FINAL

BACTERIA TOTAL MAXIMUM DAILY LOADS FOR THE
UPPER RED RIVER AREA, OKLAHOMA (OK311500,
OK311510, OK311600, OK311800)

Prepared for:

OKLAHOMA DEPARTMENT OF ENVIRONMENTAL QUALITY

ora

Prepared by:

PARSONS

JUNE 2008



FINAL

BACTERIA TOTAL MAXIMUM DAILY LOADS FOR
THE UPPER RED RIVER AREA, OKLAHOMA (OK311500,
OK311510, OK311600, OK311800)

OKWBID

OK311500010020, OK311500010050, OK311500010110, OK311500020040,
OK311500030010, OK311500030040, OK311510010010, OK311510020060,
OK311600010040, OK311600020010, OK311600020010, OK311600020110,
OK311600020140, OK311800000010, OK311800000070, OK311800000130

Prepared for:

OKLAHOMA DEPARTMENT OF ENVIRONMENTAL QUALITY

A .

Prepared by:

PARSONS

8000 Centre Park Drive, Suite 200
Austin, TX 78754

JUNE 2008

Oklahoma Department of Environmental Quality: FY07 106 Grant (CA# I-006400-05) Project 24 —
Bacteria TMDL Development



Upper Red River Bacteria TMDLs Table of Contents

TABLE OF CONTENTS

EXECUTIVE SUMMARY ittt e e e e e ES-1
SECTION 1 INTRODUCTION ...uttiiiiiiiiiiiiieieee et e e e e e e e ennnees 1-1
1.1 TMDL Program BacKground ..............cccieeeeeeuuumiiiiiasseeeeeeeeeeeeeeeeensnnnsnnnnnnnannnns 1-1
1.2 Watershed DEeSCIPLION ....... i s st 1-3
SECTION 2 PROBLEM IDENTIFICATION AND WATER QUALITY TARGET....2-1
2.1 Oklahoma Water Quality Standards........cccccceeeeiiieiiiiiiieeeee e 2-1
2.2 Problem IdentifiCation ..........oooo i ieeeeei e 2-5
2.3 Water QUAlity Targel........cuuuuuueiiiimmmmmmaeee e e e e e ee e e e e e e eee e e e e e e e e e aaeeeeees 2-5
SECTION 3 POLLUTANT SOURCE ASSESSMENT ....oviiiiiiiiiiiiiiiiiieeieeeeeeee e 3-1
3.1 NPDES-Permitted FaCIliti@S..........ccoiiiiiiiiiiiiiiiiiiii et 3-1
3.1.1 Continuous Point Source DISCharges .......cccccuvuviiiiiiiiieeeeeeeeeeeeeeiiiiiinens :23
3.1.2 NPDES No-Discharge Facilities and SSOS.ccceiiiieeiiiiiiiieeeeiviieeenn 3-3
3.1.3 NPDES Municipal Separate Storm Sewer DiSGhEVEHE4)..........c.cvvvvvvveeeee. 3-6
3.1.4 Concentrated Animal Feeding OperationsS. .....cc.....uuvvvriiiiiiiiinneeeeeeeeeeeeee. 3-8
3.2 NONPOINT SOUIMCES ...evvvivuiiiiaeee e e e e e et eeeeeatbbaaaaa s e e e e e aaeaeaeaaaaaeeaaaeeeeessssnes 3-9
.21 WIAHT@ e 3-9
3.2.2 Non-Permitted Agricultural Activities and Desticated Animals............. 3-11
3.2.3 Failing Onsite Wastewater Disposal Systendsliinit Discharges........... 3-15
3.2.4 DOMESHC PEOIS ...oeiiiiiiiiiiiiiei e e e e e e e e e e et eeeeeee b ennanrennees 3-17
3.3 Summary Of BACteria SOUICES ...........uueemmmmmieieeeeeeeeeeee et 3-18
SECTION 4 TECHNICAL APPROACH AND METHODS .......ccct oot 4-1
4.1 Using Load Duration Curves to Develop TMDLS..........cccovvvvviiiiiiiiiiiiieeeeeeeeeee 14-
4.2 Development of FIow DUration CUIVES ......cccoiiiiiiiiiiiiiiiiiieaee e eeeeeeeea 4-2
4.3 Estimating Current Point and Nonpoint Loadingu...........c.vvvviiiiiiiieeieeeeeeennn. 4:13
4.4 Development of TMDLs Using Load Duration CUNVES...........ccevvevivvvinnnniinnennnn. 4-14
SECTION 5 TMDL CALCULATIONS ..o oottt e e e e e e e e e e e e e e e s anns 5-1
5.1 Estimated Loading and Critical CONAItIONS ceeeeeeeieeeeeiiiiieieeeice e, 5-1
5.2 Wasteload AlIOCALION .......iiiiii e s 5-14
RS T o T- To Y [ [0 Tor= 1 1o o [PPSR PPPPPR 5-15
5.4  Seasonal Variability..............iii oo e e e e 5-15
5.5 Margin Of SAfetY.......ccoiiiiiiii e ————————————————— 5-15
5.6 TMDL CalCUIAtIONS......uutiiiiiiiiiiee et 5-15
5.7 LDCs and TMDL Calculations for Additional Bad#d Indicators ........................ 5-33
5.8 Reasonable ASSUIANCES .........uuuuuiiiie et e e e e e e 5-40
i FINAL

June 2008



Upper Red River Bacteria TMDLs Table of Contents

SECTION 6 PUBLIC PARTICIPATION......ccttiiiiiiiiiiiiiiiiiiiii e 6-1
SECTION 7 REFERENCES ... 7-1
APPENDICES

Appendix A Ambient Water Quality Bacteria Data -99390 2003

Appendix B Sanitary Sewer Overflows Data

Appendix C Estimated Flow Exceedance Percentiles

Appendix D  State of Oklahoma Antidegradation Policy

Appendix E  Storm Water Permitting Requirementsl &Presumptive Best management
Practices (BMP) Approach

Appendix F Response to Comments

LIST OF FIGURES
Figure 1-1 Watersheds Not Supporting Primary oio8dary Body Contact Recreation

Use Within the Study Area............uueeiioeemeeii e 1-11
Figure 3-1 Locations of NPDES-Permitted Faciliieshe Study Area...............cccvevvevennns 3-4
Figure 4-1 Flow Duration Curve for North Fork Retv@& at US 62

(OKS311500010020 _10)...uuuuuuurrrnrnnneeeeeesimeeaemeeeeeeeaaaaaeeeassssssssasnssnssnnssssseeees 4-5
Figure 4-2 Flow Duration Curve for Stinking Cre€x{311500010050_00)...........cceeennn.. 4-5
Figure 4-3 Flow Duration Curve for Tepee Creek (QK300010110 _00) .......cvvvvieeeeennnn. 4-6
Figure 4-4 Flow Duration Curve for West Otter Crée311500020040_00)..........cc...... 4-6
Figure 4-5 Flow Duration Curve for Elk Creek at W& (OK311500030010_00)............. 4-7
Figure 4-6 Flow Duration Curve for Little Elk Cre€®K311500030040_00)........ccccceueueee 4-7
Figure 4-7 Flow Duration Curve for North Fork Rety& at SH 34

(OKS311510010010_00)....uuuuuurrrrrrnrreeeersimaaaanseereasaaeaaaaaasassssaaasnssssssnnssneeeees 4-8
Figure 4-8 Flow Duration Curve for Turkey Creek (8KL510020060_00)...........cccvvvvenneee 4-8
Figure 4-9 Flow Duration Curve for Sandy Creek (QK800010040_00) ........evvuuieeeeeennn. 4-9
Figure 4-10 Flow Duration Curve for Salt Fork Reigd® at US 283

(OKS311600020010_00)....uuuururrrrrrnrrrerersimmaaamseerersaaaaaaaaasassssaasssssssssnnssneeeees 4-9
Figure 4-11 Flow Duration Curve for Salt Fork Reigd® at SH 34

(OKS311600020010 _10)...uuuuurrrrrrrrrrreeeresimmaeameeeeereraaaaaaaaaesasssssnnnnssssnnsnseees 4-10
Figure 4-12 Flow Duration Curve for Bitter Creek{81.1600020110 00) ...........cceeeerrnne. 4-10
Figure 4-13 Flow Duration Curve for Cave Creek (QK800020140 _00).........ccevvvvrvrrnnns 4-11
Figure 4-14 Flow Duration Curve for EIm Fork Ri\@K311800000010_00)................... 4-11
Figure 4-15 Flow Duration Curve for Deer Creek (QK800000070_00) ........ceevvvvvrvrrnnnns 4-12
Figure 4-16 Flow Duration Curve for Fish Creek (QK800000130_00) ......ccevvvvvrvnnnnnnnnn. 4-12
i FINAL

June 2008



Upper Red River Bacteria TMDLs Table of Contents

Figure 5-1 Load Duration Curve for Enterococci iorth Fork Red River at US 62

(OKS311500010020 _10)...uuuuuuurrrnrrnneeerersimeeaamseeeeeaaaeaaeaaessssssasssnssnsnsssssseeeees 5-6
Figure 5-2 Load Duration Curve for Fecal ColiformStinking Creek
(OKS311500010050_00)....uuuuuurrrrrrrneeereesimeeaamseeeeeeaaaaaaeeeesssssssassssssnssssseeeees 5-6
Figure 5-3 Load Duration Curve for Fecal ColifoormTiepee Creek
(OKS311500010120 _00)...uuuuuuurrrrrrreeeereesimeaeamseeeeeeaaeaaaeeeesssssasssnssssssssssseeeees 5-7
Figure 5-4 Load Duration Curve for Fecal ColifoormWest Otter Creek
(OKS311500020040 _00)....uuuuuurrrrrnnneeeeeesieeeaansereeeeaaaaaaaeessssssssssssnsssssssseeeees 5-7

Figure 5-5 Load Duration Curve for Enterococci Ik Ereek (OK311500030010_00) .....5-8
Figure 5-6 Load Duration Curve for Fecal ColifonmLittle EIk Creek

(OKS311500030040 _00....cccceeiieiiiiinniretimmmmmmreeeeeeaeeaaaeaaeasssaasannnsnnnsssssseeeees 5-8
Figure 5-7 Load Duration Curve for Enterococci iarthh Fork Red River at SH 34

(OKS311510010010 _00)...uuuuuuurrrrrrrrreeeersimaaaamsereereaaaaaaeaasasassaasssssssssssssseeeees 5-9
Figure 5-8 Load Duration Curve for Fecal ColiformTiurkey Creek

(OKS311510020060_00).....uuuuurrrrrrrrreererrimaaaanserreeeaaaaaaaaasssssasassnssssssnsssseeeees 5-9
Figure 5-9 Load Duration Curve for Enterococci an8y Creek

(OKS311600010040 _00).....uuuuurrrrrrrrreeererimmaaansereraeesaaaaaaaaesasssaasnnnssssnnnssenes 5-10
Figure 5-10 Load Duration Curve for Enterococcbalt Fork Red River at US 283

(OKS311600020010 _00.....ccceeieiiiiiiiiiietimmmmmmreeeeeeeeaeeeeeaeesesassasnnnnssnnnneseees 5-10
Figure 5-11 Load Duration Curve for Enterococcbelt Fork Red River at SH 34

(OKS311600020010 _10)...uuuuuurrrrrrrereeeeeesimaaaansereeeeaaaaaaaaaassassssasnnnssssnsssseees 5-11
Figure 5-12 Load Duration Curve for EnterococcBitter Creek

(OKS311600020110 _00....cccciiieiiiiiiiiieitimmmmmmreeeeeeeeaaeeeeaeeeasassasnnnnnsnnnnnesenes 5-11
Figure 5-13 Load Duration Curve for EnterococcCiave Creek

(OKS311600020140 _00).....uuuurrrrrrrrreeeerrsimaaaanserereeeaaaaaaaaaesassssasnnnssssnnsssenes 5-12
Figure 5-14 Load Duration Curve for Enterococckim Fork Red River

(OKS311800000010 _00)....uuuuuurrrrrrerreerresimamaaneerrreeeeaaaaaaasasasssaasasnssssnnsssenes 5-12
Figure 5-15 Load Duration Curve for Fecal ColifomDeer Creek (OK311800000070_00 .5-

13
Figure 5-16 Load Duration Curve for Fecal Colifom¥ish Creek

(OKS311800000130_00)....uuuuuurrrrrrrereereesimmmaamserrrrersaaaaaaaaasssasaasnnnssssnnssseees 5-13
Figure 5-17 Load Duration Curve for Fecal ColifomSalk Fork Red River

at US 283 (OK311600020010_00).....cuuureeeereereereiieeeaeeaaaaeeesassssssnnnennnneeeees 5-34
Figure 5-18 Load Duration Curve far Coliin Salt Fork Red River at US 283

(OKS311600020010_00).....uuuurrrrrrrrrreerrrsimmaeansererrareaaaaaaaassasssassnsnssssnnneseees 5-35
Figure 5-19 Load Duration Curve for Fecal ColifomSalt Fork Red River

at SH 34 (OK311600020010 _10).....cuuuurrerermmmmmmnernnernenrneeerreereeaaeeaaaaaasasanannns 6-3
Figure 5-20 Load Duration Curve for Fecal ColiformCave Creek

(OKS311600020140 _00)....uuuuurrrrrrrrreerererimmaaaneerrrreeeaaaaaaaaesasssaasasssssssnnnsseees 5-37
UpperRed_FINAL_06-11-08.doc ||| FI NAL

June 2008



Upper Red River Bacteria TMDLs Table of Contents

Figure 5-21 Load Duration Curve for Fecal ColifornmRed River-EIm Fork

(OK311800000010_00)....uuuuurrrrrrrerreereesimmaeanseeeeeaeaaaeaaeaessassssssnsssssnnesseees 5-38
Figure 5-22 Load Duration Curve fat Coliin Red River-Elm Fork

(OK311800000010_00)....uuuuuurrrrrrerreereesimeaeemrereeeaeeaaeaeeesssasssassnsssssnsnsseees 5-39

LIST OF TABLES

Table ES-1 Excerpt from the 2004 Integrated Rep&@bmprehensive Waterbody

AssesSMENt Category LISt ..........uuuuuiiiiierieeeeieeeieeiiiiess e e e e e e e e e e e eeeeeeeeeeneees 2
Table ES-2 Waterbodies Requiring TMDLs for Not Sopimg Primary Body Contact

RECIEALION USE .....iiiiiiiiiiiiiiiiiiee e ettt e e e e e e e e e e e e e s e mnnnne e e e e e e e as 3
Table ES-3 Waterbodies Requiring TMDLs for Not Sopimg Secondary Body Contact

RECIEALION USE ...ttt ettt e e e e e e e e e e e e s s nnnnne e e e e e e e as 3
Table ES-4 TMDL Percent Reduction Goals Required¢et Water Quality Standards for

Impaired Waterbodies in the Upper Red River Studg@A...............ccoovvvvvevvvvnnnnns 9
Table ES-5 TMDL Summaries EXamples.........uuceeeiiiiiiiiiiieii e 12
Table 1-1  Water Quality Monitoring Stations used2604 303(d) Listing Decision........ 1-2
Table 1-2  County Population and DeNSIty......cccccceeeuiiiiieimiiiiiieeeeeeeeeeeeeeeeeeeieeeeeeeeeeees 1-3
Table 1-3  Average Annual Precipitation by Watershed............cccccceeeiiiiiiieeienneee, 14
Table 1-4a Land Use Summaries by Watershed................iiiiiiiiiiieieeeee 1-5
Table 1-4b Land Use Summaries by Watershed . cvveeeiieiiiieeeeeeeiieeeeeiiiiiivinnnnnnnnn 17
Table 1-4c Land Use Summaries by Watershed... cevererennnnnnnennn 19
Table 2-1  Excerpt from the 2004 Integrated Repc@bmprehenswe Waterbody

AssesSSMENt Category LISt .........ouuuiuiiuiiieeeeeeieeeeieiiiiire e e e eeeees 2-2
Table 2-2  Summary of Indicator Bacteria SamplemfRrimary Body Contact

Recreation Season, 1999-2003..........cooiiiiiiiiiiiiiiiiiiaar e e e e eeeeeaenneees 2-7
Table 2-3  Summary of Indicator Bacteria Samplemf&)scondary Body

Contact Recreation Season, 1999-2001... RO UPPTRRUPPUTUTRRRPPPRIIN © Vo
Table 2-4  Waterbodies Requiring TMDLs for Not Sunprg Prlmary

