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EXECUTIVE SUMMARY

This report documents the data and assessmenttasestablish turbidity TMDLs for
seven stream segments in the Lower Cimarron Rikele®n Creek study area. Data
assessment and TMDL calculations are conductedaardance with requirements of Section
303(d) of the CWA, Water Quality Planning and Magragnt Regulations (40 CFR Part 130),
USEPA guidance, and ODEQ guidance and procedu@BEQ is required to submit all
TMDLs to USEPA for review and approval. Once th&BPA approves a TMDL, the
waterbody may be moved to Category 4a of a stateegrated Water Quality Monitoring and
Assessment Report, where it remains until compéanith water quality standards (WQS) is
achieved (USEPA 2003).

The purpose of this TMDL report is to establishlyiaint load allocations for turbidity in
impaired waterbodies, which is the first step talvaastoring water quality. TMDLs determine
the pollutant loading a waterbody can assimilathout exceeding the WQS for that pollutant.
TMDLs also establish the pollutant load allocatimtessary to meet the WQS established for a
waterbody based on the relationship between poliusaurces and in-stream water quality
conditions. A TMDL consists of a wasteload alleaat(WLA), load allocation (LA), and a
margin of safety (MOS). The WLA is the fraction thie total pollutant load apportioned to
point sources, and includes stormwater discharggslated under the National Pollutant
Discharge Elimination System (NPDES) as point sesircThe LA is the fraction of the total
pollutant load apportioned to nonpoint sources.e MOS is a percentage of the TMDL set
aside to account for the lack of knowledge assediatith natural process in aquatic systems,
model assumptions, and data limitations.

This report does not stipulate specific controlatd (regulatory controls) or management
measures (voluntary best management practicesyseageto reduce turbidity loadings within
each watershed. Watershed-specific control actiand management measures will be
identified, selected, and implemented under a sé@arocess involving stakeholders who live
and work in the watershed; tribes; and local, state federal government agencies.

E.1 Problem Identification and Water Quality Target

The TMDL in this report address fish and wildlifeopagation for the subcategory warm water
aguatic community. Table ES-1, an excerpt from émupx B of the 2008 Integrated Report
(ODEQ 2008), summarizes the warm water aquatic confiyi use attainment status and the
scheduled date for TMDL development establisheddBEQ for the impaired waterbody of
the Study Area.

ES-1 FINAL
April 2010



Lower Cimarron River-Skeleton Creek Area TurbiditDL Executive Summary

Table ES-1  Excerpt from the 2008 Integrated Report Comprehensive Waterbody
Assessment Category List

[72] —

Qo o 8 2

s ® S c

Waterbody ID Waterbody Name = ?, ) = 205

= = E
© (=) = ey E ®©

S 8] 2 | 2| 83§

) ) i a =<0
0OK620910020040_00 Cooper Creek 40.27 5a 2016 3 N
0OK620910020270_00 Elm Creek 14.15 5a 2019 4 N
0OK620910030010_00 Skeleton Creek 32.84 5a 2019 4 N
0OK620910040010_20 Cottonwood Creek 24.39 5a 2010 1 N
0OK620910040120_00 Deer Creek 12.67 5a 2010 1 N
OK620910050010_00 Kingfisher Creek 47.37 5a 2019 4 N
0OK620910050080_00 Dead Indian Creek 24.23 5a 2019 4 N

N = Not Supporting;
5a = TMDL is underway or will be scheduled
Source: 2008 Integrated Report, ODEQ 2008

The data in Table ES-2 were used to support thésidacto place the seven stream
segments on the ODEQ 2008 303(d) list (ODEQ 200 émsupport of the Fish and Wildlife
Propagation use based on turbidity levels obseirvélte waterbody. Turbidity is a measure of
water clarity and is caused by suspended particledbe water column. Because turbidity
cannot be expressed as a mass load, total suspsolitdsi (TSS) is used as a surrogate in this
TMDL. Therefore, both turbidity and TSS data aresented to support TMDL development.

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

(A) Turbidity from other than natural sources shiaét 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.

ES-2 FINAL
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The Code of Federal Regulations (40 CFR 8130.7(cxtates that, “TMDLs shall be
established at levels necessary to attain and emaitihe applicable narrative and numerical
water quality standards.” An individual water gtyatarget established for turbidity must
demonstrate compliance with the numeric criterigspribed in the Oklahoma WQS
(OWRB 2008a). According to the Oklahoma WQS [7885412(f)(7)], the turbidity criterion
for streams with warm water aquatic community (WWAReneficial use is 50 NTUs
(OWRB 2008a). The turbidity of 50 NTUs applies yomb seasonal base flow conditions.
Turbidity levels are expected to be elevated duyramgl for several days after, a storm event.

Table ES-2 Summary of Turbidity Samples Collected Dring Base Flow Conditions

1998 — 2008
Number of | Percentage Average
Number of Samples of Samples Turbidgi]t
Turbidity Exceed 50 Exceeding (NTU) y
WQM Station Stream Samples (NTU) Criterion

0OK620910-02-0040C | Cooper Creek 19 6 31.6% 47.0
OK620910-02-0270G | Elm Creek 18 5 27.8% 38.4
0OK620910030010-
001AT
OK620910-03-0010F Skeleton Creek 108 68 63.0% 81.9
OK620910-03-0010S
OK620910-04-0010G | Cottonwood Creek 19 2 10.5% 38.5
OK620910-04-0120B | Deer Creek 15 6 40.0% 41.6
OK620910-05-0010G I
OK620910-05-0010J Kingfisher Creek 12 4 33.3% 62.8
OK620910-05-0080D | Dead Indian Creek 17 3 17.6% 24.5

TMDLs for turbidity in streams designated as war@ter aquatic community must take
into account that no more than 10 percent of timepses may exceed the numeric criterion of
50 NTU. However, as described above, becauseditylmannot be expressed as a mass load,
TSS is used as a surrogate in this TMDL. Sincestieno numeric criterion in the Oklahoma
WQS for TSS, a specific method must be developecbtwert the turbidity criterion to TSS
based on a relationship between turbidity and T$Be method for deriving the relationship
between turbidity and TSS, and for calculating @aewaody specific water quality target using
TSS, is summarized in Section 4 of this report.

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. Turbydihay originate from NPDES-permitted
facilities, fields, construction sites, quarriemrmwater runoff and eroding stream banks.

ES-3 FINAL
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The 2008 Integrated Water Quality Assessment ReffoREQ 2008) listed potential
sources of turbidity in Cooper Creek (OK6209100ZD@mD), Skeleton Creek
(OK620910030010_00), Kingfisher Creek (OK62091008D®0) and Dead Indian Creek
(OK620910050080_00) as clean sediment, grazingparian corridors of streams and creeks,
highway/road/bridge runoff (non-construction rethte non-irrigated crop production,
rangeland grazing, and other unknown sources. €@oGpeek also had petroleum/natural gas
activities as a turbidity source and Skeleton, Ksteer, and Dead Indian Creeks also had other
spill related impacts as a source. ElIm Creek (OKRGR020270 _00) and Deer Creek
(OK620910040120_00) had agriculture and other umknsources while turbidity sources of
Cottonwood Creek (OK620910040010_20) are unknown.

There are five active NPDES-permitted municipal WIWgTin the study area. These
facilities discharge organic TSS and are not cared a potential source of turbidity for this
TMDL. There is one active NPDES-permitted indudtfacility operated by Duke Energy
located in the Dead Indian Creek watershed. Thera small portion of the Deer Creek
watershed located in the Oklahoma City urbanizesh atesignated as an MS4. Stormwater
discharges occur only during or immediately follogiperiods of rainfall and elevated flow
conditions when the turbidity criteria do not applyd are not considered potential contributors
to turbidity impairment. There are two CAFOs in 8tady area: one located in the Dead Indian
Creek watershed and the other partially locateatienCooper Creek watershed.

The relatively homogeneous land use/land covergoaies within the Study Area are
associated with agricultural and range managemetnitees. This suggests that various
nonpoint sources of TSS include sediments origigatrom grazing in riparian corridors of
streams and creeks, highway/road/bridge runoff {gustruction related), non-irrigated crop
production, rangeland grazing and other sourcesediment loading (ODEQ 2008). Elevated
turbidity measurements can be caused by stream éasion processes, stormwater runoff
events and other channel disturbances. Howeveae thensufficient data available to quantify
contributions of TSS from these processes. TS®diment loading can also occur under non-
runoff conditions as a result of anthropogenic \aiéis in riparian corridors which cause
erosive conditions. Sediment loading of streams akso originate from natural erosion
processes, including the weathering of soil, roeks] uncultivated land; geological abrasion;
and other natural phenomena. Given the lack @& taéstablish the background conditions for
TSS/turbidity, separating background loading froonpoint sources is not feasible in this
TMDL development.

E.3 Using Load Duration Curves to Develop TMDLs

Turbidity is a commonly measured indicator of thesgended solids load in streams.
However, turbidity is an optical property of wateand measures scattering of light by
suspended solids and colloidal matter. To deveéldfDLs, a gravimetric (mass-based)
measure of solids loading is required to expreasldo There is often a strong relationship
between the total suspended solids concentratidriwahidity. Therefore, the TSS load, which
is expressed as mass per time, is used as a derfogdurbidity and the maximum one-day
load the stream can assimilate while still attagrtime WQS is calculated in terms of TSS load.

To determine the relationship between turbidity a6, a linear regression between TSS
and turbidity was developed using data collectethfll998 to 2008 at one station within the
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Study Area. Prior to developing the regressionftilewing steps were taken to refine the
dataset:

Replace TSS samples of “<10” mg/L with 5 mg/L;

Remove data collected under high flow conditionseexling the base-flow criterion.
This means that measurements corresponding to dikeeedance percentiles lower
than 2%' were not used in the regression;

Check the Oklahoma Mesonet rainfall ddttag://www.mesonet.ohgon the day where
samples were collected and on the previous two. daggere was a significant rainfall
event £ 1 inch) on any of these three days, the samplieésned a rain event sample
and is excluded from regression analysis (and thbidity-based use attainment
assessment). This is done to ensure a few potgntigdh flow samples are not
included in the regression analysis (and the usgnatent assessment), especially for
stream segments with a small overall number ofiditthbsamples. An exception to
this procedure is that if the significant rainfalippened on the sampling day and the
turbidity reading was less than 25 NTUs (half @& thrbidity standard for streams), the
sample will not be excluded from analysis becausstrikely the rainfall occurred
after the sample was taken. and

Log-transform both turbidity and TSS data to mimaenieffects of their non-normal
data distributions.

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool, may
provide insight into whether impairments are asged with point or nonpoint sources. The
basic steps to generating an LDC involve:

obtaining daily flow data for the site of interdstm available measured flow when
samples were collected, the USGS, or projected tlsing Oklahoma TMDL Toolbox
if station is ungaged;

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

obtaining available turbidity and TSS water quatigta;

matching the water quality observations with tlesvfidata from the same date;
displaying a curve on a plot that represents tHewable load determined by
multiplying the actual or estimated flow by the \Wg:for TSS;

converting measured concentration values to logdsddtiplying 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 4-3); then

plotting the flow exceedance percentiles and daidyl observations in a load duration
plot.

The culmination of these steps is expressed irfdl@ving example formula for Cooper
Creek, which is displayed on the LDC as the TMDLveu

TMDL (Ib/day) = WQuget * flow (cfs) * unit conversion factor
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where:  WQuget= 48 mg/L (TSS) for Cooper Creek
unit conversion factor = 5.39377 L*s*Ib Rfday*mg)

The flow exceedance frequency (x-value of each tpogobtained by looking up the
historical exceedance frequency of the measurestonated flow; in other words, the percent
of historical observations that equal or exceed rtteasured or estimated flow. Historical
observations of TSS and/or turbidity concentratiarespaired with flow data and are plotted on
the LDC. The TSS load (or the y-value of each pam calculated by multiplying the TSS
concentration (measured or converted from turbjdityg/L) by the instantaneous flow (cfs) at
the same site and time, with appropriate volumednd time unit conversions. TSS loads
representing exceedance of water quality critelieabove the TMDL line.

E.4 TMDL Calculations

The objective of a TMDL is to estimate allowablellp@nt loads and to allocate these
loads to the known pollutant sources in the watts$o appropriate control measures can be
implemented and the WQS achieved. A TMDL is exgedsas 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 nonpoisburces, including natural background
sources. The MOS is intended to ensure that WQSwimet. Thus, the allowable pollutant
load that can be allocated to point and nonpointrcas can then be defined as the TMDL
minus the MOS.

The overall Percent Reduction Goal (PRG) is catedlas the reduction in load required
so no more than 10 percent of the samples collaatéér base-flow conditions would exceed
TMDL targets for TSS. The required reduction sadee provided in Table ES-3.

Table ES-3 TMDL Reduction Rate for Each Stream

Stream ID Stream Name Reduction Rate
0OK620910020040_00 Cooper Creek 63%
0OK620910020270_00 Elm Creek 55%
OK620910030010_00 Skeleton Creek 75%
0OK620910020040_00 Cottonwood Creek 71%
0OK620910020040_00 Deer Creek 18%
0OK620910020040_00 Kingfisher Creek 18%
0OK620910020040_00 Dead Indian Creek 11%
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The maximum assimilative capacity of a stream ddpeon the flow conditions of the
stream. The higher the flow is, the more wastelibedstream can handle without violating
water quality standards. Thus, the TMDL, WLA, L&gd MOS will vary with flow condition,
and are calculated at ever) Slow interval percentile. Table ES-4 is an exdenpf TMDL
calculations for Cooper Creek.

Table ES-4  Turbidity TMDL based on Total Suspendedolids Calculations for Cooper
Creek (OK620910020040_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)

0 3,347.5 N/A 0.0 0.0 N/A N/A N/A
5 64.0 N/A 0.0 0.0 N/A N/A N/A
10 24.8 N/A 0.0 0.0 N/A N/A N/A
15 16.3 N/A 0.0 0.0 N/A N/A N/A
20 12.1 N/A 0.0 0.0 N/A N/A N/A
25 9.1 2,359.1 0.0 0.0 23.6 2,099.6 235.9
30 7.9 2,044.6 0.0 0.0 20.4 1,819.7 204.5
35 6.6 1,730.0 0.0 0.0 17.3 1,539.7 173.0
40 6.0 1,572.7 0.0 0.0 15.7 1,399.7 157.3
45 5.6 1,462.6 0.0 0.0 14.6 1,301.8 146.3
50 5.0 1,305.4 0.0 0.0 13.1 1,161.8 130.5
55 4.5 1,163.8 0.0 0.0 11.6 1,035.8 116.4
60 4.1 1,069.5 0.0 0.0 10.7 951.8 106.9
65 3.7 975.1 0.0 0.0 9.8 867.8 97.5
70 3.4 880.7 0.0 0.0 8.8 783.9 88.1
75 3.0 786.4 0.0 0.0 7.9 699.9 78.6
80 2.7 692.0 0.0 0.0 6.9 615.9 69.2
85 2.2 581.9 0.0 0.0 5.8 517.9 58.2
90 1.7 440.4 0.0 0.0 4.4 391.9 44.0
95 1.2 314.5 0.0 0.0 3.1 279.9 315
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E.5 Reasonable Assurance

ODEQ will collaborate with a host of other stateages and local governments working
within the boundaries of state and local regulatitm target available funding and technical
assistance to support implementation of pollutiontmls and management measures. Various
water quality management programs and funding ssupcovide a reasonable assurance that
the pollutant reductions as required by this TMCAn de achieved and water quality can be
restored to maintain designated uses. ODEQ'’s @aintj Planning Process (CPP), required by
the CWA 8303(e)(3) and 40 CFR 130.5, summarizesi@itha’s commitments and programs
aimed at restoring and protecting water qualityptighout the state (ODEQ 2006). The CPP
can be viewed from ODEQ’'s website. Table 5-9 piesia partial list of the state partner
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agencies ODEQ will collaborate with to address paind nonpoint source reduction goals
established by TMDLs.
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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 dlegybased 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 quabised controls to reduce pollution from point
and nonpoint sources and restore and maintain watdity (USEPA 1991).

