in the
2000 U.S. Census. The estimate was then proraisetion the population data from both the
1990 and 2000 U.S. Census. The density of OSWmDemsgs within each watershed was
estimated by dividing the number of OSWD systemganh census block by the number of
acres in each census block. This density was #pgtied to the number of acres of each
census block within a waterbody watershed. Cemhdosks crossing a watershed boundary
required additional calculation to estimate the bhamof OSWD systems based on the
proportion of the census tracking falling withinckavatershed. This step involved adding all
OSWD systems for each whole or partial census block

Over time, most OSWD systems operating at full capawill fail. OSWD system
failures are proportional to the adequacy of aeeganinimum design criteria (Hall 2002). The
1995 American Housing Survey conducted by the W®nsus Bureau estimates that,
nationwide, 10 percent of occupied homes with OSWiBtems experience malfunctions
during the year (U.S. Census Bureau 1995). A stuaylucted by Reed, Stowe & Yanke, LLC
(2001) reported that approximately 12 percent &f @SWD systems in northeast Texas
(adjacent to the study area) were chronically nmaifioning. Most studies estimate that the
minimum lot size necessary to ensure against can&ion is roughly one-half to one acre
(Hall 2002). Some studies, however, found thasinés in this range or even larger could still
cause contamination of ground or surface watergfsity of Florida 1987). It is estimated
that areas with more than 40 OSWD systems per squdle (6.25 septic systems per
100 acres) can be considered to have potentialagonation problems (Canter and
Knox 1986). Table 3-7 summarizes estimates of smvand unsewered households for each
watershed in the study area.

Table 3-7 Estimates of Sewered and Unsewered Houséds

Waterbody ID Waterbody Name gg\?vl:r S.re;)r::f l\%girs Hfjﬁt'gg % Sewered
OK121400010010_10 | Caney River 3,930 1,587 24 5,541 71%
OK121400010300_00 | Hogshooter Creek 78 294 4 376 21%
OK121400010270_00 | Curl Creek 46 183 3 232 20%
OK121400020190_00 | Mission Creek 2 110 4 116 2%
OK121400020140_00 | Little Caney River 111 100 2 213 52%
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For the purpose of estimating fecal coliform logdin watersheds, an OSWD failure rate
of 12 percent was used. Using this 12 percenurfailrate, calculations were made to
characterize fecal coliform loads in each watershed

Fecal coliform loads were estimated using the Wwithy equation (USEPA 2001):

6
4 cc()]lunts= (i Failing system (10 counts} y ( 70gal person dj y (37852ﬂj
ay -

persondayj (

The average of number of people per household waigslated to be 2.48 for counties in
the Study Area (U.S. Census Bureau 2000). Appratety 70 gallons of wastewater was
estimated to be produced on average per persodayefMetcalf and Eddy 1991). The fecal
coliform concentration in septic tank effluent westimated to be £Qer 100 mL of effluent
based on reported concentrations from a numbeuloiighed reports (Metcalf and Eddy 1991,
Canter and Knox 1985; Cogger and Carlile 1984)in@J¢his information, the estimated load
from failing septic systems within the watershedswummarized below in Table 3-8.

100ml househol gal

Table 3-8 Estimated Fecal Coliform Load from OSWD $stems
Septic # of Failing Est|mate(_:i Loads
Waterbody ID Waterbody Name Acres . from Septic Tanks
Tank |Septic Tanks 9
(x 10° counts/day)
OK121400010010_10 | Caney River 139,599 1,587 190 1,249
OK121400010300_00 | Hogshooter Creek 28,446 294 35 230
0OK121400010270_00 | Curl Creek 30,778 183 22 145
OK121400020190_00 | Mission Creek 26,827 110 13 85
0OK121400020140_00 | Little Caney River 10,296 100 12 79

3.2.4 Domestic Pets

Fecal matter from dogs and cats, which is transdaxt streams by runoff from urban and
suburban areas can be a potential source of badteding. On average 37.2 percent of the
nation’s households own dogs and 32.4 percent aisrand in these households the average
number ofdogs is 1.7 and 2.2 cats per householthef(lsan Veterinary Medical
Association 2007).. Using the U.S. census datheablock level (U.S. Census Bureau 2000),
dog and cat populations can be estimated for eamfershed. Table 3-9 summarizes the
estimated number of dogs and cats for the watesstieithe Study Area.

Table 3-9 Estimated Numbers of Pets
Waterbody ID Waterbody Name Hfjﬁt'gg Dogs Cats
0OK121400010010_10 Caney River 5,541 9,420 12,190
0OK121400010300_00 | Hogshooter Creek 376 639 827
0OK121400010270_00 Curl Creek 232 394 510
0OK121400020190_00 Mission Creek 116 197 255
0OK121400020140_00 | Little Caney River 213 362 469
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Table 3-10 provides an estimate of the feciifam load from pets. These estimates are
based on estimated fecal coliform production rafes.4x1¢ per day for cats and 3.3xX1per

day for dogs (Schuele

r 2000).

Table 3-10  Estimated Fecal Coliform Daily Productio by Pets (x 16)
Waterbody ID Waterbody Name Dogs Cats Total
0OK121400010010_10 | Caney River 31,085 6,583 37,668
0OK121400010300_00 | Hogshooter Creek 2,109 447 2,556
0OK121400010270_00 | Curl Creek 1,302 276 1,577
0OK121400020190_00 Mission Creek 651 138 789
0OK121400020140_00 Little Caney River 1,195 253 1,448

3.3  Summary of Bacteria Sources

NPDES-permitted facilities operate in a few of thatersheds in the Study Area but most
of the point sources are relatively minor and toe most part tend to meet instream water
quality criteria in their effluent. Thus, nonposturces are considered to be the major source
of bacteria loading in each watershed. Table 3tftnmarizes the suspected sources of
bacteria loading in each impaired watershed.

Table 3-11  Estimated Major Source of Bacteria Loathg by Watershed

Waterbody ID Waterbody Name S(IJDSrI(r:];s l\é%r;pr)(c:)g;t Sl\él)ijrcc):re
OK121400010010_10 | Caney River Yes Yes Nonpoint
0OK121400010300_00 | Hogshooter Creek No Yes Nonpoint
0OK121400010270_00 | Curl Creek No Yes Nonpoint
0OK121400020190 00 | Mission Creek No Yes Nonpoint
0OK121400020140_00 | Little Caney River No Yes Nonpoint

Table 3-12 below provides a summary of the estichéteal coliform loads in percentage
for the four major nonpoint source categories (camually raised farm animals, pets, deer and
septic tanks) that are contributing to the elevdiadteria concentrations in each watershed.
Commercially raised farm animals are estimated ¢othe primary contributors of fecal
coliform loading to land surfaces. It must be doteat while no data are available to estimate
populations and fecal loading of wildlife other thdeer, a number of bacteria source tracking
studies demonstrate that wild birds and mammalesemt a major source of the fecal bacteria
found in streams.

The magnitude of loading to a stream may not reflee magnitude of loading to land
surfaces. While no studies quantify these effduasteria may die off or survive at different
rates depending on the manure characteristics awdnéer of other environmental conditions.
Manure handling practices, use of BMPs, and reddtication to streams can also affect stream
loading. Also, the structural properties of somanores, such as cow patties, may limit their
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washoff into streams by runoff. Because litteapplied in a pulverized form, it could be a
larger source during storm runoff events. The $6oeek report showed that poultry litter was
about 71% of the high flow load and cow pats ctmted only about 28% of it (Missouri
Department of Natural Resources, 2003). The ShozdlCreport also showed that poultry litter
was insignificant under low flow conditions up t6% frequency. In contrast, malfunctioning
septic tank effluent may be present in pools onstimace, or in shallow groundwater, which
may enhance its conveyance to streams.

Table 3-12  Summary of Daily Fecal Coliform Load Estates from Nonpoint Sources
to Land Surfaces

Commercially Septic

Waterbody ID Waterbody Name Raised Farm Pets Deer P
; Tanks

Animals

OK121400010010_10 | Caney River 97.92% 1.96% 0.05% 0.07%
OK121400010300_00 | Hogshooter Creek 99.33% 0.56% 0.05% 0.05%
0OK121400010270_00 | Curl Creek 99.63% 0.29% 0.05% 0.03%
OK121400020190_00 | Mission Creek 99.73% 0.24% 0.01% 0.03%
OK121400020140_00 | Little Caney River 98.78% 1.10% 0.06% 0.06%
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SECTION 4
TECHNICAL APPROACH AND METHODS

The objective of a TMDL is to estimate allowablellp@nt loads and to allocate these
loads to the known pollutant sources in the waenisko appropriate control measures can be
implemented and the WQS achieved. A TMDL is exgpedsas the sum of three elements as
described in the following mathematical equation:

TMDL = X WLA + X LA + MOS

The WLA is the portion of the TMDL allocated to sting and future point sources. The
LA is the portion of the TMDL allocated to nonpoisturces, including natural background
sources. The MOS is intended to ensure that WQIEbevmet. Thus, the allowable pollutant
load that can be allocated to point and nonpoinrcas can then be defined as the TMDL
minus the MOS.

40 CFR, 8130.2(1), states that TMDLs can be exptess terms of mass per time,
toxicity, or other appropriate measures. For faxdiform, E. coli, or Enterococci bacteria,
TMDLs are expressed as colony-forming units per, dalgere possible, or as a percent
reduction goal (PRG), and represent the maximumdayeload the stream can assimilate
while still attaining the WQS.

4.1  Determining a Surrogate Target for Turbidity

Turbidity is a commonly measured indicator of thespgended solids load in streams.
However, turbidity is an optical property of wateand measures scattering of light by
suspended solids and colloidal matter. To devel®yDIs, a gravimetric (mass-based)
measure of solids loading is required to expreasldo There is often a strong relationship
between the total suspended solids concentratidriuabidity. Therefore, the TSS load, which
is expressed as mass per time, is used as a sierfogaurbidity and represents the maximum
one-day load the stream can assimilate whileat#lining the WQS.

To determine the relationship between turbidity &b, a linear regression between TSS
and turbidity was developed using data collectethfll998 to 2008 at one station within the
Study Area. Prior to developing the regressionftllewing steps were taken to refine the
dataset:

* Replace TSS samples of “<10” with 9.99;

* Remove data collected under high flow conditionseexling the base-flow criterion.
This means that measurements corresponding to ékxeeedance frequencieslower
than 25" were not used in the regression;

» Check rainfall data on the day samples were catkand on the previous two days for
the samples with high turbidity and/or TSS readintigshere was a significant rainfall
event (greater than 1.0 inch) in any of the thr@gsdthe sample will be excluded from
regression analysis, and

* Log-transform both turbidity and TSS data to miraeneffects of their non-linear data
distributions.

When ordinary least squares regression (OLS) ifeapjp ascertain the best relationship
between two variables (i.e., X and Y), one varigheis considered “dependent” on the other
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variable (X), but X must be considered “indepentlesft the other, and known without
measurement error. OLS minimizes the squaresfigireinces, or residuals, between measured
Y values and Y values predicted based on the Xalsbei

For current purposes, a relationship is necessarprédict TSS concentrations from
measured turbidity values, but also to translaie T$5S-based TMDL back to in-stream
turbidity values. For this purpose, an alternatgession fitting procedure known as the line of
organic correlation (LOC) was applied. The LOC Hage advantages over OLS (Helsel and
Hirsch 2002):

*« LOC minimizes fitted residuals in both the X andliyections;

* It provides a unique best-fit line regardless ofickhparameter is used as the
independent variable; and

* Regression-fitted values have the same varianteeasriginal data.

The LOC minimizes the areas of the right triandtesned by horizontal and vertical lines
drawn from observations to the fitted line. Thepsg of the LOC line equals the geometric
mean of the Y on X (TSS on turbidity) and X on Yirftidity on TSS) OLS slopes, and is
calculated as:

S
ml=~'mUn' =sign[r] A
SX

whereml is the slope of the LOC line is the TSS on turbidity OLS slopey’ is the turbidity
on TSS OLS slope, is the TSS-turbidity correlation coefficiersy,is the standard deviation of
the TSS measurements, anads the standard deviation of the turbidity meameets.

The intercept of the LOMY) is subsequently found by fitting the line wittetLOC slope
through the point (mean turbidity, mean TSS). Therelation between TSS and turbidity,
along with the LOC and the OLS lines are shownigufe 4-1 through Figure 4-5.
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Figure 4-1 Linear Regression for TSS-Turbidity forCaney River
(OK121400010010_10)
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Figure 4-2 Linear Regression for TSS-Turbidity forCurl Creek
(OK121400010270_00)
1000
log(TSS) = 1.0575*log(Turb) - 0.2269
100
=
B
E 10
v
7]
-
1 ¢ Data
LOC
--------- OLS - TSS on Turbidity
01 . | = OLS - Turbidity on TSS
1 10 100 1000
Turbidity (NTU)
4-3 FINAL

September 2010



Caney River Bacteria and Turbidity TMDLs

Technigpproach and Methods

Figure 4-3 Linear Regression for TSS-Turbidity forMission Creek

(OK121400020190_00)
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Figure 4-4 Linear Regression for TSS-Turbidity forLittle Caney River
(OK121400020140_00)
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Figure 4-5 Linear Regression for TSS-Turbidity forRabb Creek
(OK121400010090_00)
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The normalized root mean square error (NRMSE) arstjiare (B) were used as the
primary measure of goodness-of-fit. For exampéeskown in Figure 4-1, the LOC yields a
NRMSE value of 6.0% which means the root mean sjeaor (RMSE) is 6.0% of the average
of the measured TSS values. The R-squafe (&ue, which indicates the fraction of the total
variance in TSS or turbidity observations thatxplained by the LOC. Table 4-1 shows the
statistics of the regressions and TSS targets.

Table 4-1 Regression Statistics and TSS Targets

Waterbody ID Waterbody Name R-square NRMSE I:l:irtk()alr?(lntr); TSS Target
(NTU) (mg/L)
0OK121400010010_10 | Caney River 0.93 6.0% 50 44
0OK121400010270_00 | Curl Creek 0.65 11.4% 50 37
0OK121400020190_00 | Mission Creek 0.77 15.2% 50 38
0OK121400020140_00 | Little Caney River 0.51 11.4% 50 30
0OK121400010090_00 | Rabb Creek 0.78 12.1% 50 36

It was noted that there were a few outliers thartex undue influence on the regression
relationship. These outliers were identified byplgmg the Tukey’'s Boxplot method
(Tukey 1977) to the dataset of the distances frtwserved points to the regression line. The
Tukey Method is based on the interquartile ran@R{l the difference between the"7&nd
25" percentiles of distances between observed poimtstee LOC. Using the Tukey method,
any point with an error greater than thé"f®rcentile + 1.5 times the IQR or smaller than the
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25" percentile - 1.5 times the IQR was identified a®atlier and removed from the regression
dataset. The above regressions were recalculated the dataset with outliers removed.

It is worth to note that the Tukey Method is eqleva to using three times standard
deviation to identify outliers if the residuals gaoved - predicted) follow a normal distribution.
The probability of three times standard deviat®®9.73% while the probability for the Tukey
Method is 99.65%. If we use three times standaxdadion to identify outliers, we have to first
confirm that the residuals are indeed normallyritiated. This is difficult to do because most
of the time we don’t have a large turbidity & TS&aket. The Tukey’s method, however, does
not have the assumption of distribution. Therefdrean be used regardless of the shape of
distribution.

It is also worth to note that outliers were remwvonly from the turbidity-TSS
relationship, not from the dataset used to deviédepl MDL.

4.2  Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool are
effective at identifying whether impairments aresasated with point or nonpoint sources.
The technical approach for using LDCs for TMDL depeent includes the four following
steps that are described in Subsections 4.3 thréugbelow:

* Preparing flow duration curves for gaged and unday&M stations;

» Estimating existing loading in the waterbody usamgbient bacteria water quality data;
and estimating loading in the waterbody using messs0’'SS water quality data and
turbidity-converted data; and

» Using LDCs to identify the critical condition thaill dictate loading reductions and the
overall percent reduction goal (PRG) necessarytamnaWVQsS.

Historically, in developing WLAs for pollutants fmo point sources, it was customary to
designate a critical low flow conditior.g.,7Q2) at which the maximum permissible loading
was calculated. As water quality management effertpanded in scope to quantitatively
address nonpoint sources of pollution and typegatifitants, it became clear that this single
critical low flow condition was inadequate to ers@dequate water quality across a range of
flow conditions. Use of the LDC obviates the neéedletermine a design storm or selected
flow recurrence interval with which to characteritliee appropriate flow level for the
assessment of critical conditions. For waterbodimepacted by both point and nonpoint
sources, the “nonpoint source critical conditiorduM typically occur during high flows, when
rainfall runoff would contribute the bulk of the lpgant load, while the “point source critical
condition” would typically occur during low flowswhen point source discharges would
dominate the base flow of the impaired water. weler, flow range is only a general
indicator of the relative proportion of point/nompiocontributions. It is not used in this report
to quantify point source or nonpoint source comnititms. Violations that occur during low
flows may not be caused exclusively by point sosirc¥iolations have been noted in some
watersheds that contain no point sources. Reséasishown that bacteria loading in streams
during low flow conditions may be due to direct dsp of cattle manure into streams and
faulty septic tank/lateral field systems.
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LDCs display the maximum allowable load over thenptete range of flow conditions by
a line using the calculation of flow multiplied bye water quality criterion. The TMDL can be
expressed as a continuous function of flow, equé#hé¢ line, or as a discrete value derived from
a specific flow condition.