Body Contact REeCreation USE .........ccoovviiieieeieiiiiiiiiieae e 2-9
Table 2-5  Waterbodies Requiring TMDLs for Not Sugtimy Secondary

Body Contact Recreation USE .........ccoooeiiieeiiieiiiiiiiiiiee e 2:10
Table 3-1 Point Source Discharges in the Study Area...........cccoovvvvveveeviviiiiiicies 3-2
Table 3-2 NPDES No-Discharge Facilities in the $tAdea ............ccceeeiiiiiiiiieinninne. 3:5
Table 3-3  Sanitary Sewer Overflows SUMMAIY ..cccceeoiviiiviiiiiiiiicieeeee e 3-6
Table 3-4 NPDES-Permitted CAFOS in Study Ar€a........ccooovveiieeiiiiiiiieiiiiiiiieee e 3-9
Table 3-5 Estimated Deer POPUIALIONS ... e eeaae e 3-10
Table 3-6  Estimated Fecal Coliform Production f@eb..................cccooeveviiiiiiiiiiiinnnmn 3-11
Table 3-7  Livestock and Manure Estimates by Watssh...........cccccceeeeieiiiiiiiieeiiiinns =13
UpperRed_FINAL_06-11-08.doc |V FI NAL

June 2008



Upper Red River Bacteria TMDLs

Table of Contents

Table 3-8

Table 3-9

Table 3-10
Table 3-11
Table 3-12
Table 3-13
Table 3-14

Table 4-1
Table 5-1

Table 5-2
Table 5-3
Table 5-4

Table 5-5

Table 5-6

Table 5-7

Table 5-8
Table 5-9

Table 5-10

Table 5-11

Table 5-12

Table 5-13

Table 5-14

Table 5-15

Table 5-16

Fecal Coliform Production Estimates feleSted Livestock

(0L I [W] 0] o T=T o =Y PSSR 3-14
Estimates of Sewered and Unsewered Holdseh...............ccccceiiiiiin. 83-1
Estimated Fecal Coliform Load from OS\BABtEMS..........vvvviiiiiiiiieeeeeeeeeee, 3-16
Estimated NUMDErs Of PetS ...t 3-17
Estimated Fecal Coliform Daily Productiy Pets (X 19.........cccoevveeveveeennn 3-18
Estimated Major Source of Bacteria luogdby Watershed ............cccccceeeeeennnn. 3-19

Summary of Fecal Coliform Load Estimditesn Nonpoint
Sources to Land Surfaces (CROUNES/AY) ..........coveveveeereeeeeeeseeeee e 3-20

Hydrologic Classification SCheME ...cceeeeeeioeiiieee i 4-13
TMDL Percent Reductions Required to M&ater Quality

Standards for Impaired Waterbodies in the Upper Rigdr Watershed ........... 5-2
Wasteload Allocations* for NPDES-Pernatiacilities..............cccceeeeeeveennnnnn. 5-14
TMDL Summary EXamPpPles .........oovvimemeemeeiiiieeeeeeeieree e e e eeeeeee s 5-17
Enterococci TMDL Calculations for Nortbrk Red River at

US 62 (OK311500010020 _10) .uvvuuuuuiieeeeees oo eeeessnnnnnsseeeaeeeeaseesssssnsnsnnnns B-1
Fecal Coliform TMDL Calculations for Sting Creek

(OK311500010050 00).....cccciiiiieeeeeeeeerrimmmmmmeeeeeeeeeeeeeereannnnan s e e e aaeeaaeaaes 5-19
Fecal Coliform TMDL Calculations for Tep€reek

(OK311500010110 00)....ccceeiiiiieeeeeeieeriimmmmmmeeeeeeeeeeeeeeseannnnn e e e e e aaeaaaeaees 5-20
Fecal Coliform TMDL Calculations for We3tter Creek

(OK311500020040 00).....ccceeeeiieeeeeeeeeriimmmmmmeeeeeeeeeeeeaesennnnna e e e e aeeaaaeaaes 5-21
Enterococci TMDL Calculations for Elk €ke(OK311500030010_00) ......... 5-22
Fecal Coliform TMDL Calculations for LétElk Creek

(OK311500030040 00).....cccciiiiiiiieeeieritmmmmmme e e e e e e e e e e e e e e e e eaaaas 5-23
Enterococci TMDL Calculations for NoRbrk Red River at SH 34

(OK311510010010 00).....ccciiiiiiiiieeeeeiiimmmmmme e e e e e e e e e e e e e e aeas 5-24
Fecal Coliform TMDL Calculations for key Creek

(OK311510020060 00).......cceiiiiiiiieeiiriimmmmmme e e e e e e e e e e e e e e eaaaas 5-25
Enterococci TMDL Calculations for Sarigtheek

(OK311600010040 00).....cccciieiiiiieieieittmmmmmme e e e e e e e e e e e e e e e eaaeas 5-26
Enterococci TMDL Calculations for SadrleRed River at US 283 Creek

(OK311600020010 00).....ccceiiieiiieeeeeeeiimmmmmme e e e e e e e e e e e e e e aaas 5-27
Enterococci TMDL Calculations for SatrleRed River at SH 34

(OK311600020010 10)....ccceiiiiiiiieeeeeieiimmmmmme e e e e e e e e e e e e e e e aaas 5-28
Enterococci TMDL Calculations for Bittéreek

(OK311600020110 00).....ccceiiiiiiiieeeeeeitemmmmme e e e e e e e e e e e eaaaas 5-29

Enterococci TMDL Calculations for Cave€k (OK311600020140_00)....... 5-30

UpperRed_FINAL_06-11-08.doc

v FINAL
June 2008



Upper Red River Bacteria TMDLs Table of Contents

Table 5-17 Enterococci TMDL Calculations for EImrkd&Red River

(OK311800000010 00)....ccceeeeeeieeeeeeieerrimmmmmmeeeeeeeeeeeeeeeennnnna e e e aeaaeaaaeaaes 5-31
Table 5-18 Fecal Coliform TMDL Calculations for Dd&greek

(OK311800000070 _00).....ccceeeeeieeeeeeeeerrimmmmmmeeeeeeeeeeeaaereannnnaa e e e e aaaaaaeaees 5-32
Table 5-19 Fecal Coliform TMDL Calculations for Ri€reek

(OK311800000130 _00).....cceeeeeeeeeeeeeeeerrimmmmmmeeeeeeeeeeeeeesennnnnn e e e e aaeaaaeaaes 5-33
Table 5-20 Fecal Coliform TMDL Calculations for B&lork Red River at US 283

(OK311600020010 00).....cceeeieiieeeeeeeeertimmmmmmeeeeeeeeeeeeaeeennnnnnn e e e e e e aeaaaeaaes 5-34
Table 5-21 E. Coli TMDL Calculations for Salt Fork Red River at US328

(OK311600020010 00).....cceeeeeiieeeeeeieerrimmmmmmeeeeeeeeeeeeaereannnnnaa e e e e e aeaaaeeaes K-35
Table 5-22 Fecal Coliform TMDL Calculations for 8Rbrk Red River at

SH 34 (OK311600020010_10) ..ieeeeeeeiiieeeeescmmmmmms e e e e e e e e e e e aeeeeeeeeeesennnnnnneeeeeas 6-3
Table 5-23 Fecal Coliform TMDL Calculations for @&a@€reek

(OK311600020140 00).....ccceeeieieeeeeeierrrimmmmmmeeeeeeeeeeeeaerennnnnnn e e e e e aaeaaaeaaes K5-37
Table 5-24 Fecal Coliform TMDL Calculations for RRdver-Elm Fork

(OK311800000010 00).....ccceeeeiieeeeeeeeerrimmmmmmeeeeeeeeeeeeeerennnnnnn e e e e eaeaaaeeaes 5-38
Table 5-25 E. Coli TMDL Calculations for Red River-Elm Fork

(OK311800000010 _00).....ccceeeeeieeeeeeeeeriimmmmmmeeeeeeeeeeeeaerennnna e e e e e aaeaaaeeaes 5-39
Table 5-26 Partial List of Oklahoma Water Qualitpihhgement Agencies....................... 5-40
UpperRed_FINAL_06-11-08.doc V| FI NAL

June 2008



Upper Red River Bacteria TMDLs

Acronyms and Abbreviations

AEMS
ASAE
BMP
CAFO
CFR
cfs

cfu
CPP
CWA
DMR
LA
LDC
mg
mgd
mL
MOS
MS4
NPDES
O.S.
ODAFF
ODEQ
OPDES
OoswD
OWRB
PBCR
PRG
PS
SBCR
SSO
TMDL
USDA
USEPA
USGS
WLA
WQM
wWQs
WWTP

ACRONYMS AND ABBREVIATIONS

Agricultural Environmental Management Service
American Society of Agricultural Engineers

best management practice

Concentrated Animal Feeding Operation

Code of Federal Regulations

Cubic feet per second

Colony-forming unit

Continuing planning process

Clean Water Act

Discharge monitoring report
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Load duration curve

Million gallons

Million gallons per day

Milliliter

Margin of safety

Municipal separate storm sewer system
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Oklahoma statutes

Oklahoma Department of Agriculture, Food and Forestry
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Point source
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Sanitary sewer overflow

Total maximum daily load

U.S. Department of Agriculture

U.S. Environmental Protection Agency

U.S. Geological Survey

Wasteload allocation

Water quality monitoring

Water quality standard

Wastewater treatment plant
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Upper Red River Bacteria TMDLs Executive Summary

Executive Summary

This report documents the data and assessmenttasstablish Total Maximum Daily
Loads (TMDL) for the pathogen indicator bacteriadecoliform,Escherichia coli (E. coli)or
Enterococci for certain waterbodies in the Upped Raver area of the Red River Basin.
Elevated levels of pathogen indicator bacteriaguagic environments indicate that a receiving
water is contaminated with human or animal feces that there is a potential health risk for
individuals exposed to the water. Data assessarehtfTMDL calculations are conducted in
accordance with requirements of Section 303(dhefGlean Water Act (CWA), Water Quality
Planning and Management Regulations (40 CFR P&t 13.S. Environmental Protection
Agency (USEPA) guidance, and Oklahoma DepartmenEmfironmental Quality (ODEQ)
guidance and procedures. ODEQ is required to dudlinTMDLs to USEPA for review and
approval. Once the USEPA approves a TMDL, then waterbody may be moved to
Category 4a of a state’s Integrated Water Qualipnitbring and Assessment Report, where it
remains until compliance with water quality stardaf\WWQS) is achieved (USEPA 2003).

The purpose of this report is to establish pollutaad allocations for indicator bacteria in
impaired waterbodies, which is the first step tavaestoring water quality and protecting
public health. TMDLs determine the pollutant lasglia waterbody can assimilate without
exceeding the WQS for that pollutant. A TMDL catsiof a wasteload allocation (WLA),
load allocation (LA), and a margin of safety (MOSJhe WLA is the fraction of the total
pollutant load apportioned to point sources, amtlohes stormwater discharges regulated under
the National Pollutant Discharge Elimination Syst@PDES) as point sources. The LA is the
fraction of the total pollutant load apportionednmnpoint sources. The MOS is a percentage
of the TMDL set aside to account for the unceriaiassociated with natural processes in
aquatic systems, model assumptions, and data fiomta

This report does not stipulate specific controlatd (regulatory controls) or management
measures (voluntary best management practicesksageto reduce bacteria loadings within
each watershed. Watershed-specific control actiand management measures will be
identified, selected, and implemented under a s¢parocess.

E.1 Problem Identification and Water Quality Target

A decision was made to place specific waterbodidhis Study Area, listed in Table ES-1,
on the ODEQ 2004 303(d) list because evidence afsmagport of primary body contact
recreation (PBCR) or secondary body contact reioeéEBCR) were observed.

Elevated levels of bacteria above the WQS for anmaare of the bacterial indicators result
in the requirement that a TMDL be developed. TWDLs established in this report are a
necessary step in the process to develop the @madbading controls needed to restore the
primary or secondary body contact recreation usegdated for each waterbody.
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Table ES-1  Excerpt from the 2004 Integrated Report Comprehensive Waterbody
Assessment Category List

é Q ? c | > E c

Waterbody 1D Waterbody Name § 2| 4 g 58| 8 § 2

o) — © © O c (0]

8 || @ |EE5|8%5

= © = T00|( OO0

%) O = o0 | oKX
0OK311500010020_10 | Red River-North Fork at US 62 | 62.04 | 5 2005 N NA
0OK311500010050_00 | Stinking Creek 1744 | 5 2007 N NA
0OK311500010110_00 | Tepee Creek 1951 | 5 2007 N NA
OK311500020040_00 | West Otter Creek 8.27 5 2007 N NA
OK311500030010_00 | Elk Creek 1570 | 5 2005 N NA
OK311500030040_00 | Little Elk Creek 16.20 | 5 2007 N NA
0OK311510010010 00 | Red River-North Fork atUS 34 | 58.68 | 5 2005 N NA
OK311510020060_00 | Turkey Creek 1942 | 5 2007 N NA
0OK311600010040_00 | Sandy Creek (Lebos) 3965 | 5 2005 NA N
OK311600020010_00 | Red River-Salt Fork at US 283 | 13.67 | 5 2005 N NA
OK311600020010_10 | Red River-Salt Fork at SH 34 69.63 | 5 2005 N NA
OK311600020110_00 | Bitter Creek 5.27 5 2007 NA N
OK311600020140_00 | Cave Creek 1369 | 5 2007 N NA
OK311800000010_00 | Red River-Elm Fork 6293 | 5 2005 N NA
OK311800000070_00 | Deer Creek 2257 | 5 2007 N NA
OK311800000130_00 | Fish Creek 1779 | 5 2007 N NA

N = Not Supporting; Source: 2004 Integrated Re@BEQ 2004
NA = Not Applicable

For data collected between 1999 and 2003, evidehuoensupport of the PBCR use based
on fecal coliform concentrations was observed iwesewaterbodies: Stinking Creek
(OK311500010050), Tepee Creek (OK311500010110)t\Wter Creek (OK311500020040),
Little Elk Creek (OK311500030040), Turkey Creek (81K 510020060), Deer Creek
(OK311800000070), and Fish Creek (OK31180000013&yxidence of nonsupport of the
PBCR use based on Enterococci concentrations wsen\adal in three waterbodies: Elk Creek
(OK311500030010), Red River-North Fork at US 62 82K500010020), and Red River-
North Fork at SH 34 (OK311510010010). Evidencaafisupport of the PBCR use based on
both fecal coliform and Enterococci concentratiovere observed in two waterbodies: Red
River-Salt Fork at SH 34 (OK311600020010_10), araveC Creek (OK311600020140).
Evidence of nonsupport of the PBCR use based dhrak bacterial indicators, fecal coliform,
Enterococci andE. coli concentrations were observed in two waterbodies: Reer-Salt Fork
at US 283 (OK311600020010_00) and Red River-Elnk K@K311800000010). For data
collected between 1999 and 2001, evidence of n@wtpof the SBCR use based on
Enterococci concentrations was observed in two nbatBes: Sandy Creek
(OK311600010040) and Bitter Creek (OK311600020118)Appendix C of the ODEQ 2004
Integrated Report total fecal coliform is also itliéed as a pollutant of concern for some
303(d) listed waterbodies. This indicator is tyig associated with evaluating use
impairment for waterbodies with drinking water adesignated use. However, because there
are no drinking water intakes within 5 miles of &M stations associated with total fecal
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coliform samples collected, the listing of this tea@l indicator in Category 5 of the 2004
Integrated Report does not require the developmmeatTMDL. Table ES-2 summarizes the
waterbodies requiring TMDLs for not supporting PBCRd Table ES-3 summarizes
waterbodies requiring TMDLs for not supporting SBCR

Table ES-2 Waterbodies Requiring TMDLSs for Not Suprting Primary Body Contact
Recreation Use

Indicator Bacteria
WQM Station Waterbody ID Waterbody Name E.