This report documents the data and assessmenttasestablish turbidity TMDLs for
seven stream segments in the Lower Cimarron Rikele®n Creek: Cooper Creek, Elm
Creek, Skeleton Creek, Cottonwood Creek, Deer Creigfisher Creek, and Dead Indian
Creek. The 2008 Integrated Water Quality AssessrmiRaport (Oklahoma Department of
Environmental Quality [ODEQ] 2008) identified theseven streams as impaired for turbidity.
Data assessment and TMDL calculations are conduntetcordance with requirements of
Section 303(d) of the CWA, Water Quality Planningddanagement Regulations (40 CFR
Part 130), USEPA guidance, and ODEQ guidance andepures. ODEQ is required to
submit all TMDLs to USEPA for review and approvalnce the USEPA approves a TMDL,
the waterbody may be moved to Category 4a of &'staitegrated Water Quality Monitoring
and Assessment Report, where it remains until camgé with water quality standards (WQS)
is achieved (USEPA 2003).

The purpose of this TMDL report is to establishlyiaint load allocations for turbidity in
impaired waterbodies, which is the first step tadvaastoring water quality. TMDLs determine
the pollutant loading a waterbody can assimilathout exceeding the WQS for that pollutant.
TMDLs also establish the pollutant load allocatimtessary to meet the WQS established for a
waterbody based on the relationship between poliusaurces and in-stream water quality
conditions. A TMDL consists of a wasteload alleaat(WLA), load allocation (LA), and a
margin of safety (MOS). The WLA is the fraction thie total pollutant load apportioned to
point sources, and includes stormwater dischargegsilated under the National Pollutant
Discharge Elimination System (NPDES) as point sesircThe LA is the fraction of the total
pollutant load apportioned to nonpoint sources.e MOS is a percentage of the TMDL set
aside to account for the lack of knowledge assediatith natural process in aquatic systems,
model assumptions, and data limitations.

This report does not stipulate specific controlatd (regulatory controls) or management
measures (voluntary best management practicesyseageto reduce turbidity loadings within
each watershed. Watershed-specific control actiand management measures will be
identified, selected, and implemented under a sé@arocess involving stakeholders who live
and work in the watershed,; tribe;, and local, statel federal government agencies.
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This TMDL report focuses on waterbodies that ODH&Z@d in Category 5 [303(d) list] of
the Water Quality in Oklahoma, 2008 Integrated Rep(#008 Integrated Report) for the
beneficial use category Fish and Wildlife Propagafor:

» Cooper Creek (OK620910020040_00),

* EIm Creek (OK620910020270_00),

» Skeleton Creek (OK620910030010_00),

» Cottonwood Creek (OK620910040010_20),

» Deer Creek (OK620910040120_00),

» Kingfisher Creek (OK620910050010 00), and

* Dead Indian Creek (OK620910050080_00).

Figure 1-1 is a location map showing the impairesgnsents of these Oklahoma
waterbodies and their contributing watershed. T also displays the locations of the water
guality monitoring (WQM) stations used as the b&sigplacement of these waterbodies on the
Oklahoma 303(d) list. The waterbodies and surrondvatershed are hereinafter referred to
as the Study Area.

The TMDLs established in this report are a necgsstp in the process to develop the
turbidity controls needed to restore the fish anttilife propagation use designated for the
waterbody. Table 1-1 provides a description of liations of the WQM stations on the
303(d)-listed waterbody.

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

Waterbody Name Waterbody ID WQM Station ek, Stat|pn.Locat|on
Descriptions
Cooper Creek 0OK620910020040_00 | OK620910-02-0040C Cooper Creek
Elm Creek 0K620910020270_00 | OK620910-02-0270G Elm Creek
OK620910030010-001AT Skeleton Creek, SH74, Lovell
Skeleton Creek 0OK620910030010_00 | OK620910-03-0010F Skeleton Creek: Lower
0OK620910-03-0010S Skeleton Creek: Upper
Cottonwood River 0OK620910040010_20 | OK620910-04-0010G Cottonwood Creek
Deer Creek 0OK620910040120_00 | OK620910-04-0120B Deer Creek: Logan County
_ OK620910-05-0010G _—
Kingfisher Creek 0OK620910050010_00 OK620910-05-0010J Kingfisher Creek
Dead Indian Creek | OK620910050080 00 | OK620910-05-0080D Dead Indian Creek
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Figure 1-1  Watersheds Not Supporting Fish and Wildfe Propagation Use within the Study Area
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1.2 Watershed Description

General. The watersheds in the Lower Cimarron River-Skel€loeek area addressed in
these TMDLs are located in north-central Oklahore 7 waterbodies included in this report
are located in Garfield, Blaine, Kingfisher, Log&anadian, and Oklahoma Counties.

Within the Level IV ecoregion classification, masdtthe study area falls into the Prairie
Tableland ecoregion. The Pleistocene Sand Dunesegoa is sandwiched in the middle
section of the basin. The Cross Timbers Trans#iot the North Cross Timbers ecoregions lie
to the east edge of the basin in Logan and Oklahmmuaties.

Table 1-2, derived from the 2000 U.S. Census, detnates that with the exception of
Oklahoma County and the metropolitan Oklahoma @dstion of the Canadian and Garfield
counties, the study area is mostly sparsely popdl@t.S. Census Bureau 2000).

Table 1-2 County Population and Density

County Name | (000 Canous) |  (per square mile).
Garfield 57,813 54.6
Blaine 11,976 12.9
Kingfisher 13,926 154
Logan 33,924 45.6
Canadian 87,697 97.4
Oklahoma 660,448 931.5

Climate. Table 1-3 summarizes the average annual preiguitdor each watershed.
Average annual precipitation values among the whesls studied in this portion of Oklahoma
ranges between 30.32 and 35.64 inches, increasing the west to east (Oklahoma Climate
Survey, 2005).

Land Use. Table 1-4 summarize the acreages and the corresgppdrcentages 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 combination of pasture/hay and cultivated cragsthe dominant land use categories
in all of the watersheds.
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Table 1-3 Average Annual Precipitation by Watershed

Study Area Precipitation Summary

Waterbody Name Waterbody ID Avezﬁ]gceh,gg)nual
Cooper Creek 0OK620910020040_00 32.14
Elm Creek 0K620910020270_00 30.80
Skeleton Creek 0OK620910030010_00 34.06
Cottonwood Creek 0OK620910040010_20 34.76
Deer Creek 0OK620910040120_00 35.26
Kingfisher Creek 0OK620910050010_00 32.25
Dead Indian Creek 0OK620910050080_00 33.11

The four cities entirely or partially located inetiskeleton Creek (OK620910030010_00)
watershed are Covington, Marshall, Douglas, and¢amt. The City of Kingfisher is scattered
in the Kingfisher Creek watershed and its neighiprwatersheds. The City of Okarche
straddles on Dead Indian Creek watershed and tighlmaing Uncle Johns Creek watershed.
The City of Piedmont is located mainly in the D&#eek and Cottonwood Creek watersheds,
with small portions in the neighboring Uncle Johbeeek watershed. Cottonwood Creek
watershed also has the city of Cashion. A smaligoof the City of Oklahoma City is located
in the Deer Creek watershed.

1-5 FINAL
April 2010



Lower Cimarron River-Skeleton Creek Turbidity TMDLs Introduction
Table 1-4 Land Use Summaries by Watershed
Landuse Categor ingfi i
gory Cooper Creek Elm Creek Skeleton Cottonwood Deer Creek Kingfisher Dead Indian
Creek Creek Creek Creek
Waterbody ID 0OK620910020040_00 | OK620910020270_00 | OK620910030010_00 | OK620910040010_20 | OK620910040120_00 | OK620910050010_00 | OK620910050080_00
Percent of Open Water 0.24 0.07 0.62 1.56 158 0.59 0.53
Percent of Developed,
Open Space 4.53 3.50 4.31 4.45 5.08 3.87 3.39
Percent of Developed, 0.26 1.36 0.11 0.27 0.60 0.42
Low Intensity 2.21
Percent of Developed,
Medium Intensity 0.01 0.01 0.02 0.04 1.32 0.10 0.00
Percent of Developed,
High Intensity 0.00 0.01 0.01 0.03 0.13 0.05 0.00
Percent of Barren
Land (Rock/Sand/ 0.04 0.01 0.00 0.00 0.09 0.07
Clay) 0.05
Percent of Deciduous 0.56 0.17 6.31 3.98 1.58 1.22
Forest 6.86
Percent of Evergreen
Forest 0.68 0.60 2.07 0.36 0.48 1.80 0.09
Percent of Mixed
Forest 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Percent of
Shrub/Scrub 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Percent of
Grassland/Herbaceous 29.87 27.12 45.38 39.96 49.93 35.69 35.41
Percent of
Pasture/Hay 0.14 0.32 0.17 0.08 0.40 0.10 0.29
Percent of Cultivated 63.66 66.85 41.01 49.25 55.53 58.56
Crops 31.07
Percent of Woody
Wetlands 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Percent of Emergent 0.00 0.00 0.00 0.00 0.00 0.00
Herbaceous Wetlands ) ) ) ) 0.00 ’ ’
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Landuse Categor inofi i
gory Cooper Creek Elm Creek Skeleton Cottonwood Deer Creek Kingfisher Dead Indian
Creek Creek Creek Creek
Waterbody 1D 0OK620910020040_00 | OK620910020270_00 | OK620910030010_00 | OK620910040010_20 | OK620910040120_00 0OK620910050010_00 OK620910050080_00
Acres Open Water 182 12 1,339 939 1,144 875 390
Acres Developed, 3,437 574 9,257 2,676 4,335 5,690 2,509
Open Space
a
Acres” Developed, 195 222 242 161 1,605 885 310
Low Intensity
Acres Develaped, 6 2 45 24 957 147 1
Medium Intensity
Acres .Developed, High 4 2 13 20 96 70 0
Intensity
Acres Barren Land
(Rock/Sand/Clay) 32 1 0 2 39 137 50
Acres Deciduous 424 27 13,551 2,394 4,974 2,322 905
Forest
Acres Evergreen 513 99 4,439 216 344 2,650 65
Forest
Acres Mixed Forest 0 2 0 0 0 0 0
Acres Shrub/Scrub 0 0 0 0 0 0 0
Acres
22,643 4,444 97,463 24,030 36,189 52,507 26,171
Grassland/Herbaceous
Acres Pasture/Hay 103 53 355 50 287 148 212
Acres Cultivated Crops 48,248 10,955 88,081 29,616 22,516 81,691 43,281
Acres Woody
Wetlands 0 0 0 0 0 0 0
Acres Emergent
Herbaceous Wetlands 0 0 0 0 0 0 0
Total (Acres) 75,788 16,394 214,785 60,126 72,487 147,123 73,893
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Figure 1-
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1.3 Stream Flow Data

Stream flow characteristics and data are key in&bion when conducting water quality
assessments such as TMDLs. The USGS operates dhyes throughout Oklahoma.
Kingfisher Creek, Cottonwood Creek, and Skeletoeerhave had a USGS flow gage located
in the study watershed currently or previously (ffegg1-1). Some flow measurements were
collected at the same time TSS and turbidity weteality samples were collected at various
WQM stations. These data are included in Appeidatong with turbidity and TSS data.
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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 208k 2008b). The OWRB has
statutory authority and responsibility concernisgablishment of state water quality standards,
as provided under 82 Oklahoma Statute [O.S.], 8BIB5This statute authorizes the OWRB to
promulgate ruleswvhich establish classifications of uses of watefshe state, criteria to
maintain and protect such classifications, and ots&ndards or policies pertaining to the
quality of such waterdO.S. 82:1085:30(A)] Beneficial uses are designated for all waters of
the state. Such uses are protected through temtscdmposed by the antidegradation policy
statement, narrative water quality criteria, andmartcal criteria (OWRB 2008a). The
beneficial uses designated for Cooper Creek (OK&Q020040 00), EIm Creek
(OK620910020270_00), Skeleton Creek (OK62091003000Q) Cottonwood Creek
(OK620910040010_20), Deer Creek (OK62091004012Q O0OKingfisher  Creek
(OK620910050010 _00), and Dead Indian Creek (OK6R090080_00) include primary body
contact recreation, warm water aquatic communiigh fconsumption, agriculture and
aesthetics. The TMDL in this report addressedisiieand wildlife propagation beneficial use
for the subcategory warm water aquatic communiltgble 2-1, an excerpt from Appendix B of
the 2008 Integrated Report (ODEQ 2008), summatizesvarm water aquatic community use
attainment status and the scheduled date for TM®&lelbpment established by ODEQ for the
impaired waterbody of the Study Area. The 200&drated Report (ODEQ 2008) identifies
the target date for TMDL development. The TMDLapity is directly related to the target date
and shown in Table 2-1. The TMDL establishedhrs treport is a necessary step in the
process to restore the fish and wildlife propagatiesignation for this waterbody.

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

(A) 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 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.
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Table 2-1 Excerpt from the 2008 Integrated Report -Comprehensive Waterbody
Assessment Category List

(7] —

D o 8 2

S I 8 c

Waterbody ID Waterbody Name = ?, a) - 205

= = €
(1} (=) — = E ®©

S |5 2|8 g 3¢

n ) = a =<0
0OK620910020040_00 Cooper Creek 40.27 5a | 2016 3 N
0OK620910020270_00 Elm Creek 14.15 5a | 2019 4 N
0OK620910030010_00 Skeleton Creek 32.84 5a | 2019 4 N
0OK620910040010_20 Cottonwood Creek 24.39 5a | 2010 1 N
0OK620910040120_00 Deer Creek 12.67 5a | 2010 1 N
OK620910050010_00 Kingfisher Creek 47.37 5a | 2019 4 N
0OK620910050080_00 Dead Indian Creek 24.23 5a | 2019 4 N

N = Not Supporting;
5a = TMDL is underway or will be scheduled
Source: 2008 Integrated Report, ODEQ 2008

To implement Oklahoma’s WQS for Fish and WildlifeopPagation, OWRB promulgated
Chapter 46 mplementation of Oklahoma’s Water Quality Standaf@WRB 2008b). The
excerpt below from Chapter 46: 785:46-15-5, stifgddow 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 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 ii85:45-5-12(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.
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(3) A beneficial use shall be deemed to be fullypsued but threatened if the use is
supported currently but the appropriate state eowimental agency determines that available
data indicate that during the next five years th&e umay become not supported due to
anticipated sources or adverse trends of pollutioh 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 aigg 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 prescribdadi;sySubchapter.

2.2 Problem Identification

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

Table 2-2 summarizes water quality data collectechfthe WQM stations between 1998
and 2008 for turbidity. However, as stipulateditte 785:45-5-12 (f) (7) (C)numeric criteria
for turbidity only apply under base flow conditiondNhile the base flow condition is not
specifically defined in the Oklahoma Water Qualyandards, DEQ considers base flow
conditions to be all flows less than the™2flow exceedance percentile (i.e., the lower 75
percent of flows) which is consistent with the USG8eamflow Conditions Index (USGS
2009). Therefore, Table 2-3 was prepared to reptethe subset of these data for samples
collected during base flow conditions. Water gyatamples collected under flow conditions
greater than the 35flow exceedance percentile were therefore exclided the data set used
for TMDL analysis. The data in Table 2-3 were usedupport the decision to place the seven
stream segments on the ODEQ 2008 303(d) list (OR&0R) for nonsupport of the Fish and
Wildlife Propagation use based on turbidity levetsbserved in the waterbody.
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Table 2-2  Summary of All Turbidity Samples 1998 2008
Number of Percentage Average
Number of Samples of Samples ag
L ! Turbidity
Turbidity Exceed 50 Exceeding (NTU)
WQM Station Stream Samples (NTU) Criterion
OK620910-02-0040C | Cooper Creek 34 12 35.3% 89.3
OK620910-02-0270G | Elm Creek 20 7 35.0% 93.0
0OK620910030010-
001AT
OK620910-03-0010F Skeleton Creek 158 107 67.7% 130.7
OK620910-03-0010S
OK620910-04-0010G | Cottonwood Creek 20 3 15.0% 44.7
OK620910-04-0120B | Deer Creek 21 10 47.6% 55.6
OK620910-05-0010G L
OK620910-05-0010J Kingfisher Creek 54 20 37% 87.3
OK620910-05-0080D | Dead Indian Creek 34 9 26.5% 59.2

Table 2-3 Summary of Turbidity Samples Collected Dring Base Flow Conditions
1998 - 2008
Number of | Percentage Average
Number of Samples of Samples ag
L . Turbidity
Turbidity Exceed 50 Exceeding (NTU)
WQM Station Stream Samples (NTU) Criterion
OK620910-02-0040C | Cooper Creek 19 6 31.6% 47.0
0OK620910-02-0270G | Elm Creek 18 5 27.8% 38.4
0OK620910030010-
001AT o
OK620910-03-0010F Skeleton Creek 108 68 63.0% 81.9
0OK620910-03-0010S
OK620910-04-0010G | Cottonwood Creek 19 2 10.5% 38.5
OK620910-04-0120B | Deer Creek 15 6 40.0% 41.6
0OK620910-05-0010G N
OK620910-05-0010J Kingfisher Creek 12 4 33.3% 62.8
OK620910-05-0080D | Dead Indian Creek 17 3 17.6% 24.5
2-4 FINAL

April 2010




Lower Cimarron River-Skeleton Creek Area TurbidifDL Problem Identification and Water Quality
Target

Table 2-4 summarizes water quality data collectechfthe WQM stations between 1991
and 2007 for TSS. Table 2-5 presents a subsétesktdata for samples collected during base
flow conditions. Water quality data for turbidijmd TSS are provided in Appendix A.