4.3  Development of Flow Duration Curves

Flow duration curves serve as the foundation of ER@d are graphical representations of
the flow characteristics of a stream at a givee. sielow duration curves utilize the historical
hydrologic record from stream gages to forecasirutecurrence frequencies. Many streams
throughout Oklahoma do not have long term flow datd therefore, flow frequencies must be
estimated. The most basic method to estimate fiives1 ungaged site involves 1) identifying
an upstream or downstream flow gage; 2) calculatimgg contributing drainage areas of the
ungaged sites and the flow gage; and 3) calculal#ily flows at the ungaged site by using the
flow at the gaged site multiplied by the drainageaaratio. The more complex approach used
here in this TMDL report, also considers watershdterences in rainfall, land use, and the
hydrologic properties of soil that govern runoffdaretention. More than one upstream flow
gage may also be considered. A more detailed eapta of the methods for estimating flow
at ungaged streams is provided in Appendix C.

Flow duration curves are a type of cumulative thstion function. The flow duration
curve represents the fraction of flow observatitingt exceed a given flow at the site of
interest. The observed flow values are first rank®m highest to lowest then, for each
observation, the percentage of observations exaegdtat flow is calculated. The flow value
is read from the ordinate (y-axis), which is typig@n a logarithmic scale since the high flows
would otherwise overwhelm the low flows. The flexceedance frequency is read from the
abscissa, which is numbered from 0 to 100 per@mt,may or may not be logarithmic. Flow
exceedance frequency can be defined as “percemefa given flow was equaled or exceeded
based on daily flow values. The lowest measurew fiacurs at an exceedance frequency of
100 percent, indicating that flow has equaled areexled this value 100 percent of the time,
while the highest measured flow is found at an edaeace frequency of 0 percent. The median
flow occurs at a flow exceedance frequency of 5@gme. The flow exceedance frequencies
for each stream segment addressed in this regopravided in Appendix C.

While the number of observations required to dqvedo flow duration curve is not
rigorously specified, a flow duration curve is ufpabased on more than 1 year of
observations, and encompasses inter-annual andnstasriation. Ideally, the drought of
record and flood of record are included in the ole#ons. For this purpose, the long-term
flow gaging stations operated by the USGS arezetili(2009).

A typical semi-log flow duration curve exhibits @moidal shape, bending upward near a
flow exceedance frequency value of O percent awvdhdard at a frequency near 100 percent,
often with a relatively constant slope in betwe&ior sites that on occasion exhibit no flow, the
curve will intersect the abscissa at a frequensg lthan 100 percent. As the number of
observations at a site increases, the line of Ib€ ttends to appear smoother. However, at
extreme low and high flow values, flow durationwes may exhibit a “stair step” effect due to
the USGS flow data rounding conventions near tiégiof quantitation.
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Figures 4-6 through 4-11 are flow duration curvaseach impaired waterbody developed
for both bacteria and turbidity. The flow durationrve for Caney River was based on
measured flows at USGS gage station 07175500 (CRneyr at Ramona, OK). The flow
period used for this station was 1945 through 2009.

No flow gages exist on Hogshooter Creek, Curl Crééiksion Creek, Little Caney River and
Rabb Creek. The flow duration curves for theseasirs were estimated using the watershed
area ratio method based on measured flows at US@8& station 07191000(Big Cabin Creek
at Big Cabin, OK) because estimated flow from CaRaser at Ramona was not realistic of the
above mentioned streams. The flow period usethfsrstation was 1947 through 2009.

Figure 4-6 Flow Duration Curve for Caney River
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Figure 4-7 Flow Duration Curve for Hogshooter Ceek
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Figure 4-8 Flow Duration Curve for Curl Creek
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Figure 4-9 Flow Duration Curve for Mission Creek
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Figure 4-10 Flow Duration Curve for Little CaneyRiver
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Figure 4-11 Flow Duration Curve for Rabb Creek
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The USGS National Water Information System serveshe primary source of flow
measurements for the application. All availabldydaverage flow values for all gages in
Oklahoma, as well as the nearest upstream and d®@ans gages in adjacent states, were
retrieved for use in the application. The appiaratincludes a data update module that
automatically downloads the most recent USGS dath appends it to the existing flow
database.

Some instantaneous flow measurements were avaftaltevarious agencies. These were
not combined with the daily average flows or usedalculating flow percentiles, but were
matched to bacteria/turbidity grab measurementieaeld at the same site and time. When
available, these instantaneous flow measurements wged in lieu of the daily average flow to
calculate instantaneous bacteria loads.

4.4  Estimating Current Point and Nonpoint Loading f or Bacteria

Another key step in the use of LDCs for TMDL deyettent is the estimation of existing
bacteria loading from point and nonpoint sources tie display of this loading in relation to
the TMDL. In Oklahoma, WWTPs that discharge trdatanitary wastewater must meet the
state WQSs for fecal bacteria at the point of disgh. However, for TMDL analysis it is
necessary to understand the relative contributiod/@/TPs to the overall pollutant loading
and its general compliance with required effluenmits. The monthly bacteria load for
continuous point source dischargers is estimateahidyiplying the monthly average flow rates
by the monthly geometric mean using a conversiatofa. The 9% percentile value of the
monthly loads was used to express the estimatesirgxipoint source load in counts/day. The
current pollutant loading from each permitted pa@ource discharge is calculated using the
equation below.

Point Source Loading = monthly average flow ratesndd) * geometric mean of
corresponding fecal coliform concentration * unitanversion factor
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Where: unit conversion factor = 37,854,120 100-million gallons

It is difficult to estimate current nonpoint loadiue to lack of specific water quality and
flow information that would assist in estimatinggttelative proportion of non-specific sources
within the watershed. Therefore, existing instrdaats were used as a conservative surrogate
for nonpoint loading. Existing instream loads wer@culated as the $Opercentile of
measured bacteria concentrations multiplied byltve rate under various flow conditions

4.5 Development of TMDLs Using Load Duration Curves

The final step in the TMDL calculation process iwas a group of additional
computations derived from the preparation of LDCBEhese computations are necessary to
derive a PRG (which is one method of presenting hmwh pollutant loads must be reduced to
meet WQSs in the impaired watershed).

Step 1: Generate LDCs. LDCs are similar in appearance to flow durationvesrt
however, for bacteria the ordinate is expressenms of a bacteria load in cfu/day, and for
TSS the ordinate is expressed in terms of a lodbsfday. The curve represents the single
sample water quality criterion for fecal colifordd0Q cfu/100 mL)E. coli (406 cfu/100 mL),
or Enterococci (108 cfu/100 mL) expressed in teohs load through multiplication by the
continuum of flows historically observed at theesitFor turbidity, the curve represents the
water quality target for TSS from Table 4-1 expees#n terms of a load obtained through
multiplication of the TSS target by the continuudnflows historically observed at the site.
The basic steps to generating an LDC involve:

» obtaining daily flow data for the site of interésim the USGS;

» sorting the flow data and calculating flow exceemafrequencies for the time period
and season of interest;

» obtaining the water quality data from the primapniact recreation season (May 1
through September 30); or obtaining available tlithiand TSS water quality data;

* matching the water quality observations with tlesvfldata from the same date;

» displaying a curve on a plot that represents tHewable load determined by
multiplying the actual or estimated flow by the WQ@S each respective bacteria
indicator; or displaying a curve on a plot thatresgents the allowable load determined
by multiplying the actual or estimated flow by WM& agetfor TSS;

» converting measured concentration values to logdsdtiplying the flow at the time
the sample was collected by the water quality patamconcentration (for sampling
events with both TSS and turbidity data, the mesabUrSS value is used; if only
turbidity was measured, the value was convertedS8 using the regression equation
in Figure 4-1 through Figure 4-3); or multiplyinget flow by the bacteria indicator
concentration to calculate daily loads; then

» plotting the flow exceedance frequencies and dadyg observations in a load duration
plot (See Section 5).

For bacteria TMDLs the culmination of these stepexpressed in the following formula,
which is displayed on the LDC as the TMDL curve:

TMDL (cfu/day) = WQS * flow (cfs) * unit conversiofiactor
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Where: WQS = 400 cfu /100 mL (Fecal coliform); 128u/100 mL (E. coli); or 33 cfu/100
mL (Enterococci)

unit conversion factor = 24,465,525 mL*s / ft3*day

For turbidity (TSS) TMDLs the culmination of theseeps is expressed in the following
formula, which is displayed on the LDC as the TM@lrve:

TMDL (Ib/day) = WQuget * flow (cfs) * unit conversion factor

where: WQ,4e: = Waterbody specific TSS concentration derivednfroegression analysis
results presented in Table 4-1

unit conversion factor = 5.39377 L*s*Ib /(ftday*mg)

The flow exceedance frequency (x-value of each tposobtained by looking up the
historical exceedance frequency of the measurextomated flow, in other words, the percent
of historical observations that equal or exceed rtteasured or estimated flow. Historical
observations of bacteria, TSS and/or turbidity emiations are paired with flow data and are
plotted as separate LDCs. The fecal coliform Igadthe y-value of each point) is calculated
by multiplying the fecal coliform concentration {(onies/100 mL) by the instantaneous flow
(cubic feet per second) at the same site and tith, appropriate volumetric and time unit
conversions. Fecal coliforiia/ colVEnterococci loads representing exceedance of watity
criteria fall above the water quality criteriondin Likewise, the TSS load (or the y-value of
each point) is calculated by multiplying the TSSi@entration (measured or converted from
turbidity) (mg/L) by the instantaneous flow (cfg)the same site and time, with appropriate
volumetric and time unit conversions. TSS loadwrasenting exceedance of water quality
criteria fall above the TMDL line. Regarding ba@edata, it is noted that only those flows and
water quality samples observed in the months caimgyithe primary contact recreation season
are used to generate the LDCs. It is inapproprtatecompare single sample bacteria
observations and instantaneous or daily flow dongtito a 30-day geometric mean water
quality criterion in the LDC.

As noted earlier, runoff has a strong influencdaading of nonpoint pollution. Yet flows
do not always correspond directly to runoff; higgwfs may occur in dry weather and runoff
influence may be observed with low or moderate fow

Step 2: Define MOS. The MOS may be defined explicitly or implicitlyA typical
explicit approach would reserve some specific foactof the TMDL as the MOS. In an
implicit approach, conservative assumptions usedeweloping the TMDL are relied upon to
provide an MOS to assure that WQSs are attainext. bkcteria TMDLs in this report, an
explicit MOS of 10 percent was selected. The 10%Svihas been used in other approved
bacteria TMDLs. For turbidity (TSS) TMDLs an exqtiMOS is derived from the NRMSE
established by the turbidity/TSS regression analggsinducted for each waterbody. This
approach for setting an explicit MOS has been usether approved turbidity TMDLSs.

Step 3. Calculate WLA. As previously stated, the pollutant load allogatfor point
sources is defined by the WLA. For bacteria TMRLgoint source can be either a wastewater
(continuous) or stormwater (MS4) discharge. Stoatewpoint sources are typically associated
with urban and industrialized areas, and recent RfSguidance includes NPDES-permitted
stormwater discharges as point source dischargkéslarefore, part of the WLA. For TMDL
development purposes when addressing turbidity $86,Ta WLA will be established for
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wastewater (continuous) discharges in impaired nshegls that do not have a BOD or CBOD
permit limit but do have a TSS limit. These poinuce discharges of inorganic suspended
solids will be assigned a TSS WLA as part of tuitpidfMDLs to ensure WQS can be
maintained. As discussed in Section 3.1 a WLATBE is not necessary for MS4s.

The LDC approach recognizes that the assimilatagacity of a waterbody depends on the
flow, and that maximum allowable loading will vawith flow condition. TMDLs can be
expressed in terms of maximum allowable concewinati or as different maximum loads
allowable under different flow conditions, rathdrah single maximum load values. For
bacteria TMDLs a concentration-based approach ntheetsequirements of 40 CFR, 130.2(i)
for expressing TMDLs “in terms of mass per timesi¢dy, or other appropriate measures” and
is consistent with USEPA'’s Protocol for DevelopiRgthogen TMDLs (USEPA 2001). For
turbidity (TSS) TMDLs a load-based approach alsetséhe requirements of 40 CFR, 130.2(i)
for expressing TMDLs “in terms of mass per timeqitdy, or other appropriate measures.”

WLA for WWTP. WLAs may be set to zero in cases of watershetls na existing or
planned continuous permitted point sources. Faemheds with permitted point sources,
NPDES permit limits are used to derive WLAs. Tlerpitted flow rate used for each point
source discharge and the water quality concentrat&fined in a permit are used to estimate
the WLA for each wastewater facility. In cases veha permitted flow rate is not available for
a WWTP, then the maximum monthly average flow m@aeved from DMRs can be used.
WLA values for each NPDES wastewater dischargertla@a summed to represent the total
WLA for a given watershed. Using this informatitmacteria and TSS WLAs can be calculated
using a mass balance approach as shown in thei@mgaelow. Since there are no permitted
inorganic TSS dischargers in the study area, Wlokdtese watersheds are zero.

WLA for bacteria:
WLA = WQS * flow * unit conversion factor (#/day)

Where:
WQS = 200 cfu /200 mL (Fecal coliform); 126 cfu/1@3L (E. coli); or 33 cfu/100
mL (Enterococci)

flow (10° gal/day) = permitted flow
unit conversion factor = 37,854,120-§ghllday
WLA for TSS:

WLA = WQaget * flow * unit conversion factor (Ib/day)
Where:

WQarget IS provided in Table 4-1,;

flow (10° gal/day) = permitted flow

unit conversion factor = 8.3445 L*Ib/(gal*mQ)

WLA for Permitted Stormwater (MS4s). For bacteria TMDLSs no specific portion of the
WLA has been allocated for MS4s because there ar®84 jurisdictions fall within the
watersheds requiring TMDLs. In addition, the LD@s not display a specific percentage of
the bacteria load assigned to MS4s. For turbi@¥DLs, WLAs for permitted stormwater
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such as MS4s, construction, and multi-sector géneanits are not calculated since these
discharges occur under high flow conditions whentthbidity criteria do not apply.

Step 4: Calculate LA. Given the lack of data and the variability ofrstoevents, it is
difficult to quantify discharges that accuratelypmesent projected loadings from nonpoint
sources. However, LAs can be calculated underrdifteflow conditions as the water quality
target load minus the WLA. The LA is representgdhe area under the LDC but above the
WLA. The LA at any particular flow exceedance adctilated as shown in the equation below.

LA=TMDL — MOS - YWLA

Step 5: Estimate WLA Load Reduction. The WLA load reduction for bacteria was not
calculated as it was assumed that continuous digetsa (NPDES-permitted WWTPS) are
adequately regulated under existing permits toeaghwater quality standards at the end-of-
pipe and, therefore, no WLA reduction would be regpl If there are no MS4s located within
the Study Area requiring a TMDL then there is nededo establish a PRG for permitted
stormwater.

The WLA load reduction for TSS for dischargers with BOD/CBOD limits can be
determined as follows:

* If permitted TSS limit is less than TSS target hoe receiving stream, there will be no
reductions;

* If permitted TSS limit is greater than TSS targat the receiving stream, the permit
limit will be set at the TSS target.

Step 6: Estimate LA Load Reduction. After existing loading estimates are computed for
each bacterial indicator, nonpoint load reductistineates for each WQM station are calculated
by using the difference between estimated exidtading and the allowable load expressed by
the LDC (TMDL-MOS). This difference is expressesl tae overall PRG for the impaired
waterbody. For fecal coliform the PRG which ensutigat no more than 25 percent of the
samples exceed the TMDL based on the instantangttesia allocates the loads in manner
that is also protective of the geometric mean Goke ForE. coli and Enterococci, because
WQSs are considered to be met if 1) either the g&eenmean of all data is less than the
geometric mean criteria, or 2) no sample exceeedn$tantaneous criteria, the TMDL PRG
will be the lesser of that required to meet thengetic mean or instantaneous criteria. For
turbidity, the PRG is the load reduction that emasuthat no more than 10 percent of the
samples under flow-base conditions exceed the TMDL.
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SECTION 5
TMDL CALCULATIONS

5.1 Estimated Loading and Critical Conditions

USEPA regulations at 40 CFR 130.7(c) (1) requireDIld to take into account critical
conditions for stream flow, loading, and all appbte water quality standards. To accomplish
this, available instream WQM data were evaluateth wéspect to flows and magnitude of
water quality criteria exceedance using LDCs.

Bacteria LDC: To calculate the bacteria load, the flow rate atheflow exceedance
percentile is multiplied by a unit conversion fac{d4,465,525 mLs /¥day) and the criterion
specific to each bacterial indicator. This caltiola produces the maximum bacteria load in
the stream without exceeding the instantaneousiatdnover the range of flow conditions.
The allowable bacteria (fecal coliforrg, coli, or Enterococci) loads at the WQS establish the
TMDL and are plotted versus flow exceedance petleeas a LDC. The x-axis indicates the
flow exceedance percentile, while the y-axis isregped in terms of a bacteria load.

To estimate existing loading, bacteria observatiorsthe primary contact recreation
season (May®ithrough September $pfrom 1999 to 2008 are paired with the flows meadu
or estimated in that waterbody on the same datellutBnt loads are then calculated by
multiplying the measured bacteria concentratiothgyflow rate and the unit conversion factor
of 24,465,756 mLs /¥day. The associated flow exceedance percentile is thatched with
the measured flow from the tables provided in Apjpel®. The observed bacteria loads are
then added to the LDC plot as points. These poegeesent individual ambient water quality
samples of bacteria. Points above the LDC inditla¢ebacteria instantaneous standard was
exceeded at the time of sampling. Conversely,tpainder the LDC indicate the sample met
the WQS.

The bacteria LDCs developed for each impaired Wwatdy (representing the primary
contact recreation season from 1999 through 2008Y¥@ each bacteria indicator are shown in
Figures 5-1 through 5-8.

The LDC for Caney River, segment OK12140001001QFlgure 5-1) shows Enterococci
bacteria measurements at WQM station OK12140002001AT. The LDC indicates that
Enterococci levels exceed the instantaneous watdity criteria under both high and low flow
conditions. This indicates that nonpoint sources amajor cause of impairment and point
source discharge may also contribute to the impaitmrhe exceedance under low flow may
be caused by point sources, but also could be dahbgefailing onsite systems, or direct
deposition of animal manure.