FC ENT coli
0OK311500010020-001AT | OK311500010020_10 | Red River-North Fork at US 62 X
0OK311500010050G OK311500010050_00 | Stinking Creek X
0OK311500010110G OK311500010110_00 | Tepee Creek X
0OK311500020040G 0OK311500020040_00 | West Otter Creek X
OK311500030010-001AT | OK311500030010_00 | Elk Creek X
0OK311500030040-001AT | OK311500030040_00 | Little Elk Creek X
OK311510010010-001AT | OK311510010010_00 | Red River-North Fork at SH 34 X
0OK311510020060G 0OK311510020060_00 | Turkey Creek X
0OK311600020010-002AT | OK311600020010_00 | Red River-Salt Fork at US 283 X X X
0OK311600020010-001AT | OK311600020010_10 | Red River-Salt Fork at SH 34 X X
0OK311600020140G 0OK311600020140_00 | Cave Creek X X
0OK311800000010-001AT | OK311800000010_00 | Red River-Elm Fork X X X
0OK311800000070C 0OK311800000070_00 | Deer Creek X
0OK311800000130G OK311800000130_00 | Fish Creek X

ENT = enterococci; FC = fecal coliform

Table ES-3 Waterbodies Requiring TMDLSs for Not Supprting Secondary Body

Contact Recreation Use

Indicator Bacteria
WQM Station Waterbody ID Waterbody Name E
FC | ENT co.Ii
OK311600010040-001AT | OK311600010040_00 | Sandy Creek (Lebos) X
OK311600020110G OK311600020110_00 | Bitter Creek X

ENT = enterococci; FC = fecal coliform

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

Oklahoma WQSs.

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

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

The definition of SBCR is summarized by the follagriexcerpt from Chapter 45 of the

Oklahoma WQSs.
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(a) The water quality requirements for SecondargyBGontact Recreation are usually not
as stringent as for Primary Body Contact Recreation

(b) The Secondary Body Contact Recreation benéfisa is designated where ingestion
of water is not anticipated.

(c) Associated activities may include boating,ifighor wading.

To implement Oklahoma’'s WQS for PBCR, the OklahokiVater Resources Board
(OWRB) promulgated Chapter 46nplementation of Oklahoma’s Water Quality Standard
(OWRB 2007). The excerpt below from Chapter 465:48-15-6, stipulates how water quality
data will be assessed to determine support of BleRPuse as well as how the water quality
target for TMDLs will be defined for each bacteiiadiicator.

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

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

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

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

(c) Fecal coliform:

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

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

(3) The Primary Body Contact Recreation subcategtagignated for a waterbody shall
be deemed to be not supported with respect to fmadbrm if the geometric mean of 400
colonies per 100 ml is not met, or greater than 26f4he sample concentrations from that
waterbody exceed the screening level prescribdt)iof this Section, or both such conditions
exist.
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(d) Escherichia coli (E. coli):

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

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

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

(e) Enterococci:

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

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

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

Compliance with the Oklahoma WQS is based on mgetaguirements for all three
bacterial indicators. Where concurrent data eweistnultiple bacterial indicators on the same
waterbody or waterbody segment, each indicatormgroust demonstrate compliance with the
numeric criteria prescribed (OWRB 2006).

As stipulated in the WQS, utilization of the geontetmean to determine compliance for
any of the three indicator bacteria depends onctilection of five samples within a 30-day
period. For most water quality monitoring (WQMatsbns in Oklahoma there are insufficient
data available to calculate the 30-day geometriamm&nce most water quality samples are
collected once a month. As a result, waterbodiaseg on the 303(d) list for not supporting
the PBCR are the result of individual samples edicgethe instantaneous criteria or the long-
term geometric mean of individual samples exceedieygeometric mean criteria for each
respective bacterial indicator. Targeting theanstneous criterion established for the primary
contact recreation season (Maytb September 3% as the water quality goal for TMDLs
corresponds to the basis for 303(d) listing and rbayprotective of the geometric mean
criterion as well as the criteria for the secondawgtact recreation season. However, both the
instantaneous and geometric mean criteriaHocoli and Enterococci will be evaluated as
water quality targets to ensure the most protegjoa is established for each waterbody.
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All TMDLs for fecal coliform must take into accoutttat no more than 25 percent of the
samples may exceed the instantaneous numericiarit€orE. coli and Enterococci, no more
than 10 percent of samples may exceed instantameibeisa. Since the attainability of stream
beneficial uses forE. coli and Enterococci is based on the compliance ofeeittne
instantaneous or a long-term geometric mean aiterpercent reductions goals will be
calculated for both criteria. TMDLs will be based the percent reduction required to meet
either the instantaneous or the long-term geometean criterion, whichever is less.

The two creeks in the Upper Red River Study Aready Creek (OK311600010040) and
Bitter Creek (OK311600020110), which are designate@hapter 45 of the Oklahoma WQS
for secondary body contact recreation (SBCR) u3ée data assessment method used for
SBCR streams is the same as with the PBCR, alththaleriteria are five times those of the
PBCR streams. The single sample criterion for SBIGR fecal coliform, E. coli, and
Enterococci are 2,000, 2,030, and 540 colonieslp@rmL, respectively; and the geometric
mean criterion for fecal coliform, E. coli, and Erdcocci are 2000, 630, and 165 colonies per
100 mL, respectively.

E.2 Pollutant Source Assessment

A source assessment characterizes known and sedpsatirces of pollutant loading to
impaired waterbodies. Sources within a watershecategorized and quantified to the extent
that information is available. Bacteria origindtem humans, warm-blooded animals, and
some plant life and sources may be point or noripoinature.

There are no NPDES-permitted facilities of any typéhe contributing watersheds of Elk
Creek (OK311500030010_00), Bitter Creek (OK3116@1a® 00), Cave Creek
(OK311600020140_00), Deer Creek (0OK31180000007Q 0gnd Fish Creek
(OK311800000130_00). Eleven of the watershed$hénStudy Area, including Red River-
North Fork at US 62 (OK311500010020_10), Stinkingek (OK311500010050_00), Tepee
Creek (OK311500010110_00), West Otter Creek (OKBD020040_00), Little Elk Creek
(OK311500030040_00), Red River-North Fork at SH (84311510010010_00 ), Turkey
Creek (OK311510020060_00), Sandy Creek (Lebos) (@KB0010040_00), Red River-Salt
Fork at SH 34 (OK311600020010 _10), Red River-SalorkF at US 283
(OK311600020010_00), and Red River-EIm Fork (OKII®0010 _00) have NPDES-
permitted facilities.

There are 12 NPDES-permitted no-discharge faglitiethin the Study Area. For the
purposes of these TMDLs, it is assumed that nohdige facilities do not contribute bacteria
loading to the Upper Red River and its tributariddowever, it is possible the wastewater
collection systems associated with those WWTPsdcbala source of bacteria loading, or that
discharges may occur during large rainfall evelmés ¢xceed the systems’ storage capacities.

While not all sewer overflows are reported, ODEQ Isame data on SSOs available.
There were 34 SSO occurrences, ranging from Omato11,433,700 gallons, reported for
certain watersheds within the Study Area betweeoebBwer 1991 and August 1999. Given
the significant number of occurrences and the eizeverflows reported, SSOs have been a
significant source of bacteria loading in the paghe Stinking Creek (OK311500010050 00)
and Red River- Salt Fork at SH 34 (OK31160002000)p witersheds.
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The Municipal separate storm sewer system (MS4mpefor small communities in
Oklahoma became effective on February 8, 2005. Tiheof Altus (Permit #: OKR040043)
located in the Stinking Creek (OK311500010050 O@enshed, falls under requirements
designated by USEPA for inclusion in the Phase RDES Stormwater Program. This
municipality was designated because their munichmindaries intersected a U.S. Census-
defined Urbanized Area. There are two differentFO& located in the Study Area, one in Red
River-Salt Fork at US 283 (OK311600020010 00) ande oin Stinking Creek
(OK311500010050_00).

There are no NPDES-permitted facilities of any typé¢he contributing watershed of Elk
Creek (OK311500030010_00), Bitter Creek (OK3116@1a® 00), Cave Creek
(OK311600020140_00), Deer Creek (0OK31180000007Q 0gnd Fish  Creek
(OK311800000130_00).; therefore, nonsupport of PRGR is caused by nonpoint sources of
bacteria only. In watersheds with both point altpoint sources of bacteria, the available
data suggests that the proportion of bacteria fpomt sources ranges from minor to moderate.
Those waterbodies in which point sources are a maoatributor of bacteria include Red
River-North Fork at US 62 (OK311500010020_10), ®Eegereek (OK311500010110_00),
West Otter Creek (OK311500020040_00), Little Elke€k (OK311500030040_00), Red
River-North Fork at SH 34 (OK311510010010_00), BykCreek (OK311510020060_00),
Sandy Creek (Lebos) (OK311600010040 00), Red Ryadtr- Fork at US 283
(OK311600020010 _00), and Red River-Elm Fork (OK3I®0010_00). In the remaining
two watersheds, Stinking Creek (OK311500010050 &) Red River-Salt Fork at SH 34
(OK311600020010_10), point sources such as WWTBsS8nd CAFOs, contribute moderate
bacteria loads in proportion to nonpoint sourc&be urban area designated as Phase Il MS4s
in the City of Altus further increases the propamtiof bacteria loading from point sources in
Stinking Creek (OK311500010050_00). However, oeranpoint sources are considered to
be the major source of bacteria loading in eaclemshed.

The four major nonpoint source categories contiiguto the elevated bacteria in each of
the watersheds in the Study Area are livestocks, pater, and septic tanks. Livestock are
estimated to be the largest contributors of fecéifarm loading to land surfaces. It must be
noted that while no data are available to estimaplations and fecal loading of wildlife other
than deer, a number of bacteria source trackingietudemonstrate that wild birds and
mammals represent a major source of the fecal hadteind in streams.

Nonpoint source bacteria loading to the receivimngasns of each waterbody emanate from
a number of different sources including wildlifearious agricultural activities and
domesticated animals, land application fields, arhaoff, failing onsite wastewater disposal
systems, and domestic pets. The data analysithardad duration curves (LDC) demonstrate
that exceedances at the WQM stations are the rebaltvariety of nonpoint source loading
occurring during a range of flow conditions. Lowow exceednaces are likely due to a
combination of non-point sources, uncontrolled pewurces and permit noncompliance.

E.3 Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report deeived from LDCs. LDCs facilitate
rapid development of TMDLs and as a TMDL developtrteol, are effective in identifying
whether impairments are associated with point oipot sources.
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Use of the LDC obviates the need to determine adesorm or selected flow recurrence
interval with which to characterize the approprifitav level for the assessment of critical
conditions. For waterbodies impacted by both p@ntl nonpoint sources, the “nonpoint
source critical condition” would typically occur diog high flows, when rainfall runoff would
contribute the bulk of the pollutant load, whileethpoint source critical condition” would
typically occur during low flows, when treatmenapt effluents would dominate the base flow
of the impaired water. However, Flow range is oalygeneral indicator of the relative
proportion of point/nonpoint contributions. Itnet used in this report to quantify point source
or nonpoint source contributions. Violations tleatur during low flows may not be caused
exclusively by point sources. Violations have beeted in some watersheds that contain no
point sources. Research has show that bacteminbpan streams during low flow conditions
may be due to direct deposit of cattle manure stteams and faulty septic tank/lateral field
systems.

The basic steps to generating an LDC involve:

» obtaining daily flow data for the site of interéisim the U.S. Geological Survey ;

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

» obtaining the water quality data from the primapntact recreation season (May 1
through September 30) for waterbodies not supppttie PBCR use;

» obtaining water quality data from the entire cabkandear for waterbodies not
supporting the SBCR use;

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

» display a curve on a plot that represents the albdev load multiply the actual or
estimated flow by the WQS for each respective iatdic

« multiplying the flow by the water quality parametncentration to calculate daily
loads; then

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

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

E.4 TMDL Calculations

As indicated above, the bacteria TMDLs for the 8Q3isted WQM stations covered in
this report were derived using LDCs. A TMDL is eagsed as the sum of all WLAs (point
source loads), LAs (nonpoint source loads), andappropriate MOS, which attempts to
account for uncertainty concerning the relationshgiween effluent limitations and water
quality.

This definition can be expressed by the followiggation:
TMDL = XY WLA +X LA + MOS
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For each waterbody the TMDLs presented in this mepoe expressed as a percent
reduction across the full range of flow conditiq@ee Table ES-4). The difference between
existing loading and the water quality target isdugo calculate the loading reductions
required. Percent reduction goals (PRG) are catiedl for each WQM site and bacterial
indicator species as the reductions in load requse that no more than 25 percent of the
existing instantaneous fecal coliform observatiand no more than 10 percent of the existing
instantaneouk. colior Enterococci observations would exceed the waiality target.

Table ES-4 presents the percent reductions negeisaeach bacterial indicator causing
nonsupport of the PBCR or SBCR use in each watgriodddhe Study Area. Attainment of
WQS in response to TMDL implementation will be hea results measured at each of these
WQM stations. Selection of the appropriate PRGefach waterbody in Table ES-4 is denoted
by bold text. The TMDL PRG will be the lesser bét required to meet the geometric mean or
instantaneous criteria f&. coliand Enterococci because WQSs are consideredneebd, 1)
either the geometric mean of all data is less th@hgeometric mean criteria, or 2) no more
than 10 percent of samples exceed the instantameibersa.

Based on this table, the TMDL PRGs for North FoddRRiver at US 62, Elk Creek, North
Fork Red River at SH 34, Sandy Creek, Salt Fork Rieer at US 283, Salt Fork Red River at
SH 34, Bitter Creek, Cave Creek, and EIm Fork ReciRwill be based on Enterococci. The
TMDL PRGs for Stinking Creek, Tepee Creek, WesteOGreek, Little EIk Creek, Turkey
Creek, Deer Creek and Fish Creek will be basedoal coliform. The PRGs range from 14 to

99 percent.

Table ES-4 TMDL Percent Reduction Goals Required tdMeet Water Quality
Standards for Impaired Waterbodies in the Upper RedRiver Study Area

Percent Reduction Required
Waterbody ID WQM Station Wa,;tlerbody FC EC =l
ame Instant- Instant- Geo- Instant- Geo-
aneous aneous mean aneous mean
OK311500010020- | Red River-North
OK311500010020_10 | 555 AN 88% | 81%
OK311500010050_00 | OK311500010050G | Stinking Creek 97%
OK311500010110_00 | OK311500010110G | Tepee Creek 28%
OK311500020040_00 | OK311500020040G \é\’gtkoner 66%
OK311500030010_00 000K13A}T15°003°°1O' Elk Creek 94% | 85%
OK311500030040_00 | OK311500030040G | Little Elk Creek | 67%
OK311510010010- | Red River-North . .
OK311510010010_00 | 555 A 96% | 70%
OK311510020060_00 | OK311510020060G | Turkey Creek 60%
OK311600010040- Sandy Creek o o
OK311600010040_00 | /-5 Lobos) 99% | 83%
OK311600020010- | Red River-Salt . . . . .
OK311600020010_00 | /50 R Caoas | 76% | 89% | 14% | 99% | 94%
OK311600020010- | Red River-Salt
OK311600020010_10 | 555 AN 64% 99% | 96%
OK311600020110_00 | OK311600020110G | Bitter Creek 96% | 76%
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Percent Reduction Required
Waterbody ID WQM Station Wal;[lerbody FC EC =

ame Instant- Instant- Geo- Instant- Geo-

aneous aneous mean aneous mean

0OK311600020140_00 | OK311600020140G Cave Creek 72% 95% 92%

OK311800000010_oo | OK311800000010- | Red River-Elm 28% | 87% | 79% | 98% | 87%

001AT Fork

0OK311800000070_00 | OK311800000070C Deer Creek 72%
OK311800000130_00 | OK311800000130G Fish Creek 28%

The TMDL, WLA, LA, and MOS vary with flow conditigrand are calculated at ever§) 5
flow interval percentile. For illustrative purpeseéhe TMDL, WLA, LA, and MOS calculated
for the median flow at each site are presentedabléfES-5. The WLA component of each
TMDL is the sum of WLAs for all WWTPs within the etributing watershed of each WQM
station. The sum of the WLAs for WWTPs can be espnted as a single line below the LDC.
The WLA for MS4s is estimated based on the pergentd study watershed which is under the
MS4 coverage. The LDC and the simple equation of:

Average LA = average TMDL — MOS - WLA_WWTF - WLA_MS

can provide an individual value for the LA in cosimter day, which represents the area under
the TMDL target line and above the WLA line. FofSKk the load reduction will be the same
as the PRG established for the LA (nonpoint soQrc&¥here there are no continuous point
sources the WLA is zero.