Table 2-4 Summary of All TSS Samples 1998 - 2008
WQM Station Stream Nurgl:;(:F?ILSTSS Ave(?gﬁ_-)rss

0OK620910-02-0040C Cooper Creek 31 73.4
OK620910-02-0270G EIm Creek 19 50.5
0OK620910030010-

o 010.05.0010F | Skeleton Creek 83 238.3
0OK620910-03-0010S

OK620910-04-0010G Cottonwood Creek 19 53.3
OK620910-04-0120B Deer Creek 20 82.3
8&228818828818\? Kingfisher Creek 51 104.7
OK620910-05-0080D Dead Indian Creek 31 57.7

Table 2-5 Summary of TSS Samples During Base Flowo@ditions
1998 -2008
: Number of TSS Average TSS
WQM Station Stream Samples (mg/L)
0OK620910-02-0040C Cooper Creek 18 45.9
OK620910-02-0270G Elm Creek 17 46.5
OK620910030010-
001AT
OK620910-03-0010F Skeleton Creek 48 66.4
OK620910-03-0010S
OK620910-04-0010G Cottonwood Creek 18 44.9
OK620910-04-0120B Deer Creek 14 78.1
OK620910-05-0010G -
OK620910-05-0010J Kingfisher Creek 12 33.8
OK620910-05-0080D Dead Indian Creek 16 22.4
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2.3  Water Quality Target

The Code of Federal Regulations (40 CFR 8130.7(cxtates that, “TMDLs shall be
established at levels necessary to attain and emaitihe applicable narrative and numerical
water quality standards.” An individual water dtyatarget established for turbidity must
demonstrate compliance with the numeric criterigspribed in the Oklahoma WQS
(OWRB 2008a). According to the Oklahoma WQS [7885412(f)(7)], the turbidity criterion
for streams with warm water aquatic community (WWA@neficial use is 50 NTUs (OWRB
2008a). The turbidity of 50 NTUs applies only ®asonal base flow conditions. Turbidity
levels are expected to be elevated during, andeeeral days after, a storm event.

TMDLs for turbidity in streams designated as war@ter aquatic community must take
into account that no more than 10 percent of timepsas may exceed the numeric criterion of
50 NTU. However, as described above, becauseditylmannot be expressed as a mass load,
TSS is used as a surrogate in this TMDL. Sincestieno numeric criterion in the Oklahoma
WQS for TSS, a specific method must be developecbtwert the turbidity criterion to TSS
based on a relationship between turbidity and T$Be method for deriving the relationship
between turbidity and TSS and for calculating aewabdy specific water quality target using
TSS is summarized in Section 4 of this report.
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SECTION 3
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. Turbydihay originate from NPDES-permitted
facilities, fields, construction sites, quarriemrswater runoff and eroding stream banks.

Point sources are permitted through the NPDES progrNPDES-permitted facilities that
discharge treated wastewater are required to moiatol SS in accordance with their permit.
Nonpoint sources are diffuse sources that typiazaiynot be identified as entering a waterbody
through a discrete conveyance at a single locatibimese sources may involve land activities
that contribute TSS to surface water as a resutiafall runoff. For the TMDL in this report,
all sources of pollutant loading not regulated bINES permits are considered nonpoint
sources.

The 2008 Integrated Water Quality Assessment Ref@dRlEQ 2008) listed potential
sources of turbidity in Cooper Creek (OK6209100ZD@D), Skeleton Creek
(OK620910030010_00), Kingfisher Creek (OK62091008D®M0) and Dead Indian Creek
(OK620910050080_00) as clean sediment, grazingparian corridors of streams and creeks,
highway/road/bridge runoff (non-construction rethie non-irrigated crop production,
rangeland grazing, and other unknown sources. €@oGpeek also had petroleum/natural gas
activities as a turbidity source and Skeleton, Kstger, and Dead Indian Creeks also had other
spill related impacts as a source. EIm Creek (OKR&P020270 00) and Deer Creek
(OK620910040120_00) had agriculture and other umknsources while turbidity sources of
Cottonwood Creek (OK620910040010_20) are unknown.

3.1 NPDES-Permitted Facilities

Under 40CFR, 8122.2, a point source is describesl @discernable, confined, and discrete
conveyance from which pollutants are or may be hdisged to surface waters. NPDES-
permitted facilities can be characterized as cowotis or stormwater related discharges.
NPDES-permitted facilities classified as point s&srinclude:

* NPDES municipal wastewater treatment plant (WWTP);

* NPDES Industrial WWTP Discharges;

* NPDES municipal separate storm sewer discharge {MS4

 NPDES Concentrated Animal Feeding Operation (CAFO);

» NPDES multi-sector general permits; and

* NPDES construction stormwater discharges.

Continuous point source discharges from municipdl iadustrial WWTPs, could result in
discharge of elevated concentrations of TSS ifcditiais not properly maintained, is of poor
design, or flow rates exceed capacity. Howevemast cases suspended solids discharged by
WWTPs consist primarily of organic solids ratheartinorganic suspended solids (i.e., soil and

sediment particles from erosion or sediment resu@pr) Discharges of organic suspended
solids from WWTPs are addressed by ODEQ throughpésmitting of point sources to
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maintain WQSs for dissolved oxygen and are notidensd a potential source of turbidity in
this TMDL. Discharges of TSS will be considered he organic suspended solids if the
discharge permit includes a limit for BOD or CBOIDnly WWTP discharges of inorganic
suspended solids will be considered and will rez@masteload allocations.

Stormwater runoff from MS4 areas, facilities undeulti-sector general permits, and
NPDES construction stormwater discharges, whichraegellated under the USEPA NPDES
Program, can contain TSS concentrations. 40 C§X10.2(h) requires that NPDES-regulated
storm water discharges must be addressed by theload allocation component of a TMDL.
However, any stormwater discharge by definition usscduring or immediately following
periods of rainfall and elevated flow conditionses Oklahoma’s water quality standard for
turbidity does not apply. Oklahoma’s Water Qual8tandards specify that the criteria for
turbidity “apply only to seasonal base flow comfis” and go on to say “Elevated turbidity
levels may be expected during, and for several @dditgs, a runoff event” [OAC 785:45-5-
12(f)(7)]. In other words, the turbidity impairmtestatus is limited to base flow conditions and
stormwater discharges from MS4 areas or construdii®s do not contribute to the violation
of Oklahoma’s turbidity standard. Therefore, WLAr fNPDES-regulated storm water
discharges is essentially considered unnecessahysifMDL report and will not be included
in the TMDL calculations.

CAFOs are recognized by USEPA as potential sigmiicsources of pollution, and may
cause serious impacts to water quality if not prigpmanaged.

3.1.1 Continuous Point Source Discharges

There are five active NPDES-permitted municipal WIWgTin the study area. These
facilities discharge organic TSS and is not considea potential source of turbidity for this
TMDL. There is one active NPDES-permitted indwdtfiacility operated by Duke Energy
located in the Dead Indian Creek watershed. Thatilon of the discharge is shown in Figure
3-1 and the facility information is listed in Tal8el. Monthly Discharge Monitoring Report
(DMR) data for TSS available for the facility at@osvn in Table 3-2. There are several permit
violations.

Table 3-1 Point Source Discharges in the Study Area

NPDE.S L Facility | County DESIET Active/ Facility
Permit Name Receiving Water Flow -
Type Name Inactive ID
No. (mgd)
Duke
Energy .
OK0036994 |  Field Unnamed Tributary 1o | |y ol | Kingfisher | N/A Active | 37000290
- Dead Indian Creek
Services,
LP
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Figure 3-1  Locations of NPDES-Permitted IndustrialFacilities and CAFOs in the Study Area
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Table 3-2 Discharge Monitoring Data for Industrial Facilities in the Study Area*

woes | MONIOW | ouran | Areflow | MexTlow | AvelSS | Macrss
OK0036994 8/31/2006 001A 0.027 0.086 39.7 48
OK0036994 9/30/2006 001A 0.028 0.062 17 17
OK0036994 10/31/2006 001A 0.022 0.064 22 22
OK0036994 11/30/2006 001A 0.019 0.054 < 40 < 40
OK0036994 12/31/2006 001A 0.02 0.055 18 18
OK0036994 1/31/2007 001A 0.018 0.062 19 19
OK0036994 2/28/2007 001A 0.02 0.053 19 19
OK0036994 3/31/2007 001A 0.023 0.06 17 17
OK0036994 4/30/2007 001A 0.02 0.085 20 20
OK0036994 5/31/2007 001A 0.029 0.066 29 29
OK0036994 6/30/2007 001A 0.025 0.074 30 30
OK0036994 7/31/2007 001A 0.023 0.068 13 13
OK0036994 8/31/2007 001A 0.028 0.062 14 14
OK0036994 9/30/2007 001A 0.015 0.066 29 29
OK0036994 10/31/2007 001A disc,\tlw(;rge discl;igrge disc,\tlw(;rge discl;igrge
OK0036994 11/30/2007 001A 0.016 0.06 25 25
OK0036994 12/31/2007 001A 0.017 0.065 19 19
OK0036994 1/31/2008 001A 0.011 0.049 24 24
OK0036994 2/29/2008 001A 0.014 0.055 38 38
OK0036994 3/31/2008 001A 0.012 0.054 26 26
OK0036994 4/30/2008 001A 0.013 0.093 28 28
OK0036994 5/31/2008 001A 0.016 0.061 34 34
OK0036994 6/30/2008 001A 0.016 0.054 28 42
OK0036994 7/31/2008 001A 0.02 0.06 31.6 44
OK0036994 8/31/2008 001A 0.02 0.06 18 18
OK0036994 9/30/2008 001A 0.02 0.06 29 29
OK0036994 10/31/2008 001A 0.01 0.08 26 26
OK0036994 11/30/2008 001A 0.01 0.05 33.5 43
OK0036994 12/31/2008 001A 0.01 0.04 20 20
OK0036994 1/31/2009 001A 0.01 0.04 5 5
OK0036994 2/28/2009 001A 0.01 0.04 11 11
OK0036994 3/31/2009 001A 0.01 0.04 26 26
OK0036994 4/30/2009 001A 0.01 0.04 28 28
OK0036994 23(%]6//%89 003A No Discharge

* During the current permit cycle.
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3.1.2 Concentrated Animal Feeding Operations

The Agricultural Environmental Management ServicgEMS) of the Oklahoma
Department of Agriculture, Food and Forestry (ODARKas created to help develop,
coordinate, and oversee environmental policies anaograms aimed at protecting the
Oklahoma environment from pollutants associatedh agricultural animals and their waste.
Through regulations established by the Oklahomac€atnated Animal Feeding Operation
Act, AEMS works with producers and concerned citzéo ensure that animal waste does not
impact the waters of the state. A CAFO is an ahfeeding operation that confines and feeds
at least 1,000 animal units for 45 days or mora ih2-month period (ODAFF 2005). The
CAFO Act is designed to protect water quality tlglbbouhe use of best management practices
(BMP) such as dikes, berms, terraces, ditchesthar gsimilar structures used to isolate animal
waste from outside surface drainage, except for Sayear, 24—hour rainfall event
(ODAFF 2005). CAFOs are considered no-dischargditfas.

There are two CAFOs located in the study area: looated in the Dead Indian Creek
watershed and the other partially located in thepgeo Creek watershed (Table 3-3 and Figure
3-1). Regulated CAFOs within the watershed operatder NPDES permits issued and
overseen by EPA. In order to comply with this TMOQhose CAFO permits in the watershed
and their associated management plans must bevexvieFurther actions to reduce suspended
sediment loads and achieve progress toward me#imgpecified reduction goals must be
implemented. This provision will be forwarded toA;Ras the responsible permitting agency,
and ODAFF for follow up.

Table 3-3 NPDES-Permitted CAFOs in Study Area

Maximum Number of Total #

ODAEE Permitted Animals at of
ODAFF EPA ODAFF | = Facilit Animal
Owner ID Facility ID HigTee Slauahter | Units County Watershed
Number | Dpairy | Dairy g

Feeder at

Heifers | Cattle Cattle Facility

AGNO007154 | OKG010026 59 4 0 0 3000 3000 Canadian

0OK620910050080_00
Dead Indian Creek

AGR001534 | OKG010081 309 97 0 0 45,000 45,000 Blaine

0OK620910020040_00
Cooper Creek

3.1.3 Stormwater Permits for MS4 and Construction Activities

There is a small portion of the Deer Creek watatsloeated in the Oklahoma City
urbanized area designated as an MS4. A generatwtier permit is required for construction
activities. Permittees are authorized to dischaqgiutants in stormwater runoff associated
with construction activities for construction siteStormwater discharges occur only during or
immediately following periods of rainfall and el¢gd flow conditions when the turbidity
criteria do not apply and are not considered pakoontributors to turbidity impairment.

3.2 Nonpoint Sources

Nonpoint sources include those sources that cammatentified as entering the waterbody
at a specific location. The relatively homogenetausl use/land cover categories within the
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Study Area are associated with agricultural andyeamanagement activities. This suggests
that various nonpoint sources of TSS include sedimeriginating from grazing in riparian
corridors of streams and creeks, highway/road/leridghoff (non-construction related), non-
irrigated crop production, rangeland grazing andheot sources of sediment loading
(ODEQ 2008). Elevated turbidity measurements canclused by stream bank erosion
processes, stormwater runoff events and other ehadisturbances. However, there is
insufficient data available to quantify contributg of TSS from these processes. TSS or
sediment loading can also occur under non-runoffdittons as a result of anthropogenic
activities in riparian corridors which cause eresponditions. Sediment loading of streams can
also originate from natural erosion processes,uding the weathering of soil, rocks, and
uncultivated land; geological abrasion; and otteural phenomena. Given the lack of data to
establish the background conditions for TSS/tutpjdseparating background loading from
nonpoint sources is not feasible in this TMDL deyshent.
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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 WQSwimet. Thus, the allowable pollutant
load that can be allocated to point and nonpoinircas can then be defined as the TMDL
minus the MOS.

4.1 Determining a Surrogate Target

40 CFR, 8130.2(1), states that TMDLs can be exptess terms of mass per time,
toxicity, or other appropriate measures. Turbidgya commonly measured indicator of the
suspended solids load in streams. However, tuybidi an optical property of water, and
measures scattering of light by suspended solidscafioidal matter. To develop TMDLs, a
gravimetric (mass-based) measure of solids loadimgquired to express loads. There is often
a strong relationship between the total suspendidissconcentration and turbidity. Therefore,
the TSS load, expressed as mass per time, is aseedwrogate for turbidity

To determine the relationship between turbidity &8, a linear regression between TSS
and turbidity was developed using data collectednfll998 to 2008 at one station within the
Study Area. Prior to developing the regressionftilewing steps were taken to refine the
dataset:

* Replace TSS samples of “<10” mg/L with 5 mg/L;

* Remove data collected under high flow conditionseexling the base-flow criterion.
This means that measurements corresponding to dikeeedance percentiles lower
than 2%' were not used in the regression;

» Check the Oklahoma Mesonet rainfall ddtag://www.mesonet.ofgon the day where
samples were collected and on the previous two. daggere was a significant rainfall
event £ 1 inch) on any of these three days, the samplieésned a rain event sample
and is excluded from regression analysis (and thbidity-based use attainment
assessment). This is done to ensure a few potgntigdh flow samples are not
included in the regression analysis (and the usgnatent assessment), especially for
stream segments with a small overall number ofiditthbsamples. An exception to
this procedure is that if the significant rainfalippened on the sampling day and the
turbidity reading was less than 25 NTUs (half @& thrbidity standard for streams), the
sample will not be excluded from analysis becausstrikely the rainfall occurred
after the sample was taken. and
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* Log-transform both turbidity and TSS data to miraenieffects of their non-normal
data distributions.