The LDCs for Hogshooter Creek, segment OK12140000030 (Figure 5-2 through 5-4)
shows measurements for each bacteria indicator @uMVgtation OK121400-01-0300D. The
LDCs indicate that bacteria levels exceed the imateeous water quality criteria under various
flow conditions, indicating a combination nonpaoamd point sources as causes for impairment.
However, since there is no point source in the mghed, non-point sources are left to be the
cause of the impairment.
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The LDC for Curl Creek, segment OK12140@y® 00 (Figure 5-5) shows Enterococci
bacteria measurements at WQM stations OK1214003000D and OK121400-01-0300J. The
LDC indicates that Enterococci levels exceed thstaimaneous water quality criteria under
both high and low flow conditions. This indicatést nonpoint sources are a major cause of
impairment and point source discharge may alsoritané to the impairment. The exceedance
under low flow may be caused by point sources,aisth could be caused by failing onsite
systems, or direct deposition of animal manure. él@w, since there is no point source in the
watershed, non-point sources are left to be theecatithe impairment.

The LDCs for Mission Creek, segment OK1210@W190 00 (Figure 5-6 through 5-7)
shows E. coli and Enterococci bacteria measurensif$QM stations OK121400-01-0270C
and OK121400-01-0270G. The LDC indicates that Emieci levels exceed the instantaneous
water quality criteria under both high and low flmenditions. This indicates that nonpoint
sources are a major cause of impairment and points discharge may also contribute to the
impairment. The exceedance under low flow may hsed by point sources, but also could be
caused by failing onsite systems, or direct dewsitf animal manure.

The LDC for Little Caney River, segment OK121400020 00 (Figure 5-8) shows
Enterococci bacteria measurements at WQM statioksl20400-02-0140H. The LDC
indicates that Enterococci levels exceed the inateous water quality criteria under both high
and low flow conditions. This indicates that nongaources are a major cause of impairment
and point source discharge may also contributééarhpairment. The exceedance under low
flow may be caused by point sources, but also cbeld¢daused by failing onsite systems, or
direct deposition of animal manure.

Figure 5-1 Load Duration Curve for Enterococci h Caney River
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Figure 5-2 Load Duration Curve for E. Coli in Hogshooter Creek

E. Coli Dialy Load ( 10° cfu/day)

E. Coli -OK121400010300_00

1.0E+05
Load at WQ Target
1.0E+04 & ECdata - Primary Recreation -
1.0E+03
1.0E+02 \\’
\
1.0E+01 —
. \
L 2
1.0E+00 —~—
L 2
1.0E-01
0 20 40 60 80

Flow Exceedance Percentile

100

Figure 5-3 Load Duration Curve for Enterococci n Hogshooter Creek
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Figure 5-4 Load Duration Curve for fecal Coliform in Hogshooter Creek
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Figure 5-5 Load Duration Curve for Enter@occi in Curl Creek
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Figure 5-6 Load Duration Curve for E. Coli in Mission Creek
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Figure 5-7 Load Duration Curve for Enterococci n Mission Creek
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Figure 5-8 Load Duration Curve for Enterococci n Little Caney River
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TSS LDC: To calculate the TSS load at the Wg& the flow rate at each flow
exceedance percentile is multiplied by a unit cesiea factor 5.39377 L*s*lb /ff/day/mg
and the TSS goal (TSS target minus margin of spfetyeach waterbody. This calculation
produces the maximum TSS load in the waterbodywiihtesult in attainment of the 50 NTU
target for turbidity. The allowable TSS loadsla tWQS establish the TMDL and are plotted
versus flow exceedance percentile as a LDC. Tlix-indicates the flow exceedance
percentile, while the y-axis is expressed in teofns TSS load in pounds per day.

To estimate existing loading, TSS and turbidityesiations from 1999 to 2008 are paired
with the flows measured on the same date or peygeictr the waterbody. For sampling events
with both TSS and turbidity data, the measured Valsie is used; if only turbidity was
measured, the value was converted to TSS usingegression equation in Figure 4-1 through
Figure 4-5. Pollutant loads are then calculatedritiplying the TSS concentration by the
flow rate and the unit conversion factor. The asded flow exceedance percentile is then
matched with the flow from the tables provided ipp&ndix C. The observed TSS or
converted turbidity loads are then added to the Uid@ as points. These points represent
individual ambient water quality samples of TSSoin®s above the LDC indicate the TSS
target was exceeded at the time of sampling. Gsele points under the LDC indicate the
sample did not exceed the TSS target.

Figures 5-9 through Figure 5-13 show the TSS LD€@sgetbped for Caney River, Curl
Creek, Mission Creek, Little Caney River and RalbeR. Data in the figures indicate that for
most waterbodies, TSS levels exceed the water tyutrget during all flow conditions,
indicating water quality impairments due to nonpanources or a combination of point and
nonpoint sources. It is noted that the LDC plotdude data under all flow conditions to show
the overall condition of the waterbody. Howevée turbidity standard only applies for base-
flow conditions. Thus, when interpreting the LD&derive TMDLs for TSS, only the portion
of the graph corresponding to flows above th8 #&w exceedance percentile should be used.
WLAs for point sources discharges (continuous)nmirganic TSS are shown on a LDC as a
horizontal line which represents the sum of all VéLfar TSS in a given watershed.
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Figure 5-9 Load Duration Curve for Total Suspenéd Solids in Caney River
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Figure 5-10 Load Duration Curve for Total Suspeded Solids in Curl Creek
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Figure 5-11 Load Duration Curve for Total Suspendd Solids in Mission Creek

0K121400020190_00

1000000.0 +

Allowable Load (TMDL -
MOS)

100000.0 - B Measured

10000.0 -~

1000.0 -

TSS (lbs/day)

100.0 A

10.0 -

1-0 T T T T 1
0 20 40 60 80 100

Flow Exceedance (%)

Figure 5-12 Load Duration Curve for Total Suspendd Solids in Little Caney River
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Figure 5-13 Load Duration Curve for Total Suspendd Solids in Rabb Creek
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Establishing Percent Reduction GoalsThe LDC approach recognizes that the assimilative
capacity of a waterbody depends on the flow, aatl tiaximum allowable loading varies with
flow condition. Existing loading and load reductsorequired to meet the TMDL water quality
target can also be calculated under different fbmnditions. The difference between existing
loading and the water quality target is used tacudate the loading reductions required.
Percent reduction goals are calculated throughesative process of taking a series of percent
reduction values applying each value uniformly lestw the concentrations of samples and
verifying that no more than a fixed percent of g@nples exceed the water quality target
concentration. PRG are calculated for each watdrsimel bacterial indicator species as the
reductions in load required so no instantaneougma@tality observations would exceed the
water quality target foE. coli and Enterococci and no more than 25 percent ok#meples
exceed the water quality target for fecal coliforriihis is because for the PBCR use to be
supported, criteria for each bacterial indicatorsmbe met in each impaired waterbody.
Table 5-1 presents the percent reductions necefwmagach bacterial indicator in each of the
impaired waterbodies in the Study Area. The PRIBge from 40 to 99.9 percent.
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Table 5-1 TMDL Percent Reductions Required to MeeWater Quality Standards
for Indicator Bacteria

Required Reduction Rate
Waterbody ID Waterbody Name 7 29 ENT
Instant- Instant- Geo- Instant- Geo-
aneous aneous mean aneous mean
0OK121400010010_10 |Caney River 99.9% | 57%
0OK121400010300_00 |Hogshooter Creek 40% 81% 51% 95% 88%
0OK121400010270_00 |Curl Creek 99% 88%
0OK121400020190_00 |Mission Creek 82% 19% 95% 7%
0OK121400020140 00 |Little Caney River 82% 68%

Similarly, percent reduction goals for TSS are ghted as the required overall reduction
so that no more than 10 percent of the samplesedxttee water quality target for TSS. The
PRGs for the fourteen waterbodies included in TMDL report are summarized in Table 5-2
and range from 31 to 76 percent.

Table 5-2 TMDL Percent Reductions Required to MeeWater Quality Targets for
Total Suspended Solids

Required
Waterbody ID Waterbody Name Reduc?ion Rate
0OK121400010010_10 |Caney River 76%
0OK121400010270_00 |Curl Creek 36%
0OK121400020190_00 |Mission Creek 31%
0OK121400020140_00 |Little Caney River 69%
0OK121400010090 00 |Rabb Creek 36%

5.2 Wasteload Allocation

5.2.1 Indicator Bacteria

For bacteria TMDLs, NPDES-permitted facilities aetlocated a daily wasteload
calculated as their permitted flow rate multipliegdthe instream geometric mean water quality
criterion. In other words, the facilities are reqd to meet instream criteria in their discharge.
Table 5-3 summarizes the WLA for the NPDES-perrdittacilities within the Caney River
Study Area. The WLA for each facility is deriveiin the following equation:

WLA = WQS * flow * unit conversion factor (#/day)

Where:

WQS = 33, 200, and 126 cfu/100 mL for Enterocodeizal coliform, and E. coli respectively
flow (10° gal/day) = permitted flow

unit conversion factor = 37,854,120-§ghllday

When multiple NPDES facilities occur within a watleed, individual WLAs are summed
and the total WLA for continuous point sourcesnsluded in the TMDL calculation for the
corresponding waterbody. When there are no NPDE®TWs discharging into the
contributing watershed of a WQM station, then theAA's zero. Compliance with the WLA
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will be achieved by adhering to the fecal colifotirmits and disinfection requirements of
NPDES permits. Table 5-3 indicates which point seutischargers within Oklahoma currently
have a disinfection requirement in their permit.rt@e facilities that utilize lagoons for
treatment have not been required to provide distitfie since storage time and exposure to
ultraviolet radiation from sunlight should reducacteria levels. In the future, all point source
dischargers which are assigned a wasteload albwchtit do not currently have a bacteria limit
in their permit will receive a permit limit conssstt with the wasteload allocation as their
permits are reissued. Regardless of the magnitfideeoWLA calculated in these TMDLs,
future new discharges of bacteria or increasedebactoad from existing discharges will be
considered consistent with the TMDL provided thia¢ tNPDES permit requires instream
criteria to be met.

Table 5-3 Wasteload Allocations for NPDES-Permitgd Facilities

Wasteload Allocation
Waterbody ID NIFIBI=S Name DI D (cfu/day)
Permit No. Flow (mgd) | infection )
FC ENT E Coli
OK0028339 c Ri 0.06 No 1.62E+08
aney River
OK121400010010_10 OKO0034517 Y 0.07 No 1.62E+08

Permitted stormwater discharges are considered pources; however, there are no areas
designated as MS4s within this Study Area, so thé\\dr MS4 is zero.

5.2.2 Total Suspended Solids
The WLA for the Study Area is zero.

No wasteload allocations are needed for stormwdisarhargers in the Study Area. By
definition, any stormwater discharge occurs durpegyiods of rainfall and elevated flow
conditions. Oklahoma’s Water Quality Standards gpdbat the criteria for turbidity “apply
only to seasonal base flow conditions” and go orsdg “Elevated turbidity levels may be
expected during, and for several days after, affuenment” [OAC 785:45-5-12(f)(7)]. To
accommodate the potential for future growth in thastersheds with no WLA for TSS, 1% of
TSS loading is reserved as part of the WLA.

5.2.3 Section 404 Permits

No TSS wasteload allocations were set aside folid®e404 permits. The state will use its
Section 401 certification authority to ensure Settd04 permits protect Oklahoma water
guality standards and comply with TSS TMDLs in theport. Section 404 permits will be
conditioned to meet one of the following two cormatis to be certified by the state:

* Include TSS limits in the permit and establish anit@ring requirement to ensure
compliance with turbidity standard and TSS TMDLs.

* Submit to the ODEQ a BMP turbidity reduction plarhigh should include all
practicable turbidity control techniques. The tdity reduction plan must be approved
first before a Section 404 permit can be issued.
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53 Load Allocation

As discussed in Section 3, nonpoint source bacteading to each waterbody emanate
from a number of different sources. The data amslynd the LDCs demonstrate that
exceedances at the WQM stations are the resultvafiaty of nonpoint source loading. The
LAs for each waterbody are calculated as the diffee between the TMDL, MOS, and WLA,
as follows:

LA = TMDL — WLA_WWTP — WLA_growth - MOS

5.4  Seasonal Variability

Federal regulations (40 CFR 8130.7(c)(1)) requhat tTMDLs account for seasonal
variation in watershed conditions and pollutantdiog. The bacteria TMDLs established in
this report adhere to the seasonal applicatioh@fdklahoma WQS which limits the PBCR use
to the period of May*ithrough September 80Similarly, the TSS TMDLs established in this
report adhere to the seasonal application of thHat@kna WQS for turbidity, which applies to
seasonal base flow conditions only. Seasonaltuamiavas also accounted for in these TMDLSs
by using more than 5 years of water quality dathlanusing the longest period of USGS flow
records when estimating flows to develop flow exize®e percentiles.

5.5  Margin of Safety

Federal regulations (40 CFR 8130.7(c)(1)) requivat fTMDLs include an MOS. The
MOS is a conservative measure incorporated intdMBL equation that accounts for the lack
of knowledge associated with calculating the allbl@gpollutant loading to ensure WQSs are
attained. USEPA guidance allows for use of implazi explicit expressions of the MOS, or
both. When conservative assumptions are usedviel@ment of the TMDL, or conservative
factors are used in the calculations, the MOS igliot. When a specific percentage of the
TMDL is set aside to account for the lack of knadge, then the MOS is considered explicit.

For bacteria TMDLs, an explicit MOS of 10 percerdsaselected. The 10 percent MOS
was applied by setting the water quality targetsctdculating reduction goals at the 90% of the
water quality criteria for each pathogen. Therefdhe water quality targets for load reduction
goals are 360 cfu/100 mL, 365.4 cfu/100 mL, an@AD0 mL for fecal coliformE. coli, and
Enterococcirespectively.

For turbidity, the TMDLs are calculated for TSStaed of turbidity. Thus, the quality of
the regression has a direct impact on confidencth@fTMDL calculations. The better the
regression is, the more confidence there is inTiREDL targets. As a result, it leads to a
smaller margin of safety. The selection of MO®ased on the NRMSE for each waterbody.
The explicit MOS ranges from 10 percent to 25 petrcelable 5-4 shows the MOS for each
waterbody.

Table 5-4 Explicit Margin of Safety for Total Supended Solids TMDLs

Waterbody ID Waterbody Name NRMSE Margin of Safety
OK121400010010_10 Caney River 6.0% 10%
0OK121400010270_00 Curl Creek 11.4% 15%
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Waterbody ID Waterbody Name NRMSE Margin of Safety
0OK121400020190_00 Mission Creek 15.2% 15%
OK121400020140_00 Little Caney River 11.4% 15%
0OK121400010090_00 Rabb Creek 12.1% 15%

The explicit MOS is applied by reducing the watarlify target of TSS by the percentage of
the MOS. For example, the water quality targeT 86 for Caney River is 44 mg/L and the
MOS is 10%. The resulting water quality targetl e 39.6 mg/L (44 (1 - 0.1) = 39.6). This
target will be used to calculate the reduction fatel' SS.

5.6 TMDL Calculations

The TMDLs for the 303(d)-listed waterbodies covenedhis report were derived using
LDCs. A TMDL is expressed as the sum of all WLA®I(t source loads), LAs (nonpoint
source loads), and an appropriate MOS, which attetgpaccount for the lack of knowledge
concerning the relationship between effluent litnitas and water quality.

This definition can be expressed by the followiggation:
TMDL = XY WLA +X LA + MOS

The TMDL represents a continuum of desired loadr @leflow conditions, rather than
fixed at a single value, because loading capadties as a function of the flow present in the
stream. The higher the flow is, the more wastelimdstream can handle without violating
water quality standards. Regardless of the magmiti the WLA calculated in these TMDLS,
future new discharges or increased load from exjstiischarges will be considered consistent
with the TMDL provided the NPDES permit requirestineam criteria to be met.