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

For the explicit MOS the water quality target was at 10 percent lower than the water
quality criterion for each pathogen. For PBCR thigiates to 360 colony-forming units per
100 milliliter (cfu/100 mL), 365.4 cfu/100 mL, ar®d.2/100 mL for fecal colifornE. coli, and
Enterococci respectively. For SBCR, this equates to 1,800orgeforming units per
100 milliliter (cfu/100 mL), 1,827 cfu/100 mL, aB86/100 mL for fecal coliformE. coli, and
Enterococci respectively. The net effect of the TMDL with MQS$ that the assimilative
capacity or allowable pollutant loading of each evabdy is slightly reduced. These TMDLs
incorporate an explicit MOS by using a curve repnéimg 90 percent of the TMDL as the
average MOS. The MOS at any given percent floneedance, therefore, can be defined as
the difference in loading between the TMDL and TMDL with MOS. The use of instream
bacteria concentrations to estimate existing lgagnanother conservative element utilized in
these TMDLs that can be recognized as an implid@3v This conservative approach to
establishing the MOS will ensure that both the 39-djeometric mean and instantaneous
bacteria standards can be achieved and maintained.
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E.5 Reasonable Assurance

As authorized by Section 402 of the CWA, ODEQ hateghtion of the NPDES in
Oklahoma, except for certain jurisdictional areakted to agriculture and the oil and gas
industry retained by the Oklahoma Department ofi@gure and Oklahoma Corporation
Commission, for which the USEPA has retained peimgitauthority. The NPDES program in
Oklahoma is implemented via Title 252, Chapter @@&he Oklahoma Pollution Discharge
Elimination System (OPDES) Act, and in accordandh wthe agreement between ODEQ and
USEPA relating to administration and enforcement toé delegated NPDES program.
Implementation of WLAs for point sources is doneotlgh permits issued under the OPDES
program.

UpperRed_FINAL_06-11-08.doc ES-11 FINAL
June 2008



Upper Red River Bacteria TMDLSs

Executive Summary

Table ES-5 TMDL Summaries Examples

Indicator TMDLt WLA_ WWTPT | WLA _MS4t LAT MOSt
Bacteria (cfu/day) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
Waterbody ID WQM Station Waterbody Name Species

OK311500010020_10 | OK311500010020-001AT Red River-North Fork at US 62 ENT 1.98171E+11 0 0 1.78354E+11 | 19817074894
OK311500010050_00 | OK311500010050G Stinking Creek FC 4.70E+10 1.51E+10 1.84E+09 25329065970 | 4700774205
OK311500010110_00 | OK311500010110G Tepee Creek ENT 843301322.4 0 0 758971190.2 | 84330132.24
OK311500020040_00 | OK311500020040G West Otter Creek ENT 1665939887 0 0 1499345898 166593988.7
OK311500030010_00 | OK311500030010-001AT Elk Creek ENT 44918703092 0 0 40426832783 | 4491870309
OK311500030040_00 | OK311500030040G Little Elk Creek ENT 656168743.3 0 0 590551868.9 | 65616874.33
OK311510010010_00 | OK311510010010-001AT Red River-North Fork at SH 34 ENT 1.13618E+11 0 0 1.02256E+11 | 11361789606
OK311510020060_00 | OK311510020060G Turkey Creek FC 14520288826 0 0 13068259944 | 1452028883
OK311600010040_00 | OK311600010040-001AT Sandy Creek (Lebos) ENT 6.87E+10 0 0 61829273668 | 6869919296
OK311600020010_00 | OK311600020010-002AT Red River-Salt Fork at US 283 ENT 2.19309E+11 0 0 1.97378E+11 | 21930896216
OK311600020010_10 | OK311600020010-001AT Red River-Salt Fork at SH 34 ENT 1.80E+10 3.75E+08 0 15795980557 1.80E+09
OK311600020110_00 | OK311600020110G Bitter Creek ENT 5.06E+10 0 0 4.55E+10 5.06E+09
OK311600020140_00 | OK311600020140G Cave Creek ENT 281100440.8 0 0 252990396.7 | 28110044.08
OK311800000010_00 | OK311800000010-001AT Red River-Elm Fork ENT 63414639660 0 0 57073175694 | 6341463966
OK311800000070_00 | OK311800000070C Deer Creek ENT 3166992912 0 0 2850293621 316699291.2
OK311800000130_00 | OK311800000130G Fish Creek FC 8.23E+09 0 0 7.41E+09 8.23E+08

T Derived for illustrative purposes at the mediawfvalue
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Upper Red River Bacteria TMDLs Introduction

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 dilgwbased controls are in place.
TMDLs establish the allowable loadings of pollugmatr other quantifiable parameters for a
waterbody based on the relationship between pofiutiources and in-stream water quality
conditions, so states can implement water quabisel controls to reduce pollution from point
and nonpoint sources and restore and maintain watdity (USEPA 1991).

This report documents the data and assessmentagsthblish TMDLs for the pathogen
indicator bacteria fecal coliformEscherichia coli (E. coli),or Enterococci for certain
waterbodies in the Upper Red River area of the Rigdr Basin. Elevated levels of pathogen
indicator bacteria in aquatic environments indidatg a receiving water is contaminated with
human or animal feces and that a potential headth exists for individuals exposed to the
water. Data assessment and TMDL calculations anelwcted accordance with requirements
of Section 303(d) of the CWA, Water Quality Plargnend Management Regulations (40 CFR
Part 130), USEPA guidance, and Oklahoma Departrokgnvironmental Quality (ODEQ)
guidance and procedures. ODEQ is required to dudinTMDLs to USEPA for review and
approval. Once the USEPA approves a TMDL, thenntherbody may be moved to Category
4a of a state’s Integrated Water Quality Monitoramgd Assessment Report, where it remains
until compliance with water quality standards (W@Sachieved (USEPA 2003).

The purpose of this TMDL report is to establishlg@int load allocations for indicator
bacteria in impaired waterbodies, which is thetfstep toward restoring water quality and
protecting public health. TMDLs determine the ptht loading a waterbody can assimilate
without exceeding the WQS for that pollutant. TMDhIlso establish the pollutant load
allocation necessary to meet the WQS establishead foaterbody based on the relationship
between pollutant sources and in-stream water tyuatinditions. A TMDL consists of a
wasteload allocation (WLA), load allocation (LAnéga margin of safety (MOS). The WLA is
the fraction of the total pollutant load apportidn@® point sources, and includes stormwater
discharges regulated under the National Pollutastiarge Elimination System (NPDES) as
point sources. The LA is the fraction of the topalllutant load apportioned to nonpoint
sources. The MOS is a percentage of the TMDL sg&teato account for the uncertainty
associated with natural process in aquatic systeradel assumptions, and data limitations.

This report does not stipulate specific controlatd (regulatory controls) or management
measures (voluntary best management practicesksageto reduce bacteria 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 watersheds, tribes, and localestatd federal government agencies.

This TMDL report focuses on waterbodies that ODHGc@d in Category 5 of the 2004
Integrated Report [303(d) list] for nonsupport ohpary or secondary body contact recreation:
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Upper Red River Bacteria TMDLsS Introduction

* Red River-North Fork at US 62 (OK311500010020_00),

» Stinking Creek (OK311500010050_00),

* Tepee Creek (OK311500010110_00),

* West Otter Creek (OK311500020040_00),

* Elk Creek (OK311500030010_00),

+ Little EIk Creek (OK311500030040_00),

* Red River-North Fork at SH 34 (OK311510010010_00)

e Turkey Creek (OK311510020060_00),

» Sandy Creek (OK311600010040_00),

* Red River-Salt Fork at US 283 (OK311600020010_00),

* Red River-Salt Fork at US 34 (OK311600020010_10),

» Bitter Creek (OK311600020110_00),

» Cave Creek (OK311600020140_00),

* Red River-Elm Fork (OK311800000010_00),

* Deer Creek (OK311800000070_00), and

* Fish Creek (OK311800000130_00).

Figure 1-1 is a location map showing the impairesgnsents of these Oklahoma
waterbodies and their contributing watersheds. s Thap also displays the locations of the
water quality monitoring (WQM) stations used as Ilasis for placement of these waterbodies

on the Oklahoma 303(d) list. These waterbodies #madr surrounding watersheds are
hereinafter referred to as the Study Area.

Elevated levels of bacteria above the WQS resulthen requirement that a TMDL be
developed. The TMDLs established in this repagtaanecessary step in the process to develop
the bacteria loading controls needed to restorectimact recreation use designated for each
waterbody. Table 1-1 provides a description of liations of the WQM stations on the
303(d)-listed waterbodies.

Table 1-1 Water Quality Monitoring Stations used fo 2004 303(d) Listing Decision

WQM Station Location

Waterbody Name Descriptions

Waterbody ID WQM Station

Red River-North Fork

at US 62

OK311500010020_10

OK311500010020-001AT

Red River-North Fork

Stinking Creek 0OK311500010050_00 | OK311500010050G Stinking Creek
Tepee Creek OK311500010110 00 | OK311500010110G Tepee Creek
West Otter Creek 0OK311500020040_00 | OK311500020040G West Otter Creek

Elk Creek

0OK311500030010_00

OK311500030010-001AT

Elk Creek

Little Elk Creek

0OK311500030040_00

OK311500030040-001AT

Little Elk Creek

Red River-North Fork
at SH 34

OK311510010010_00

OK311510010010-001AT

Red River-North Fork

Turkey Creek

0OK311510020060_00

0OK311510020060G

Turkey Creek

Sandy Creek (Lebos)

0OK311600010040_00

0OK311600010040-001AT

Sandy Creek (Lebos)

Red River-Salt Fork
at US 283

OK311600020010_00

OK311600020010-002AT

Salt Fork of the Red
River, off US 283, Elmer
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Upper Red River Bacteria TMDLs Introduction

Waterbody Name Waterbody ID WQM Station QL Stat|(_)n_Locat|on
Descriptions
Red River-Salt Fork Salt Fork of the Red
at US 34 OK311600020010_10 | OK311600020010-001AT River, SH 34, Mangum
Bitter Creek OK311600020110_00 | OK311600020110G Bitter Creek
Cave Creek OK311600020140_00 | OK311600020140G Cave Creek
Red River-Elm Fork OK311800000010_00 | OK311800000010-001AT | Red River-Elm Fork
Deer Creek OK311800000070_00 | OK311800000070C Deer Creek
Fish Creek OK311800000130_00 | OK311800000130G Fish Creek

1.2  Watershed Description

General. The Red River Basin is located in the southwegp@mion of Oklahoma. The
majority of the waterbodies addressed in this repoe located in Beckman, Washita, Kiowa,
Jackson, Harmon and Greer Counties. The headwatérsRed River-Salt Fork
(OK311600020010 _10) originate in Collingsworth Coumexas, although the majority of its
contributing watershed is located in the State kilk@oma (95 percent).

These counties are part of the Central Great Platasegion. The waterbodies in the
Study Area lay within the Anadarko Basin, Wichitaoivhtain Uplift and Hollis Basin
geological provinces. The northern portion of N&est Otter Creek (OK311500020040)
watershed is part of the Wichita Mountains WildRefuge.

Table 1-2, derived from the 2000 U.S. Census, detnates that the counties in which
these watersheds are located are sparsely pop@latedCensus Bureau 2000).

Table 1-2 County Population and Density

County Name Population (2000 | Population Den_sity

Census) (per square mile)
Beckham 19,799 22
Washita 11,508 12
Kiowa 10,227 10
Jackson 28,439 35
Harmon 3,283 6
Greer 6,061 10
Collingsworth, TX 3,206 4

Climate. Table 1-3 summarizes the average annual pretgitéor each WQM station.
Average annual precipitation values among the WQalians in this portion of Oklahoma
range between 26.3 and 30.3 inches (Oklahoma iatvey 2007).
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Table 1-3 Average Annual Precipitation by Watershed
Upper Red River Precipitation Summary
Average
Waterbody Name Waterbody ID Annual
(Inches)
Red River-North Fork at US 62 0OK311500010020_10 29.8
Stinking Creek 0OK311500010050_00 29.3
Tepee Creek 0OK311500010110_00 29.1
West Otter Creek 0OK311500020040_00 30.3
Elk Creek 0OK311500030010_00 29.4
Little Elk Creek 0OK311500030040_00 29.2
Red River-North Fork at SH 34 0OK311510010010_00 28.1
Turkey Creek 0OK311510020060_00 26.3
Sandy Creek (Lebos) 0OK311600010040_00 26.7
Red River-Salt Fork at US 283 0OK311600020010_00 27.7
Red River-Salt Fork at SH 34 0OK311600020010_10 27.4
Bitter Creek 0OK311600020110 00 29.2
Cave Creek 0OK311600020140_00 26.7
Red River-Elm Fork 0OK311800000010_00 28.0
Deer Creek 0OK311800000070_00 27.2
Fish Creek 0OK311800000130_00 26.3

Land Use. Tables 1-4a, 1-4b and 1-4c summarize the acreaggsh@& corresponding
percentages of the land use categories for theribotbhg watershed associated with each
respective Oklahoma waterbody. The land use/lanwkrcdata were derived from the U.S.
Geological Survey (USGS) 2001 National Land CovetaSet (USGS 2007). The land use
categories are displayed in Figure 1-2.

The combination of shrub/scrub and row crops, itogadbetween 69 and 92 percent, are the
primary land use categories in all watershedsenStudy Area, except for Turkey Creek, Cave
Creek, Deer Creek and Fish Creek. The watersledbdse creeks are primarily shrub/scrub
at 36.6, 72.3, 65.6, and 66.3 percent, respectivdlile second most common land use for
Turkey Creek, Cave Creek, Deer Creek and Fish Geegkasslands/herbaceous at 35.9, 13.3,
21.6, and 32.8 percent respectively. There areetluities within the Red River-EIm Fork
watershed: Greer, Granite and Mangum. The RedrfSaé Fork at US 283 watershed has
three cities: East Duke, Olustee, and Elmer. Thesealso three cities in the Red River-North
Fork at US 62 watershed: Headrick, Snyder, and NoarPark. The Cities of Eldorado and
Gould are within the Sandy Creek watershed. Re@rorth Fork at SH 34 also has two
cities: Willow and Carter. The only city locatadTurkey Creek watershed is Erick, the only
city located in the Stinking Creek watershed isu8)tthe only city within Tepee Creek is Lone
Wolf, and the only city in the Little EIk Creek vesished is Rocky. There are no urban areas
within Fish Creek, Deer Creek, Red River-Salt FarlSH 34, Bitter Creek, Otter Creek, Elm
Creek or Cave Creek watersheds. Low, medium, ajidihtensity developed land account for
less than 1 percent of the land use in each wadystith the exception of the Stinking Creek
watershed, where developed land accounts for 4cepeof the land use.
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Table 1-4a Land Use Summaries by Watershed
WQM Station
Landuse Category Red River-North . West Otter .
Fork at US 62 Stinking Creek Tepee Creek Creek Elk Creek Little Elk Creek
Waterbody ID 0K311500010020_10 | OK311500010050_00 | OK311500010110 00 | OK311500020040_00 | OK311500030010_00 | OK311500030040_00
Percent of Open Water 1.1 0.2 0.3 0.2 0.2 0.7
Percent of Developed, 3.5 6.6 3.9 3.9 3.9 45
Open Space
Percent of Developed, 0.4 2.7 0.2 0.1 0.0 0.7
Low Intensity
Percent of Developed, 0.0 0.8 0.0 0.0 0.0 0.0
Medium Intensity
Percent of Developed, 0.0 0.6 0.0 0.0 0.0 0.0
High Intensity
Percent of Barren Land
(Rock/Sand/Clay) 0.2 0.1 0.0 0.0 0.0 0.0
Percent of Deciduous 10 0.0 0.0 06 0.0 0.0
Forest
Percent of Evergreen 0.1 0.0 0.0 0.0 0.0 0.0
Forest
Percent of Mixed Forest 4.0 2.6 3.7 1.8 1.7 2.6
Percent of Shrub/Scrub 22.2 20.8 22.4 42.7 25.0 20.6
Percent of
Grassland/Herbaceous 20.6 4.9 1.8 78 6.7 4.5
Percent of Pasture/Hay 0.0 0.0 0.0 0.0 0.0 0.0
Percent of Cultivated 46.8 60.5 675 425 62.4 66.2
Crops
Percent of Woody 0.0 0.1 0.1 0.4 0.1 0.1
Wetlands
Percent of Emergent
Herbaceous Wetlands 0.0 0.0 0.0 0.0 0.0 0.0
Acres Open Water 2,260 165 126 40 68 259
Acres Developed, Open 6,948 5,227 1,841 948 1,554 1,642
Space
Acres _Developed, Low 733 2125 89 26 11 273
Intensity
Acres Developed, 66 607 14 0 2 6
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WQM Station
Landuse Category Red River-North - West Otter ;
Fork at US 62 Stinking Creek Tepee Creek Creek Elk Creek Little Elk Creek
Waterbody ID OK311500010020_10 [ OK311500010050_00 | OK311500010110_00 | OK311500020040_00 | OK311500030010_00 | OK311500030040_00
Medium Intensity
Acres _Developed, High 39 500 2 5 0 0
Intensity
Acres Barren Land
(Rock/Sand/Clay) 443 40 0 0 0 0
Acres Deciduous Forest 1,965 32 15 142 1 2
Acres Evergreen Forest 221 13 3 2 1 0
Acres Mixed Forest 8,045 2,085 1,738 450 662 949
Acres Shrub/Scrub 44,322 16,429 10,555 10,459 10,020 7,532
Acres
Grassland/Herbaceous 41,183 3,864 865 1,911 2,694 1,651
Acres Pasture/Hay 52 0 0 0 0 0
Acres Cultivated Crops 93,450 47,772 31,764 10,416 24,979 24,243
Acres Woody Wetlands 40 80 31 103 28 48
Acres Emergent
Herbaceous Wetlands 4 0 0 0 0 0
Total (Acres) 199,771 78,938 47,043 24,499 40,020 3 6,606
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Table 1-4b  Land Use Summaries by Watershed
WQM Station
Landuse Category Red River-North Turkev Creek Sandy Creek Red River-Salt Red River-Salt
Fork at SH 34 y (Lebos) Fork at US 283 Fork at SH 34
Waterbody ID OK311510010010_00 OK311510020060_00 OK311600010040_00 OK311600020010_00 OK311600020010_10
Percent of Open Water 0.2 0.1 0.0 0.2 0.2
Percent of Developed, Open 3.0 31 46 34 17
Space
Percer_n of Developed, Low 01 06 0.2 01 0.2
Intensity
Percent of Developed, Medium 0.0 01 0.0 0.0 0.0
Intensity
Percent of Developed, High 0.0 0.0 0.0 0.0 0.0
Intensity
Percent of Barren Land
(Rock/Sand/Clay) 0.3 0.4 0.0 0.2 0.4
Percent of Deciduous Forest 0.0 0.0 0.1 0.0 0.0
Percent of Evergreen Forest 0.0 0.0 0.0 0.0 0.0
Percent of Mixed Forest 5.6 3.7 0.9 1.0 3.6
Percent of Shrub/Scrub 39.9 36.6 39.5 42.7 59.6
Percent of
Grassland/Herbaceous 17.3 35.9 2.1 4.1 13.9
Percent of Pasture/Hay 0.0 0.0 0.0 0.0 0.0
Percent of Cultivated Crops 32.5 19.5 52.5 48.0 18.0
Percent of Woody Wetlands 1.2 0.0 0.0 0.3 2.3
Percent of Emergent Herbaceous 0.0 00 0.0 00 0.0
Wetlands
Acres Open Water 276 21 51 458 209
Acres Developed, Open Space 5,121 947 5,394 7,743 2,291
Acres Developed, Low Intensity 111 195 189 304 322
Acres _Developed, Medium 14 23 15 10 35
Intensity
Acres Developed, High Intensity 1 6 0 2 16
Acres Barren Land
(Rock/Sand/Clay) 596 114 5 345 587
Acres Deciduous Forest 4 0 60 73 16
Acres Evergreen Forest 2 0 48 77 4
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WQM Station
Landuse Category Red River-North Turkev Creek Sandy Creek Red River-Salt Red River-Salt
Fork at SH 34 y (Lebos) Fork at US 283 Fork at SH 34
Waterbody ID 0OK311510010010_00 OK311510020060_00 | OK311600010040_00 OK311600020010_00 OK311600020010_10