When ordinary least squares regression (OLS) ifieapjp ascertain the best relationship
between two variables (i.e., X and Y), one varigigis considered “dependent” on the other
variable (X), but X must be considered “indepentiesft the other, and known without
measurement error. OLS minimizes the differenoesesiduals, between measured Y values
and Y values predicted based on the X variable.

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

« LOC minimizes fitted residuals in both the X andlivections;

* 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 Yrftidity on TSS) OLS slopes, and is
calculated as:

ml=~'mUn' =sign[r] Gsl

Sy

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 4-7.
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Figure 4-1  Linear Regression for TSS-Turbidity forCooper Creek
(OK620910020040_00)
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Figure 4-2  Linear Regression for TSS-Turbidity forEIm Creek (OK620910020270_00)
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Figure 4-3  Linear Regression for TSS-Turbidity forSkeleton Creek
(OK620910030010_00)
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Figure 4-4  Linear Regression for TSS-Turbidity forCottonwood Creek
(OK620910040010_20)
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Figure 4-5  Linear Regression for TSS-Turbidity forDeer Creek
(OK620910040120_00)
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Figure 4-6  Linear Regression for TSS-Turbidity forKingfisher Creek
(OK620910050020_00)
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Figure 4-7  Linear Regression for TSS-Turbidity forDead Indian Creek
(OK620910050080_00)
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The normalized root mean square error (NRMSE) arstjlare (R2) were used as the
primary measures of goodness-of-fit. For exam@seshown in Figure 4-1, the LOC vyields a
NRMSE value of 17.3, which means the root mean reqearor (RMSE) is 17.3% of the
average of the measured TSS values. The R-squiredRe 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

Stream ID stream Name R? NRMSE I:l:irtt()alr?cl)tr{ ES Ut
(NTU) (mg/L)

0OK620910020040_00 Cooper Creek 0.68 17.3% 50 48
0OK620910020270_00 Elm Creek 0.67 13.9% 50 58
0OK620910030010_00 Skeleton Creek 0.81 12.1% 50 73
0OK620910020040_00 Cottonwood Creek 0.84 15.1% 50 74
0OK620910020040_00 Deer Creek 0.92 6.3% 50 90
0OK620910020040_00 Kingfisher Creek 0.82 11.2% 50 52
OK620910020040_00 Dead Indian Creek 0.80 11.1% 50 44
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It was noted that there were a few outliers thared undue influence on the regression
relationship. These outliers were identified bylgmg the Tukey’'s Boxplot method (Tukey
1977) to the dataset of the distances from obsepeguts to the regression line. The Tukey
Method is based on the interquartile range (IQR®, difference between the 75th percentile
(Q3) and 25th percentile (Q1) of distances betwasserved points and the LOC. Using the
Tukey method, any point with an error greater tgn+ 1.5* IQR or less than Q1 — 1.5*IQR
was identified as an outlier and removed from thgression dataset. The above regressions
were calculated using the dataset with outliersonesd.

The Tukey Method is equivalent to using three tirttes standard deviation to identify
outliers if the residuals (observed - predictedlpf® a normal distribution. The probability of
sampling results being within three standard dewnat of the mean is 99.73% while the
probability for the Tukey Method is 99.65%. If ¢lertimes the standard deviation is used to
identify outliers, it is necessary to first confirthat the residuals are indeed normally
distributed. This is difficult to do because otthize limitations of the existing turbidity &
TSS dataset. Tukey’'s method does not rely on asymaption about the distribution of the
residuals. It can be used regardless of the shagistabution.

Outliers were removed from the dataset only focwaaling the turbidity-TSS relationship,
not from the dataset used to develop the TMDL.

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, may
indicate whether impairments are associated witintpar nonpoint sources. The technical
approach for using LDCs for TMDL development in@sdhe four following steps described
in Subsections 4.3 through 4.5 below:

* Preparing flow duration curves for gaged and undayéM stations;

» Estimating loading in the receiving water using smwgad TSS water quality data and
turbidity-converted data; and

» Determining the overall percent reduction goal (FR€cessary to attain WQS.

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 efferpanded in scope to quantitatively
address nonpoint sources of pollution and varigpsd of pollutants, it became clear that this
single critical low flow condition was inadequate énsure adequate water quality across a
range of flow conditions. Use of the LDC obviaths need to determine a design storm or
selected flow recurrence interval with which to redtaerize the appropriate flow level for the
assessment of critical conditions. For waterbodmpacted by both point and nonpoint
sources, the “nonpoint source critical conditiordul typically occur during high flows, when
rainfall runoff would contribute the bulk of the lhdgant 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. Haveflow range is only a general indicator
of the relative proportion of point/nonpoint cobtitions. It is not used in this report to
guantify point source or nonpoint source contribg. Violations that occur during low flows
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may not be caused exclusively by point sources.olafifons have been noted in some
watersheds that contain no point sources.

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, equéhé 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 fiivesh ungaged site involves 1) identifying
an upstream or downstream flow gage; 2) calculatirgg 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. A more complex approach also
considers watershed differences in rainfall, lasd, wand the hydrologic properties of soil that
govern runoff and retention. More than one flonggamay also be considered. A more
detailed explanation of the methods for estimafiogy at ungaged streams is provided in
Appendix B.

Flow duration curves are a type of cumulative thstion function. The flow duration
curve represents the fraction of flow observatitinst 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 (x-axis), which is numbered from 0 to A@@ent, and may or may not be
logarithmic. The lowest measured flow occurs ateaneedance frequency of 100 percent
indicating that flow has equaled or exceeded tlakier 100 percent of the time, while the
highest measured flow is found at an exceedancpidérecy of O percent. The median flow
occurs at a flow exceedance frequency of 50 percent

While the number of observations required to dgqvedo flow duration curve is not
rigorously specified, a flow duration curve is upabased 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 arezetli(USGS 2007a).

A typical semi-log flow duration curve exhibits @moidal shape, bending upward near a
flow exceedance frequency value of O percent awdhdard at a frequency near 100 percent,
often with a relatively constant slope in betweé&ior sites that on occasion exhibit no flow, the
curve will intersect the x-axis at a frequency léesan 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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Flow duration curves were developed when the biactéviDLs were developed for these
seven streams. The same flow duration curves wsed in this report. Please refer to the
TMDL report, Bacteria Total Maximum Daily Loads for the Lowem@iron River-Skeleton
Creek Area (OK62091Gpr more details [ODEQ, 2009].

Figure 4-8 through Figure 4-14 show the flow dumaticurves for the seven stream
segments in the study area.

Figure 4-8  Flow Duration Curve for Cooper Creek (OK620910020040_00)
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Figure 4-9  Flow Duration Curve for EIm Creek (OK620910020270_00)

1,000.0 F

1000 §

»
< 10.0
2 “F
m - \\
\\
10 1 — e —
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Flow Duration Interval
Figure 4-10 Flow Duration Curve for Skeleton Cree{OK620910030010_00)
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Figure 4-11 Flow Duration Curve for Cottonwood Cred (OK620910040010 _20)
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Figure 4-12 Flow Duration Curve for Deer Creek (OK&0910040120 00)
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Figure 4-13 Flow Duration Curve for Kingfisher Creek (OK620910050010_00)
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Figure 4-14 Flow Duration Curve for Dead Indian Creek (OK620910050080_00)
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4.4  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 haveh TSS loading must be reduced to
meet turbidity WQS in the impaired watershed).

Step 1: Generate LDCs. LDCs are similar in appearance to flow durationvesrt
however, the ordinate is expressed in terms o&d tgpically in Ibs/day. The curve represents
the water quality targets for TSS from Table 4-pressed in 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 interdstm available measured flow when
samples were collected, the USGS, or projected tlsing Oklahoma TMDL Toolbox
if station is ungaged;

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

» obtaining available turbidity and TSS water quatita;
* matching the water quality observations with tlesfldata from the same date;

» displaying a curve on a plot that represents tHewable load determined by
multiplying the actual or estimated flow by the \Wg:for TSS;

* converting measured concentration values to logdsudtiplying 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); then

» plotting the flow exceedance percentiles and dadéyl observations in a load duration
plot.

The culmination of these steps is expressed irfath@ving example formula for Cooper
Creek, which is displayed on the LDC as the TMDLveu

TMDL (Ib/day) = WQuget * flow (cfs) * unit conversion factor
where:  WQuget= 48 mg/L (TSS) for Cooper Creek
unit conversion factor = 5.39377 L*s*lb Rfday*mg)

The flow exceedance frequency (x-value of each tpagobtained by looking up the
historical exceedance frequency of the measurestonated flow; in other words, the percent
of historical observations that equal or exceed rtfeasured or estimated flow. Historical
observations of TSS and/or turbidity concentratiarespaired with flow data and are plotted on
the LDC. The TSS load (or the y-value of each f)am calculated by multiplying the TSS
concentration (measured or converted from turbjdiyg/L) by the instantaneous flow (cfs) at
the same site and time, with appropriate volumednd time unit conversions. TSS loads
representing exceedance of water quality critetlieebove the TMDL line.

As noted earlier, runoff has a strong influencdaading of nonpoint source pollution yet
flows do not always correspond directly to locahatf. High flows may occur in dry weather
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due to upstream precipitation events or releases trpstream dams. Runoff influence may be
observed with low or moderate flows depending ae@dent conditions.

Step 2: Develop 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 attained.

For the TMDL in this report, an explicit MOS of 10¢%ee Section 5-5) has been selected
to slightly reduce assimilative capacity in the @vahed. This is a reasonable reduction that has
been used in other turbidity TMDLs. The MOS at agiyen percent flow exceedance,
therefore, is defined as 10% of the TMDL.

Step 3. Calculate WLA. As previously stated, the pollutant load allogatfor point
sources is defined by the WLA. For TMDL developtparposes when addressing turbidity
or TSS, a WLA will be established for wastewateonfnuous) discharges in impaired
watersheds that do not have a BOD or CBOD permit but do have a TSS limit. These point
source discharges of inorganic suspended solidis bgilassigned a TSS WLA as part of
turbidity TMDLs to ensure WQS can be maintained.

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, rathéah single maximum load values. A load-
based approach meets the requirements of 40 CRR2()JFor expressing TMDLs “in terms of
mass per time, toxicity, or other appropriate measl

WLA for WWTP. WLAs are zero for these watersheds since thezenarpermitted
inorganic TSS dischargers in the study area.

WLA for Permitted Stormwater. For turbidity TMDLS, WLAs for permitted stormwater
such as MS4s, construction, and multi-sector gérmanits are not calculated since these
discharges occur under high flow conditions whentthrbidity criteria do not apply.

Step 4: Calculate LA.Given the lack of data and the variability of stoewents, it is
difficult to quantify discharges that accuratelypmesent projected loadings from nonpoint
sources. LAs can be calculated under different tonditions as the water quality target load
minus the WLA. The LA is represented by the aneden the LDC but above the WLA. The
LA at any particular flow exceedance is calculasdghown in the equation below.

LA =TMDL - WLA - MOS

Step 5: Estimate LA Load Reduction. After existing loading estimates are computed,
nonpoint load reduction estimates are calculatedusigig the difference between estimated
existing loading and the allowable load expressethb LDC (TMDL-MOS). This difference
is expressed as the overall PRG for the impairegnvady. For turbidity, the PRG is the load
reduction that ensures that no more than 10 peafetie samples under flow-base conditions
exceed the TMDL.

4-14 FINAL
April 2010



Lower Cimarron River-Skeleton Creek Area TurbidibDL TMDL Calculations

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.

To calculate the TSS load at the W the flow rate at each flow exceedance percentile
is multiplied by a unit conversion factd.89377 L*s*|b /ff/day/mg and the TSS target.. This
calculation produces the maximum TSS load in theagt that will result in attainment of the
50 NTU standard for turbidity. The allowable T®&ads at the WQS establish the TMDL and
are plotted versus flow exceedance percentile a9@. The x-axis indicates the flow
exceedance percentile, while the y-axis is expessgerms of a TSS load in pounds per day.

To estimate existing loading, TSS and turbidityesiations from 1998 to 2008 are paired
with the flows measured or estimated in that segroarthe same date. 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
4-7. Pollutant loads are then calculated by miyitig the TSS concentration by the flow rate
and the unit conversion factor. The associated #8aceedance percentile is then matched with
the flow from the tables provided in Appendix B.helTobserved TSS or converted turbidity
loads are then added to the LDC plot as pointses&hpoints represent individual ambient
water quality samples of TSS. Points above the lilficate the TSS target was exceeded at
the time of sampling. Conversely, points underltB€ indicate the sample did not exceed the
WQtarges Figures 5-1 through 5-7 show the LDCs develdjpedhe seven stream segments in
the study area. It is noted that the LDC plotunlels data under all flow conditions to show the
overall condition of the stream. However, the ity standard only applies for base-flow
conditions. Thus, when assessing beneficial usesament, only the portion of the graph
corresponding to flows above the™fow exceedance percentile should be used.

The LDC approach recognizes that the assimilatagacity of a waterbody depends on the
flow, and that maximum allowable loading varieshwilow condition. Existing loading, and
load reductions required to meet the TMDL waterligpadarget can also be calculated under
different flow conditions. The difference betwesxisting loading and the water quality target
is used to calculate the loading reductions requirdhe overall PRG is calculated as the
reduction in load required so no more than 10 pe#rokthe samples collected under base-flow
conditions would exceed TMDL targets for TSS. Tikisglone through an iterative process of
taking a series of percent reduction values apglygach value uniformly between the
concentrations of samples and verifying that noertban 10 percent of the samples exceed the
water quality target concentration. The targeesdarived from only those samples after high
flow samples are excluded. The PRGs for the sst#eam segments in the study area are
provided in Table 5-1.
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Table 5-1 TMDL Reduction Rate
Stream ID Stream Name Reduction Rate
0OK620910020040_00 Cooper Creek 63%
0OK620910020270_00 Elm Creek 55%
0OK620910030010_00 Skeleton Creek 75%
0OK620910020040_00 Cottonwood Creek 71%
0OK620910020040_00 Deer Creek 18%
0OK620910020040_00 Kingfisher Creek 18%
0OK620910020040_00 Dead Indian Creek 11%

Figure 5-1
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Figure 5-2  Load Duration Curve for Total SuspendedSolids in EIm Creek
(OK620910020270_00)
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Figure 5-3  Load Duration Curve for Total SuspendedSolids in Skeleton Creek
(OK620910030010_00)
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Figure 5-4
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Figure 5-5  Load Duration Curve for Total SuspendedSolids in Deer Creek
(OK620910020040_00)
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Figure 5-6
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5.2 Wasteload Allocation

NPDES-permitted facilities discharging inorganic ST@re allocated a daily wasteload
calculated as their permitted flow rate multiplieg the water quality target. In other words,
the facilities are required to meet instream datan their discharge. There is only one
NPDES-permitted facilities (OK0036994) dischargingrganic TSS to the Dead Indian Creek
(OK620910050080_00) via a tributary. The WLA fbetfacility is derived as follows:

WLA_WWTP = W@Qget x flow x unit conversion factor (Ibs/day)
WLA=43.6 mg/L x 0.029 MGD x 8.3449h/gal/mg = 10.5 lbs/day
Flow = 0.029 MGD = maximum monthly average DMR dataOK0036994 (Table 3-2)

No wasteload allocations are needed for stormwdischargers. By definition, any
stormwater discharge occurs during periods of alinbnd elevated flow conditions.
Oklahoma’s Water Quality Standards specify that ¢héeria for turbidity “apply only to
seasonal base flow conditions” and go on to sagVéaied turbidity levels may be expected
during, and for several days after, a runoff evg®AC 785:45-5-12(f)(7)]. Therefore, WLA
for NPDES-regulated storm water discharges is ésdignconsidered unnecessary in this
TMDL report and will not be included in the TMDL Icalations. Conditions in existing
stormwater permits are sufficient to protect rerrgjwaters and comply with this TMDL.