The TMDL, WLA, LA, and MOS will vary with flow condion, and are calculated at
every %' flow interval percentile. Tables 5-5 through 5-&§@mmarize the allocations for
indicator bacteria and Tables 5-13 to 5-17 preentllocations for total suspended solids.
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TMDL Ca#tions

Table 5-5 Enterococci TMDL Calculations for CaneyRiver (OK121400010010_10)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 71700 1.89E+14 1.62E+08 1.71E+14 1.89E+13
6266 1.66E+13 1.62E+08 1.49E+13 1.66E+12
10 4330 1.14E+13 1.62E+08 1.03E+13 1.14E+12
15 2950 7.79E+12 1.62E+08 7.02E+12 7.79E+11
20 1890 4.99E+12 1.62E+08 4.49E+12 4.99E+11
25 1160 3.07E+12 1.62E+08 2.76E+12 3.07E+11
30 718 1.90E+12 1.62E+08 1.71E+12 1.90E+11
35 471 1.24E+12 1.62E+08 1.12E+12 1.24E+11
40 318 8.40E+11 1.62E+08 7.56E+11 8.40E+10
45 214 5.65E+11 1.62E+08 5.09E+11 5.65E+10
50 147 3.88E+11 1.62E+08 3.49E+11 3.88E+10
95 108 2.85E+11 1.62E+08 2.57E+11 2.85E+10
60 81 2.14E+11 1.62E+08 1.92E+11 2.14E+10
65 62 1.64E+11 1.62E+08 1.47E+11 1.64E+10
70 50 1.32E+11 1.62E+08 1.19E+11 1.32E+10
75 41 1.08E+11 1.62E+08 9.73E+10 1.08E+10
80 32 8.46E+10 1.62E+08 7.59E+10 8.46E+09
85 24 6.34E+10 1.62E+08 0 6.34E+09
90 17 4.49E+10 1.62E+08 0 4.49E+09
95 11 2.91E+10 1.62E+08 0 2.91E+09
100 0 0 1.62E+08 0 0
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TMDL Ca#tions

Table 5-6 E. coli TMDL Calculations for Hogshooter Creek (OK12140000300_00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 4078 4.05E+13 0 3.65E+13 4.05E+12
131 1.30E+12 0 1.17E+12 1.30E+11
10 45 4.49E+11 0 4.04E+11 4.49E+10
15 25 2.50E+11 0 2.25E+11 2.50E+10
20 17 1.66E+11 0 1.50E+11 1.66E+10
25 12 1.19E+11 0 1.07E+11 1.19E+10
30 9 8.92E+10 0 8.03E+10 8.92E+09
35 7 6.82E+10 0 6.14E+10 6.82E+09
40 5 5.16E+10 0 4.65E+10 5.16E+09
45 4 3.94E+10 0 3.54E+10 3.94E+09
50 3 2.97E+10 0 2.68E+10 2.97E+09
95 2 2.01E+10 0 1.81E+10 2.01E+09
60 1.4 1.40E+10 0 1.26E+10 1.40E+09
65 1.0 9.62E+09 0 8.66E+09 9.62E+08
70 0.6 6.39E+09 0 5.75E+09 6.39E+08
75 0.4 4.11E+09 0 3.70E+09 4.11E+08
80 0.3 2.71E+09 0 2.44E+09 2.71E+08
85 0.2 1.92E+09 0 1.73E+09 1.92E+08
90 0.1 1.40E+09 0 1.26E+09 1.40E+08
95 0.1 9.62E+08 0 8.66E+08 9.62E+07
100 0 0 0 0 0
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Table 5-7 Enterococci TMDL Calculations for Hogsloter Creek

(OK121400010300_00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)

4078 1.08E+13 0 9.70E+12 1.08E+12
5 131 3.47E+11 0 3.12E+11 3.47E+10
10 45 1.19E+11 0 1.07E+11 1.19E+10
15 25 6.66E+10 0 5.99E+10 6.66E+09
20 17 4.42E+10 0 3.98E+10 4.42E+09
25 12 3.17E+10 0 2.85E+10 3.17E+09
30 9 2.37E+10 0 2.14E+10 2.37E+09
35 7 1.82E+10 0 1.63E+10 1.82E+09
40 5 1.37E+10 0 1.24E+10 1.37E+09
45 4 1.05E+10 0 9.43E+09 1.05E+09
50 3 7.91E+09 0 7.12E+09 7.91E+08
55 2 5.35E+09 0 4.82E+09 5.35E+08
60 1.4 3.72E+09 0 3.35E+09 3.72E+08
65 1.0 2.56E+09 0 2.30E+09 2.56E+08
70 0.6 1.70E+09 0 1.53E+09 1.70E+08
75 0.4 1.09E+09 0 9.85E+08 1.09E+08
80 0.3 7.22E+08 0 6.49E+08 7.22E+07
85 0.2 5.12E+08 0 4.61E+08 51205327
90 0.1 3.72E+08 0 3.35E+08 37240238
95 0.1 2.56E+08 0 2.30E+08 25602664

100 0 0 0 0 0
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Table 5-8 Fecal Coliform TMDL Calculations for Hogshooter Creek

(OK121400010300_00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
4078 3.99E+13 0 3.59E+13 3.99E+12
5 131 1.28E+12 0 1.16E+12 1.28E+11
10 45 4.42E+11 0 3.98E+11 4.42E+10
15 25 2.47E+11 0 2.22E+11 2.47E+10
20 17 1.64E+11 0 1.47E+11 1.64E+10
25 12 1.17E+11 0 1.06E+11 1.17E+10
30 9 8.79E+10 0 7.91E+10 8.79E+09
35 7 6.72E+10 0 6.05E+10 6.72E+09
40 5 5.09E+10 0 4.58E+10 5.09E+09
45 4 3.88E+10 0 3.49E+10 3.88E+09
50 3 2.93E+10 0 2.64E+10 2.93E+09
55 2 1.98E+10 0 1.78E+10 1.98E+09
60 1.4 1.38E+10 0 1.24E+10 1.38E+09
65 1.0 9.48E+09 0 8.53E+09 9.48E+08
70 0.6 6.29E+09 0 5.66E+09 6.29E+08
75 0.4 4.05E+09 0 3.65E+09 4.05E+08
80 0.3 2.67E+09 0 2.41E+09 2.67E+08
85 0.2 1.90E+09 0 1.71E+09 1.90E+08
90 0.1 1.38E+09 0 1.24E+09 1.38E+08
95 0.1 9.48E+08 0 8.53E+08 9.48E+07
100 0 0 0 0 0
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Table 5-9 Enterococci TMDL Calculations for Curl Creek (OK121400010270_00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 4441 1.17E+13 0 1.06E+13 1.17E+12
143 3.78E+11 0 3.40E+11 3.78E+10
10 49 1.30E+11 0 1.17E+11 1.30E+10
15 27 7.25E+10 0 6.52E+10 7.25E+09
20 18 4.82E+10 0 4.33E+10 4.82E+09
25 13 3.45E+10 0 3.10E+10 3.45E+09
30 10 2.58E+10 0 2.33E+10 2.58E+09
35 7 1.98E+10 0 1.78E+10 1.98E+09
40 6 1.50E+10 0 1.35E+10 1.50E+09
45 4 1.14E+10 0 1.03E+10 1.14E+09
50 3 8.62E+09 0 7.75E+09 8.62E+08
95 2 5.83E+09 0 5.25E+09 5.83E+08
60 1.5 4.05E+09 0 3.65E+09 4.05E+08
65 1.1 2.79E+09 0 2.51E+09 2.79E+08
70 0.7 1.85E+09 0 1.67E+09 1.85E+08
75 0.5 1.19E+09 0 1.07E+09 1.19E+08
80 0.3 7.86E+08 0 7.07E+08 7.86E+07
85 0.2 5.58E+08 0 5.02E+08 5.58E+07
90 0.2 4.05E+08 0 3.65E+08 4.05E+07
95 0.1 2.79E+08 0 2.51E+08 2.79E+07
100 0 0 0 0 0
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Table 5-10 E. coli TMDL Calculations for MissionCreek (OK121400020190 00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 3600 3.58E+13 0 3.22E+13 3.58E+12
116 1.15E+12 0 1.04E+12 1.15E+11
10 40 3.96E+11 0 3.57E+11 3.96E+10
15 22 2.21E+11 0 1.99E+11 2.21E+10
20 15 1.47E+11 0 1.32E+11 1.47E+10
25 11 1.05E+11 0 9.45E+10 1.05E+10
30 8 7.88E+10 0 7.09E+10 7.88E+09
35 6 6.02E+10 0 5.42E+10 6.02E+09
40 5 4.56E+10 0 4.10E+10 4 56E+09
45 3 3.48E+10 0 3.13E+10 3.48E+09
50 3 2.63E+10 0 2.36E+10 2.63E+09
95 2 1.78E+10 0 1.60E+10 1.78E+09
60 1.2 1.24E+10 0 1.11E+10 1.24E+09
65 0.9 8.50E+09 0 7.65E+09 8.50E+08
70 0.6 5.64E+09 0 5.07E+09 5.64E+08
75 0.4 3.63E+09 0 3.27E+09 3.63E+08
80 0.2 2.39E+09 0 2.15E+09 2.39E+08
85 0.2 1.70E+09 0 1.53E+09 1.70E+08
90 0.1 1.24E+09 0 1.11E+09 1.24E+08
95 0.1 8.50E+08 0 7.65E+08 8.50E+07
100 0 0 0 0 0
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Table 5-11 Enterococci TMDL Calculations for Misgon Creek

(OK121400020190_00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
3600 9.51E+12 0 8.56E+12 9.51E+11
5 116 3.06E+11 0 2.76E+11 3.06E+10
10 40 1.05E+11 0 9.49E+10 1.05E+10
15 22 5.88E+10 0 5.29E+10 5.88E+09
20 15 3.90E+10 0 3.51E+10 3.90E+09
25 11 2.79E+10 0 2.51E+10 2.79E+09
30 8 2.10E+10 0 1.89E+10 2.10E+09
35 6 1.60E+10 0 1.44E+10 1.60E+09
40 5 1.21E+10 0 1.09E+10 1.21E+09
45 3 9.25E+09 0 8.32E+09 9.25E+08
50 3 6.99E+09 0 6.29E+09 6.99E+08
55 2 4.73E+09 0 4.25E+09 4.73E+08
60 1.2 3.29E+09 0 2.96E+09 3.29E+08
65 0.9 2.26E+09 0 2.03E+09 2.26E+08
70 0.6 1.50E+09 0 1.35E+09 1.50E+08
75 0.4 9.66E+08 0 8.69E+08 9.66E+07
80 0.2 6.37E+08 0 5.73E+08 6.37E+07
85 0.2 4.52E+08 0 4.07E+08 4.52E+07
90 0.1 3.29E+08 0 2.96E+08 3.29E+07
95 0.1 2.26E+08 0 2.03E+08 2.26E+07
100 0 0 0 0 0
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Table 5-12 Enterococci TMDL Calculations for Litle Caney River

(OK121400020140_00)

Percentile Flow TMDL WLA LA MOS

(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)

1998 5.28E+12 0 4.75E+12 5.28E+11

5 393 1.04E+12 0 9.34E+11 1.04E+11
10 199 5.26E+11 0 4.74E+11 5.26E+10
15 147 3.88E+11 0 3.49E+11 3.88E+10
20 116 3.06E+11 0 2.76E+11 3.06E+10
25 97 2.58E+11 0 2.32E+11 2.58E+10
30 81 2.14E+11 0 1.93E+11 2.14E+10
35 69 1.83E+11 0 1.64E+11 1.83E+10
40 60 1.58E+11 0 1.42E+11 1.58E+10
45 53 1.40E+11 0 1.26E+11 1.40E+10
50 44 1.17E+11 0 1.05E+11 1.17E+10
55 35.8 9.45E+10 0 8.51E+10 9.45E+09
60 29.5 7.80E+10 0 7.02E+10 7.80E+09
65 23.3 6.15E+10 0 5.53E+10 6.15E+09
70 18.9 4.99E+10 0 4.49E+10 4.99E+09
75 15.2 4.01E+10 0 3.61E+10 4.01E+09
80 11.3 2.98E+10 0 2.69E+10 2.98E+09
85 8.6 2.27E+10 0 2.05E+10 2.27E+09
90 6.9 1.82E+10 0 1.63E+10 1.82E+09
95 5.7 1.51E+10 0 1.36E+10 1.51E+09
100 2.2 5.74E+09 0 5.16E+09 5.74E+08
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Table 5-13 Total Suspended Solids TMDL Calculatios for Caney River
(OK121400010010_10)

WLA (Ib/day)
Percentile Flow TMDL . LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 71700 N/A 0 N/A N/A N/A
5 6266 N/A 0 N/A N/A N/A
10 4330 N/A 0 N/A N/A N/A
15 2950 N/A 0 N/A N/A N/A
20 1890 N/A 0 N/A N/A N/A
25 1160 274985 0 2750 244689 27499
30 718 170206 0 1702 151484 17021
35 471 111653 0 1117 99372 11165
40 318 75384 0 754 67092 7538
45 214 50730 0 507 45150 5073
50 147 34847 0 348 31014 3485
55 108 25602 0 256 22786 2560
60 81 19202 0 192 17089 1920
65 62 14697 0 147 13081 1470
70 50 11853 0 119 10549 1185
75 41 9719 0 97 8650 972
80 32 7586 0 76 6751 759
85 24 5689 0 57 5064 569
90 17 4030 0 40 3587 403
95 11 2608 0 26 2321 261
100 0 0 0 0 0 0
NA = Not applicable
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TMDL Ca#tions

Table 5-14 Total Suspended Solids TMDL Calculatiws for Curl Creek
(OK121400010270_10)

WLA (Ib/day)
Percentile Flow TMDL . LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 4441 N/A 0 N/A N/A N/A
5 143 N/A 0 N/A N/A N/A
10 49 N/A 0 N/A N/A N/A
15 27 N/A 0 N/A N/A N/A
20 18 N/A 0 N/A N/A N/A
25 13 2600 0 26 2184 390
30 10 1950 0 20 1638 293
35 7 1491 0 15 1253 224
40 6 1128 0 11 948 169
45 4 860 0 9 723 129
50 3 650 0 7 546 98
55 2 440 0 4 369 66
60 1.5 306 0 3 257 46
65 1.1 210 0 2 177 32
70 0.7 140 0 1 117 21
75 0.5 90 0 1 75 13
80 0.3 59 0 1 50 9
85 0.2 42 0 0 35 6
90 0.2 31 0 0 26 5
95 0.1 21 0 0 18 3
100 0.0 2 0 0 2 0
NA = Not applicable
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TMDL Ca#tions

Table 5-15 Total Suspended Solids TMDL Calculationfor Mission Creek
(OK121400020190_10)

WLA (Ib/day)
Percentile Flow TMDL . LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 3600 N/A 0 N/A N/A N/A
5 116 N/A 0 N/A N/A N/A
10 40 N/A 0 N/A N/A N/A
15 22 N/A 0 N/A N/A N/A
20 15 N/A 0 N/A N/A N/A
25 11 2165 0 22 1819 325
30 8 1624 0 16 1364 244
35 6 1242 0 12 1043 186
40 5 939 0 9 789 141
45 3 716 0 7 602 107
50 3 541 0 5 455 81
55 2 366 0 4 308 55
60 1.2 255 0 3 214 38
65 0.9 175 0 2 147 26
70 0.6 116 0 1 98 17
75 0.4 75 0 1 63 11
80 0.2 49 0 0 41 7
85 0.2 35 0 0 29 5
90 0.1 25 0 0 21 4
95 0.1 18 0 0 15 3
100 0.0 2 0 0 1 0
NA = Not applicable
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TMDL Ca#tions

Table 5-16 Total Suspended Solids TMDL Calculatis for Little Caney River
(OK121400020140_00)

WLA (Ib/day)
Percentile Flow TMDL . LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 2332 N/A 0 0 N/A N/A
5 75 N/A 0 0 N/A N/A
10 26 N/A 0 0 N/A N/A
15 14 N/A 0 0 N/A N/A
20 10 N/A 0 0 N/A N/A
25 7 1107 0 11 930 166
30 5 830 0 8 698 125
35 4 635 0 6 533 95
40 3 480 0 5 403 72
45 2 366 0 4 308 55
50 2 277 0 3 233 42
55 1 187 0 2 157 28
60 0.8 130 0 1 109 20
65 0.6 90 0 1 75 13
70 0.4 59 0 1 50 9
75 0.2 38 0 0 32 6
80 0.2 25 0 0 21 4
85 0.1 18 0 0 15 3
90 0.1 13 0 0 11 2
95 0.0 0 0 0 0 0
100 0.0 0 0 0 0 0
NA = Not applicable
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TMDL Ca#tions

Table 5-17 Total Suspended Solids TMDL Calculatiws for Rabb Creek
(OK121400010090_00)

WLA (Ib/day)
Percentile Flow TMDL . LA MOS
(cfs) (Ib/day) WWTP (Ib/day) (Ib/day)
Growth
0 842 N/A 0 N/A N/A N/A
5 27 N/A 0 N/A N/A N/A
10 9 N/A 0 N/A N/A N/A
15 5 N/A 0 N/A N/A N/A
20 3 N/A 0 N/A N/A N/A
25 2 480 0 5 403 72
30 2 360 0 4 302 54
35 1.4 275 0 3 231 41
40 1.1 208 0 2 175 31
45 0.8 159 0 2 133 24
50 0.6 120 0 1 101 18
55 0.4 81 0 1 68 12
60 0.3 56 0 1 47 8
65 0.2 39 0 0 33 6
70 0.1 26 0 0 22 4
75 0.1 17 0 0 14 2
80 0.1 11 0 0 9 2
85 0.0 8 0 0 7 1
90 0.0 6 0 0 5 1
95 0.0 0 0 0 0 0
100 0.0 0 0 0 0 0
NA = Not applicable
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5.7 Reasonable Assurances

ODEQ will collaborate with a host of other stateeages and local governments working
within the boundaries of state and local regulatitm target available funding and technical
assistance to support implementation of pollutiontmwls and management measures. Various
water quality management programs and funding esuypcovide reasonable assurance that the
pollutant reductions as required by these TMDLs banachieved and water quality can be
restored to maintain designated uses. ODEQ’s @uinty Planning Process (CPP), required by
the CWA 8303(e) (3) and 40 CFR 130.5, summarizdal@kna’s commitments and programs
aimed at restoring and protecting water qualitptighout the State (ODEQ 2006). The CPP
can be viewed from ODEQ’s website attp://www.deq.state.ok.us/WQDnew/pubs.html
Table 5-18 provides a partial list of the statetpar agencies ODEQ will collaborate with to
address point and nonpoint source reduction gatédbkshed by TMDLSs.

Table 5-18 Partial List of Oklahoma Water Quality Management Agencies

Agency Web Link

Oklahoma Conservation

Commission http://www.ok.gov/conservation/Agency Divisions/\@atQuality Division

Oklahoma Department of

Wildlife Conservation http://www.wildlifedepartment.com/watchabl.htm

Oklahoma Department of

Agriculture, Food, and Forestry http://www.ok.gov/~okag/aems

Oklahoma Water Resources

Board http://www.owrb.state.ok.us/quality/index.php

Nonpoint source pollution in Oklahoma is managed tbg Oklahoma Conservation
Commission (OCC). The OCC works with state pagrmrch as Oklahoma Department of
Agriculture, Food, and Forestry (ODAFF) and fedgrattners such USEPA and the National
Resources Conservation Service (NRCS), to addressrwuality problems similar to those
seen in the Study Area. The primary mechanismd fmemanagement of nonpoint source
pollution are incentive-based programs that supploet installation of BMPs and public
education and outreach. Other programs includalaggns and permits for CAFOs. The
CAFO Act, as administered by the ODAFF, providesFQAoperators the necessary tools and
information to deal with the manure and wastewatemals produce so streams, lakes, ponds,
and groundwater sources are not polluted.