Acres Mixed Forest 9,679 1,111 1,078 2,341 4,985
Acres Shrub/Scrub 68,969 11,109 46,709 97,852 82,352
Acres Grassland/Herbaceous 29,849 10,907 2,521 9,319 19,252
Acres Pasture/Hay 0 0 0 0 0
Acres Cultivated Crops 56,231 5,926 62,034 110,079 24,834
Acres Woody Wetlands 2,039 4 52 728 3,186
Acres Emergent Herbaceous
Wetlands 0 0 0 0 0
Total (Acres) 172,892 30,364 118,158 229,332 138,09 0
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Table 1-4c  Land Use Summaries by Watershed
WQM Station
Landuse Categor iver-
. - Bitter Creek Cave Creek e IT:'(\)Irekr el Deer Creek Fish Creek
Waterbody ID OK311600020110_00 OK311600020140_00 OK311800000010_00 OK311800000070_00 OK311800000130_00
Percent of Open Water 0.0 0.0 0.1 0.0 0.0
Percent of Developed, Open 49 21 23 07 0.2
Space
Percer_n of Developed, Low 01 00 0.2 00 0.0
Intensity
Percent of Developed, Medium 0.0 0.0 0.0 0.0 0.0
Intensity
Percent of Developed, High 0.0 0.0 0.0 0.0 0.0
Intensity
Percent of Barren Land
(Rock/Sand/Clay) 0.0 0.1 0.5 0.1 0.0
Percent of Deciduous Forest 0.2 0.0 0.0 0.0 0.0
Percent of Evergreen Forest 0.1 0.0 0.0 0.0 0.0
Percent of Mixed Forest 0.6 1.1 1.2 0.5 0.5
Percent of Shrub/Scrub 10.1 72.3 59.2 65.6 66.3
Percent of
Grassland/Herbaceous 2.6 13.3 14.2 21.6 328
Percent of Pasture/Hay 0.0 0.0 0.0 0.0 0.0
Percent of Cultivated Crops 82.0 11.1 21.9 11.4 0.3
Percent of Woody Wetlands 0.1 0.0 0.4 0.0 0.0
Percent of Emergent Herbaceous 0.0 00 0.0 00 0.0
Wetlands
Acres Open Water 0 1 338 14 0
Acres Developed, Open Space 138 337 6,004 204 33
Acres Developed, Low Intensity 4 517 0 0
Acres _Developed, Medium 0 a1 0 0
Intensity
Acres Developed, High Intensity 0 0 21 0 0
Acres Barren Land
(Rock/Sand/Clay) 0 11 1,205 35 5
Acres Deciduous Forest 7 0 14 0 0
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WQM Station
Landuse Categor iver-
Y Bitter Creek Cave Creek R Ff:'gfkr el Deer Creek Fish Creek
Waterbody ID OK311600020110_00 OK311600020140_00 | OK311800000010_00 OK311800000070_00 0OK311800000130_00
Acres Evergreen Forest 3 0 11 0 0
Acres Mixed Forest 19 168 3,081 157 97
Acres Shrub/Scrub 331 11,335 153,339 19,388 13,756
Acres Grassland/Herbaceous 85 2,083 36,795 6,394 6,807
Acres Pasture/Hay 0 0 0 0 0
Acres Cultivated Crops 2,694 1,734 56,571 3,361 54
Acres Woody Wetlands 4 6 908 12 3
Acres Emergent Herbaceous
Wetlands 0 0 0 0 0
Total (Acres) 3,285 15,678 258,847 29,567 20,756
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Figure 1-1  Watersheds Not Supporting Primary or Seandary Body Contact Recreation Use within the Studyrea
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Figure 1-2 Land Us
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Upper Red River Bacteria TMDLsS Problem Identifioatand Water Quality Target

SECTION 2
PROBLEM IDENTIFICATION AND WATER QUALITY TARGET

2.1  Oklahoma Water Quality Standards

Title 785 of the Oklahoma Administrative Code auibes the Oklahoma Water Resources
Board (OWRB) to promulgate Oklahoma's water qualgiandards and implementation
procedures (OWRB 2006). The OWRB has statutoriiaily and responsibility concerning
establishment of state water quality standard@ragided under 82 Oklahoma Statute [O.S.],
8§1085.30. This statute authorizes the OWRB to pigate rules .which establish
classifications of uses of waters of the statefeda to maintain and protect such
classifications, and other standards or policiestpming to the quality of such waterfO.S.
82:1085:30(A)] Beneficial uses are designated for all waters ef gkate. Such uses are
protected through restrictions imposed by the agtiddation policy statement, narrative water
quality criteria, and numerical criteria (OWRB 2006The beneficial uses designated for the
Red River-North Fork at US 62 (OK311500010020), Rewer-North Fork at SH 34
(OK311510010010), Stinking Creek (OK31150001005®pee Creek (OK311500010110),
West Otter Creek (OK311500020040), Elk Creek (OKZMD30010), Little Elk Creek
(OK311500030040), Turkey Creek (OK311510020060)dgaCreek (OK311600010040),
Red River-Salt Fork at US 283 (OK311600020010 (®¢d-River-Salt Fork at SH 34
(OK311600020010_10), Bitter Creek (OK31160002011tgve Creek (OK311600020140),
Red River-ElIm Fork (OK311800000010), Deer Creek 8DX800000070), and Fish Creek
(OK311800000130) include PBCR, public/private wateupply, warm water aquatic
community, industrial and municipal process andliogowater, agricultural water supply, fish
consumption, sensitive water supply, habitat lichi@quatic community, secondary body
contact recreation (SBCR) and aesthetics. The TMiDlthis report address the SBCR use for
Sandy Creek (OK311600010040) and Bitter Creek (Q680020110) and the PBCR use for
all of the remaining waterbodies. Table 2-1, arceept from Appendix B of the 2004
Integrated Report (ODEQ 2004), summarizes the PBCBBCR use attainment status and the
priority for TMDL development established by ODEQr fthe impaired waterbodies of the
Study Area. The priority for targeting TMDL devploent and implementation is derived from
the chronological order of the dates listed in TMDL Date column of Table 2-1. The
TMDLs established in this report are a necessay 8t the process to restore the PBCR or
SBCR use designation for each waterbody.

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

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

(b) In waters designated for Primary Body Contaaciation...limits...shall apply only
during the recreation period of May 1 to Septem®@r The criteria for Secondary Body
Contact Recreation will apply during the remainadé¢ithe year.
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Table 2-1 Excerpt from the 2004 Integrated Report -Comprehensive Waterbody
Assessment Category List
ﬁ ﬂ,’ ? c > E c
Waterbody 1D Waterbody Name z 2| 4 c;\ 58| 8 § 2
] = A TSSO §559
S g 5 |E58|388
n O = oOX | nmX
0OK311500010020_10 | Red River-North Fork at US 62 62.04 | 5 2005 N NA
0OK311500010050_00 | Stinking Creek 17.44 | 5 2007 N NA
0OK311500010110 00 | Tepee Creek 1951 | 5 2007 N NA
0OK311500020040_00 | West Otter Creek 8.27 5 | 2007 N NA
OK311500030010_00 | Elk Creek 15,70 | 5 | 2005 N NA
0OK311500030040_00 | Little Elk Creek 16.20 | 5 | 2007 N NA
0OK311510010010_00 | Red River-North Fork at US 34 58.68 | 5 2005 N NA
0OK311510020060_00 | Turkey Creek 1942 | 5 | 2007 N NA
0OK311600010040_00 | Sandy Creek (Lebos) 3965 | 5 2005 NA N
0OK311600020010_00 | Red River-Salt Fork at US 283 13.67 | 5 | 2005 N NA
0OK311600020010_10 | Red River-Salt Fork at SH 34 69.63 | 5 | 2005 N NA
0OK311600020110_00 | Bitter Creek 5.27 5 | 2007 NA N
0OK311600020140_00 | Cave Creek 13.69 | 5 | 2007 N NA
0OK311800000010_00 | Red River-Elm Fork 62.93 | 5 | 2005 N NA
0OK311800000070_00 | Deer Creek 2257 | 5 | 2007 N NA
0OK311800000130_00 | Fish Creek 1779 | 5 2007 N NA

N = Not Supporting; Source: 2004 Integrated Re@BEQ 2004
NA = Not Applicable

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

(a) The water quality requirements for SecondargyBGontact Recreation are usually not
as stringent as for Primary Body Contact Recreation

(b) The Secondary Body Contact Recreation benéfisa is designated where ingestion
of water is not anticipated.

(c) Associated activities may include boating,ifighor wading.

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

(@) Scope. The provisions of this Section shallused to determine whether the
subcategory of Primary Body Contact of the benafiase of Recreation designated in OAC
785:45 for a waterbody is supported during the eatron season from May 1 through
September 30 each year. Where data exist for rnfmiltjacterial indicators on the same
waterbody or waterbody segment, the determinatfamse support shall be based upon the use
and application of all applicable tests and data.
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(b) Screening levels.
(1) The screening level for fecal coliform shalldbdensity of 400 colonies per 100ml.

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

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

(c) Fecal coliform:

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

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

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

(d) Escherichia coli (E. coli):

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

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

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

(e) Enterococci:

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

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

Compliance with the Oklahoma WQS is based on mgetaguirements for all three
bacterial indicators. Where concurrent data ewistnultiple bacterial indicators on the same
waterbody or waterbody segment, each indicatorggmust demonstrate compliance with the
numeric criteria prescribed (OWRB 2006).

As stipulated in the WQS, utilization of the geontetmean to determine compliance for
any of the three indicator bacteria depends onctilection of five samples within a 30-day
period. For most WQM stations in Oklahoma theeeiasufficient data available to calculate
the 30-day geometric mean since most water qusdityples are collected once a month. As a
result, waterbodies placed on the 303(d) list fot supporting the PBCR are the result of
individual samples exceeding the instantaneougr@itor the long-term geometric mean of
individual samples exceeding the geometric meater@i for each respective bacterial
indicator. Targeting the instantaneous criteristalelished for the primary contact recreation
season (May®lto September 3) as the water quality goal for TMDLs correspondstie
basis for 303(d) listing and may be protective lid geometric mean criterion as well as the
criteria for the secondary contact recreation seasblowever, both the instantaneous and
geometric mean criteria fd&. coliand Enterococci will be evaluated as water quaditgets to
ensure the most protective goal is establisheddoh waterbody.

The specific data assessment method for listingcator bacteria based on instantaneous
or single sample criterion is detailed in Oklahosn2004 Integrated Report. As stated in the
report, a minimum of 10 samples collected betweeay 8i' and September 30(during the
primary recreation season) is required to listgarsent forE. coliand Enterococci.

A sample quantity exception exists for fecal cafifiothat allows waterbodies to be listed
for nonsupport of PBCR if there are less than I0@as. The assessment method states that if
there are less than 10 samples and the existingleaset already assures a nonsupport
determination, then the waterbody should be lisoged"MDL development. This condition is
true in any case where the small sample set denatestthat at least three out of six samples
exceed the single sample fecal coliform criteriom this case if four more samples were
available to meet minimum of 10 samples, this watilll translate to >25 percent exceedance
or nonsupport of PBCR.¢., three out of 10 samples = 33 percent exceedaie®)E. coliand
Enterococci, the 10-sample minimum was used, with@xception, in attainment
determination.

There are two creeks, Sandy Creek (OK311600010040yd Bitter Creek
(OK311600020110), in the Upper Red River Study Atleat are designated as Secondary
Body Contact Recreation (SBCR) beneficial use.e @ata assessment method used for SBCR
streams is the same as with the PBCR, althouglerttexia are five times those of the PBCR
streams. The single sample criterion for SBCRfdéorl coliform,E. coli,and Enterococci are
2,000, 2,030, and 540 colonies per 100 mL, respagtiand the geometric mean criterion for
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fecal coliform, E. coli, and Enterococci are 2030, and 165 colonies per 100 mL,
respectively.

2.2 Problem Identification

Table 2-2 summarizes water quality data collecteding primary contact recreation
season from the WQM stations between 1999 and &i¥08ach indicator bacteria. Table 2-3
summarizes water quality data collected during séapy contact recreation season from the
WQM stations between 1999 and 2001 for each indlichacteria. All the data collected
during the primary or secondary contact recreasiesson was used to support the decision to
place specific waterbodies within the Study ArealaODEQ 2004 303(d) list (ODEQ 2004).
Table 2-2 and Table 2-3 also summarize instancesematerbodies or bacterial indicators are
recommended for removal from or addition to the (8D3ist based on further data analysis
associated with the preparation of this report. taVajuality data from the primary and
secondary contact recreation seasons are providedppendix A. For the data collected
between 1999 and 2003, evidence of nonsupport ®fPBBCR use based on fecal coliform
concentrations was observed in seven waterbodaaking Creek (OK311500010050), Tepee
Creek (OK311500010110), West Otter Creek (OK311200a0), Little EIk Creek
(OK311500030040), Turkey Creek (OK311510020060erereek (OK311800000070), and
Fish Creek (OK311800000130). Evidence of nonsuppdrthe PBCR use based on
Enterococci concentrations was observed in thraeraadies: Elk Creek (OK311500030010),
Red River-North Fork at US 62 (OK311500010020), &t River-North Fork at SH 34
(OK311510010010). Evidence of nonsupport of th€CRBuse based on both fecal coliform
and Enterococci concentrations were observed iniaterbodies: Red River-Salt Fork at SH
34 (OK311600020010_10), and Cave Creek (OK31160D€20 Evidence of nonsupport of
the PBCR use based on all three bacterial indisafecal coliform, Enterococci artel coli
concentrations were observed in two waterbodiesd FRver-Salt Fork at US 283
(OK311600020010 00) and Red River-Elm Fork (OK31Xm010). Evidence of
nonsupport of the SBCR use based on Enterococcotectrations was observed in two
waterbodies: Sandy Creek (OK311600010040) and rBifkeek (OK311600020110). In
Appendix C of the ODEQ 2004 Integrated Report tééahl coliform is also identified as a
pollutant of concern for some 303(d) listed watelibs. This indicator is typically associated
with evaluating use impairment for waterbodies withnking water as a designated use.
However, because there are no drinking water istakighin 5 miles of the WQM stations
associated with total fecal coliform samples caéid¢ the listing of this bacterial indicator in
Category 5 of the 2004 Integrated Report does eqtire the development of a TMDL.
Tables 2-4 and 2-5 summarize the waterbodies rieguitMDLs for not supporting PBCR and
SBCR use, respectively.