To accommodate the potential for future growthha tvatershed, 1% of TSS loading is
reserved as part of the WLA.

53 Load Allocation

As discussed in Section 3.2, pollutant loadinght® teceiving streams of each waterbody
emanate from a number of different nonpoint sourcd$he data analysis and the LDCs
demonstrate that exceedances of the turbidity WQBeaWQM stations are the result of a
variety of nonpoint sources. The LA is calculatedthe difference 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 pollutantiog. The TMDL established in this report
adhere to the seasonal application of the Oklah®@S for turbidity, which applies to
seasonal base flow conditions only. Seasonal vamiavas also accounted for in this TMDL
by using more than 5 years of water quality dathlanusing the longest period of USGS flow
records possible when estimating flows to develoyw £xceedance 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
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of knowledge associated with calculating the allbl@gpollutant loading to ensure WQSs are
attained. USEPA guidance allows for use of implasi explicit expressions of the MOS, or

both. When conservative assumptions are usedviel@ament of the TMDL, or conservative

factors are used in the calculations, the MOS iglioit. When a specific percentage of the
TMDL is set aside to account for the lack of knodge, then the MOS is considered explicit.

Since the TMDL is calculated for TSS instead of bidity, the quality of the regression
has a direct impact on confidence of the TMDL chatitans. The better the regression is, the
more confident we are on the TMDL targets. Asslteit leads to a smaller margin of safety.
The selection of MOS is based on NRMSE and R-sdfeareach stream. Because of the good
regression achieved in all seven stream segmentiseirstudy area (Table 4-1), the explicit
MOS of 10 percent is used for all of them.

The explicit MOS is applied by reducing the wataality target of TSS by the percentage
of the MOS. For example, the water quality targfeTSS for Cooper Creek is 48.3 mg/L and
the MOS is 10%. The resulting TMDL water qualigyget will be 43.5 mg/L (48.8 (1 - 0.1)
=43.5). This target is used to calculate the c&dn rate for TSS.

5.6 TMDL Calculations

This TMDL was derived using the LDC method. A TMIM.expressed as the sum of all
WLAs (point source loads), LAs (nonpoint sourced®g and an appropriate MOS, which
attempts to account for lack of knowledge conceynihe relationship between effluent
limitations and water quality.

This definition can be expressed by the followiggation:
TMDL =2 WLA+X LA +MOS

The TMDL represents a continuum of desired loadr @aleflow 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 wastelbadstream can assimilate without violating
water quality standards. The TMDL, WLA, LA, and M8Care calculated at every Slow
interval percentile (Tables 5-2 through 5-8).

Regardless of the magnitude of the WLA calculatadthese TMDLs, future new
discharges or increased load from existing disd®ssgill be considered consistent with the
TMDL provided the NPDES permit requires instreaitecia to be met.
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Table 5-2 Turbidity TMDL based on Total Suspended 8lids Calculations for Cooper
Creek (OK620910020040_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
0 3,347.5 N/A 0.0 0.0 N/A N/A N/A
5 64.0 N/A 0.0 0.0 N/A N/A N/A
10 24.8 N/A 0.0 0.0 N/A N/A N/A
15 16.3 N/A 0.0 0.0 N/A N/A N/A
20 12.1 N/A 0.0 0.0 N/A N/A N/A
25 9.1 2,359.1 0.0 0.0 23.6 2,099.6 235.9
30 7.9 2,044.6 0.0 0.0 20.4 1,819.7 204.5
35 6.6 1,730.0 0.0 0.0 17.3 1,539.7 173.0
40 6.0 1,572.7 0.0 0.0 15.7 1,399.7 157.3
45 5.6 1,462.6 0.0 0.0 14.6 1,301.8 146.3
50 5.0 1,305.4 0.0 0.0 13.1 1,161.8 130.5
55 4.5 1,163.8 0.0 0.0 11.6 1,035.8 116.4
60 4.1 1,069.5 0.0 0.0 10.7 951.8 106.9
65 3.7 975.1 0.0 0.0 9.8 867.8 97.5
70 34 880.7 0.0 0.0 8.8 783.9 88.1
75 3.0 786.4 0.0 0.0 7.9 699.9 78.6
80 2.7 692.0 0.0 0.0 6.9 615.9 69.2
85 2.2 581.9 0.0 0.0 5.8 517.9 58.2
90 1.7 440.4 0.0 0.0 4.4 391.9 44.0
95 1.2 314.5 0.0 0.0 3.1 279.9 315
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5-8 FINAL

April 2010



Lower Cimarron River-Skeleton Creek Area TurbiditDL TMDL Calculations

Table 5-3 Turbidity TMDL based on Total Suspended 8lids Calculations for EIm
Creek (OK620910020270_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
0 723.6 N/A 0.0 0.0 N/A N/A N/A
5 13.9 N/A 0.0 0.0 N/A N/A N/A
10 5.4 N/A 0.0 0.0 N/A N/A N/A
15 35 N/A 0.0 0.0 N/A N/A N/A
20 2.6 N/A 0.0 0.0 N/A N/A N/A
25 2.0 614.5 0.0 0.0 6.1 546.9 61.4
30 1.7 532.5 0.0 0.0 5.3 474.0 53.3
35 14 450.6 0.0 0.0 4.5 401.0 45.1
40 1.3 409.6 0.0 0.0 4.1 364.6 41.0
45 1.2 376.9 0.0 0.0 3.8 335.4 37.7
50 1.1 340.0 0.0 0.0 34 302.6 34.0
55 1.0 303.1 0.0 0.0 3.0 269.8 30.3
60 0.9 278.6 0.0 0.0 2.8 247.9 27.9
65 0.8 254.0 0.0 0.0 25 226.0 25.4
70 0.7 229.4 0.0 0.0 2.3 204.2 22.9
75 0.7 204.8 0.0 0.0 2.0 182.3 20.5
80 0.6 180.2 0.0 0.0 1.8 160.4 18.0
85 0.5 151.6 0.0 0.0 15 134.9 15.2
90 0.4 114.7 0.0 0.0 11 102.1 11.5
95 0.3 81.9 0.0 0.0 0.8 72.9 8.2
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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TMDL Calculations

Table 5-4 Turbidity TMDL based on Total Suspended 8lids Calculations for
Skeleton Creek (OK620910030010_00)
Flow WWTP MS4 Growth MOS
Percentile (cfs) TMDL (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) LA (Ibs/day) (Ibs/day)
0 39,200.0 N/A 0.0 0.0 N/A N/A N/A
5 463.0 N/A 0.0 0.0 N/A N/A N/A
10 181.1 N/A 0.0 0.0 N/A N/A N/A
15 107.0 N/A 0.0 0.0 N/A N/A N/A
20 71.0 N/A 0.0 0.0 N/A N/A N/A
25 51.0 20,069.1 0.0 0.0 200.7 17,861.5 2,006.9
30 38.0 14,953.4 0.0 0.0 149.5 13,308.6 1,495.3
35 31.0 12,198.9 0.0 0.0 122.0 10,857.0 1,219.9
40 25.0 9,837.8 0.0 0.0 98.4 8,755.6 983.8
45 21.0 8,263.7 0.0 0.0 82.6 7,354.7 826.4
50 17.0 6,689.7 0.0 0.0 66.9 5,953.8 669.0
55 14.0 5,509.2 0.0 0.0 55.1 4,903.2 550.9
60 12.0 4,722.1 0.0 0.0 47.2 4,202.7 472.2
65 11.0 4,328.6 0.0 0.0 43.3 3,852.5 432.9
70 9.2 3,620.3 0.0 0.0 36.2 3,222.1 362.0
75 8.0 3,148.1 0.0 0.0 31.5 2,801.8 314.8
80 6.6 2,597.2 0.0 0.0 26.0 2,311.5 259.7
85 5.3 2,085.6 0.0 0.0 20.9 1,856.2 208.6
90 4.1 1,613.4 0.0 0.0 16.1 1,435.9 161.3
95 2.8 1,101.8 0.0 0.0 11.0 980.6 110.2
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 5-5 Turbidity TMDL based on Total Suspended 8lids Calculations for
Cottonwood Creek (OK620910020040_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
0 7,570.1 N/A 0.0 0.0 N/A N/A N/A
5 195.0 N/A 0.0 0.0 N/A N/A N/A
10 99.5 N/A 0.0 0.0 N/A N/A N/A
15 62.0 N/A 0.0 0.0 N/A N/A N/A
20 46.0 N/A 0.0 0.0 N/A N/A N/A
25 36.9 14,642.2 0.0 0.0 146.4 13,031.6 | 1,464.2
30 30.4 12,076.0 0.0 0.0 120.8 10,747.7 | 1,207.6
35 24.8 9,849.5 0.0 0.0 98.5 8,766.1 985.0
40 20.9 8,302.3 0.0 0.0 83.0 7,389.0 830.2
45 19.0 7,547.5 0.0 0.0 75.5 6,717.3 754.8
50 17.1 6,792.8 0.0 0.0 67.9 6,045.6 679.3
55 15.2 6,038.0 0.0 0.0 60.4 5,373.8 603.8
60 13.7 5,434.2 0.0 0.0 54.3 4,836.5 543.4
65 12.2 4,830.4 0.0 0.0 48.3 4,299.1 483.0
70 11.4 4,528.5 0.0 0.0 45.3 4,030.4 452.9
75 9.5 3,773.8 0.0 0.0 37.7 3,358.6 377.4
80 8.0 3,170.0 0.0 0.0 317 2,821.3 317.0
85 7.2 2,868.1 0.0 0.0 28.7 2,552.6 286.8
90 6.1 2,415.2 0.0 0.0 24.2 2,149.5 241.5
95 5.3 2,113.3 0.0 0.0 21.1 1,880.8 211.3
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 5-6 Turbidity TMDL based on Total Suspended 8lids Calculations for Deer
Creek (OK620910020040_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
0 9,123.4 N/A 0.0 0.0 N/A N/A N/A
5 235.5 N/A 0.0 0.0 N/A N/A N/A
10 120.1 N/A 0.0 0.0 N/A N/A N/A
15 75.3 N/A 0.0 0.0 N/A N/A N/A
20 55.9 N/A 0.0 0.0 N/A N/A N/A
25 44.5 21,569.6 0.0 0.0 215.7 19,196.9 | 2,157.0
30 36.7 17,789.4 0.0 0.0 177.9 15,832.5 | 1,778.9
35 30.3 14,676.2 0.0 0.0 146.8 13,061.8 | 1,467.6
40 25.7 12,452.6 0.0 0.0 124.5 11,082.8 | 1,245.3
45 22.9 11,118.3 0.0 0.0 111.2 9,895.3 1,111.8
50 20.6 10,006.5 0.0 0.0 100.1 8,905.8 1,000.7
55 18.8 9,117.0 0.0 0.0 91.2 8,114.2 911.7
60 16.5 8,005.2 0.0 0.0 80.1 7,124.6 800.5
65 14.7 7,115.7 0.0 0.0 71.2 6,333.0 711.6
70 13.8 6,671.0 0.0 0.0 66.7 5,937.2 667.1
75 11.9 5,781.5 0.0 0.0 57.8 5,145.6 578.2
80 10.1 4,892.1 0.0 0.0 48.9 4,353.9 489.2
85 8.7 4,225.0 0.0 0.0 422 3,760.2 422.5
90 7.8 3,780.2 0.0 0.0 37.8 3,364.4 378.0
95 6.4 3,113.1 0.0 0.0 31.1 2,770.7 311.3
100 3.7 1,778.9 0.0 0.0 17.8 1,583.3 177.9
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Table 5-7 Turbidity TMDL based on Total Suspended 8lids Calculations for
Kingfisher Creek (OK620910020040_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
0 6,480.0 N/A 0.0 0.0 N/A N/A N/A
5 65.7 N/A 0.0 0.0 N/A N/A N/A
10 21.4 N/A 0.0 0.0 N/A N/A N/A
15 12.0 N/A 0.0 0.0 N/A N/A N/A
20 8.2 N/A 0.0 0.0 N/A N/A N/A
25 6.3 1,762.2 0.0 0.0 17.6 1,568.3 176.2
30 5.1 1,409.7 0.0 0.0 14.1 1,254.7 141.0
35 4.1 1,127.8 0.0 0.0 11.3 1,003.7 112.8
40 3.0 835.1 0.0 0.0 8.4 743.2 83.5
45 2.3 630.6 0.0 0.0 6.3 561.2 63.1
50 1.8 493.4 0.0 0.0 4.9 439.1 49.3
55 1.4 389.7 0.0 0.0 3.9 346.8 39.0
60 1.2 334.0 0.0 0.0 3.3 297.3 334
65 0.9 261.7 0.0 0.0 2.6 232.9 26.2
70 0.7 197.6 0.0 0.0 2.0 175.9 19.8
75 0.6 155.9 0.0 0.0 1.6 138.7 15.6
80 0.4 100.2 0.0 0.0 1.0 89.2 10.0
85 0.2 66.8 0.0 0.0 0.7 59.5 6.7
90 0.1 35.2 0.0 0.0 04 31.4 35
95 0.03 8.4 0.0 0.0 0.1 7.4 0.8
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 5-8 Turbidity TMDL based on Total Suspended 8lids Calculations for Dead
Indian Creek (OK620910020040_00)

Flow TMDL WWTP MS4 Growth LA MOS
Percentile (cfs) (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day) | (Ibs/day)
0 4,766.3 N/A 0.0 0.0 N/A N/A N/A
5 47.9 N/A 0.0 0.0 N/A N/A N/A
10 14.9 N/A 0.0 0.0 N/A N/A N/A
15 7.9 N/A 0.0 0.0 N/A N/A N/A
20 5.6 N/A 0.0 0.0 N/A N/A N/A
25 4.5 1,049.4 10.5 0.0 10.5 923.4 104.9
30 3.5 830.7 10.5 0.0 8.3 728.8 83.1
35 2.8 656.1 10.5 0.0 6.6 573.4 65.6
40 2.1 491.1 10.5 0.0 4.9 426.5 49.1
45 1.5 362.6 10.5 0.0 3.6 312.2 36.3
50 1.3 306.1 10.5 0.0 3.1 261.9 30.6
55 1.0 240.5 10.5 0.0 2.4 203.5 24.0
60 0.8 189.9 10.5 0.0 1.9 158.5 19.0
65 0.7 155.4 10.5 0.0 1.6 127.8 15.5
70 0.5 120.2 10.5 0.0 12 96.5 12.0
75 0.4 93.2 10.5 0.0 0.9 72.4 9.3
80 0.3 59.1 10.5 0.0 0.6 42.0 5.9
85 0.2 39.7 10.5 0.0 04 24.8 4.0
90 0.1 21.9 10.5 0.0 0.2 8.9 2.2
95* 0.045 10.5 104 0.0 0.1 0.0 0.0
100* 0.045 10.5 10.4 0.0 0.1 0.0 0.0

*At the 95th and 100th percentiles, the projected/$ are smaller than the 0.045 cfs (0.029 MGD)
maximum monthly average of the point source irviéershed. As a result, the TMDL is set at the
wasteload allocation (10.5 Ibs/day) for the poourse. The actual WWTP wasteload allocation is cedu
by 1% (0.1 Ibs/day) to allow for the future grovetfocation.
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5.7 Reasonable Assurances

ODEQ will collaborate with a host of other stateages and local governments working
within the boundaries of state and local regulatitm target available funding and technical
assistance to support implementation of pollutiontmls and management measures. Various
water quality management programs and funding ssupcovide a reasonable assurance that
the pollutant reductions as required by this TMCAn de achieved and water quality can be
restored to maintain designated uses. ODEQ'’s @ainty Planning Process (CPP), required by
the CWA 8303(e)(3) and 40 CFR 130.5, summarizesi@iha’'s commitments and programs
aimed at restoring and protecting water qualityptghout the state (ODEQ 2006). The CPP
can be viewed from ODEQ’s websiteZ&106 Continuing Planning Proces§able 5-9 provides
a partial list of the state partner agencies ODHE asllaborate with to address point and
nonpoint source reduction goals established by THIDL

Table 5-9 Partial List of Oklahoma Water Quality Management Agencies

Agency Web Link

Oklahoma Conservation | ptip://www.ok.gov/conservation/Agency Divisions/Water Quality Division
Commission

Oklahoma Department http://www.wildlifedepartment.com/watchabl.htm
of Wildlife Conservation

Oklahoma Department http://www.oda.state.ok.us/water-home.htm
of Agriculture, Food, and

Forestry

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

Resources Board

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 afcAlgure and Oklahoma Corporation
Commission, for which the USEPA has retained pemmgitauthority. 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
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USEPA relating to administration and enforcementtioé delegated NPDES Program.
Implementation of point source WLAs is done throuyggrmits issued under the OPDES
program.