As authorized by Section 402 of the CWA, the ODE#¥ hilelegation of the NPDES
Program in Oklahoma, except for certain jurisdictibareas related to agriculture and the oll
and gas industry retained by State Department afcAljure and Oklahoma Corporation
Commission, for which the USEPA has retained peimgitauthority. The NPDES Program in
Oklahoma is implemented via Title 252, Chapter @@&he Oklahoma Pollution Discharge
Elimination System (OPDES) Act and in accordancthwhe agreement between ODEQ and
USEPA relating to administration and enforcement tié delegated NPDES Program.
Implementation of point source WLAs is done throuyggrmits issued under the OPDES
program.
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The reduction rates called for in this TMDL reparé as high as 96 percent. The ODEQ
recognizes that achieving such high reductionstvélb challenge, especially since unregulated
nonpoint sources are a major cause of both baaadarSS loading. The high reduction rates
are not uncommon for pathogen- or TSS-impaired rsateSimilar reduction rates are often
found in other pathogen and TSS TMDLs around thigomna The suitability of the current
criteria for pathogens and the beneficial useswaterbody should be reviewed. For example,
the Kansas Department of Environmental Quality pragposed to exclude certain high flow
conditions during which pathogen standards will apply, although that exclusion was not
approved by the USEPA. Additionally, USEPA has beemducting new epidemiology studies
and may develop new recommendations for pathogtariarin the near future.

Revisions to the current pathogen provisions ofa@&ma’s WQSs should be considered.
There are three basic approaches to such revitahsnay apply.

* Removing the PBCR use: This revision would requi@umentation in a Use
Attainability Analysis that the use is not an exigtuse and cannot be attained. It is
unlikely that this approach would be successfutesithere is evidence that people do
swim in this segment of the river, thus constitgten existing use. Existing uses
cannot be removed.

* Modifying application of the existing criteria: iBh approach would include
considerations such as an exemption under cerigihflow conditions, an allowance
for wildlife or “natural conditions,” a sub-categoof the use or other special provision
for urban areas, or other special provisions farnstflows. Since large bacteria
violations occur over all flow ranges, it is liketigat large reductions would still be
necessary. However, this approach may have mmetishould be considered.

* Revising the existing numeric criteria: Oklahometsrent pathogen criteria are based
on USEPA guidelines (See Implementation Guidanae Aimbient Water Quality
Criteria for Bacteria, May 2002 FINAL; and AmbieiVater Quality Criteria for
Bacteria-1986, January 1986). However, those ¢oeke have received much
criticism and USEPA studies that could result imis®ns to their recommendations
are ongoing. The use of the three indicators §ipdan Oklahoma’s standards should
be evaluated. The numeric criteria values sholgid lbe evaluated using a risk-based
method such as that found in USEPA guidance.

Unless or until the WQSs are revised and approwetdBEPA, federal rules require
that the TMDLs in this report must be based oniratiant of the current standards. |If
revisions to the pathogen standards are approvéeifuture, reductions specified in
these TMDLs will be
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SECTION 6
PUBLIC PARTICIPATION

This report is submitted to EPA for technical rewvieAfter the technical approval, a public
notice will be circulated to the local newspapend/ar other publications in the area affected
by this TMDL. The public will have opportunities review the TMDL report and make
written comments. The public comment period ld&isdays. Depending on the interest and
responses from the public, a public meeting mahdid within the watershed affected by this
TMDL. If a public meeting is held, the public wdlso have opportunities to ask questions and
make formal oral comments at the meeting and/asutamit written comments at the public
meeting.

All written comments received during the publicinetperiod become a part of the record
of this TMDL. All comments will be considered antlet TMDL report will be revised
according to the comments if necessary in the al@mcompletion of this TMDL for
submission to EPA for final approval.

After EPA’s final approval, each TMDL will be adeut into the Water Quality
Management Plan (WQMP). These TMDLs provide a eratitical solution to meet ambient
water quality criterion with a given set of factBhe adoption of these TMDLs into the WQMP
provides a mechanism to recalculate acceptablesladign information changes in the future.
Updates to the WQMP demonstrate compliance withwiater quality criterion. The updates
to the WQMP are also useful when the water qualitgrion changes and the loading scenario
is reviewed to ensure that the instream critersopredicted to be met.
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Appendix A
Ambient Water Quality Bacteria Data — 1999 to 2008
: Bacteriq Bacterial
WQM Station Waterbody Name Date Concentration Indicator
(#/100ml)
OK121400010010-001AT | Caney River 9/18/2006 110 Enterococci
OK121400010010-001AT | Caney River 9/5/2006 10 Enterococci
OK121400010010-001AT | Caney River 8/22/2006 41 Enterococci
OK121400010010-001AT | Caney River 8/21/2006 132 Enterococci
OK121400010010-001AT | Caney River 8/7/2006 74 Enterococci
OK121400010010-001AT | Caney River 7/24/2006 20 Enterococci
OK121400010010-001AT | Caney River 7/5/2006 10 Enterococci
OK121400010010-001AT | Caney River 6/26/2006 10 Enterococci
OK121400010010-001AT | Caney River 6/12/2006 187 Enterococci
OK121400010010-001AT | Caney River 5/23/2006 41 Enterococci
OK121400010010-001AT | Caney River 9/15/2003 40 Enterococci
OK121400010010-001AT | Caney River 8/11/2003 10 Enterococci
OK121400010010-001AT | Caney River 7/29/2003 30 Enterococci
OK121400010010-001AT | Caney River 7/7/2003 300 Enterococci
OK121400010010-001AT | Caney River 6/18/2003 50 Enterococci
OK121400010010-001AT | Caney River 6/2/2003 700 Enterococci
OK121400010010-001AT | Caney River 9/4/2002 30 Enterococci
0OK121400010010-001AT | Caney River 7/9/2002 170 Enterococci
OK121400010010-001AT | Caney River 6/4/2002 40 Enterococci
OK121400010010-001AT | Caney River 5/8/2002 2000 Enterococci
OK121400010010-001AT | Caney River 9/26/2001 10 Enterococci
OK121400010010-001AT | Caney River 8/6/2001 10 Enterococci
OK121400010010-001AT | Caney River 7/9/2001 20 Enterococci
OK121400010010-001AT | Caney River 6/4/2001 130 Enterococci
OK121400010010-001AT | Caney River 5/7/2001 87000 Enterococci
OK121400-01-0300J Hogshooter Creek 8/21/2007 30 E. Coli
OK121400-01-0300D Hogshooter Creek 7/17/2007 220 E. Coli
OK121400-01-0300D Hogshooter Creek 7/10/2007 580 E. Coli
OK121400-01-0300D Hogshooter Creek 6/12/2007 1920 E. Coli
OK121400-01-0300D Hogshooter Creek 5/8/2007 1920 E. Coli
0OK121400-01-0300D Hogshooter Creek 9/12/2006 720 E. Coli
0OK121400-01-0300D Hogshooter Creek 8/8/2006 30 E. Coli
0OK121400-01-0300D Hogshooter Creek 6/13/2006 690 E. Coli
0OK121400-01-0300D Hogshooter Creek 6/16/2003 220 E. Coli
0OK121400-01-0300D Hogshooter Creek 5/12/2003 100 E. Coli
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: Bacteriq Bacterial
WQM Station Waterbody Name Date Concentration Indicator
(#/100ml)
OK121400-01-0300D Hogshooter Creek 9/9/2002 60 E. Coli
OK121400-01-0300D Hogshooter Creek 8/5/2002 1210 E. Coli
OK121400-01-0300D Hogshooter Creek 718/2002 130 E. Coli
OK121400-01-0300D Hogshooter Creek 5/28/2002 610 E. Coli
OK121400-01-0300D Hogshooter Creek 9/17/2001 >800 E. Coli
0OK121400-01-0300D Hogshooter Creek 8/13/2001 130 E. Coli
0OK121400-01-0300D Hogshooter Creek 9/19/2000 121 E. Coli
0OK121400-01-0300J Hogshooter Creek 8/15/2000 10 E. Coli
0OK121400-01-0300D Hogshooter Creek 8/21/2007 500 Enterococci
0OK121400-01-0300D Hogshooter Creek 7/17/2007 380 Enterococci
0OK121400-01-0300D Hogshooter Creek 7/10/2007 570 Enterococci
0OK121400-01-0300D Hogshooter Creek 6/12/2007 1780 Enterococci
0OK121400-01-0300D Hogshooter Creek 5/8/2007 >2000 Enterococci
0OK121400-01-0300D Hogshooter Creek 9/12/2006 380 Enterococci
0OK121400-01-0300D Hogshooter Creek 8/8/2006 40 Enterococci
0OK121400-01-0300D Hogshooter Creek 6/13/2006 390 Enterococci
0OK121400-01-0300D Hogshooter Creek 6/16/2003 280 Enterococci
0OK121400-01-0300D Hogshooter Creek 5/12/2003 100 Enterococci
OK121400-01-0300D Hogshooter Creek 9/9/2002 40 Enterococci
OK121400-01-0300D Hogshooter Creek 8/5/2002 300 Enterococci
OK121400-01-0300D Hogshooter Creek 7/8/2002 30 Enterococci
OK121400-01-0300D Hogshooter Creek 5/28/2002 750 Enterococci
OK121400-01-0300D Hogshooter Creek 9/17/2001 >600 Enterococci
OK121400-01-0300D Hogshooter Creek 8/13/2001 215 Enterococci
OK121400-01-0300J Hogshooter Creek 9/17/2001 >600 Fecal Coliform
OK121400-01-0300D Hogshooter Creek 9/19/2000 40 Fecal Coliform
OK121400-01-0300J Hogshooter Creek 9/19/2000 180 Fecal Coliform
OK121400-01-0300J Hogshooter Creek 8/15/2000 30 Fecal Coliform
OK121400-01-0300J Hogshooter Creek 7/11/2000 100 Fecal Coliform
OK121400-01-0300J Hogshooter Creek 6/6/2000 <100 Fecal Coliform
0OK121400-01-0300J Hogshooter Creek 5/2/2000 1500 Fecal Coliform
0OK121400-01-0300J Hogshooter Creek 9/28/1999 300 Fecal Coliform
0OK121400-01-0300J Hogshooter Creek 8/17/1999 <100 Fecal Coliform
0OK121400-01-0300J Hogshooter Creek 6/15/1999 <100 Fecal Coliform
0OK121400-01-0300J Hogshooter Creek 5/18/1999 1800 Fecal Coliform
OK121400-01-0270C Curl Creek 8/21/2007 30 Enterococci
OK121400-01-0270C Curl Creek 7/17/2007 110 Enterococci
OK121400-01-0270C Curl Creek 7/10/2007 410 Enterococci
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: Bacteriq Bacterial
WQM Station Waterbody Name Date Concentration Indicator
(#/100ml)
OK121400-01-0270C Curl Creek 6/12/2007 >2000 Enterococci
OK121400-01-0270C Curl Creek 5/8/2007 7600 Enterococci
OK121400-01-0270C Curl Creek 9/12/2006 85 Enterococci
OK121400-01-0270C Curl Creek 8/8/2006 185 Enterococci
OK121400-01-0270C Curl Creek 6/13/2006 230 Enterococci
OK121400-01-0270G Curl Creek 6/16/2003 310 Enterococci
OK121400-01-0270G Curl Creek 5/12/2003 80 Enterococci
OK121400-01-0270G Curl Creek 9/9/2002 100 Enterococci
OK121400-01-0270G Curl Creek 8/5/2002 130 Enterococci
OK121400-01-0270G Curl Creek 718/2002 1065 Enterococci
OK121400-01-0270G Curl Creek 5/28/2002 190 Enterococci
OK121400-01-0270G Curl Creek 9/17/2001 >600 Enterococci
OK121400-01-0270G Curl Creek 8/13/2001 80 Enterococci
OK121400-02-0190B Mission Creek 7/17/2007 110 E. Coli
OK121400-02-0190B Mission Creek 7/10/2007 >1000 E. Coli
OK121400-02-0190B Mission Creek 6/12/2007 >2000 E. Coli
OK121400-02-0190B Mission Creek 5/8/2007 >2000 E. Coli
OK121400-02-0190B Mission Creek 9/11/2006 10 E. Coli
OK121400-02-0190B Mission Creek 8/7/2006 50 E. Coli
OK121400-02-0190B Mission Creek 6/12/2006 710 E. Coli
OK121400-02-0190B Mission Creek 6/17/2003 <20 E. Coli
OK121400-02-0190B Mission Creek 5/13/2003 >2000 E. Coli
OK121400-02-0190B Mission Creek 9/10/2002 <10 E. Coli
OK121400-02-0190B Mission Creek 8/6/2002 100 E. Coli
OK121400-02-0190B Mission Creek 7/9/2002 <10 E. Coli
OK121400-02-0190B Mission Creek 5/28/2002 190 E. Coli
OK121400-02-0190B Mission Creek 9/18/2001 610 E. Coli
OK121400-02-0190B Mission Creek 8/14/2001 20 E. Coli
OK121400-02-0190B Mission Creek 7/17/2007 30 Enterococci
OK121400-02-0190B Mission Creek 7/10/2007 >1000 Enterococci
OK121400-02-0190B Mission Creek 6/12/2007 1640 Enterococci
OK121400-02-0190B Mission Creek 5/8/2007 >2000 Enterococci
OK121400-02-0190B Mission Creek 9/11/2006 5 Enterococci
OK121400-02-0190B Mission Creek 8/7/2006 55 Enterococci
OK121400-02-0190B Mission Creek 6/12/2006 530 Enterococci
OK121400-02-0190B Mission Creek 6/17/2003 20 Enterococci
OK121400-02-0190B Mission Creek 5/13/2003 >2000 Enterococci
OK121400-02-0190B Mission Creek 9/10/2002 20 Enterococci
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: Bacteriq Bacterial
WQM Station Waterbody Name Date Concentration Indicator
(#/100ml)
OK121400-02-0190B Mission Creek 8/6/2002 30 Enterococci
OK121400-02-0190B Mission Creek 7/9/2002 <10 Enterococci
OK121400-02-0190B Mission Creek 5/28/2002 290 Enterococci
OK121400-02-0190B Mission Creek 9/18/2001 850 Enterococci
OK121400-02-0190B Mission Creek 8/14/2001 70 Enterococci
0OK121400-02-0140H Little Caney River 8/21/2007 120 Enterococci
0OK121400-02-0140H Little Caney River 7/17/2007 <10 Enterococci
0OK121400-02-0140H Little Caney River 7/10/2007 230 Enterococci
0OK121400-02-0140H Little Caney River 6/12/2007 1620 Enterococci
0OK121400-02-0140H Little Caney River 5/8/2007 >2000 Enterococci
0OK121400-02-0140H Little Caney River 9/12/2006 230 Enterococci
0OK121400-02-0140H Little Caney River 8/8/2006 65 Enterococci
0OK121400-02-0140H Little Caney River 6/13/2006 260 Enterococci
0OK121400-02-0140H Little Caney River 6/16/2003 <20 Enterococci
0OK121400-02-0140H Little Caney River 5/12/2003 100 Enterococci
0OK121400-02-0140H Little Caney River 9/9/2002 60 Enterococci
0OK121400-02-0140H Little Caney River 8/5/2002 30 Enterococci
0OK121400-02-0140H Little Caney River 7/8/2002 20 Enterococci
OK121400-02-0140H Little Caney River 5/29/2002 70 Enterococci
OK121400-02-0140H Little Caney River 9/17/2001 50 Enterococci
OK121400-02-0140H Little Caney River 8/13/2001 30 Enterococci
OK121400-01-0090D Rabb Creek 9/19/2000 50 Fecal Coliform
OK121400-01-0090D Rabb Creek 8/15/2000 90 Fecal Coliform
OK121400-01-0090D Rabb Creek 7/11/2000 40 Fecal Coliform
OK121400-01-0090D Rabb Creek 6/6/2000 100 Fecal Coliform
OK121400-01-0090D Rabb Creek 5/2/2000 6000 Fecal Coliform
OK121400-01-0090D Rabb Creek 9/28/1999 <100 Fecal Coliform
OK121400-01-0090D Rabb Creek 8/17/1999 <100 Fecal Coliform
OK121400-01-0090D Rabb Creek 7/13/1999 200 Fecal Coliform
OK121400-01-0090D Rabb Creek 6/15/1999 200 Fecal Coliform
OK121400-01-0090D Rabb Creek 5/18/1999 5000 Fecal Coliform
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Appendix A
Ambient Water Quality Turbidity and TSS Data — 1999to 2008
Total
WQM Station Waterbody Date Turbidity Suspended Flow quvy
Name (NTU) Solids (cfs) | Condition
(mg/L)
OK121400010010-001AT | Caney River 11/29/2000 16 15 46
0K121400010010-001AT | Caney River 10/24/2000 40 36 63
0K121400010010-001AT | Caney River 9/27/2000 49 0 37
0K121400010010-001AT | Caney River 8/30/2000 47 60 32
0K121400010010-001AT | Caney River 8/1/2000 170 136 112
0K121400010010-001AT | Caney River 6/28/2000 223 256 2430 High flow
0K121400010010-001AT | Caney River 5/10/2000 681 436 12800 | High flow
0K121400010010-001AT | Caney River 3/27/2000 172 5350 High flow
0K121400010010-001AT | Caney River 2/22/2000 25 31 132
0K121400010010-001AT | Caney River 1/19/2000 13.2 13 62
0K121400010010-001AT | Caney River 12/14/1999 118 108 2450 High flow
0K121400010010-001AT | Caney River 11/17/1999 29 32 45
0K121400010010-001AT | Caney River 10/28/1999 32 22 32
0K121400010010-001AT | Caney River 9/28/1999 131 142 141
OK121400010010-001AT | Caney River 8/24/1999 57 48 65
0OK121400010010-001AT | Caney River 7/27/1999 224 119 2160 High flow
OK121400010010-001AT | Caney River 6/22/1999 148 156 37
0K121400010010-001AT | Caney River 5/24/1999 1100 400 11100 | High flow
0OK121400010010-001AT | Caney River 4/27/1999 73 70 21000 | High flow
0OK121400010010-001AT | Caney River 4/27/1999 73 21000 | High flow
0OK121400010010-001AT | Caney River 3/30/1999 63 63 2060 High flow
OK121400010010-001AT | Caney River 3/30/1999 43
OK121400010010-001AT | Caney River 2/24/1999 0 62 45
OK121400010010-001AT | Caney River 2/23/1999 69 50 46
OK121400010010-001AT | Caney River 1/27/1999 10 6 186
OK121400010010-001AT | Caney River 1/26/1999 3 245
0K121400010010-001AT | Caney River 12/2/1998 120 90 1040
0K121400010010-001AT | Caney River 12/2/1998 120 1040
0OK121400-01-0270C Curl Creek 12/11/2007 78.5 40 31.67 | High flow
0OK121400-01-0270C Curl Creek 04/29/2008 23.8 13 0.00
0OK121400-01-0270C Curl Creek 03/25/2008 254 9.99 7.33
0OK121400-01-0270C Curl Creek 02/20/2008 64.9 12 16.72 | High flow
0OK121400-01-0270C Curl Creek 01/16/2008 16.3 9.99 2.05
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Total
WQM Station Waterbody Date Turbidity Suspended Flow quvy
Name (NTU) Solids (cfs) | Condition
(mg/L)
0OK121400-01-0270C Curl Creek 10/30/2007 14.4 9.99 0
0OK121400-01-0270C Curl Creek 09/25/2007 15.1 9.99 0
0OK121400-01-0270C Curl Creek 08/21/2007 18.7 19 0.01
0OK121400-01-0270C Curl Creek 07/17/2007 145 9.99 0
0OK121400-01-0270C Curl Creek 06/16/2003 74.1 50 0
0OK121400-01-0270C Curl Creek 05/12/2003 52.5 49 0.01
0OK121400-01-0270C Curl Creek 04/07/2003 25.8 31 7.30
0OK121400-01-0270C Curl Creek 03/03/2003 45.8 40 6.61
0OK121400-01-0270C Curl Creek 01/27/2003 17.8 153 0
0OK121400-01-0270C Curl Creek 12/16/2002 345 9.99 0
0OK121400-01-0270C Curl Creek 11/18/2002 28.2 33 0
0OK121400-01-0270C Curl Creek 10/14/2002 35.6 32 0
0OK121400-01-0270C Curl Creek 09/09/2002 19.4 11 0
0OK121400-01-0270C Curl Creek 08/05/2002 72.9 9.99 0
0OK121400-01-0270C Curl Creek 07/08/2002 43.3 9.99 0.03
0OK121400-01-0270C Curl Creek 05/28/2002 45 46 15.85 | High flow
0OK121400-01-0270C Curl Creek 04/22/2002 55.9 24 10.17
0OK121400-01-0270C Curl Creek 03/18/2002 13.6 9.99 0.03
0OK121400-01-0270C Curl Creek 02/11/2002 51.1 25 1.10
0OK121400-01-0270C Curl Creek 01/07/2002 225 31 0
0OK121400-01-0270C Curl Creek 12/03/2001 104 12 0
0OK121400-01-0270C Curl Creek 10/22/2001 29.9 23 0
0OK121400-01-0270C Curl Creek 09/17/2001 43.5 19 0
0OK121400-01-0270C Curl Creek 08/30/2001 62.9 0
0OK121400-01-0270C Curl Creek 08/13/2001 37.2 34 0
0OK121400-02-0190B Mission Creek | 4/28/2008 00 9.99 21.72 | High flow
0OK121400-02-0190B Mission Creek | 3/24/2008 51.1 9.99 24.12 | High flow
0OK121400-02-0190B Mission Creek | 2/19/2008 75.3 20 29.81 | High flow
0OK121400-02-0190B Mission Creek | 1/15/2008 35.4 9.99 6.65
0OK121400-02-0190B Mission Creek | 12/11/2007 10 22 4.6
0OK121400-02-0190B Mission Creek | 10/29/2007 32.3 13 1.69
0OK121400-02-0190B Mission Creek | 9/25/2007 24.1 15 0.08
0OK121400-02-0190B Mission Creek | 8/21/2007 19.5 18 0.04
0OK121400-02-0190B Mission Creek | 7/17/2007 29.3 23 0
0OK121400-02-0190B Mission Creek | 6/12/2007 222 138 0
0OK121400-02-0190B Mission Creek 5/8/2007 186 99 0
A-6 FINAL