2.3  Water Quality Target

The Code of Federal Regulations (40 CFR 8§130.7\cRtates that, “TMDLs shall be
established at levels necessary to attain and emaitihe applicable narrative and numerical
water quality standards.” For the WQM stationsureqg TMDLSs in this report, defining the
water quality target is somewhat complicated byuke of three different bacterial indicators
with three different numeric criterion for deternmg attainment of PBCR use as defined in the
Oklahoma WQSs. An individual water quality targeestablished for each bacterial indicator
since each indicator group must demonstrate cong@iavith the numeric criteria prescribed in
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the Oklahoma WQS (OWRB 2006). As previously stabstause available bacteria data were
collected on an approximate monthly basis (see AgipeA) instead of at least five samples

over a 30—-day period, data for these TMDLs areyaea and presented in relation to the
instantaneous criteria for fecal coliform and btita instantaneous and a long-term geometric
mean for botlE. coliand Enterococci.

All TMDLs for fecal coliform must take into accoutitat no more than 25 percent of the
samples may exceed the instantaneous numericiariteorE. coli and Enterococci, no more
than 10 percent of samples may exceed instantaregibeigsa. Since the attainability of stream
beneficial uses forE. coli and Enterococci is based on the compliance ofeeitie
instantaneous or a long-term geometric mean aiterpercent reductions goals will be
calculated for both criteria. TMDLs will be based the percent reduction required to meet
either the instantaneous or long-term geometricneeigerion, whichever is less.

The water quality target for each waterbody wiaaincorporate an explicit 10 percent
MOS. For example, for PBCR, if fecal coliform isllized to establish the TMDL, then the
water quality target is 360 organisms per 100 htdhs (mL), 10 percent lower than the
instantaneous water quality criteria (400/100 mEpr E. coli the instantaneous water quality
target is 365 organisms/100 mL, which is 10 percémwer than the criterion value
(406/100 mL), and the geometric mean water qu#ditget is 113 organisms/100 mL, which is
10 percent lower than the criterion value (126/&0Q. For Enterococci the instantaneous
water quality target is 97/100 mL, which is 10 mc lower than the criterion value
(108/100 mL) and the geometric mean water quaditget is 30 organisms/100 mL, which is
10 percent lower than the criterion value (33/109.m

For SBCR, the water quality target for fecal caiifiois 1,800 organisms per 100 mL,
10 percent lower than the instantaneous water tyuaiteria (2,000/100 mL). FdgE. coli the
instantaneous water quality target is 1,827 orgasi$00 mL, which is 10 percent lower than
the criterion value (2,030/100 mL), and the geommetmean water quality target is
567 organisms/100 mL, which is 10 percent lowenttiee criterion value (630/100 mL). For
Enterococci the instantaneous water quality target86/100 mL, which is 10 percent lower
than the criterion value (540/100 mL) and the geomemean water quality target is
149 organisms/100 mL, which is 10 percent lowenftthe criterion value (165/100 mL).

Each water quality target will be used to deterntime allowable bacteria load which is
derived by using the actual or estimated flow rdaoultiplied by the instream criteria minus a
10 percent MOS. The line drawn through the alldedbad data points is the water quality
target which represents the maximum load for amgrgilow that still satisfies the WQS.
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Table 2-2 Summary of Indicator Bacteria Samples fron Primary Body Contact Recreation Season, 1999-2003
Single
_ Sample Geometric Number Number of % of o
Waterbody Indicator Water Mean Samples Samples Reason for Listing
Waterbody ID X . . of ) )
Name Bacteria Q_ual_|ty Concentration Samples Exc_ee(_jlng Exc_ee(_jmg Change
Criterion | (count/100ml) Criterion Criterion
(#/100ml)
North Fork of FC 400 167 17 4 24%
OK311500010020_10 | Red River at EC 406 90 18 2 11%
US 62 ENT 108 156 16 9 56%
FC 400 2947 7 6 86%
OK311500010050_00 | Stinking Creek EC 406 338 5 2 40% Delist: Low Sample Count
ENT 108 518 6 4 67% Delist: Low Sample Count
FC 400 240 9 3 33%
OK311500010110_00 | Tepee Creek EC 406 250 6 2 33% Delist: Low Sample Count
ENT 108 697 6 5 83% Delist: Low Sample Count
FC 400 584 8 6 75%
West Otter -
OK311500020040_00 Creek EC 406 227 7 1 14% Delist: Low Sample Count
ENT 108 1184 6 5 83% Delist: Low Sample Count
Elk Creek. off FC 400 165 26 5 19%
OK311500030010_00 US 183 I—iobart EC 406 49 26 1 4%
’ ENT 108 204 26 16 62%
FC 400 348 8 3 38%
OK311500030040_00 | Little Elk Creek EC 406 161 6 1 17% Delist: Low Sample Count
ENT 108 1027 6 5 83% Delist: Low Sample Count
North Fork of FC 400 109 20 4 20%
OK311510010010_00 | the Red River EC 406 45 20 1 5%
at SH 34 ENT 108 99 20 8 40%
FC 400 447 8 3 38%
OK311510020060_00 | Turkey Creek EC 406 97 6 0 0%
ENT 108 554 6 5 83% Delist: Low Sample Count
Salt Fork of the FC 400 794 18 11 61%
OK311600020010_00 | Red River at EC 406 132 18 3 17% List: >GeoMean+Daily Max
US 283 ENT 108 496 18 12 67%
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Single
_ Sample Geometric Number Number of % of o
Waterbody Indicator Water Mean Samples Samples Reason for Listing
Waterbody ID X . . of : )
Name Bacteria Q_ual_|ty Concentration Samples Exc_ee(_jlng Exc_eedmg Change
Criterion | (count/100ml) Criterion Criterion
(#/200ml)
Salt Fork of the FC 400 252 11 4 36% List: >25%
OK311600020010_10 | Red River at EC 406 55 11 0 0%
SH 34 ENT 108 683 11 9 82%
FC 400 153 5 1 20%
OK311600020010_10 22'; ';‘i)\r/';r‘)f EC 406 32 3 0 0%
ENT 108 122 3 1 33% Delist: Low Sample Count
FC 400 540 11 6 55% List: >25%
OK311600020140_00 | Cave Creek EC 406 242 6 2 33% Delist: Low Sample Count
ENT 108 372 10 9 90%
Elm Fork River FC 400 154 27 7 26%
OK311800000010_00 SH 9 Mangum’ EC 406 538 27 17 63%
’ ENT 108 233 27 17 63%
FC 400 518 7 6 86%
Deer Creek: —
OK311800000070_00 Greer Co. EC 406 174 6 2 33% Delist: Low Sample Count
ENT 108 239 6 4 67% Delist: Low Sample Count
FC 400 300 8 4 50%
OK311800000130_00 | Fish Creek EC 406 54 6 0 0%
ENT 108 155 6 3 50% Delist: Low Sample Count
EC =E. coli ENT = enterococci; FC = fecal coliform
Highlighted bacterial indicators require TMDL
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Table 2-3 Summary of Indicator Bacteria Samples from Secondary Body Contact Recreation Season, 1999920
Single
Sample : Number of | |
Waterbody | Indicator Water Sl Mean ses Samples e Sa”!p'es Reason for Listing
Waterbody ID . ; Concentration of ) Exceeding
Name Bacteria Quality Exceeding o Change
o (count/100ml) Samples o Criterion

Criterion Criterion

(#/200ml)

Sandy FC 2000 634 14 3 21% Delist: <GeoMean
0OK311600010040_00 Creek EC 2030 230 14 1 7% Delist: <GeoMean
(Lebos) ENT 540 884 14 7 50%

FC 2000 238 13 2 15%
OK311600020110_00 Bitter Creek EC 2030 73 11 0 0%
ENT 540 620 13 5 38%

EC =E. coli; ENT = enterococci; FC = fecal coliform
Highlighted bacterial indicators require TMDL

Table 2-4 Waterbodies Requiring TMDLs for Not Suppating Primary Body Contact Recreation Use
WQM Station Waterbody ID Waterbody Name Inefezitor Feeoma
FC ENT E. coli
0K311500010020-001AT 0K311500010020_10 Red River-North Fork at US 62 X
OK311500010050G OK311500010050_00 Stinking Creek X
OK311500010110G OK311500010110_00 Tepee Creek X
OK311500020040G 0OK311500020040_00 West Otter Creek X
OK311500030010-001AT OK311500030010_00 Elk Creek X
OK311500030040-001AT OK311500030040_00 Little EIk Creek X
0K311510010010-001AT 0K311510010010_00 Red River-North Fork at SH 34 X
OK311510020060G 0OK311510020060_00 Turkey Creek X
0K311600020010-002AT 0K311600020010_00 Red River-Salt Fork at US 283 X X X
0K311600020010-001AT 0K311600020010_10 Red River-Salt Fork at SH 34 X X
OK311600020140G 0OK311600020140_00 Cave Creek X X
OK311800000010-001AT OK311800000010_00 Red River-Elm Fork X X X
OK311800000070C OK311800000070_00 Deer Creek X
0K311800000130G 0K311800000130_00 Fish Creek X
ENT = enterococci; FC = fecal coliform
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Table 2-5 Waterbodies Requiring TMDLSs for Not Suppating Secondary Body Contact Recreation Use

WQM Station Waterbody ID Waterbody Name Inelezitor Feoa
FC ENT E. coli
OK311600010040-001AT 0OK311600010040_00 Sandy Creek (Lebos) X
0OK311600020110G 0OK311600020110_00 Bitter Creek X
ENT = enterococci; FC = fecal coliform
UnperRed_FINAL_06-11.06.doc 2-10 FINAL
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SECTION 3
POLLUTANT SOURCE ASSESSMENT

A source assessment characterizes known and sedpsatirces of pollutant loading to
impaired waterbodies. Sources within a watershectategorized and quantified to the extent
that information is available. Bacteria origindtem humans, warm-blooded animals, and
some plant life and sources may be point or noripoinature.

Point sources are permitted through the NPDES progrNPDES-permitted facilities that
discharge treated wastewater are required to nrofuatoone of the three bacteria indicators
(fecal coliform,E coli, or Enterococci) in accordance with its permitondoint sources are
diffuse sources that typically cannot be identifeei entering a waterbody through a discrete
conveyance at a single location. These sources imayve land activities that contribute
bacteria to surface water as a result of raintaibff. For the TMDLs in this report, all sources
of pollutant loading not regulated by NPDES arestd&red nonpoint sources. The following
discussion describes what is known regarding paimt nonpoint sources of bacteria in the
impaired watersheds. Where information was aviglaim point and nonpoint sources of
bacteria originating in portions of the impairedt@raheds located in Texas, data were provided
and summarized as part of each category. Thesewdat provided to demonstrate that some
of the bacteria loading outside of Oklahoma'’s gidion may contribute to nonsupport of the
PBCR use in Oklahoma. It is recognized that Oktahdras no enforcement authority over
bacteria sources originating beyond the Oklahomitz ftoundary.

3.1 NPDES-Permitted Facilities

Under 40CFR, 8122.2, a point source is describeal discernable, confined, and discrete
conveyance from which pollutants are or may be hdisged to surface waters. Certain
NPDES-permitted municipal plants are classifiech@glischarge facilities. NPDES-permitted
facilities classified as point sources that maytebuate bacteria loading include:

* NPDES municipal wastewater treatment plant (WWTP);

* NPDES municipal no-discharge WWTP,;

* NPDES municipal separate storm sewer discharge {\®4l
* NPDES Concentrated Animal Feeding Operation (CAFO).

Continuous point source discharges such as WWiRsd cesult in discharge of elevated
concentrations of fecal coliform bacteria if theidfection unit is not properly maintained, is of
poor design, or if flow rates are above the diginfen capacity. While the no-discharge
facilities do not discharge wastewater directlyatwaterbody, it is possible that the collection
systems associated with each facility may be aceoaf bacteria loading to surface waters.
Stormwater runoff from MS4 areas, which is now taged under the USEPA NPDES
Program, can also contain high fecal coliform baateoncentrations. There are two urbanized
areas designated as MS4s within this Study AreaAF@s are recognized by USEPA as
significant sources of pollution, and may have pl¢ential to cause serious impacts to water
quality if not properly managed.

There are no NPDES-permitted facilities of any typéhe contributing watersheds of Elk
Creek (OK311500030010_00), Bitter Creek (OK3116@1a® 00), Cave Creek
(OK311600020140_00), Deer Creek (0OK31180000007Q 0@nd Fish Creek
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(OK311800000130_00). Eleven of the watershedsianStudy Area, including Red River-
North Fork at US 62 (OK311500010020_10), Stinkingek (OK311500010050_00), Tepee
Creek (OK311500010110_00), West Otter Creek (OKBD020040_00), Little Elk Creek
(OK311500030040_00), Red River-North Fork at SH (8K311510010010_00 ), Turkey
Creek (OK311510020060_00), Sandy Creek (Lebos) (@KB0010040_00), Red River-Salt
Fork at SH 34 (OK311600020010_10), Red River-SalorkF at US 283

(OK311600020010_00), and Red River-EIm Fork (OK3II®0010 00) have NPDES-
permitted facilities. There is one urbanized atesignated as an MS4 within this Study Area.

3.1.1 Continuous Point Source Discharges

The locations of the NPDES-permitted facilities @fhidischarge wastewater to surface
waters addressed in these TMDLs are listed in Tadleand displayed in Figure 3-1. For the
purposes of the pollutant source assessment owlilityfatypes identified in Table 3-1 as
Sewerage Systems are assumed to contribute batdada within the watersheds of the
impaired waterbodies. For some continuous pointrce discharge facilities the permitted
design flow was not available and therefore isprovided in Table 3-1.

Table 3-1 Point Source Discharges in the Study Area
¥ Design . ¥
NPDES Name Receiving Water Facility County Flow Actlv_e/ Facility
Permit No. Type Name Inactive ID
(mgd)
Meridian | OK311500010020_10 Cr/‘i‘:']ged
OKG950015 | Aggregates | Red River-North Fork Kiowa N/A Active N/A
Broken
Co.-Snyder at US 62 ;
Granite
City of Altus | OK311500010050_00 | Sewerage :
OK0028037 WWTE Stinking Creek Systems Jackson 2.0 Active | S11514
Republic | OK311600020010_00 Cr/‘i‘:']ged
OKO0043290 | Gypsum Co. | Red River-Salt Fork Jackson N/A Active N/A
Broken
Quarry at US 283 .
Limestone
%megﬁfn” OK311600020010_00 |
0K0043362 yp Red River-Salt Fork b Jackson | N/A | Active | N/A
Co.-Wall Products
at US 283
Board
Citv of 0OK311600020010_10 Sewerage
0K0028827 Y Red River, Salt Fork 9€ 1 Greer | 030 | Active | S11607
Mangum Systems
at SH 34
Snyder | OK311500010020_10 Crﬂ&ed
OKO0041530 | Processing | Red River-North Fork Kiowa N/A Inactive N/A
Broken
Plant at US 62 ;
Granite
Snyder | OK311500010020_10 Cr/‘i‘:']ged
OKO0042137 | Quarry And | Red River-North Fork Kiowa N/A Inactive N/A
. Broken
Processing at US 62 ;
Granite
OK0020745 | City of Erick | OK311510020060_00 | Sewerage | o oypam | N/A | Inactive | S11501
Turkey Creek Systems
Town of 0OK311500010020_10 Sewerage
OK0032492 Red River-North Fork 9 Kiowa N/A N/A N/A
Snyder Systems
at US 62
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- Design . -
NPDES Name Receiving Water Facility County Flow Actlv_e/ Facility
Permit No. Type Name Inactive ID
(mgd)
Roosevelt Cut Stone
OKO0034690 | Granite Co- OK311500020040_00 And Kiowa N/A N/A N/A
. Otter Creek, West Stone
Kiowa Cou
Products
Town of 0OK311600020010_00 Sewerage
OK0027481 Red River-Salt Fork 9 Harmon N/A N/A N/A
Arnett Systems
at US 283
Town of OK311600020010_00 Sewerage
OK0020044 Red River-Salt Fork 9 Jackson N/A N/A N/A
Olustee Systems
at US 283
Oklahoma
Sta OK311800000010_00 | Sewerage
OK0033448 Reformatory- | Red River-Elm Fork Systems Greer N/A N/A N/A
Grani
OK0042706 N/A OK311800000010_00 | \,/a Greer | NIA N/A N/A
Red River-Elm Fork

N/A = not available

Discharge Monitoring Reports (DMR) for fecal cotifio analyses were not available for
the facilities listed in Table 3-1. Given the laekDMR data on bacteria concentrations from
point source discharges in the Study Area, it ispussible to provide an adequate evaluation
of the performance of WWTPs in the impaired watedshwith respect to their compliance
with fecal coliform permit limits over time.