The reduction rate called for in this TMDL repostshown in Table 5-1 for the stream

segments in the study area. The ODEQ recognizasatthieving such reduction may be
difficult, especially since unregulated nonpointisies are a major cause of the impairment.
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SECTION 6
PUBLIC PARTICIPATION

This TMDL report was sent to other related statenages and local government agencies
for peer review and was submitted to EPA for tecainreview on August 28, 2009. The
technical approval was received on January 25, 204(ublic notice was circulated to the
local newspapers and/or other publications in tiea affected by this TMDL on February 26,
2010. The public was given an opportunity to reviee TMDL report and submit comments.
The DEQ accepted written comments during a 45-ddipcomment period.

All written comments received became a part ofrdeord of this TMDL. All comments
were considered and responded. The TMDL report neaised according to the comments.
The response to comments is included as Appendix D.
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Appendix A
Ambient Water Quality Data
1998 — 2008
Station ID Stream Name Date lelilt?l_'gl)ty (r-an/SL) Flow (cfs) Coilgi\zon
0OK620910-02-0040C Cooper Creek 6/12/2002 41 1.9 Rain event
0OK620910-02-0040C | Cooper Creek 7/22/2002 108 34 0.4
0OK620910-02-0040C | Cooper Creek 9/3/2002 146 79 0.0
0OK620910-02-0040C | Cooper Creek 10/7/2002 48.4 119 2.77
0OK620910-02-0040C | Cooper Creek | 11/12/2002 21 24 10.0 High flow
0OK620910-02-0040C Cooper Creek 12/10/2002 44.2 64 21.9 High flow
0OK620910-02-0040C | Cooper Creek 1/22/2003 8.4 <10 8.6
0OK620910-02-0040C Cooper Creek 3/4/2003 11.4 12 134 High flow
0OK620910-02-0040C | Cooper Creek 4/1/2003 14.8 22 24
0OK620910-02-0040C | Cooper Creek 5/13/2003 68 53 1.6
0OK620910-02-0040C | Cooper Creek 6/10/2003 145 95 3.6
0OK620910-02-0040C | Cooper Creek 7/15/2003 87.8 88 1.0
0OK620910-02-0040C | Cooper Creek 8/19/2003 54.2 59 0.7
0OK620910-02-0040C | Cooper Creek 9/22/2003 29.1 35 0.8
0OK620910-02-0040C | Cooper Creek | 10/27/2003 4.9 <10 2.3
0OK620910-02-0040C | Cooper Creek 12/8/2003 7.92 21 2.2
0OK620910-02-0040C | Cooper Creek 1/12/2004 13.6 13 2.6
0OK620910-02-0040C | Cooper Creek 2/17/2004 41.6 27 7.8
0OK620910-02-0040C Cooper Creek 3/22/2004 7.61 <10 16.4 High flow
0OK620910-02-0040C | Cooper Creek 4/26/2004 32 117 0.0
0OK620910-02-0040C | Cooper Creek 6/7/2004 29.7 36 0.0
0OK620910-02-0040C | Cooper Creek 5/29/2007 55.4 39 11.3 High flow
0OK620910-02-0040C | Cooper Creek 6/25/2007 312 228 37.6 High flow
0OK620910-02-0040C Cooper Creek 7/31/2007 795 510 3.0 Rain event
0OK620910-02-0040C Cooper Creek 8/8/2007 457 10.7 High flow
0OK620910-02-0040C | Cooper Creek 9/18/2007 14.8 14 11.3 High flow
0OK620910-02-0040C Cooper Creek 10/16/2007 28.3 24 10.3 High flow
0OK620910-02-0040C Cooper Creek 11/14/2007 5.68 <10 7.6
0OK620910-02-0040C | Cooper Creek | 12/17/2007 20.3 13 5.0
0OK620910-02-0040C | Cooper Creek 1/23/2008 27.9 7.4
0OK620910-02-0040C | Cooper Creek 3/4/2008 410 167 11.3 High flow
0OK620910-02-0040C Cooper Creek 4/8/2008 94.6 75 11.9 High flow
0OK620910-02-0040C | Cooper Creek 5/13/2008 30.8 18 10.0 High flow
0OK620910-02-0040C | Cooper Creek 6/7/2008 272 270 42.0 High flow
0OK620910-02-0270G Elm Creek 5/15/2000 72.5 22 0.48
0OK620910-02-0270G Elm Creek 6/19/2000 107 30 0.30
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OK620910-02-0270G Elm Creek 7/24/2000 71.7 48 0.15
OK620910-02-0270G Elm Creek 8/28/2000 83 54 0.05
OK620910-02-0270G Elm Creek 10/2/2000 0.84 36 0.03
OK620910-02-0270G Elm Creek 11/6/2000 12.2 104 3.19 High flow
OK620910-02-0270G Elm Creek 12/12/2000 | 13.4 10 1.06
OK620910-02-0270G Elm Creek 1/23/2001 83.8 14 1.43
OK620910-02-0270G Elm Creek 2/26/2001 63.3 64 3.11 High flow
OK620910-02-0270G Elm Creek 4/2/2001 95 44 0.45
OK620910-02-0270G Elm Creek 5/8/2001 140 42 0.26
OK620910-02-0270G Elm Creek 6/12/2001 87 56 0.18
OK620910-02-0270G Elm Creek 6/22/2001 68 0.94
OK620910-02-0270G Elm Creek 7/24/2001 85.4 224 0.00
OK620910-02-0270G Elm Creek 8/21/2001 45.3 117 0.23
OK620910-02-0270G Elm Creek 9/25/2001 11.6 13 0.55
OK620910-02-0270G Elm Creek 12/11/2001 | 16.9 11 0.19
OK620910-02-0270G Elm Creek 1/15/2002 204 30 0.55
OK620910-02-0270G Elm Creek 2/20/2002 82.1 24 0.74
OK620910-02-0270G Elm Creek 3/26/2002 37.9 16 0.60
OK620910-03-0010F Ske'el_tg\',‘v;ree": 8/6/2002 725 30 11
OK620910-03-0010F Ske'el_tg\',‘v;ree": 9/4/2002 107 78 9.2
OK620910-03-0010F Ske'el_tg\'l‘vgee": 10/1/2002 71.7 42 13
OK620910-03-0010F Ske'el_tg;‘vgeek: 11/5/2002 83 73 78 High flow
OK620910-03-0010F Ske'el_tg;‘vgeek: 12/3/2002 | 9.84 <10 33
OK620910-03-0010F Ske'el_tg;‘vgeek: 1/15/2003 | 122 <10 58
OK620910-03-0010F Ske'el_tg;‘vgeek: 2/19/2003 | 13.4 <10 42
OK620910-03-0010F Ske'el_tg;‘vgeek: 3/25/2003 | 83.8 69 105 High flow
OK620910-03-0010F Ske'el_tg\rl‘vecrreek: 4/29/2003 63.3 62 46
OK620910-03-0010F Ske'el_tg\',‘v;reek: 6/2/2003 95 86 23
OK620910-03-0010F Ske'el_tg\',‘v;reek: 7/8/2003 140 89 8.6
OK620910-03-0010F | Skeleton Creek: | 2 ,0,0003 87 35

Lower
OK620910-03-0010F Ske'el_tg\',‘v;reek: 8/12/2003 68 64 47
OK620910-03-0010F Ske'el_tg\'l‘vgeek: 9/16/2003 85.4 99 10
OK620910-03-0010F Ske'el_tg;‘vgeek: 10/21/2003 | 453 43 9.4
OK620910-03-0010F | Skeleton Creek: | 12/2/2003 11.6 10 13
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Lower
OK620910-03-0010F Ske'el_tg\',‘v;ree": 1/5/2004 16.9 16 12
OK620910-03-0010F Ske'el_tg\',‘v;ree": 2/10/2004 204 216 210 High flow
OK620910-03-0010F Ske'el_tg\',‘v;ree": 3/16/2004 82.1 84 106 High flow
OK620910-03-0010F Ske'el_tg\'l‘vgee": 4/20/2004 37.9 45 53
OK620910-03-0010F | SKEIEON Creek | 6515004 68 59 11
OK620910-03-0010F Ske'el_tg;‘vgeek: 5/30/2007 1907 1370 High flow
OK620910-03-0010F Ske'el_tg;‘vgeek: 6/26/2007 | 51.6 500 278 High flow
OK620910-03-0010F Ske'el_tg;‘vgeek: 7/31/2007 45 67 261 High flow
OK620910-03-0010F Ske'el_tg;‘vgeek: 9/11/2007 | 906 635 340 High flow
OK620910-03-0010S Ske'el_tg\rl‘vecrreek: 10/15/2007 |  47.7 52 43
OK620910-03-0010S Ske'el_tg\',‘v;ree": 11/14/2007 | 142 17 48
OK620910-03-0010S Ske'el_tg\',‘v;ree": 12/18/2007 | 19.9 11 84 High flow
OK620910-03-0010S Ske'el_tg\',‘v;ree": 1/23/2008 11.3 40
OK620910-03-0010S Ske'el_tg\',‘v;ree": 3/4/2008 361 271 285 High flow
OK620910-03-0010S Ske'el_tg\'l‘vgee": 41712008 50 38 82 High flow
OK620910-03-0010S Ske'el_tg;‘vgeek: 5/13/2008 80 76 89 High flow
OK620910-03-0010S Ske'el_tg;‘vgeek: 6/17/2008 6857 2590 High flow
OK620910-03-0010S Ske'elj‘;g;reek: 8/6/2002 129 45 11
OK620910-03-0010S Ske'elj‘;g;reek: 9/4i2002 | 918 85 9.2
OK620910-03-0010S Ske'elj‘;g;reek: 9/12/2002 | 818 9.1
OK620910-03-0010S Ske'ed‘;g;reek: 10/1/2002 | 57.4 97 13
OK620910-03-0010S Ske'ed‘;g;reek: 11/5/2002 81 59 78 High flow
OK620910-03-0010S Ske'ed‘;g;reek: 12/3/2002 13 17 33
OK620910-03-0010S Ske'ed‘;g;reek: 1/15/2003 | 10.8 <10 58
OK620910-03-0010S Ske'ed‘;g;reek: 2/10/2003 | 9.68 <10 42
OK620910-03-0010S Ske'ed‘;g;reek: 3/25/2003 | 93.3 103 105 High flow
OK620910-03-0010S | Skeleton Creek: | 4/29/2003 | 83.8 38 46
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Upper

OK620910-03-0010S Ske'e&%gecrreek: 6/2/2003 112 109 23
OK620910-03-0010S Ske'e&%gecrreek: 7/8/2003 122 135 8.6
OK620910-03-0010S Ske'e&%gecrreek: 8/12/2003 66.5 92 4.7
OK620910-03-0010S Ske'e&%gecrreek: 9/16/2003 61.8 73 10
OK620910-03-0010S Ske'e&%gecrreek: 10/21/2003 | 32.3 31 9.4
OK620910-03-0010S Ske'e&%gecrreek: 12/2/2003 9.77 <10 13
OK620910-03-0010S Ske'e&%';;reek: 1/5/2004 31.5 21 12
OK620910-03-0010S Ske'e&%';;reek: 2/10/2004 900 783 210 High flow
OK620910-03-0010S Ske'e&%';;reek: 3/16/2004 64.8 91 106 High flow
OK620910-03-0010S Ske'e&%';;reek: 4/20/2004 53.1 80 53
OK620910-03-0010S Ske'e&%';;reek: 6/2/2004 66.8 79 11
OK620910-03-0010S Ske'e&%';;reek: 5/30/2007 346 332 1370 High flow
OK620910-03-0010S Ske'e&%';;reek: 6/25/2007 520 623 531 High flow
OK620910-03-0010S Ske'e&%';;reek: 7/30/2007 48.2 57 104 High flow
OK620910-03-0010S Ske'e&%';;reek: 8/14/2007 80.4 56
OK620910-03-0010S Ske'e&%';;reek: 9/18/2007 73.5 08 64
OK620910-03-0010S Ske'e&%';;reek: 10/15/2007 | 53.7 75 43
OK620910-03-0010S Ske'e&%';;reek: 11/14/2007 |  38.6 64 48
OK620910-03-0010S Ske'e&%';;reek: 12/17/2007 23 18 94 High flow
OK620910-03-0010S Ske'e&%';;reek: 1/22/2008 14.6 50
OK620910-03-0010S Ske'e&%';;reek: 3/3/2008 36.9 304 278 High flow
OK620910-03-0010S Ske'e&%';;reek: 4/7/2008 68.4 64 82 High flow
OK620910-03-0010S Ske'e&%';;reek: 5/12/2008 114 115 106 High flow
OK620910-03-0010S Ske'e&%';;reek: 6/16/2008 195 192 388 High flow

620901(3)521(2010- Skeleﬁg\r:e(l‘,lreek: 12/2/1998 140 150 33

620901(3)521(2010- Skeleﬁg\r:e(l‘,lreek: 1/19/1999 13 39 17
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Lower Cimarron River-Skeleton Creek Area Creek o TMDLS Appendix A
620910080010~ | Skeleton Creek: | /11999 | 1000 216 81 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 3/7/1999 196 174 46
620910030010~ | Skeleton Creek | 511999 | 299 304 93 High flow
620910080010~ | Skeleton Creek | g/511009 | 904 936 339 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 6/7/1999 89 51
620910080010~ | Skeleton Creek: | 7611009 | 169 160 77 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 8/2/1999 78 79 86 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 9/7/1999 105 114 17 Rain event
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 10/18/1999 33 40 17
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 11/15/1999 74 56 24
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 12/13/1999 311 252 61 High flow
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 1/31/2000 13 19 28
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/22/2000 64 94 86 High flow
620910030010~ | Skeleton Creek | /172000 | 158 204 36
620910030010~ | Skeleton Creek: | 5155000 | 110 186 33
620910030010~ | Skeleton Creek: | /202000 | 198 176 24
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/24/2000 779 2860 33 Rain event
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 8/21/2000 107 104 6
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 9/19/2000 96 5
620910080010~ | Skeleton Creek: | 10/16/2000 | 801 804 2,387 High flow
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 11/13/2000 47 58 11
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 2/6/2001 51 21
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 3/6/2001 143 17
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 4/3/2001 55 17
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 5/8/2001 165 15
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 6/5/2001 170 66 High flow
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 2/10/2001 109 11
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Appendix A

620910030010-

Skeleton Creek:

OO1AT Lovell 8/7/2001 150 4
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 9/11/2001 156 10
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 10/2/2001 81 7.7
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 2/6/2002 75 28
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 3/13/2002 a1 18
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 4/10/2002 119 24
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 5/15/2002 171 13
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 6/5/2002 463 259 High flow
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/10/2002 82 13
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 8/28/2002 121 14
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 9/25/2002 185 21
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 10/30/2002 641 616 High flow
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 12/4/2002 57 76 High flow
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 1/22/2003 11 51
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 3/4/2003 17 85 High flow
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 4/2/2003 40 61
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 6/9/2003 147 31
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/7/2003 65 8.9
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 8/11/2003 119 4.9
6209018)10;9010— Skeleﬁg\r;ecl:lreek: 9/15/2003 36 15 Rain event
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 10/20/2003 57 13
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 11/17/2003 39 20
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 12/15/2003 14 30
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 1/12/2004 11 15
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 3/1/2004 64 46
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 5/4/2004 53 37
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 6/15/2004 134 13
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6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/19/2004 95 13

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 8/24/2004 146 26

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 0/29/2004 72 7.7

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 12/7/2004 72 123 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 2/1/2005 47 109 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 5/3/2005 163 21