September 2010




Caney River Bacteria and Turbidity TMDLs Appendix A
Total
WQM Station Waterbody Date Turbidity Suspended Flow quvy
Name (NTU) Solids (cfs) | Condition
(mg/L)
0OK121400-02-0190B Mission Creek 4/3/2007 19.8 16 56.31 | High flow
0OK121400-02-0190B Mission Creek | 2/26/2007 12.4 9.99 0.1
0OK121400-02-0190B Mission Creek | 1/22/2007 15.7 9.99 0.05
0OK121400-02-0190B Mission Creek | 12/19/2006 36.3 20 0
0OK121400-02-0190B Mission Creek | 11/13/2006 4.11 9.99 0
0OK121400-02-0190B Mission Creek | 10/16/2006 10.6 9.99 0
0OK121400-02-0190B Mission Creek | 9/11/2006 9.39 0 0
0OK121400-02-0190B Mission Creek 8/7/2006 6.04 9.99 0
0OK121400-02-0190B Mission Creek | 6/12/2006 50.8 47 0
0OK121400-02-0190B Mission Creek 6/2/2006 12.7 0.29
0OK121400-02-0190B Mission Creek | 6/17/2003 28.1 26 1.15
0OK121400-02-0190B Mission Creek | 5/13/2003 822 609 0.38
0OK121400-02-0190B Mission Creek 4/8/2003 64.9 42 26.51 | High flow
0OK121400-02-0190B Mission Creek 3/4/2003 33.5 23 20.91 | High flow
0OK121400-02-0190B Mission Creek | 1/28/2003 24.6 14 0
0OK121400-02-0190B Mission Creek | 12/17/2002 21.4 11 0.01
0OK121400-02-0190B Mission Creek | 11/19/2002 5.07 9.99 0
0OK121400-02-0190B Mission Creek | 10/15/2002 15.7 16 0
0OK121400-02-0190B Mission Creek | 9/10/2002 27.2 41 0
0OK121400-02-0190B Mission Creek 8/6/2002 5.09 9.99 0.05
0OK121400-02-0190B Mission Creek 7/9/2002 6.97 9.99 0
0OK121400-02-0190B Mission Creek | 5/28/2002 50.8 22 37.82 | High flow
0OK121400-02-0190B Mission Creek | 4/23/2002 15 14 0.02
0OK121400-02-0190B Mission Creek | 3/19/2002 10.8 9.99 0.2
0OK121400-02-0190B Mission Creek | 2/12/2002 20.8 9.99 0.05
0OK121400-02-0190B Mission Creek 1/8/2002 6.06 10 0
0OK121400-02-0190B Mission Creek | 12/4/2001 3.77 9.99 0
0OK121400-02-0190B Mission Creek | 10/23/2001 16.1 9.99 0
0OK121400-02-0190B Mission Creek | 9/18/2001 64.8 35 0.8
0OK121400-02-0190B Mission Creek 9/5/2001 30.7 0.96
0OK121400-02-0190B Mission Creek | 8/14/2001 28.4 31 1.24
0OK121400-02-0140H Little Caney 4/29/2008 82.6 23 High flow
0OK121400-02-0140H Little Caney 3/25/2008 49.2 22 High flow
0OK121400-02-0140H Little Caney 2/20/2008 21.8 29 High flow
0OK121400-02-0140H Little Caney 1/16/2008 28.3 30 High flow
0OK121400-02-0140H Little Caney 12/11/2007 68.1 20 13.66 | High flow
0OK121400-02-0140H Little Caney R | 10/29/2007 50.3 28 0.00
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WQM Station Waterbody Date Turbidity SusL?etr?(lje d Flow Flow
Name (NTU) Solids (cfs) | Condition
0OK121400-02-0140H Little Caney 9/25/2007 92.5 80 22.9 High flow
0OK121400-02-0140H Little Caney 8/21/2007 94.5 49 13.17 High flow
0OK121400-02-0140H Little Caney 7/17/2007 24.9 19 High flow
0OK121400-02-0140H Little Caney 6/12/2007 145 217 High flow
0OK121400-02-0140H Little Caney 5/8/2007 620 415 250 High flow
0OK121400-02-0140H Little Caney 4/3/2007 85.8 83 High flow
0OK121400-02-0140H Little Caney 2/27/2007 45.4 31 2.39
0OK121400-02-0140H Little Caney 1/23/2007 22.7 9.99 3.7
0OK121400-02-0140H Little Caney 12/20/2006 106 40 10.78 High flow
0OK121400-02-0140H Little Caney 11/14/2006 44 19 412
0OK121400-02-0140H Little Caney 10/17/2006 72.7 28 5.31
0OK121400-02-0140H Little Caney 9/12/2006 92 59 12.77 High flow
0OK121400-02-0140H Little Caney 8/8/2006 85 83 14.46 High flow
0OK121400-02-0140H Little Caney 7/10/2006 91.3 15.38 | High flow
0OK121400-02-0140H Little Caney 6/13/2006 94.5 45 14.42 High flow
0OK121400-02-0140H Little Caney 6/16/2003 60 22 High flow
0OK121400-02-0140H Little Caney 5/12/2003 89.4 43 46.23 | High flow
0OK121400-02-0140H Little Caney 4/7/2003 46.6 44 142.1 | High flow
0OK121400-02-0140H Little Caney 3/3/2003 107 46 2.32
0OK121400-02-0140H Little Caney 1/28/2003 23.1 41 3.11
0OK121400-02-0140H Little Caney 12/16/2002 30.3 14 11.42 High flow
0OK121400-02-0140H Little Caney 11/18/2002 28.1 14 4.78
0OK121400-02-0140H Little Caney 10/14/2002 46.4 40 4.48
0OK121400-02-0140H Little Caney 9/9/2002 71 69 16.64 High flow
0OK121400-02-0140H Little Caney 8/5/2002 92.7 41 17.32 High flow
0OK121400-02-0140H Little Caney 718/2002 99.8 27 91.92 High flow
0OK121400-02-0140H Little Caney 5/29/2002 117 23 High flow
0OK121400-02-0140H Little Caney 4/22/2002 193 72 5.34
0OK121400-02-0140H Little Caney 3/18/2002 43.8 35 3.37
0OK121400-02-0140H Little Caney 2/11/2002 30.6 29 1.7
0OK121400-02-0140H Little Caney 1/7/2002 15.9 15 0.83
0OK121400-02-0140H Little Caney 12/3/2001 60.9 46 3.03
0OK121400-02-0140H Little Caney 10/22/2001 98.7 73 9.33 High flow
0OK121400-02-0140H Little Caney 9/17/2001 109 65 11.92 | High flow
0OK121400-02-0140H Little Caney 8/31/2001 148 15.86 High flow
0OK121400-02-0140H Little Caney 8/13/2001 83.6 9.99 13.74 | High flow
0OK121400-01-0090D Rabb Creek 3/20/2001 21.2 28 6.83 High flow
A-8 FINAL

September 2010




Caney River Bacteria and Turbidity TMDLs

Appendix A

wowstaton || Watehody | oo | WO | Suspendeq | oW | Flow
Solids
0OK121400-01-0090D Rabb Creek 2/13/2001 79.1 82 57.77 | High flow
0OK121400-01-0090D Rabb Creek 1/9/2001 39.6 30 37.71 | High flow
0OK121400-01-0090D Rabb Creek 11/28/2000 375 20 0.37
0OK121400-01-0090D Rabb Creek 10/24/2000 180 152 0
0OK121400-01-0090D Rabb Creek 9/19/2000 30.7 0
0OK121400-01-0090D Rabb Creek 8/15/2000 31.1 14 0
0OK121400-01-0090D Rabb Creek 7/11/2000 13.8 2 0.76
0OK121400-01-0090D Rabb Creek 6/6/2000 29.8 37 0.96
0OK121400-01-0090D Rabb Creek 5/2/2000 69.5 34 19.02 | High flow
OK121400-01-0090D Rabb Creek 3/21/2000 48.4 30 5.42 | High flow
OK121400-01-0090D Rabb Creek 2/15/2000 18.2 8 0.45
OK121400-01-0090D Rabb Creek 1/11/2000 13.6 16 0.16
0OK121400-01-0090D Rabb Creek 12/7/1999 75.8 47.5 2.51 | High flow
OK121400-01-0090D Rabb Creek 11/2/1999 11.3 315 0
OK121400-01-0090D Rabb Creek 9/28/1999 239 151 3.25 | High flow
OK121400-01-0090D Rabb Creek 8/17/1999 20.6 20 0
OK121400-01-0090D Rabb Creek 7/29/1999 23.5 2
OK121400-01-0090D Rabb Creek 7/13/1999 16 115 1
OK121400-01-0090D Rabb Creek 6/15/1999 58.6 26 1.5
OK121400-01-0090D Rabb Creek 5/18/1999 67.5 64 73.38 | High flow
OK121400-01-0090D Rabb Creek 4/20/1999 10 9.5 1.97
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Appendix B
Summary of Discharge Monitoring Report Data for fadlities in the Study
NPDES Namg of Time Max Flow Ave Flow Max TSS Ave TSS

Facility (mgd) (mgd) (ma/L) (ma/L)
OK0034517 Ochelata UA 5/31/2009 0.07 0.07 5 5
0OK0034517 Ochelata UA 4/30/2009 0.07 0.07 5 5
0OK0034517 Ochelata UA 3/31/2009 0.07 0.07 57 57
OK0034517 Ochelata UA 2/28/2009 0.07 0.07 22 22
0OK0034517 Ochelata UA 1/31/2009 0.07 0.07 20 20
OK0034517 Ochelata UA 12/31/2008 0.07 0.07 40 40
OK0034517 Ochelata UA 11/30/2008 0.07 0.07 5 5
0OK0034517 Ochelata UA 10/31/2008 0.07 0.07 5 5
OK0034517 | Ochelata UA | 9/30/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA | 8/31/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA 7/31/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA 6/30/2008 NODI NODI NODI NODI
OK0034517 Ochelata UA 5/31/2008 0.07 0.07 36 36
OK0034517 | Ochelata UA | 4/30/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA | 3/31/2008 NODI NODI NODI NODI
OK0034517 Ochelata UA 2/29/2008 0.07 0.07 5 5
OK0034517 | Ochelata UA | 1/31/2008 NODI NODI NODI NODI
OK0034517 | Ochelata UA | 12/31/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA | 11/30/2007 NODI NODI NODI NODI
OK0034517 Ochelata UA 10/31/2007 0.07 0.07 22 22
OK0034517 | Ochelata UA 9/30/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 8/31/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 7/31/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA | 6/30/2007 NODI NODI NODI NODI
OKO0034517 | Ochelata UA | 5/31/2007 NODI NODI NODI NODI
OK0034517 Ochelata UA 4/30/2007 0.07 0.07 25 25
OK0034517 | Ochelata UA 3/31/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 2/28/2007 NODI NODI NODI NODI
OK0034517 | Ochelata UA 1/31/2007 NODI NODI NODI NODI
OKO0028339 | Ramona PWA | 5/31/2009 0.070 0.030 44 44
OK0028339 | Ramona PWA 4/30/2009 0.058 0.045 7 7
OK0028339 | Ramona PWA | 3/31/2009 0.040 0.030 5 5
OKO0028339 | Ramona PWA | 2/28/2009 0.030 0.030 7 7
OK0028339 | Ramona PWA 1/31/2009 0.040 0.020 5 5
OK0028339 | Ramona PWA | 12/31/2008 0.030 0.015 6 6
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NPDES Name of Time Max Flow Ave Flow Max TSS Ave TSS
Facility (mad) (mad) (mag/L) (mag/L)
OKO0028339 | Ramona PWA | 11/30/2008 0.040 0.025 90 90
OKO0028339 | Ramona PWA | 10/31/2008 0.040 0.025 59 59
OK0028339 | Ramona PWA | 9/30/2008 NODI NODI NODI NODI
OK0028339 | Ramona PWA | 8/31/2008 NODI NODI NODI NODI
OKO0028339 | Ramona PWA 7/31/2008 0.120 0.036 6 6
OKO0028339 | Ramona PWA 6/30/2008 0.050 0.045 5 5
OKO0028339 | Ramona PWA 5/31/2008 0.050 0.040 63 63
OK0028339 | Ramona PWA 4/30/2008 0.226 0.183 17 17
OKO0028339 | Ramona PWA 3/31/2008 0.103 0.062 6 6
OKO0028339 | Ramona PWA 2/29/2008 0.030 0.030 19 19
OK0028339 | Ramona PWA 1/31/2008 0.040 0.033 31 31
OK0028339 | Ramona PWA | 12/31/2007 0.080 0.048 44 44
OK0028339 | Ramona PWA | 11/30/2007 0.040 0.035 58 58
OK0028339 | Ramona PWA | 10/31/2007 0.030 0.030 79 79
OK0028339 | Ramona PWA | g/30/2007 NDR NDR NDR NDR
OK0028339 | Ramona PWA | g/31/2007 0.040 0.038 17 17
OK0028339 | Ramona PWA 7/31/2007 0.120 0.056 32 32
OK0028339 | Ramona PWA 6/30/2007 0.040 0.021 27 27
OKO0028339 | Ramona PWA 5/31/2007 0.030 0.023 38 38
OK0028339 | Ramona PWA | 4/30/2007 0.030 0.017 55 55
OK0028339 | Ramona PWA | 3/31/2007 0.030 0.015 65 65
OKO0028339 | Ramona PWA 2/28/2007 0.030 0.019 42 42
OKO0028339 | Ramona PWA 1/31/2007 0.030 0.020 25 25