3.1.2 NPDES No-Discharge Facilities and SSOs

There are 12 NPDES no-discharge facilities withie $tudy Area. The locations of these
facilities are listed in Table 3-2 and displayedrigure 3-1. For the purposes of these TMDLSs,
it is assumed that no-discharge facilities do rattigbute bacteria loading to the Upper Red
River and its tributaries. However, it is possitile wastewater collection systems associated
with those WWTPs could be a source of bacteriaitmpdr that discharges may occur during
large rainfall events that exceed the systemsagwrapacities.

Sanitary sewer overflows (SSO) from wastewaterectibn systems, although infrequent,
can be a major source of fecal coliform loadingsteeams. SSOs have existed since the
introduction of separate sanitary sewers, and ramstcaused by blockage of sewer pipes by
grease, tree roots, and other debris that clogrskwes, by sewer line breaks and leaks, cross
connections with storm sewers, and inflow and tirgilon of groundwater into sanitary sewers.
SSOs are permit violations that must be addresgdtebresponsible NPDES permittee. The
reporting of SSOs has been strongly encouraged ®RA, primarily through enforcement
and fines. While not all sewer overflows are répdr ODEQ has some data on SSOs
available. There were 34 SSO occurrences, ranfyomg 0 gallon to 11,433,700 gallons,
reported for certain watersheds within the StudgaAbetween December 1991 and August
1999 which are summarized in Table 3-3. Additiodala on each individual SSO event are
provided in Appendix B. No data were summarized $$0s that may have occurred in
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Figure 3-1  Locations of NPDES-Permitted Facilitiesn the Study Area
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portions of the Study Area located in Texas. Gitlesignificant number of occurrences and
the size of overflows reported, bacteria from S®@ge been a significant source of bacteria
loading in the past in the Stinking Creek (OK311BD0050 00) and Red River- Salt Fork at
SH 34 (OK311600020010_10) watersheds.

Table 3-2 NPDES No-Discharge Facilities in the StydArea
. Facility o Active/
Facility D County Facility Type Type Watershed Inactive
. OK311500010020_10
Mountain Park 11512 Kiowa Lagoon (_Total Municipal | Red River-North Fork at N/A
WWTP Retention) US 62
0OK311500010020_10
Snyder WWTP 11513 Kiowa Land Application Municipal | Red River-North Fork at N/A
US 62
Lagoon (Total 0OK311500010020_10
Headrick WWTP 11527 Jackson 9 . Municipal | Red River-North Fork at N/A
Retention) US 62
Lone Wolf WWTP 11510 Kiowa Land Application Municipal OK311500010110_00 N/A
Tepee Creek
Kiowa Co Rws And . Lagoon (Total - 0OK311500010110_00
SWMD #1 WWTP 11532 Kiowa Retention) Municipal Tepee Creek N/A
. Lagoon (Total - 0OK311500030040_00
Rocky WWTP 11508 Washita Retention) Municipal Little Elk Creek N/A
Lagoon (Total OK311510010010_00
Carter WWTP 11521 Beckham . Municipal | Red River-North Fork at N/A
Retention) SH 34
. . OK311510010010_00
Merritt Mobile Home 11524 Beckham Lagoon (_Total Municipal | Red River-North Fork at N/A
& RV Park Retention) SH 34
. ; 0OK311510010010_00
Potter's Trailer Park 11525 Beckham Lagoon (_Total Municipal | Red River-North Fork at N/A
WWTP Retention) SH 34
Lagoon (Total 0OK311510010010_00
Willow WWTP 11802 Greer g . Municipal | Red River-North Fork at N/A
Retention) SH 34
Lagoon (Total . OK311600010040_00
Gould WWTP 11702 Harmon Retention) Municipal Sandy Creek (Lebos) N/A
Lagoon (Total OK311600020010_00
Olustee WWTP 11605 Jackson 9 . Municipal Red River-Salt Fork at N/A
Retention)
US 283
N/A = not available
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Table 3-3 Sanitary Sewer Overflows Summary
Number Amount
o . Date R
Facility NPDES Receiving Water Facility of ale Range (Gallons)
Name Permit No. 9 ID Occur- _
rences From To Min Max
Cityof | 5x0028037 | OK311500010050 00 | o11514 | 26 | 11/29/1993 | 8/1/1999 | 0 | 8,000,000
Altus Stinking Creek
City of 0K311600020010_10
y OK0028827 | Red River-Salt Fork | S11607 8 12/20/1991 | 8/28/1996 | 0 | 11,433,700
Mangum at SH 34

SSOs are a common result of the aging wastewadi@structure around the state. DEQ
has been ahead of other states and, in some &#3Aasiself in its handling of SSOs. Due to
the widespread nature of the SSO problem, DEQdmasséd its limited resources to first target
SSOs that result in definitive environmental hasoch as fish kills, or lead to citizen
complaints. All SSOs falling in these two categeriare addressed through DEQ’s formal
enforcement process. A Notice of Violation (NO¥irst issued to the owner of the collection
system and a Consent Order (CO) is negotiated ketwlee owner and DEQ to establish a
schedule for necessary collection system upgradekninate future SSOs.

Another target area for DEQ is chronic SSOs fronD8B major facilities, those with a
total design flow in excess of 1 MGD. DEQ periadig reviews the bypass reports submitted
by these major facilities and identifies probleraaa and chronic SSOs. When these problems
are attributable to wet weather, DEQ endeavorsntereinto a CO with the owner of the
collection system to establish a schedule for resrgsepairs. When the problems seem to be
dry weather-related, DEQ will encourage the owrfethe collection system to implement the
proposed Capacity, Management, Operation, and klaamce (CMOM) guidelines aimed at
minimizing or eliminating dry weather SSOs. Thi®iften accomplished through entering into
a Consent Order to establish a schedule for impiatien and annual auditing of the CMOM
program.

All SSOs are considered unpermitted dischargesrudidge statute and DEQ regulations.
The smaller towns have a smaller reserve, are hkalg to use utility revenue for general
purposes, and/or tend to budget less for ongoidgpapreventive maintenance. If and when
DEQ becomes aware of chronic SSOs (more than ongedrsingle location in a year) or
receives a complaint about an SSO in a smaller aomitgn DEQ will pursue enforcement
action. Enforcement almost always begins with sisesance of an NOV and, if the problem is
not corrected by a long-term solution, DEQ willeminto a CO with the facility for a long-
term solution. Long-term solutions usually begithaganitary sewer evaluation surveys
(SSESs). Based on the result of the SSES, thdtifsitan prioritize and take corrective action.
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3.1.3 NPDES Municipal Separate Storm Sewer Discharg e (MS4)
Phase | MS4

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

Phase Il MS4s

Phase Il of the rules developed by the USEPA estengierage of the NPDES Stormwater
Program to certain small MS4s. Small MS4s arengeffias any MS4 that is not a medium or
large MS4 covered by Phase | of the NPDES Stormvirigram. Phase Il requires operators
of regulated small MS4s to obtain NPDES permits dedelop a stormwater management
program. Programs are designed to reduce dischafgpollutants to the “maximum extent
practicable,” protect water quality, and satisfypegpriate water quality requirements of the
CWA. Because stormwater discharges cannot beatgntollected, monitored, and treated,
they are not subject to the same types of effllianitations as wastewater facilities. Instead,
stormwater discharges are required to meet a pesioce standard of providing treatment to
the “maximum extent practical” through the implernation of best management practices
(BMPs).

Small MS4 stormwater programs must address theviollg minimum control measures:

* Public Education and Outreach;

* Public Participation/Involvement;

» lllicit Discharge Detection and Elimination;
» Construction Site Runoff Control;

* Post- Construction Runoff Control; and

» Pollution Prevention/Good Housekeeping.

The small MS4 General Permit for communities in @kima became effective on
February 8, 2005. The City of Altus, located im t8tinking Creek (OK311500010050 00)
watershed falls under requirements designated iyR4Sfor inclusion in the Phase [| NPDES
Stormwater Program. The municipality was desighdtecause its municipal boundaries
intersected a U.S. Census-defined Urbanized Aréa.an effort to quantify the relative
contribution of bacteria loads from the MS4 areahs City of Altus the percentage of the
Stinking Creek watershed under MS4 jurisdiction walsulated. The area of the City of Altus
MS4 (Permit #: OKR040043) is estimated to be 6,86&s or 6.8% of the watershed. While
this is a relatively small portion of the total weghed the bacterial loads from the City of Altus
urban area maybe of concern given that some dfipaean corridor of Stinking Creek travels
through the MS4 area. There are no Phase Il M&4ke following watersheds: Red River-
North Fork at US 62 (OK311500010020_10), Tepee KCrgaK311500010110 00), Otter
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Creek, West (OK311500020040_00), Elk Creek (OK30D30010 00), Little Elk Creek
(OK311500030040 _00), Turkey Creek (0OK31151002000p_0Sandy Creek (Lebos)
(OK311600010040_00), Red River-Salt Fork at US @8RB311600020010_00), Bitter Creek
(OK311600020110_00), Cave Creek (OK31160002014Q_00)Deer Creek

(OK311800000070_00), Red River-Salt Fork at SH 34€311600020010_10), Red River-
Elm Fork (OK311800000010_00, and Fish Creek (OK30080130_00).

ODEQ provides information on the current statusthef MS4 program on its website,
which can be found at:

Oklahoma Department of Environmental Quality
http://www.deq.state.ok.us/WQDnew/stormwater/ms4/

3.1.4 Concentrated Animal Feeding Operations

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

CAFOs are designated by USEPA as significant ssuoéeollution, and may have the
potential to cause serious impacts to water qudlitpt managed properly. Potential problems
for CAFOs can include animal waste discharges ttemseaof the state and failure to properly
operate wastewater lagoons.

Figure 3-1 depicts the locations of the two diffear€EAFOs located in the Study Area, one
in Red River-Salt Fork at US 283 (OK311600020010 @6d one in Stinking Creek
(OK311500010050_00). Table 3-4 lists the CAFOsaled in the Study Area. Red River-
North Fork at US 62 (OK311500010020_10), Tepee KCrgaK311500010110 00), Otter
Creek, West (OK311500020040_00), Elk Creek (OK3DD30010_00), Little Elk Creek
(OK311500030040_00), Red River-North Fork at SH (88K311510010010_00), Turkey
Creek (OK311510020060_00), Sandy Creek (Lebos) (2KB0010040_00), Red River-Salt
Fork at SH 34 (OK311600020010_10), Bitter Creek BDK600020110_00), Cave Creek
(OK311600020140 _00), Red River-ElIm Fork (OK3118m® 00), Deer Creek
(OK311800000070_00), and Fish Creek (OK311800000a3Pphave no CAFOs within their
contributing watershed.
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Table 3-4 NPDES-Permitted CAFOs in Study Area

Maximum
Number of Total # of
ODAFF ; .
Olbradls EPA facility OlIAES License Permitted An_lmal County Watershed
Owner ID ID Slaughter Units at
Number o
Feeder Cattle Facility
at Facility
OK311600020010_00
WQO0000056 | OKG010055 146 49 4000 4000 Jackson | Red River-Salt Fork
at US 283
WQO0000070 | OKG010063 | 174 62 3000 3000 | Jackson | OK311500010050_00
Stinking Creek

3.2 Nonpoint Sources

Nonpoint sources include those sources that cammatentified as entering the waterbody
at a specific location. Bacteria originate fromatusuburban, and urban areas. The following
section describes possible major nonpoint souroesributing fecal coliform loading within
the Study Area.

These sources include wildlife, various agriculkwaetivities and domesticated animals,
land application fields, urban runoff, failing oteswastewater disposal (OSWD) systems, and
domestic pets. As previously stated in Subse@i@nthere are no NPDES-permitted facilities
of any type in the contributing watersheds of Ele€k (OK311500030010_00), Bitter Creek
(OK311600020110_00), Cave Creek (OK31160002014Q_00)Deer Creek
(OK311800000070_00), and Fish Creek (OK3118000000QpD; therefore, nonsupport of
PBCR use is caused by nonpoint sources of badslya

Bacteria associated with urban runoff can emamnat® hhumans, wildlife, commercially
Raised farm animals, and domestic pets. Wateritguddta collected from streams draining
urban communities often show existing concentratioh fecal coliform bacteria at levels
greater than a state’s instantaneous standardgudy under USEPA’s National Urban Runoff
Project indicated that the average fecal colifoonaentration from 14 watersheds in different
areas within the United States was approximately0®/100 mL in stormwater runoff
(USEPA 1983). Runoff from urban areas not permiitteder the MS4 program can be a
significant source of fecal coliform bacteria. \Whatquality data collected from streams
draining many of the nonpermitted communities skeowsting loads of fecal coliform bacteria
at levels greater than the State’s instantaneausiatds. The specific requirements for bacteria
control in a MS4 permit can be found in AppendixAppendix E also includes information on
a list of BMPs and its effectiveness. Best managggmractices (BMP) such as buffer strips,
repair of leaking sewage collection systems, elanon of illicit discharges, and proper
disposal of domestic animal waste can reduce badtading to waterbodies.

3.2.1 Wildlife

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

However, adequate data are available by countystonate the number of deer by
watershed. This report assumes that deer halbit¢hides forests, croplands, and pastures.
Using Oklahoma Department of Wildlife and Consanratounty data, the population of deer
can be roughly estimated from the actual numbeteefr harvested and harvest rate estimates.
Because harvest success varies from year to yesmdban weather and other factors, the
average harvest from 1999 to 2003 was combined antlestimated annual harvest rate of
20 percent to predict deer population by countging the estimated deer population by county
and the percentage of the watershed area withih eagnty, a wild deer population can be
calculated for each watershed. Table 3-5 provithes estimated number of deer for each
watershed. No attempt was made to adjust the asgtdmumber of deer using different annual
harvesting rates specific to the counties of thelpArea located in Texas.