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 6/21/2005 250 97 High flow
6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 2/18/2005 66 24

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 8/16/2005 680 53

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 9/20/2005 100 34

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 10/26/2005 14 36

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 12/6/2005 4 27

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/2/2006 42 24

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 2/28/2006 10 23

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 4/5/2006 60 27

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 5/9/2006 79 40

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 6/14/2006 73 13

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 8/22/2006 451 29

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 10/3/2006 49 5.2

6209018)10;9010— Skeleﬁg\r;ecl:lreek: 12/13/2006 32 5

620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 1/31/2007 36 16

620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 3/7/2007 139 16

620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 4/4/2007 218 110 High flow
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 5/23/2007 45 61

620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 6/6/2007 76 77 High flow
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 2/18/2007 265 300 High flow
620901&);:19010— Skeleﬁg\r;ecl,‘lreek: 8/15/2007 49 56
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6209018)10;9010— Skeleﬁg\r;ecl:lreek: 9/26/2007 81 55

620910030010 Ske'eﬁgceireek: 10/24/2007 | 288 171 High flow

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 11/28/2007 6 45

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 1/29/2008 o5 49

620910030010 Ske'eﬁgceireek: 3/5/2008 128 139 High flow

620910030010 Ske'eﬁgceireek: 411812008 | 117 117 High flow

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 9/16/2008 200 42

6209()18););:_?010— Skeleﬁg\r;ecl:lreek: 11/11/2008 37 42
OK620910-04-0010G COtéorg‘é"de 5/15/2000 44.2 30 7.92
OK620910-04-0010G COtéorg‘é"de 7/24/2000 109 254 2.87
OK620910-04-0010G COtéorg‘é"de 8/28/2000 28.9 14 0
OK620910-04-0010G COtéorg‘é"de 10/2/2000 19.9 14 0.15
OK620910-04-0010G COtéorg‘é"de 11/7/2000 33.7 30 7.43
OK620910-04-0010G COtéorg‘é"de 12/12/2000 |  9.04 8 5.79
OK620910-04-0010G COtéorg‘é"de 1/23/2001 23.1 10 14.03
OK620910-04-0010G COtéorg‘é"de 2/26/2001 162 204 54.66 High flow
OK620910-04-0010G COtéorg‘é"de 4/3/2001 26.6 40 18.69
OK620910-04-0010G COtéorg‘é"de 5/8/2001 40.8 58 8.54
OK620910-04-0010G COtéorg‘é"de 6/12/2001 24.2 21 5.26
OK620910-04-0010G COtéorg‘é"de 7/2/2001 17.9 2.08
OK620910-04-0010G COtg’rg‘é"de 7/17/2001 21.6 7 1.25
OK620910-04-0010G COtg’rg‘é"de 8/21/2001 27.1 29 0.07
OK620910-04-0010G COtg’rg‘é"de 9/25/2001 244 230 5.92
OK620910-04-0010G COtg’rg‘é"de 10/31/2001 6.2 <10 2.51
OK620910-04-0010G COtg’rg‘é"de 12/11/2001 | 3.83 <10 3.50
OK620910-04-0010G COtg’rg‘é"de 1/15/2002 5.68 <10 3.87
0K620910-04-0010G | Cottonwood | 51 9/5005 18.7 16 8.67

Creek
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Appendix A

Cottonwood

OK620910-04-0010G Crook 3/25/2002 27.6 33 5.68
OK620910-04-01208 | DeerCreek: | 5000 58 72 17.73
Logan Co.
OK620910-04-01208 | D€erCreek: | 16/5000 179 157 310.22 High flow
Logan Co.
OK620910-04-01208 | DeerCreek: | 2112000 101 374 31.67
Logan Co.
OK620910-04-01208 | DeerCreek: | 5815000 44.3 70 11.23
Logan Co.
OK620910-04-01208 | Deer Creek: 10/2/2000 475 74 20.31
Logan Co.
OK620910-04-01208 | D€erCreek: | 19715000 135 126 90 High flow
Logan Co.
OK620910-04-01208 | Deercreek | 1510000 | 5.33 9 34.41
Logan Co.
OK620910-04-01208 | DeerCreek: | 4 am001 13.9 18 56.76 High flow
Logan Co.
OK620910-04-01208 | DeerCreek | 61001 128 204 85.79 High flow
Logan Co.
OK620910-04-01208 | Deer Creek: 4/3/2001 24.9 42 60.27 High flow
Logan Co.
OK620910-04-01208 | Deer Creek: 5/8/2001 55 92 43.77
Logan Co.
OK620910-04-01208 | DeerCreek: | o001 42 68 34.86
Logan Co.
OK620910-04-01208 | Deer Creek: 7/3/2001 54.1 22.79
Logan Co.
OK620910-04-01208 | Deerereek | 27001 52.4 86 27.46
Logan Co.
OK620910-04-01208 | DeerCreek: | 110001 57.8 75 22.74
Logan Co.
OK620910-04-01208 | DeerCreek: | 610001 63.6 <10 58.30 High flow
Logan Co.
OK620910-04-01208 | Deercreek: | om1m001 | 181 24 25.81
Logan Co.
OK620910-04-01208 | Deercreek | 1o1/001 | 15.9 30 23.94
Logan Co.
OK620910-04-01208 | Deer Creek: 1/15/2002 12.4 16 26.05
Logan Co.
OK620910-04-01208 | DeerCreek: | 5 16/0002 40.1 75 32.90
Logan Co.
OK620910-04-01208 | DeerCreek | 450002 19.6 29 40.65
Logan Co.
OK620910-05-0010G K'E?ZZE‘” 5/15/2000 20.4 26 16.443 High flow
OK620910-05-0010G K'E?ZZE‘” 6/15/2000 | 30.9 13.154 High flow
OK620910-05-0010G K'E?ZZE‘” 6/19/2000 420 343 70.878 High flow
OK620910-05-0010G K'E?ZZE‘” 712412000 113 136 30.51 High flow
OK620910-05-0010G |  Kindfisher 8/28/2000 | 24.4 30 5.745
Creek
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OK620910-05-0010G Kig?g;ﬂer 10/2/2000 13.1 10 3.16
OK620910-05-0010G Kig?g;ﬂer 11/6/2000 1000 1115 460 High flow
OK620910-05-0010G Kig?g;ﬂer 12/11/2000 | 4.44 5 28.081 High flow
OK620910-05-0010G Kig?g;ﬂer 1/22/2001 | 14.44 12 48.124 High flow
OK620910-05-0010G Kig?g;ﬂer 2/27/2001 284 288 187.82 High flow
OK620910-05-0010G Kig?g;ﬂer 41212001 9.94 10 60.636 High flow
OK620910-05-0010G Kig?g;ﬂer 5/7/2001 198 230 57.692 High flow
OK620910-05-0010G Kig?g;ﬂer 6/11/2001 22.1 43 21.576 High flow
OK620910-05-0010G Kig?g;ﬂer 7/16/2001 36.3 45 12.377 High flow
OK620910-05-0010G Kig?g;ﬂer 8/20/2001 56.5 57 4.596
OK620910-05-0010G Kig?g;ﬂer 9/26/2001 68 <10 14,575 High flow
0OK620910-05-0010G Kig?g;ﬂer 10/30/2001 | 8.97 <10 6.431 High flow
0OK620910-05-0010G Kig?g;ﬂer 12/10/2001 | 3.67 <10 9.978 High flow
OK620910-05-0010G Kig?g;ﬂer 1/14/2002 7.57 <10 10.588 High flow
OK620910-05-0010G Kig?g;ﬂer 2/20/2002 25.3 20 19.68 High flow
OK620910-05-0010G Kig?g;ﬂer 3/26/2002 6.27 <10 14.226 High flow
0OK620910-05-0010J Kig?g;ﬂer 6/12/2002 34.3 12.962 High flow
OK620910-05-0010J Kig?g;ﬂer 712212002 23 <10 3.17
OK620910-05-0010J Kig?g;ﬂer 9/3/2002 08 94 3.276
0OK620910-05-0010J Kig?g;ﬂer 10/7/2002 8.6 22 17.299 High flow
0OK620910-05-0010J Kig?giter 11/12/2002 | 19.6 22 27.905 High flow
0OK620910-05-0010J Kig?giter 12/10/2002 | 117 14 38.216 High flow
0OK620910-05-0010J Kig?giter 1/22/2003 11.4 <10 22.187 High flow
0OK620910-05-0010J Kig?giter 3/4/2003 12.3 24 24217 High flow
0OK620910-05-0010J Kig?giter 4/1/2003 33.7 123 15.751 High flow
0OK620910-05-0010J Kig?giter 5/13/2003 72.6 80 7.681 High flow
0OK620910-05-0010J Ki”C?EZEer 6/10/2003 76.5 67 16.877 High flow
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OK620910-05-0010J Kig?g;ﬂer 7/15/2003 348 27 4.308
OK620910-05-0010J Kig?g;ﬂer 8/10/2003 44.9 50 1.408
OK620910-05-0010J Kig?g;ﬂer 9/22/2003 33.8 36 2.24
OK620910-05-0010J Kig?g;ﬂer 10/27/2003 | 8.35 <10 5.113
OK620910-05-0010J Kig?g;ﬂer 12/8/2003 9.31 23 5.315
OK620910-05-0010J Kig?g;ﬂer 1/12/2004 11.7 12 6.109
0OK620910-05-0010J Kig?g;ﬂer 2/17/2004 10.6 23 10.759 High flow
0OK620910-05-0010J Kig?g;ﬂer 3/22/2004 13.4 <10 36.14 High flow
0OK620910-05-0010J Kig?g;ﬂer 4126/2004 99.2 124 30.533 High flow
OK620910-05-0010J Kig?g;ﬂer 6/9/2004 82 57 5.387
0OK620910-05-0010J Kig?g;ﬂer 5/29/2007 136 111 32.494 High flow
OK620910-05-0010J Kig?g;ﬂer 6/25/2007 | >1000 1200 5 Rain event
0OK620910-05-0010J Kig?g;ﬂer 7/31/2007 209 102 14.596 High flow
0OK620910-05-0010J Kig?g;ﬂer 8/8/2007 17.5 23.916 High flow
0OK620910-05-0010J Kig?g;ﬂer 9/18/2007 14.1 15 36.893 High flow
0OK620910-05-0010J Kig?g;ﬂer 10/16/2007 | 57.4 69 58.176 High flow
0OK620910-05-0010J Kig?g;ﬂer 11/14/2007 | 155 21 58.474 High flow
0OK620910-05-0010J Kig?g;ﬂer 12/17/2007 14 12 15.839 High flow
0OK620910-05-0010J Kig?g;ﬂer 1/23/2008 14.6 8.91 High flow
0OK620910-05-0010J Kig?g;ﬂer 3/4/2008 456 331 7.74 High flow
0OK620910-05-0010J Kig?giter 4/8/2008 22.5 22 8.12 High flow
0OK620910-05-0010J Kig?giter 5/13/2008 86 60 6.90 High flow
0OK620910-05-0010J Kig?giter 6/17/2008 239 184 3537 High flow
0K620910-05-0080D De*ge'zaia” 6/11/2002 | 285 1.159
0K620910-05-0080D De*ge'zaia” 712212002 | 17.9 <10 0.132
0K620910-05-0080D De*ge'zaia” 9/3/2002 74.4 71 0.185
OK620910-05-0080D | DeadIndian 1475607 5.51 <10 2.087

Creek
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OK620910-05-0080D De*g;gﬁia” 11/12/2002 | 168 18 4.894 High flow
0K620910-05-0080D De*g;gﬁia” 12/10/2002 |  7.32 14 4.251
OK620910-05-0080D De*g;gﬁia” 1/22/2003 16 26 5.028 High flow
OK620910-05-0080D De*g;gﬁia” 3/4/2003 13.7 24 3.732
OK620910-05-0080D De*g;gﬁia” 4/1/2003 12.9 11 2.053
OK620910-05-0080D De*g;gﬁia” 5/13/2003 | 15.3 14 1.188
OK620910-05-0080D De*g;gﬁia” 6/10/2003 | 56.1 40 1.351
OK620910-05-0080D De*g;gﬁia” 7/115/2003 | 22.2 37 0.166
OK620910-05-0080D De*g;gﬁia” 8/10/2003 | 53.1 47 0.068
0K620910-05-0080D De*g;gﬁia” 9/22/2003 | 18.4 22 0.047
0K620910-05-0080D De*g;gﬁia” 10/27/2003 | 175 <10 0
0K620910-05-0080D De*g;gﬁia” 12/8/2003 | 145 30 0.639
0K620910-05-0080D De*g;gﬁia” 1/12/2004 | 19.6 18 0.82
OK620910-05-0080D De*g;gﬁia” 2/17/2004 | 6.36 11 1.108
OK620910-05-0080D De*g;gﬁia” 3/22/2004 | 4.19 <10 6.384 High flow
OK620910-05-0080D De*g;gﬁia” 4126/2004 |  60.7 59 4.828 High flow
0K620910-05-0080D De*g;gﬁia” 6/9/2004 335 <10 0.759
OK620910-05-0080D De*g;gﬁia” 5/29/2007 | 9.72 24 4818 High flow
OK620910-05-0080D De*g;gﬁia” 6/7/2007 21.1 6.132 High flow
OK620910-05-0080D De*g;gﬁia” 6/25/2007 | 235 139 32.599 High flow
OK620910-05-0080D De*ge'zaia” 7/31/2007 | 812 800 3.8 Rain event
OK620910-05-0080D De*ge'zaia” 9/18/2007 |  4.08 <10 60.679 High flow
OK620910-05-0080D De*ge'zaia” 10/16/2007 | 175 116 5,752 High flow
OK620010-05-0080D |  PeI NN 19313415007 | 453 <10 5.77 High flow
OK620910-05-0080D De*ge'zaia” 12/17/2007 | 453 <10 9.367 High flow
OK620910-05-0080D De*ge'zaia” 1/23/2008 | 3.49 5.049 High flow
OK620910-05-0080D De%‘ie'zga” 3/4/2008 13.7 13 24.258 High flow
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OK620910-05-0080D Deég;gﬁ""‘” 4/8/2008 101 133 5.5 High flow
OK620910-05-0080D Deég;gﬁ""‘” 5/13/2008 | 31.8 23 48 High flow
OK620910-05-0080D Deég;gﬁ""‘” 6/17/2008 | 81.7 58 2423 High flow

High flow = Sample was not collected under base ffonditions (sample collected at flows greatentha
75th flow percentile or noted rain events.
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APPENDIX B
PROJECTED FLOW EXCEEDANCE PERCENTILES FOR
FLOW DURATION CURVES
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Lower Cimarron-Skeleton Creek Area Turbidity TMDL

ppandix B

Estimated Flow Exceedance Percentiles

OK620910030010-
OK620910-02-0040C OK620910-02-0270G OB 010F OKE20910-04- OK620910-04-01208 OK620910-05-0010G OK620910-05-0080D
0K620910-03-0010S
WQ Station Cooper Elm Creek Skeleton Cottonwo Deer Creek Kingfisher Dead Indian
Creek Creek od Creek Creek Creek
WBID Segment oxezogé(())ozomo_ oxezogé%ozozm_ OK62%9]6(())03001 OKG(SE(())Q]Z.(())MO OK6209]6(())040120 OK620910050010_00 OK6209:I(.)8050080_
USGS Gage Reference 07158400 07158400 07160500 07159720 07159720 8;;22(2)88 8%28388
Watershed Area (sg. mile) 118.4 25.6 335.6 94.0 113.2 229.9 115.4
NRCS Curve Number 75.2 80.5 73.2 77.4 74.4 74.0 74.2
Average Annual Rainfall (inch) 32.1 30.8 34.6 34.8 35.0 32.3 33.1
Percentile Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
0 3,347.5 723.6 39,200.0 7,570.1 9,123.4 6,480.0 4,766.3
5 64.0 13.9 463.0 195.0 235.5 65.7 47.9
10 24.8 5.4 181.1 99.5 120.1 21.4 14.9
15 16.3 3.5 107.0 62.0 75.3 12.0 7.9
20 12.1 2.6 71.0 46.0 55.9 8.2 5.6
25 9.1 2.0 51.0 36.9 445 6.3 4.5
30 7.9 1.7 38.0 30.4 36.7 51 35
35 6.6 1.4 31.0 24.8 30.3 4.1 2.8
40 6.0 1.3 25.0 20.9 25.7 3.0 2.1
45 5.6 1.2 21.0 19.0 22.9 2.3 15
50 5.0 1.1 17.0 17.1 20.6 1.8 1.3
55 45 1.0 14.0 15.2 18.8 1.4 1.0
60 4.1 0.9 12.0 13.7 16.5 1.2 0.8
65 3.7 0.8 11.0 12.2 14.7 0.9 0.7
70 3.4 0.7 9.2 11.4 13.8 0.7 0.5
75 3.0 0.7 8.0 9.5 11.9 0.6 0.4
80 2.7 0.6 6.6 8.0 10.1 0.4 0.3
85 2.2 0.5 5.3 7.2 8.7 0.2 0.2
90 1.7 0.4 4.1 6.1 7.8 0.1 0.1
95 1.2 0.3 2.8 5.3 6.4 0.03 0.02
100 0.0 0.0 0.0 0.0 3.7 0.0 0
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Appendix B
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 Oklada 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 tkater quality sample
collection date are available, these flow measuresngill 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 mostogpate 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&-ed 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 onbie 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 both measdi@ds only and on the
filled or extended flow time series calculated frother gages using regression.