NODI= No discharge; NDR = No Data Received
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ODEQ Summary of Available Reports of Sanitary SeweOverflows

Facility

Amount

Facility Name Date D Location (gal) Cause Type of Source

OCHELATA 11/13/2008 | S21410 500,000 RAIN

OCHELATA 11/6/2008 S21410 BEHIND LAGOON 288,000 RAIN

OCHELATA 11/3/2008 S21410 S. SIDE OF LAGOON 20,000 KEEP DYKES FROM OVERFLOW

OCHELATA 10/1/2008 S21410 E. SIDE OF S.E. LAGOON OVERFLOW

OCHELATA 6/6/2008 S21410 PLANT NOT SURE MANHOLE

OCHELATA 3/30/2008 S21410 S.E. LAGOON RAIN LAGOON/BASIN

OCHELATA 5/4/2004 S21410 S.E. LAGOON RAIN

OCHELATA 3/2/2004 S21410 S.E. LAGOON OVERFLOW - RAIN

OCHELATA 1/28/2004 S21410 S.E. LAGOON S. BANK RAIN LAGOON/BASIN

OCHELATA 6/26/2000 S21410 PLANT N. OF SOUTH CELL 240,000 RAIN

OCHELATA 7/8/1999 S21410 N. OF S. CELL RAIN

OCHELATA 1/6/1998 S21410 EAST END OF #3 CELL 500,000 LARGE ANOUNTS OF RAIN

RAMONA 11/28/2009 | S21407 CLARK ALLEY 2 POWER FAILURE LIFT STATION

RAMONA 11/25/2009 | S21407 CLARK ALLEY POWER FAILURE LIFT STATION

RAMONA 11/12/2009 | S21407 SHAWNEE & 7TH 2,200 L.S. DOWN LIFT STATION

RAMONA 11/1/2009 S21407 VETERANS & RAMONA AVE. 11,000 BROKEN MAIN PIPE

RAMONA 10/29/2009 | S21407 3RD & SHAWNEE 700 RAIN MANHOLE

RAMONA 10/29/2009 | $21407 ATH&STH @ CHEROKEE & 750 RAIN

RAMONA 8/25/2009 S21407 W 3960 & N3010 1,000 PUMP FAILURE LIFT STATION

RAMONA 7/30/2009 $521407 PLANT RAIN LIFT STATION

RAMONA 6/16/2009 $521407 CLARK ALLEY 600 RAIN LIFT STATION

RAMONA 6/11/2009 $521407 CLARK ALLEY 1,800 RAIN LIFT STATION

RAMONA 5/1/2009 $521407 CLARK ALLEY 80,000 RAIN LIFT STATION

RAMONA 4/16/2009 $521407 RD 3960 & 3010 7,000 MOTOR SHUT DOWN LIFT STATION

RAMONA 4/8/2009 $521407 ROQgégEO.?R&Alnggg P,SA\L?(NE 2,000 L.S. PUMP DOWN LIFT STATION

RAMONA 3/31/2009 $521407 OFF HWY 75 ON WYANDOTTE 100 PUMP FAILURE LIFT STATION
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Facility Name Date Fafg'ty Location Ar&%lf)m Cause Type of Source
RAMONA 1/8/2009 S21407 MOUND VIEW TP PUMP FAILURE LAGOON/BASIN
RAMONA 1/6/2009 S21407 WWTP 100 FROZEN LAGOON/BASIN
RAMONA 12/9/2008 S21407 LIFT STATIONs%élQOO & 3000 ON 700 POWER FAILURE LIFT STATION
RAMONA 11/13/2008 S21407 RD. N.S. 3968 & W. 3010 30 ROOTS PIPE
RAMONA 8/11/2008 S21407 CLARK ALLEY 1,800 RAIN LIFT STATION
RAMONA 6/9/2008 S21407 CLARK ALLEY & MAPLE 10,000 RAIN MANHOLE
RAMONA 4/21/2008 S21407 3960 & 3010 RD 25,000 UNKNOWN LIFT STATION
RAMONA 3/31/2008 S21407 CLARK ALLEY L.S. 10,000 RAIN MANHOLE
RAMONA 12/11/2007 S21407 PLANT POWER OUTAGE
RAMONA 5/8/2007 S21407 US 75 & WYANDOTTE 25,000 ROOTS & RAIN PIPE
RAMONA 5/7/2007 S21407 281 KEELER ROOTS & RAIN
RAMONA 5/7/2007 | S21407 1BLKS. OKFE‘I’EVJQRNDOTTE & 25,000 FLOODING MANHOLE
RAMONA 5/7/2007 S21407 MAPLE & CLARK ALLEY 75,000 GROUND WATER IN SEWER MANHOLE
RAMONA 412612007 | S21407 WYANDOTI)E ESN’%M'LE EAST | 500 FLOODING BUILDINGS LIET STATION
RAMONA 6/16/2005 S21407 E. END OF MAPLE ST. 35,000 POWER OUTAGE MANHOLE

WYANDOTTE - IN ALLEY BEHIND

RAMONA 1/29/1997 S21407 GENE KINNEY & FAY BENNETT 100 LEAK IN SEWER
RAMONA 6/5/1995 S21407 EAST LIFT STATION 1,000 POWER FAILURE
RAMONA 5/19/1995 S21407 EAST LIFT STATION 100,000 POWER LINE DOWN
RAMONA 5/7/1995 S21407 EASTSIDE LIFT STATION 1’0000’00 PLASTIC JUG
RAMONA 5/7/1995 S21407 WYANDOTTE & HIWAY 75N HYDROLIC OVERLOAD
RAMONA 7/21/1994 S21407 LIFT SATATIO ON EASTSIDE RAINSTORM
RAMONA 5/18/1993 S21407 LAGOON 150,000 HEAVY RAINS

HEAVY RAIN - LIFT STATION
RAMONA 5/8/1993 S21407 LIFT STATION 2,250 WENT DOWN NOT PUMPING

SOMEONE REMOVED A WEIR
RAMONA 5/28/1990 S21407 LAGOON 532,000 OUT OF THE LAGOON
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Appendix C
Estimated Flow exceedance frequencies
Caney River Big Cabin Creek*** | Hogshooter Creek Curl Creek Mission Creek thtIeRiS/::rney Rabb Creek
WBID Segment 0OK121400010010 10 0OK121600060060 00 0OK121400010300 00 0K121400010270 00 | OK121400020190 00 | OK121400020140 00 | OK121400010090 00
USGS Gage Reference 7175500 7191000 7191000 7191000 7191000 7191000 7191000
Drainage Area (sq. mile) 319.66 466.80 44.45 48.09 41.92 26.09 9.00
NRCS Curve Number 70.11 70.33 70.90 69.85 67.2 71.07 69.08
Average Annual Rainfall
(inch) 40.66 44.07 40.77 41.02 38.15 39.71 41.58
O eauency Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
0 71700.0 46300.0 4078.4 4440.8 3599.9 1998.39 842.3
1 11193.0 6942.3 611.5 665.9 539.8 1028.89 126.3
2 8700.0 4199.2 369.9 402.8 326.5 763.41 76.4
3 7567.9 2770.0 244.0 265.7 215.4 574.80 50.4
4 6810.0 2010.0 177.1 192.8 156.3 474.07 36.6
5 6266.5 1490.0 131.2 142.9 115.9 392.79 27.1
6 5820.0 1100.0 96.9 105.5 85.5 319.93 20.0
7 5390.0 872.0 76.8 83.6 67.8 273.35 15.9
8 5020.0 718.0 63.2 68.9 55.8 242.77 13.1
9 4663.7 600.1 52.9 57.6 46.7 223.60 10.9
10 4330.0 513.0 45.2 49.2 39.9 199.22 9.3
11 4000.0 445.0 39.2 42.7 34.6 186.71 8.1
12 3720.0 393.0 34.6 37.7 30.6 175.52 7.1
13 3460.0 351.0 30.9 33.7 27.3 165.29 6.4
14 3190.0 317.0 27.9 30.4 24.6 156.19 5.8
15 2950.0 286.0 25.2 27.4 22.2 146.91 5.2
16 2700.0 261.0 23.0 25.0 20.3 138.59 4.7
17 2470.0 237.0 20.9 22.7 18.4 130.69 4.3
18 2250.0 220.0 19.4 21.1 17.1 125.80 4.0
19 2060.0 203.0 17.9 19.5 15.8 120.32 3.7
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Caney River Big Cabin Creek*** | Hogshooter Creek Curl Creek Mission Creek thtIeRiS/::rney Rabb Creek
WBID Segment 0OK121400010010 10 0OK121600060060 00 0OK121400010300 00 0K121400010270 00 | OK121400020190 00 | OK121400020140 00 | OK121400010090 00
USGS Gage Reference 7175500 7191000 7191000 7191000 7191000 7191000 7191000
Drainage Area (sg. mile) 319.66 466.80 44.45 48.09 41.92 26.09 9.00
NRCS Curve Number 70.11 70.33 70.90 69.85 67.2 71.07 69.08
Average Annual Rainfall

(inch) 40.66 44.07 40.77 41.02 38.15 39.71 41.58
F'O"l‘éri’;‘;eei‘l?"ce Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)

20 1890.0 190.0 16.7 18.2 14.8 115.99 35

21 1720.0 177.0 15.6 17.0 13.8 111.17 3.2

22 1550.0 165.0 14.5 15.8 12.8 108.11 3.0

23 1410.0 155.0 13.7 14.9 12.1 103.86 2.8

24 1300.0 145.0 12.8 13.9 11.3 100.24 2.6

25 1160.0 136.0 12.0 13.0 10.6 97.47 2.5

26 1050.0 129.0 11.4 12.4 10.0 94.02 2.3

27 947.0 122.0 10.7 11.7 9.5 91.45 2.2

28 859.0 114.0 10.0 10.9 8.9 87.50 2.1

29 783.0 108.0 9.5 10.4 8.4 84.62 2.0

30 718.0 102.0 9.0 9.8 7.9 81.09 1.9

31 653.0 96.0 8.5 9.2 7.5 78.71 1.7

32 598.0 92.0 8.1 8.8 7.2 75.79 1.7

33 548.7 87.0 7.7 8.3 6.8 73.29 1.6

34 510.6 82.0 7.2 7.9 6.4 71.25 1.5

35 471.0 78.0 6.9 7.5 6.1 69.16 1.4

36 436.0 74.0 6.5 7.1 5.8 66.49 1.3

37 404.0 70.0 6.2 6.7 5.4 64.86 1.3

38 374.0 66.0 5.8 6.3 5.1 63.19 1.2

39 345.0 62.0 5.5 5.9 4.8 61.49 1.1

40 318.0 59.0 5.2 5.7 4.6 59.75 1.1

41 290.1 56.0 4.9 5.4 4.4 57.98 1.0

42 271.0 53.0 4.7 5.1 4.1 56.78 1.0
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Caney River Big Cabin Creek*** | Hogshooter Creek Curl Creek Mission Creek thtIeRiS/::rney Rabb Creek
WBID Segment 0OK121400010010 10 0OK121600060060 00 0K121400010300 00 0K121400010270 00 | OK121400020190 00 | OK121400020140 00 | OK121400010090 00
USGS Gage Reference 7175500 7191000 7191000 7191000 7191000 7191000 7191000
Drainage Area (sg. mile) 319.66 466.80 44.45 48.09 41.92 26.09 9.00
NRCS Curve Number 70.11 70.33 70.90 69.85 67.2 71.07 69.08
Average Annual Rainfall
(inch) 40.66 44.07 40.77 41.02 38.15 39.71 41.58
F'O"l‘éri’;‘;eei‘l?"ce Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
43 250.0 50.0 4.4 4.8 3.9 55.56 0.9
44 231.0 48.0 4.2 4.6 3.7 54.32 0.9
45 214.0 45.0 4.0 4.3 35 53.07 0.8
46 199.0 43.0 3.8 4.1 3.3 51.14 0.8
47 184.0 40.0 35 3.8 3.1 49.97 0.7
48 170.6 38.0 3.3 3.6 3.0 48.48 0.7
49 158.0 35.0 3.1 3.4 2.7 46.42 0.6
50 147.0 34.0 3.0 3.3 2.6 44.29 0.6
51 136.0 31.0 2.7 3.0 2.4 42.53 0.6
52 128.0 29.0 2.6 2.8 2.3 40.57 0.5
53 120.3 27.0 2.4 2.6 2.1 38.22 0.5
54 114.0 25.0 2.2 2.4 1.9 37.42 0.5
55 108.0 23.0 2.0 2.2 1.8 35.77 0.4
56 102.0 22.0 1.9 2.1 1.7 34.06 0.4
57 97.0 20.0 1.8 1.9 1.6 33.18 0.4
58 91.0 19.0 1.7 1.8 1.5 31.38 0.3
59 86.0 18.0 1.6 1.7 1.4 29.50 0.3
60 81.0 16.0 1.4 1.5 1.2 29.50 0.3
61 77.0 15.0 1.3 1.4 1.2 27.53 0.3
62 72.0 14.0 1.2 1.3 1.1 26.51 0.3
63 69.0 13.0 1.1 1.2 1.0 25.46 0.2
64 65.0 12.0 1.1 1.2 0.9 24.38 0.2
65 62.0 11.0 1.0 1.1 0.9 23.26 0.2
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Caney River Big Cabin Creek*** | Hogshooter Creek Curl Creek Mission Creek thtIeRiS/::rney Rabb Creek
WBID Segment 0OK121400010010 10 0OK121600060060 00 0K121400010300 00 0K121400010270 00 | OK121400020190 00 | OK121400020140 00 | OK121400010090 00
USGS Gage Reference 7175500 7191000 7191000 7191000 7191000 7191000 7191000
Drainage Area (sg. mile) 319.66 466.80 44.45 48.09 41.92 26.09 9.00
NRCS Curve Number 70.11 70.33 70.90 69.85 67.2 71.07 69.08
Average Annual Rainfall

(inch) 40.66 44.07 40.77 41.02 38.15 39.71 41.58
O ooy Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)

66 59.0 10.0 0.9 1.0 0.8 22.10 0.2

67 57.0 9.5 0.8 0.9 0.7 22.10 0.2

68 54.0 8.7 0.8 0.8 0.7 20.53 0.2

69 52.0 8.0 0.7 0.8 0.6 19.78 0.1

70 50.0 7.3 0.6 0.7 0.6 18.87 0.1

71 48.0 6.8 0.6 0.7 0.5 18.34 0.1

72 46.0 6.2 0.5 0.6 0.5 17.38 0.1

73 45.0 5.7 0.5 0.5 0.4 16.67 0.1

74 43.0 5.1 0.4 0.5 0.4 15.94 0.1

75 41.0 4.7 0.4 0.5 0.4 15.19 0.1

76 39.0 4.2 0.4 0.4 0.3 14.41 0.1

77 37.0 3.9 0.3 0.4 0.3 13.59 0.1

78 36.0 3.6 0.3 0.3 0.3 12.74 0.1

79 34.0 3.4 0.3 0.3 0.3 11.87 0.1

80 32.0 3.1 0.3 0.3 0.2 11.30 0.1

81 30.0 2.9 0.3 0.3 0.2 10.52 0.1

82 29.0 2.7 0.2 0.3 0.2 10.12 0.0

83 27.0 2.5 0.2 0.2 0.2 9.49 0.0

84 26.0 2.4 0.2 0.2 0.2 9.05 0.0

85 24.0 2.2 0.2 0.2 0.2 8.60 0.0

86 23.0 2.1 0.2 0.2 0.2 8.14 0.0

87 22.0 1.9 0.2 0.2 0.1 7.90 0.0

88 20.0 1.8 0.2 0.2 0.1 7.40 0.0
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Appendix C

Caney River

Big Cabin Creek***

Hogshooter Creek

Curl Creek

Mission Creek

Little Caney
River

Rabb Creek

WBID Segment

0OK121400010010_10

0OK121600060060_00

0OK121400010300_00

0OK121400010270_00

0OK121400020190_00

0OK121400020140_00

0OK121400010090_00

USGS Gage Reference 7175500 7191000 7191000 7191000 7191000 7191000 7191000
Drainage Area (sg. mile) 319.66 466.80 44.45 48.09 41.92 26.09 9.00
NRCS Curve Number 70.11 70.33 70.90 69.85 67.2 71.07 69.08
Average Annual Rainfall

(inch) 40.66 44.07 40.77 41.02 38.15 39.71 41.58
O ooy Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)

89 19.0 1.7 0.1 0.2 0.1 7.14 0.0

90 17.0 1.6 0.1 0.2 0.1 6.87 0.0

91 16.0 1.5 0.1 0.1 0.1 6.60 0.0

92 15.0 1.4 0.1 0.1 0.1 6.32 0.0

93 14.0 1.3 0.1 0.1 0.1 6.03 0.0

94 12.0 1.2 0.1 0.1 0.1 6.03 0.0

95 11.0 1.1 0.1 0.1 0.1 5.73 0.0

96 10.0 1.0 0.1 0.1 0.1 5.42 0.0

97 8.4 0.8 0.1 0.1 0.1 5.29 0.0

98 6.3 0.7 0.1 0.1 0.1 4.93 0.0

99 4.3 0.5 0.0 0.0 0.0 4.47 0.0

100 0.0 0.1 0.0 0.0 0.0 2.17 0.0

*** flows from Hogshooter ,Curl, Mission and Rabliggks were estimated from this USGS reference gaget incremental watershed area below othgega
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Appendix C
General Methodology for Estimating Stream Flow

Flows duration curve will be developed using ergtiUSGS measured flow where the
data exist from a gage on the stream segment efeistt or by estimating flow for stream
segments with no corresponding flow record. Flatado support flow duration curves and
load duration curves will be derived for each Oklala stream segment in the following

priority:

i) In cases where a USGS flow gage occurs on, or nwithie-half mile upstream or
downstream of the Oklahoma stream segment.

a.

If simultaneously-collected flow data matching theater quality sample
collection date are available, these flow measuresn&ill be used.

If flow measurements at the coincident gage aresimgsfor some dates on
which water quality samples were collected, thesgapthe flow record will be
filled, or the record will be extended, by estimgtiflow based on measured
streamflows at a nearby gage. First, the mostogpiate nearby stream gage is
identified. All flow data are first log-transformeo linearize the data because
flow data are highly skewed. Linear regressiomsthen developed between 1)
daily streamflow at the gage to be filled/extendsd 2) streamflow at all gages
within 95 miles that have at least 300 daily floweasurements on matching
dates. The station with the best flow relationship indicated by the highest r-
squared value, is selected as the index gage.u&-xd indicates the fraction of
the variance in flow explained by the regressidine regression is then used to
estimate flow at the gage to be filled/extendednfribow at the index station.
Flows will not be estimated based on regressionis méquared values less than
0.25, even if that is the best regression. In soases, it will be necessary to
filllextend flow records from two or more index gesy The flow record will be
filled/extended to the extent possible based onbiés index gage (highest r-
squared value), and remaining gaps will be fillemhf the next best index gage
(second highest r-squared value), and so forth.

Flow duration curves will be based on measuredglowly, not on the filled or
extended flow time series calculated from otheregagsing regression.

On a stream impounded by dams to form reservoisufiicient size to impact
stream flow, only flows measured after the datehefmost recent impoundment
will be used to develop the flow duration curvehisTalso applies to reservoirs
on major tributaries to the stream.

ii) In the case no coincident flow data are availabled stream segment, but flow
gage(s) are present upstream and/or downstrearowithmajor reservoir between,
flows will be estimated for the stream segment framupstream or downstream
gage using a watershed area ratio method derivetlineating subwatersheds, and
relying on the National Resources Conservation i8er¢{NRCS) runoff curve
numbers and antecedent rainfall condition. Dragnagbbasins will first be
delineated for all impaired 303(d)-listed streamgrsents, along with all USGS flow
stations located in the 8-digit HUCs with impairsileams. Then all the USGS
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gage stations upstream and downstream of the satshatls with 303(d) listed
stream segments will be identified.

a. Watershed delineations are performed using ESRI Hydro with a 30 m
resolution National Elevation Dataset (NED) digitalevation model, and
National Hydrography Dataset (NHD) streams. Tlemaaf each watershed will
be calculated following watershed delineation.

b. The watershed average curve number is calculabed $oil properties and land
cover as described in the U.S. Department of Agtice (USDA) Publication
TR-55: Urban Hydrology for Small Watershed$he soil hydrologic group is
extracted from NRCS STATSGO soil data, and landaasegory from the 2001
National Land Cover Dataset (NLCD). Based on lasd and the hydrologic
soil group, SCS curve numbers are estimated aB@hmeter resolution of the
NLCD grid as shown in Table 7. The average cummlver is then calculated
from all the grid cells within the delineated wateed.

c. The average rainfall is calculated for each watisfrom gridded average
annual precipitation datasets for the period 190002(Spatial Climate Analysis
Service, Oregon State University, http://www.ocsgamstate.edu/prism/,
created 20 Feb 2004).

Table C-1 Runoff Curve Numbers for Various Land UseCategories and Hydrologic Soil

Groups
NLCD Land Use Category Curve number for hydrologic soil group
A B C D

0 in case of zero 100 100 100 100
11 Open Water 100 100 100 100
12 Perennial Ice/Snow 100 100 100 100
21 Developed, Open Space 39 61 74 80
22 Developed, Low Intensity 57 72 81 86
23 Developed, Medium Intensity 77 85 20 92
24 Developed, High Intensity 89 92 94 95
31 Barren Land (Rock/Sand/Clay) 77 86 91 94
32 Unconsolidated Shore 77 86 91 94
41 Deciduous Forest 37 48 57 63
42 Evergreen Forest 45 58 73 80
43 Mixed Forest 43 65 76 82
51 Dwarf Scrub 40 51 63 70
52 Shrub/Scrub 40 51 63 70
71 Grasslands/Herbaceous 40 51 63 70
72 Sedge/Herbaceous 40 51 63 70
73 Lichens 40 51 63 70
74 Moss 40 51 63 70
81 Pasture/Hay 35 56 70 77
82 Cultivated Crops 64 75 82 85
90-99 Wetlands 100 100 100 100
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d. Flow at the ungaged site is calculated from theedagjte. The NRCS runoff
curve number equation is:

P-1.)°

Q= P-i)+s

(1)

where:
Q = runoff (inches)
P = rainfall (inches)
S = potential maximum retention after runoff bedinghes)
|5 = initial abstraction (inches)

If P < 0.2, Q = 0. Initial abstraction has beennduo be empirically related to S by the
equation

la=0.2*S (2)

Thus, the runoff curve number equation can be temri

(P-029)°
= 3
Q P+0.8< ®)
S is related to the curve number (CN) by:
5= 1000_, @
CN

e. First, S is calculated from the average curve nunitaethe gaged watershed.
Next, the daily historic flows at the gage are ated to depth basis (as used in
equations 1 and 3) by dividing by its drainage atkan converted to inches.
Equation 3 is then solved for daily precipitatiogpth of the gaged sitegdeq
The daily precipitation depth for the ungaged s#tethen calculated as the
precipitation depth of the gaged site multiplied thg ratio of the long-term
average precipitation in the watersheds of the gadand gaged sites:

M
_ ungaged
Pungaged_ gage{ M J (5)

gaged

where M is the mean annual precipitation of theensdted in inches. The daily
precipitation depth for the ungaged watershed, calaith the average curve
number of the ungaged watershed, are then usedaltulate the depth
equivalent daily flow Q of the ungaged site. HFwahe volumetric flow rate at
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ii)

the ungaged site is calculated by multiplying by #nea of the watershed of the
ungaged site and converted to cubic ft.

f. If any flow measurements are available on the streagment of interest, the
projected flows will be compared to the measureddl on each date. If there is
poor agreement, projections will be repeated witkirapler approach, using
only the watershed area ratio and the gaged diterefpy eliminating the
influence of differences in curve number and prégipn between the gaged
and ungaged stream watersheds). If this simpleroapph provides better
agreement with existing data, the projected floaseol on the simpler approach
will be used.

In the rare case where no coincident flow datasaeglable for a stream segment
andno gages are present upstream or downstream, floNlvbe estimated for the
stream segment from a gage on an adjacent wateo$tsgdilar size and properties,
via the same procedure described above for upstoe@ownstream gages.
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Appendix D
State of Oklahoma Antidegradation Policy

785:45-3-1. Purpose; Antidegradation policy statenm

(@)

(b)

Waters of the state constitute a valuable mesgoand shall be protected, maintained
and improved for the benefit of all the citizens.

It is the policy of the State of Oklahoma tomtect all waters of the state from
degradation of water quality, as provided in OAG:48-3-2 and Subchapter 13 of
OAC 785:46.

785:45-3-2. Applications of antidegradation policy

(@)

(b)

()

(d)

Application to outstanding resource waters (ORWertain waters of the state
constitute an outstanding resource or have exaggti@creational and/or ecological
significance. These waters include streams de®dndcenic River" or "ORW" in
Appendix A of this Chapter, and waters of the Statated within watersheds of
Scenic Rivers. Additionally, these may include watlcated within National and
State parks, forests, wilderness areas, wildlifenagament areas, and wildlife
refuges, and waters which contain species listeduaut to the federal Endangered
Species Act as described in 785:45-5-25(c)(2)(A) d85:46-13-6(c). No degradation
of water quality shall be allowed in these waters.

Application to high quality waters (HQW). It iecognized that certain waters of the
state possess existing water quality which excélease levels necessary to support
propagation of fishes, shellfishes, wildlife, artreation in and on the water. These
high quality waters shall be maintained and preigct

Application to beneficial uses. No water kifyadegradation which will interfere with
the attainment or maintenance of an existing oigdesed beneficial use shall be
allowed.

Application to improved waters. As the qtabf any waters of the state improve, no
degradation of such improved waters shall be altbwe

785:46-13-1. Applicability and scope

(@)

(b)

(©)

The rules in this Subchapter provide a framgwdor implementing the
antidegradation policy stated in OAC 785:45-3-2 &r waters of the state. This
policy and framework includes three tiers, or lsyelf protection.

The three tiers of protection are as follows
(1) Tier 1. Attainment or maintenance of an exgptim designated beneficial use.

(2) Tier 2. Maintenance or protection of High QtialWaters and Sensitive Public
and Private Water Supply waters.

(3) Tier 3. No degradation of water quality allava Outstanding Resource Waters.

In addition to the three tiers of protectidmstSubchapter provides rules to implement
the protection of waters in areas listed in Appeni of OAC 785:45. Although
Appendix B areas are not mentioned in OAC 785:45-3he framework for
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(d)

(e)

protection of Appendix B areas is similar to theplementation framework for the
antidegradation policy.

In circumstances where more than one benefios¢ limitation exists for a
waterbody, the most protective limitation shall lgppor example, all antidegradation
policy implementation rules applicable to Tier 1lterdodies shall be applicable also
to Tier 2 and Tier 3 waterbodies or areas, andemphtation rules applicable to Tier
2 waterbodies shall be applicable also to Tier 8vimdies.

Publicly owned treatment works may use dedigw,fmass loadings or concentration,
as appropriate, to calculate compliance with tlvegased loading requirements of this
section if those flows, loadings or concentratiovexre approved by the Oklahoma
Department of Environmental Quality as a portion Qiflahoma's Water Quality
Management Plan prior to the application of the QRIQW or SWS limitation.

785:46-13-2. Definitions

The following words and terms, when used in thib@apter, shall have the following
meaning, unless the context clearly indicates otisex.

"Specified pollutants” means

(A)

(B)
(©)
(D)
(E)

Oxygen demanding substances, measured as Gabous Biochemical Oxygen
Demand (CBOD) and/or Biochemical Oxygen Demand (BOD

Ammonia Nitrogen and/or Total Organic Nitrogen;
Phosphorus;
Total Suspended Solids (TSS); and

Such other substances as may be determinedhébyOklahoma Water Resources
Board or the permitting authority.

785:46-13-3. Tier 1 protection; attainment or mainénance of an existing or designated
beneficial use

(@)

(b)

(€)

General.

(1) Beneficial uses which are existing or desigdashall be maintained and
protected.

(2) The process of issuing permits for discharges/aters of the state is one of
several means employed by governmental agenciesféexted persons which
are designed to attain or maintain beneficial wgbgh have been designated
for those waters. For example, Subchapters 3, 8,and 11 of this Chapter are
rules for the permitting process. As such, theefatbubchapters not only
implement numerical and narrative criteria, butaisiplement Tier 1 of the
antidegradation policy.

Thermal pollution. Thermal pollution shall Ipeohibited in all waters of the state.
Temperatures greater than 52 degrees Centigradlecsatitute thermal pollution
and shall be prohibited in all waters of the state.

Prohibition against degradation of improvedtavs. As the quality of any waters of
the state improves, no degradation of such improvaers shall be allowed.
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785:46-13-4. Tier 2 protection; maintenance and ptection of High Quality Waters and
Sensitive Water Supplies

(@)

(b)

(©)

(d)

General rules for High Quality Waters. New paaurce discharges of any pollutant
after June 11, 1989, and increased load or coraterirof any specified pollutant
from any point source discharge existing as of JLhel989, shall be prohibited in
any waterbody or watershed designated in Appendigf DAC 785:45 with the
limitation "HQW". Any discharge of any pollutant gowaterbody designated "HQW"
which would, if it occurred, lower existing wateunality shall be prohibited. Provided
however, new point source discharges or increasad br concentration of any
specified pollutant from a discharge existing adwie 11, 1989, may be approved by
the permitting authority in circumstances where dscharger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load or
concentration would result in maintaining or impray the level of water quality
which exceeds that necessary to support recreaimh propagation of fishes,
shellfishes, and wildlife in the receiving water.

General rules for Sensitive Public and Privilater Supplies. New point source
discharges of any pollutant after June 11, 1986, inoreased load of any specified
pollutant from any point source discharge existagyof June 11, 1989, shall be
prohibited in any waterbody or watershed designatefippendix A of OAC 785:45
with the limitation "SWS". Any discharge of any phahant to a waterbody designated
"SWS" which would, if it occurred, lower existingater quality shall be prohibited.
Provided however, new point source discharges areased load of any specified
pollutant from a discharge existing as of June 11989, may be approved by the
permitting authority in circumstances where theckigger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load will
result in maintaining or improving the water quaiit both the direct receiving water,
if designated SWS, and any downstream waterbodigiglated SWS.

Stormwater discharges. Regardless of subsec{@nand (b) of this Section, point
source discharges of stormwater to waterbodiesveatdrsheds designated "HQW"
and "SWS" may be approved by the permitting autjori

Nonpoint source discharges or runoff. Best rmgangent practices for control of
nonpoint source discharges or runoff should be emgnted in watersheds of
waterbodies designated "HQW" or "SWS" in AppendioffOAC 785:45.

785:46-13-5. Tier 3 protection; prohibition against degradation of water quality in
outstanding resource waters

(@)

General. New point source discharges of anyuawmit after June 11, 1989, and
increased load of any pollutant from any point seutischarge existing as of June 11,
1989, shall be prohibited in any waterbody or walted designated in Appendix A of
OAC 785:45 with the limitation "ORW" and/or "Sceriiver", and in any waterbody
located within the watershed of any waterbody desigd with the limitation "Scenic
River". Any discharge of any pollutant to a watatpalesignated "ORW" or "Scenic
River" which would, if it occurred, lower existivgater quality shall be prohibited.
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(b)

()

(d)

Stormwater discharges. Regardless of 785:46¢&B- point source discharges of
stormwater from temporary construction activities waterbodies and watersheds
designated "ORW" and/or "Scenic River" may be p#gedi by the permitting
authority. Regardless of 785:46-13-5(a), dischagjestormwater to waterbodies and
watersheds designated "ORW" and/or "Scenic Riverfpoint sources existing as
of June 25, 1992, whether or not such stormwatahdirges were permitted as point
sources prior to June 25, 1992, may be permittedthiey permitting authority;
provided, however, increased load of any pollufaotn such stormwater discharge
shall be prohibited.

Nonpoint source discharges or runoff. Best mgangent practices for control of
nonpoint source discharges or runoff should be emgnted in watersheds of
waterbodies designated "ORW" in Appendix A of OABS5A5, provided, however,
that development of conservation plans shall baiired in sub-watersheds where
discharges or runoff from nonpoint sources aretitled as causing or significantly
contributing to degradation in a waterbody desigddORW".

LMFO's. No licensed managed feeding operatldiHO) established after June 10,
1998 which applies for a new or expanding licensenfthe State Department of
Agriculture after March 9, 1998 shall be locatgd]ithin three (3) miles of any
designated scenic river area as specified by teaiS&ivers Act in 82 O.S. Section
1451 and following, or [w]ithin one (1) mile of a aterbody [2:9-210.3(D)]
designated in Appendix A of OAC 785:45 as "ORW".

785:46-13-6. Protection for Appendix B areas

(@)

(b)

(©)

(d)

General. Appendix B of OAC 785:45 identifieeas in Oklahoma with waters of
recreational and/or ecological significance. Thaseas are divided into Table 1,
which includes national and state parks, natiomaedts, wildlife areas, wildlife

management areas and wildlife refuges; and Tablh?ch includes areas which
contain threatened or endangered species listesli@s by the federal government
pursuant to the federal Endangered Species Aahasded.

Protection for Table 1 areas. New dischargegpatiutants after June 11, 1989, or
increased loading of pollutants from dischargesteg as of June 11, 1989, to waters
within the boundaries of areas listed in Table Appendix B of OAC 785:45 may be
approved by the permitting authority under suchditions as ensure that the
recreational and ecological significance of theagens will be maintained.

Protection for Table 2 areas. Discharges oerotictivities associated with those
waters within the boundaries listed in Table 2 ppAndix B of OAC 785:45 may be
restricted through agreements between appropeagidatory agencies and the United
States Fish and Wildlife Service. Discharges oeptctivities in such areas shall not
substantially disrupt the threatened or endangspesgties inhabiting the receiving
water.

Nonpoint source discharges or runoff. Best mgangent practices for control of
nonpoint source discharges or runoff should be emginted in watersheds located
within areas listed in Appendix B of OAC 785:45.

D-4 FINAL
September 2010



Caney River Bacteria and Turbidity TMDLs Appendix E

APPENDIX E

RESPONSE TO COMMENTS
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Comments from Oklahoma Farm Bureau were received oseptember 7, 2010:

Comment #1: We appreciate the opportunity to provide commemigshese FINAL TMDLSs.
As we have on their FINAL TMDLs, we continue to cment that sewer overflows and
bypasses should be included into the point soulozation as a contributor to bacteria
impairment.

Response #1Sewer overflows and bypasses are not permittedlzar@fore cannot be added
to the point source allocations. All SSOs are cdergd unpermitted discharges under State
statute and DEQ regulations and will be dealt tightenforcement actions as described in the
last paragraph of Section 3.1.2. No changes weréana

Comment #2: With regard to these bacteria TMDLs, we concueg¢happroaches to revising
the pathogen provisions of Oklahoma's water qualindards -- removing the primary body
contact recreation use, modifying application @& #xisting criteria, and revising the existing
numeric criteria — should be considered.

Response #2T'hank you for the comments
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