On a stream impounded by dams to form reservoiufiicient 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 NRCS runoff curve numbers and amtece rainfall condition.
Drainage subbasins will first be delineated for iedpaired 303(d)-listed WQM
stations, along with all USGS flow stations locatedthe 8-digit HUCs with
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impaired streams. Parsons will then identify b# tJSGS gage stations upstream
and downstream of the subwatersheds with 303 @@dlig/QM stations.

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. Ttemaaf 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 B-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 90 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. The method used to project flow from a gage@toa to an ungaged location was
adapted by combining aspects of two other flow gmtipn methodologies
developed by Furness (Furness, 1959) and Wurbsk&ya6000).

Furness Method

The Furness method has been employed in Kansasthythe USGS and Kansas
Department of Health and Environment to estimate/{ftiuration curves. The method
typically uses maps, graphs, and computations eatify six unique factors of flow
duration for ungaged sites. These factors include:

* the mean streamflow and percentage duration of regaamflow;

» the ratio of 1-percent-duration streamflow to mearamflow ;

* the ratio of 0.1-percent-duration streamflow toergent-duration streamflow;
» the ratio of 50-percentduration streamflow to ms@weamflow;

» the percentage duration of appreciable (0.10 &t/g€amflow; and

* average slope of the flow-duration curve.

Furness defined appreciable flow as 0.10 ft/s. Makie of streamflow was
important because, for many years, this was thdleshaon-zero streamflow value
reported in most Kansas streamflow records. Tleeame slope of the duration curve is
a graphical approximation of the variability indeich is the standard deviation of the
logarithms of the streamflows (Furness, 1959, 2-204, figs. 147 and 148). On a
duration curve that fits the log-normal distributiexactly, the variability index is equal
to the ratio of the streamflow at the 15.87-pera@hmation point to the streamflow at
the 50-percent-duration point. Because duratiovesiusually do not exactly fit the
log-normal distribution, the average-slope lingiawn through an arbitrary point, and
the slope is transferred to a position approxinyadelfined by the previously estimated
points.

The method provides a means of both describingesbéthe flow duration curve
and scaling the magnitude of the curve to anotheaition, basically generating a new
flow duration curve with a very similar shape biffedent magnitude at the ungaged
location.

Wurbs Modified NRCS Method

As a part of the Texas water availability model(WJAM) system developed by
Texas Natural Resources Conservation CommissionrRJ®G), now known as the
Texas Commission on Environmental Quality (TCEQ) gartner agencies, various
contractors developed models of all Texas riveis. a part of developing the model
code to be used, Dr. Ralph Wurbs of Texas A&M Ursitg researched methods to
distribute flows from gaged locations to ungagechtmns. (Wurbs, 2006) His results
included the development of a modified Natural Rese Conservation Service
(NRCS) curve-number (CN) method for distributingwis from gaged locations to
ungaged locations.
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This modified NRCS method is based on the follownagationship between
rainfall depth, P in inches, and runoff depth, Qniches (NRCS, 1985; McCuen, 2005):

P-1,)?
= o ®
where:

Q = runoff depth (inches)
P = rainfall (inches)
S = potential maximum retention after runoff bedinghes)

|5 = initial abstraction (inches)

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

l,=0.2*S (2)

Thus, the runoff curve number equation can be teamri

(P - 0.29)°?
= 3
Q P+0.8¢ ®)
S is related to the curve number (CN) by:
S= @—10 4)
CN

P and Q in inches must be multiplied by the watersirea to obtain volumes. The
potential maximum retention, S in inches, represamt upper limit on the amount of
water that can be abstracted by the watershedghreurface storage, infiltration, and
other hydrologic abstractions. For conveniencas $xpressed in terms of a curve
number CN, which is a dimensionless watershed petemmanging from 0 to 100. A
CN of 100 represents a limiting condition of a petly impervious watershed with zero
retention and thus all the rainfall becoming runofA CN of zero conceptually
represents the other extreme with the watershetlaabiag all rainfall with no runoff
regardless of the rainfall amount.
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First, S is calculated from the average curve nurfirehe gaged watershed. Next,
the daily historic flows at the gage are convettedepth basis (as used in equations 1
and 3) by dividing by its drainage area, then coekto inches. Equation 3 is then
solved for daily precipitation depth of the gagéi#,sRj.ges The daily precipitation
depth for the ungaged site is then calculated @aptécipitation depth of the gaged site
multiplied by the ratio of the long-term averagegpitation in the watersheds of the
ungaged and gaged sites:

M
_ ungaged
Pungaged - gage{ M ] (5)

gaged

where M is the mean annual precipitation of theensited in inches. The daily
precipitation depth for the ungaged watershed,gieith the average curve number of
the ungaged watershed, are then used to calchiateepth equivalent daily flow Q of
the ungaged site. Finally, the volumetric flowerat the ungaged site is calculated by
multiplying by the area of the watershed of theageyl site and converted to cubic feet.

In a subsequent study (Wurbs, 2006), Wurbs evalutite predictive ability of
various flow distribution methods including:

» Distribution of flows in proportion to drainage are

* Flow distribution equation with ratios for variowstershed parameters;
* Modified NRCS curve-number method;

* Regression equations relating flows to watershedadteristics;

» Use of recorded data at gaging stations to devabopcipitation-runoff
relationships; and

* Use of watershed (precipitation-runoff) computerdels such as SWAT.

As a part of the analysis, the methods were usegrddict flows at one gaged
station to another gage station so that fit statistould be calculated to evaluate the
efficacy of each of the methods. Based upon sindlalyses performed for many
gaged sites which reinforced the tests performepagisof the study, Wurbs observed
that temporal variations in flows are dramatic,giag from zero flows to major floods.
Mean flows are reproduced reasonably well withahdlow distribution methods and
the NRCS CN method reproduces the mean closesturacg in predicting mean flows
is much better than the accuracy of predicting flosv-frequency relationship.
Performance in reproducing flow-frequency relathips is better than for reproducing
flows for individual flows.

Wurbs concluded that the NRCS CN method, the dgairerea ratio method, and
drainage area — CN — mean annual precipitationhd@df) ratio methods all yield
similar levels of accuracy. If the CN and MP dre same for the gaged and ungaged
watersheds, the three alternative methods yieldtickd results. Drainage area is the
most important watershed parameter. However, tRCSl method adaptation is
preferable in those situations in which differenage<N (land use and soil type) and
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ii)

long-term MP are significantly different betweere thaged and ungaged watersheds.
The CN and MP are usually similar but not identical

Generalized Flow Projection Methodology

In the first several versions of the TMDL toolbad| flows at ungaged sites that
required projection from a gaged site were perfarméth the Modified NRCS CN
method. This led a number of problems with flowjpctions in the early versions. As
described previously, the NRCS method, in commoth il others, reproduces the
mean or central tendency best but the accuradyeofitt degrades towards the extremes
of the frequency spectrum. Part of the degradatiaaccuracy is due to the quite non-
linear nature of the NRCS equations. On the lamwfend of the frequency spectrum,
Equation 2 above constitutes a low flow limit belaich the NRCS equations are not
applicable at all. Given the flashy nature of mstseams in locations for which the
toolbox was developed, high and low flows are re¢dy more common and spurious
results from the limits of the equations abounded.

In an effort to increase the flow prediction efftgaand remedy the failure of the
NRCS CN method at the extremes of the flow spectrura developed what is
effectively a hybrid of the NRCS CN method and Fugness method. Noting the facts
that all tested projection methods, and particyltte NRCS CN method, perform best
near the central tendency or mean and that notigeaiethods predict the entire flow
frequency spectrum well, we decided to adopt ammapson that is implicit in the
Furness method. The Furness method implicitly ragsuthat the shape of the flow
frequency curve at an upstream site is relatechtb samilar to the shape of the flow
frequency curve at site downstream. As describewipusly, the Furness method
employs several relationships derived between teamflows and flows at differing
frequencies to replicate the shape of the flow desgy curve at the projected site,
while utilizing other regressed relationships talsdche magnitude of the curve. Since,
as part of the toolbox calculations, the entirevfivequency curve at a 1% interval is
calculated for every USGS gage utilizing very Igegiods of record, we decided to use
this vector in association with the mean flow tojpct the flow frequency curve.

In the ideal situation flows are projected from angaged location from a
downstream gaged location. The toolbox also hasé#pability to project flows from
and upstream gaged location if there is no usedbMstream gage.

In the rare case where no coincident flow dataaaeslable for a WQM station anib
gages are present upstream or downstream, flowsbwilestimated for the WQM
station from a gage on an adjacent watershed olfesigize and properties, via the same
procedure described above for upstream or dowmstgzaes.
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STATE OF OKLAHOMA ANTIDEGRADATION POLICY
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Appendix C
State of Oklahoma Antidegradation Policy

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

(@)
(b)

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

It is the policy of the State of Oklahoma toofect 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 exasti@creational and/or ecological
significance. These waters include streams degdgndécenic River" or "ORW" in
Appendix A of this Chapter, and waters of the Statated within watersheds of
Scenic Rivers. Additionally, these may include watcated within National and
State parks, forests, wilderness areas, wildlifenagament areas, and wildlife
refuges, and waters which contain species listedyaumt to the federal Endangered
Species Act as described in 785:45-5-25(c)(2)(A) @5:46-13-6(c). No degradation
of water quality shall be allowed in these waters.

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

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

Application to improved waters. As the qualityany 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 fram&wdor implementing the
antidegradation policy stated in OAC 785:45-3-2 &br waters of the state. This
policy and framework includes three tiers, or Isyelf 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 allow&d 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
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Appendix B areas are not mentioned in OAC 785:45-3he framework for
protection of Appendix B areas is similar to theplementation framework for the
antidegradation policy.

(d) In circumstances where more than one benefiosg 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, andemghtation rules applicable to Tier
2 waterbodies shall be applicable also to Tier &vimdies.

(e) Publicly owned treatment works may use dedign,fmass loadings or concentration,
as appropriate, to calculate compliance with tlvegased loading requirements of this
section if those flows, loadings or concentratioveye approved by the Oklahoma
Department of Environmental Quality as a portion Qflahoma’'s Water Quality
Management Plan prior to the application of the QRA®W 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) Oxygen demanding substances, measured as Garbawms Biochemical Oxygen
Demand (CBOD) and/or Biochemical Oxygen Demand (BOD

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

(E) Such other substances as may be determinedhébyODklahoma Water Resources
Board or the permitting authority.

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

(a) General.

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

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

(b) Thermal pollution. Thermal pollution shall beopibited in all waters of the state.
Temperatures greater than 52 degrees Centigradleceinatitute thermal pollution
and shall be prohibited in all waters of the state.
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(€)

Prohibition against degradation of improveders. As the quality of any waters of
the state improves, no degradation of such improvaters shall be allowed.

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 ADAC 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 dmcharger 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 hahant 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 theckigsger demonstrates to the
satisfaction of the permitting authority that suww discharge or increased load will
result in maintaining or improving the water quaii both the direct receiving water,
if designated SWS, and any downstream waterbodigigulated 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 AppendipffOAC 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 anyufawmit 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 "SceriRiver"”, and in any waterbody
located within the watershed of any waterbody destigd with the limitation "Scenic
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(b)

()

(d)

River". Any discharge of any pollutant to a watatpaesignated "ORW" or "Scenic
River" which would, if it occurred, lower existivgater quality shall be prohibited.

Stormwater discharges. Regardless of 785:46¢&R- 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 Riverhfpoint 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 @mgnted in watersheds of
waterbodies designated "ORW" in Appendix A of OAB5A5, 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 licensanfthe 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)

(©)

General. Appendix B of OAC 785:45 identifie®as 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 Tabiehich 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 endangspegties inhabiting the receiving
water.

C-5 FINAL
April 2010



Lower Cimarron-Skeleton Creek Area Turbidity TMDL ppandix C

(d) Nonpoint source discharges or runoff. Best rganaent practices for control of
nonpoint source discharges or runoff should be émginted in watersheds located
within areas listed in Appendix B of OAC 785:45.
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Comment E-mailed from Ms. Patricia Billingsley, Oklahoma Corporation Commission:

From: Patricia Billingsley [mailto:P.Billingsley@occemail.com]
Sent: Monday, March 01, 2010 10:21 AM

To: Miles, Karen

Cc: Tim Baker

Subject: DEQ TMDL Kingfisher & Dead Indian Creeks

Dr. Karen Miles

Water Quality Division

Oklahoma Department of Environmental Quality
P.O. Box 1677

Oklahoma City, OK 73101-1677

Re: Availability of draft turbidity TMDL for the laer Cimarron river-Skeleton creek study area
Request for public comments

Dr. Miles -

We have no problems with the TMDL limits outlinetlowever, there may be a source of the high
levels or turbidity/sediment in area creeks thatD& unaware of.

Our sampling in Kingfisher and Dead Indian Creanfr2002-2006 demonstrated relatively high levels

of boron in these and several other 62091005 HUtenslaed streams. Boron was not a parameter we
analyzed for prior to 2002; we have since develdpmon cleanup guidance, since it sometimes occurs
in produced water. Two other creeks in this af@earche Creek and Winter Camp Creek, also had
high boron levels, and may also need a TMDL.

Boron begins to adversely many fruits and nut tegsosed to or irrigated with high boron water at
0.75 mg/l, and grain crops at 1.0 mg/l. Where bdemels are higher, even grasses will be affected.
When vegetation holding soils is damaged, thewsitlilerode. If this is along the stream banks and
fields near these streams, it could be one reasothé higher sediment/turbidity levels found iegh
streams.

We do not know the source of the high boron lewrethis area. The Na/Cl ratio is not that of proeldi
water, even though much of the sampling was orilgirlone because of natural gas leaks in the area.
Additional detailed sampling along the creeks dradrttributaries may be necessary in order to Iéarn
the boron is still present, and exactly where gaming into the hydrologic system in these watedsh
perhaps there are springs feeding the headwatessnaé tributaries, or pockets of high boron deposit
in soil or bedrock in the area. It is possible ttiere are much higher boron levels in upstream or
tributary areas where we did not sample, becomilouged with more flow downstream.

Attached via email is a table detailing the 200828ampling data we have for all of the streams we
have in HUCS 62091002, 62091003, 62091004, and l68MI® including those with and without
elevated boron levels. Several of these streaststald elevated sulfate levels. | have highlighied
elevated boron samples in the Excel table.

Sincerely,
Patricia Billingsley
Pollution Abatement, Oil & Gas Conservation Divisio

”
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Response: This information is duly noticed by DE@wever, because of the uncertainty of
the origin of the high boron levels and the indireannection between high boron levels and
potential increase of turbidity, this informatioarmot be included in the TMDL analysis in this
report. The Oklahoma Water Quality Standards dohaste a boron criterion. Okarche Creek
and Winter Camp Creek are not currently listedttobidity impairment according to the 2008
Oklahoma Integrated Report. Therefore, no borotudbidity TMDL analysis will be
conducted on either stream. No change was madeaesu#t of this comment.
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