Table 3-5 Estimated Deer Populations

Waterbody ID Waterbody Name Deer Acre
0OK311500010020_10 | Red River-North Fork at US 62 657 199,852
OK311500010050_00 | Stinking Creek 346 78,932
OK311500010110_00 | Tepee Creek 122 47,040
0OK311500020040_00 | West Otter Creek 64 24,502
OK311500030010_00 | Elk Creek 104 40,009
OK311500030040_00 | Little Elk Creek 120 36,599
OK311510010010_00 | Red River-North Fork at SH 34 781 172,895
0OK311510020060_00 | Turkey Creek 138 30,386
0OK311600010040_00 | Sandy Creek (Lebos) 528 118,173
OK311600020010_00 | Red River-Salt Fork at US 283 1,065 229,293
OK311600020010_10 | Red River-Salt Fork at SH 34 651 138,108
OK311600020110_00 | Bitter Creek 14 3,280
OK311600020140_00 | Cave Creek 72 15,678
0OK311800000010_00 | Red River-Elm Fork 1,354 258,868
OK311800000070_00 | Deer Creek 150 29,565
OK311800000130_00 | Fish Creek 95 20,749

According to a livestock study conducted by ASARe(American Society of Agricultural
Engineers), deer release approximately 8xi#cal coliform units per animal per day
(ASAE 1999). Although only a fraction of the tofigcal coliform loading produced by the
deer population may actually enter a waterbody,asiEemated fecal coliform production for
deer provided in Table 3-6 in cfu/day provides #athee magnitude of loading in each
watershed.
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Table 3-6 Estimated Fecal Coliform Production for zer
Fecal
Watershed Wild Deer Estimated Production
Waterbody ID Waterbody Name Area ; wild Deer | (x 10® cfu/day)
Population
(acres) per acre of Deer
Population

OK311500010020_10 EteSSRg’Zer'NO”h Fork | 199,852 657 0.003 3,283

OK311500010050_00 | Stinking Creek 78,032 346 0.004 1,731
OK311500010110_00 | Tepee Creek 47,040 122 0.003 611
OK311500020040_00 | West Otter Creek 24,502 64 0.003 318
OK311500030010_00 | Elk Creek 40,009 104 0.003 521
OK311500030040_00 | Little Elk Creek 36,599 120 0.003 599

OK311510010010_00 EtegHRg’fr'NO”h Fork | 172895 781 0.005 3,906
OK311510020060_00 | Turkey Creek 30,386 138 0.005 688

OK311600010040_00 | Sandy Creek (Lebos) 118,173 528 0.004 2,641

OK311600020010_00 Sgdzgg’er'sa" Forkat | 559 203 1065 0.005 5,327

OK311600020010_10 gﬁd?j"’er'sa't Forkat | 138 108 651 0.005 3,254
OK311600020110_00 | Bitter Creek 3,280 14 0.004 72
OK311600020140_00 | Cave Creek 15,678 72 0.005 362

OK311800000010_00 | Red River-Elm Fork 258,868 1354 0.005 6,769
OK311800000070_00 | Deer Creek 29,565 150 0.005 749
OK311800000130_00 | Fish Creek 20,749 95 0.005 474

3.2.2 Non-Permitted Agricultural Activities and Dom  esticated Animals

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

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

 Animals grazing in pastures deposits manure coniifiecal bacteria onto land
surfaces. These bacteria may be washed into veatiexbby runoff.

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

Table 3-7 provides estimated numbers of selectedneercially raised farm animal by
watershed based on the 2002 U.S. Department ofcélgrre (USDA) county agricultural
census data (USDA 2002). The estimated animal lpbpas in Table 3-7 were derived by
using the percentage of the watershed within eaminty. Because the watersheds are
generally much smaller than the counties, and comwially raised farm animal are not evenly
distributed across counties or constant with tithese are rough estimates only. Cattle are
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clearly the most abundant species of livestock@eStudy Area and often have direct access to
the impaired waterbodies or their tributaries.

Detailed information is not available to describe quantify the relationship between
instream concentrations of bacteria and land agipdic of manure from livestock. The
estimated acreage by watershed where manure wéaigdapp 2002 is shown in Table 3-7.
These estimates are also based on the county tepelts from the 2002 USDA county
agricultural census, and thus represent approxamatof the land application area in each
watershed. Because of the lack of specific daag lapplication of animal manure is not
guantified in the Table 3-8 but is considered aepbél source of bacteria loading to the
waterbodies in the Study Area. Most poultry fegdaperations are regulated by ODAFF, and
are required to land apply chicken waste in acawreavith their Animal Waste Management
Plans or Comprehensive Nutrient Management Plalibile these plans are not designed to
controlled bacteria loading, best management m@xtand conservation measures, if properly
implemented, could greatly reduce the contributdrbacteria from this group of animals to
the watershed.

According to a livestock study conducted by the ASAthe daily fecal coliform
production rates by livestock species were estithasefollows (ASAE 1999):

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

» Dairy cattle release approximately 1.01E+11 pemahper day

* Swine release approximately 1.08E+10 per animatipgr

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

* Sheep release approximately 1.20E+10 per animalger

» Horses release approximately 4.20E+08 per anieratiay;

* Turkey release approximately 9.30E+07 per animabtpg

* Ducks release approximately 2.43E+09 per animatipgr

* Geese release approximately 4.90E+10 per animalayer

Using the estimated animal populations and thelfeobdform production rates from
ASAE, an estimate of fecal coliform production freach group of commercially raised farm
animals was calculated in Table 3-8 for each whest<f the Study Area. Note that only a
small fraction of these fecal coliform are expediedepresent loading into waterbodies, either

washed into streams by runoff or by direct deposifrom wading animals. Cattle appear to
represent the largest source of fecal bacteria.
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Table 3-7 Commercially Raised Farm Animals and Mante Application Area Estimates by Watershed
Cattle .
2 Dairy Horses Sheep Hogs Ducks | Chickens Acres of
Waterbody ID Waterbody Name Calves- | Cows & Goats & & & & Mgnure
all Ponies Lambs Pigs Geese | Turkeys | Application

0OK311500010020_10 | Red River-North Fork at US 62 | 19,618 321 266 112 396 97 12 91 623
0OK311500010050_00 | Stinking Creek 7,002 0 135 61 112 45 8 47 229
0OK311500010110_00 | Tepee Creek 5,046 4 47 9 164 28 0 5 220
0OK311500020040_00 | West Otter Creek 2,628 2 24 5 86 15 0 3 115
0OK311500030010_00 | Elk Creek 4,291 3 40 8 140 24 0 4 187
0OK311500030040_00 | Little Elk Creek 4,909 11 36 50 81 11 0 11 142
OK311510010010_00 | Red River-North Fork at SH 34 | 17,163 77 266 225 213 96 6 72 263
0OK311510020060_00 | Turkey Creek 3,298 21 60 47 32 18 0 16 45
0OK311600010040_00 | Sandy Creek (Lebos) 10,726 0 109 34 63 293 4 26 543
0OK311600020010_00 | Red River-Salt Fork at US 283 | 19,772 6 275 151 192 324 18 86 700
0OK311600020010_10 | Red River-Salt Fork at SH 34 11,170 7 112 93 56 230 10 33 398
0OK311600020110_00 | Bitter Creek 289 0 6 3 5 0 0 2 9
0OK311600020140_00 | Cave Creek 1,403 0 8 2 1 51 0 1 77
0OK311800000010_00 | Red River-EIm Fork 20,555 49 276 311 148 200 25 90 175
0OK311800000070_00 | Deer Creek 2,582 10 40 41 22 16 2 12 18
0OK311800000130_00 | Fish Creek 2,214 14 40 31 22 12 0 10 29
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Table 3-8 Fecal Coliform Production Estimates for @mmercially Raised Farm Animals (x109 number/day)
Cattle & Dairy Horses Sheep | Hogs | Ducks | Chickens
Waterbody ID Waterbody Name Calves- Cows & Goats & & & & Total
all Ponies Lambs | Pigs | Geese | Turkeys
0OK311500010020_10 | Red River-North Fork at US 62 | 2,040,258 | 32,378 112 N/A 4,757 | 1,042 | 203 12 2,078,763
0OK311500010050_00 | Stinking Creek 728,224 0 57 N/A 1,348 484 19 6 730,138
OK311500010110 00 | Tepee Creek 524,755 414 20 N/A 1,973 307 0 1 527,469
OK311500020040_00 | West Otter Creek 273,274 216 10 N/A 1,028 160 0 0 274,688
OK311500030010_00 | Elk Creek 446,269 351 17 N/A 1,676 261 0 1 448,574
0OK311500030040_00 | Little EIk Creek 510,520 | 1,091 15 N/A 970 120 0 2 512,718
OK311510010010_00 | Red River-North Fork at SH 34 | 1,784,918 | 7,743 112 N/A 2,550 | 1,037 281 10 1,796,652
OK311510020060_00 | Turkey Creek 343,028 2,086 25 N/A 387 191 0 2 345,720
OK311600010040_00 | Sandy Creek (Lebos) 1,115,549 0 46 N/A 754 3,160 11 4 1,119,523
OK311600020010_00 | Red River-Salt Fork at US 283 2,056,265 559 115 N/A 2,304 | 3,499 311 12 2,063,065
OK311600020010_10 | Red River-Salt Fork at SH 34 1,161,645 741 47 N/A 677 2,488 380 5 1,165,982
0OK311600020110_00 | Bitter Creek 30,100 0 2 N/A 56 0 1 0 30,159
OK311600020140_00 | Cave Creek 145,873 22 3 N/A 12 548 11 0 146,469
OK311800000010_00 | Red River-Elm Fork 2,137,747 | 4,967 116 N/A 1,780 | 2,163 | 1,171 12 2,147,955
0OK311800000070_00 | Deer Creek 268,483 | 1,038 17 N/A 268 173 102 2 270,082
OK311800000130_00 | Fish Creek 230,295 1,366 17 N/A 258 130 6 1 232,073
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3.2.3 Failing Onsite Wastewater Disposal Systems an  d lllicit Discharges

ODEQ is responsible for implementing the reguldiai Title 252, Chapter 641 of the
Oklahoma Administrative Code, which defines destandards for individual and small public
onsite sewage disposal systems (ODEQ 2004). OSWteras and illicit discharges can be a
source of bacteria loading to streams and riv&acteria loading from failing OSWD systems
can be transported to streams in a variety of wangduding runoff from surface ponding or
through groundwater. Fecal coliform-contaminateaslugdwater discharges to creeks through
springs and seeps.

To estimate the potential magnitude of OSWDs fdidteria loading, the number of
OSWD systems was estimated for each watershed. e$timate of OSWD systems was
derived by using data from the 1990 U.S. CensuS.(Gensus Bureau 2000). The density of
OSWD systems within each watershed was estimatedivging the number of OSWD
systems in each census block by the number of @atreach census block. This density was
then applied to the number of acres of each cebkek within a WQM station watershed.
Census blocks crossing a watershed boundary readotditional calculation to estimate the
number of OSWD systems based on the proportiomefcensus tracking falling within each
watershed. This step involved adding all OSWD ayst for each whole or partial census
block.

Over time, most OSWD systems operating at full capawill fail. OSWD system
failures are proportional to the adequacy of ae&ahinimum design criteria (Hall 2002). The
1995 American Housing Survey conducted by the W®nsus Bureau estimates that,
nationwide, 10 percent of occupied homes with OS\#iBtems experience malfunctions
during the year (U.S. Census Bureau 1995). A stuaylucted by Reed, Stowe & Yanke, LLC
(2001) reported that approximately 8 percent of @&WD systems in the Texas Panhandle
(adjacent to the Study Area) were chronically mattioning. Most studies estimate that the
minimum lot size necessary to ensure against can&ion is roughly one-half to one acre
(Hall 2002). Some studies, however, found thasipés in this range or even larger could still
cause contamination of ground or surface water(&lsity of Florida 1987). It is estimated
that areas with more than 40 OSWD systems per squale (6.25 septic systems per
100 acres) can be considered to have potentialagonation problems (Canter and
Knox 1986). Table 3-9 summarizes estimates of smvand unsewered households for each
watershed in the Study Area.

Table 3-9 Estimates of Sewered and Unsewered Houséts
Public | Septic | Other | Housin %
sz D Pl Ml Sewer Tzfnk Means Unitsg Sewered

OK311500010020_10 Red River-North Fork at US 62 1,003 558 13 1,574 64%
OK311500010050 00 | Stinking Creek 4,978 372 12 5,361 93%
0OK311500010110 00 | Tepee Creek 113 124 0 237 48%
OK311500020040 00 | West Otter Creek 166 39 1 207 80%
OK311500030010_00 Elk Creek 368 75 5 448 82%
OK311500030040_00 Little Elk Creek 478 81 8 567 84%
0OK311510010010_00 Red River-North Fork at SH 34 1,070 512 6 1,588 67%
OK311510020060 00 | Turkey Creek 116 62 3 181 64%
0OK311600010040_00 Sandy Creek (Lebos) 223 137 1 361 62%
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Public | Septic Other | Housin %
BTy D BT D Sewer Tefnk Means Unitsg Sewered
0OK311600020010 00 | Red River-Salt Fork at US 283 780 351 6 1,137 69%
0OK311600020010_10 | Red River-Salt Fork at SH 34 1,021 225 5 1,251 82%
0OK311600020110_00 | Bitter Creek 28 15 0 44 64%
0OK311600020140_00 | Cave Creek 116 23 0 140 83%
0OK311800000010_00 | Red River-Elm Fork 1,324 419 14 1,758 75%
0OK311800000070_00 | Deer Creek 88 45 2 135 65%
0OK311800000130_00 | Fish Creek 57 34 2 93 61%

For the purpose of estimating fecal coliform loadin watersheds, an OSWD failure rate
of 8 percent was used. Using this 8 percent faitate, calculations were made to characterize
fecal coliform loads in each watershed.

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

6
(# Failing_system);x (1()1(;:(;{:?5] X (

counts_

70gal ) (# person CD y 37852ﬂ
personda househol gal

The average of number of people per household aigsilated to be 2.44 for counties in
the Study Area (U.S. Census Bureau 2000). Appratety 70 gallons of wastewater were
estimated to be produced on average per persodayefMetcalf and Eddy 1991). The fecal
coliform concentration in septic tank effluent westimated to be £@er 100 mL of effluent
based on reported concentrations from a numbeuloiighed reports (Metcalf and Eddy 1991,
Canter and Knox 1985; Cogger and Carlile 1984)ingJshis information, the estimated load

#

from failing septic systems within the watershedswummarized below in Table 3-10.

Table 3-10  Estimated Fecal Coliform Load from OSWDBystems
# of Estimated
Septic | Failing Leaes f_rom
Waterbody ID Waterbody Name Acres . Septic
Tank Septic 9
Tanks Tanks ( x 10
counts/day)
OK311500010020_10 | Red River-North Fork at US 62 | 199,852 558 45 289
OK311500010050_00 | Stinking Creek 78,932 372 30 192
OK311500010110_00 | Tepee Creek 47,040 124 10 64
OK311500020040_00 | West Otter Creek 24,502 39 3 20
OK311500030010_00 | Elk Creek 40,009 75 6 39
OK311500030040_00 | Little EIk Creek 36,599 81 6 42
OK311510010010_00 | Red River-North Fork at SH 34 | 172,895 512 41 265
OK311510020060_00 | Turkey Creek 30,386 62 5 32
OK311600010040_00 | Sandy Creek (Lebos) 118,173 137 11 71
OK311600020010_00 | Red River-Salt Fork at US 283 229,293 351 28 182
OK311600020010_10 | Red River-Salt Fork at SH 34 138,108 225 18 116
OK311600020110_00 | Bitter Creek 3,280 15 1 8
OK311600020140_00 | Cave Creek 15,678 23 2 12
OK311800000010_00 | Red River-Elm Fork 258,868 419 34 217
OK311800000070_00 | Deer Creek 29,565 45 4 23
OK311800000130_00 | Fish Creek 20,749 34 3 18
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3.2.4 Domestic Pets

Fecal matter from dogs and cats is transportedtrearms by runoff from urban and
suburban areas and can be a potential source t#rizalwading. On average nationally, there
are 0.58 dogs per household and 0.66 cats per halds¢American Veterinary Medical
Association 2004). Using the U.S. Census dataeabtock level (U.S. Census Bureau 2000),
dog and cat populations can be estimated for eatershed. Table 3-11 summarizes the

estimated number of dogs and cats for the watesstieithe Study Area.

Table 3-11  Estimated Numbers of Pets

Waterbody ID Waterbody Name Dogs Cats
OK311500010020_10 | Red River-North Fork at US 62 881 1,039
OK311500010050_00 | Stinking Creek 3,002 3,539
0OK311500010110 00 | Tepee Creek 133 156
0OK311500020040_00 | West Otter Creek 116 137
OK311500030010 00 | Elk Creek 251 296
OK311500030040_00 | Little Elk Creek 318 374
OK311510010010 00 | Red River-North Fork at SH 34 889 1,048
OK311510020060_00 | Turkey Creek 101 119
0OK311600010040_00 | Sandy Creek (Lebos) 202 238
OK311600020010 00 | Red River-Salt Fork at US 283 637 751
OK311600020010_10 | Red River-Salt Fork at SH 34 701 826
OK311600020110_00 | Bitter Creek 25 29
OK311600020140_00 | Cave Creek 78 92
OK311800000010_00 | Red River-Elm Fork 984 1,160
OK311800000070_00 | Deer Creek 76 89
OK311800000130_00 | Fish Creek 52 61

Table 3-12 provides an estimate of the fecal cofiftoad from pets. These estimates are

based on estimated fecal coliform production rafes.4x1¢ per day for cats and 3.3X1per
day for dogs (Schueler 2000).
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Table 3-12  Estimated Fecal Coliform Daily Productia by Pets (x 16)

Waterbody ID Waterbody Name Dogs Cats Total
0OK311500010020_10 | Red River-North Fork at US 62 2,909 561 3,470
OK311500010050_00 | Stinking Creek 9,908 1,911 11,819
OK311500010110_00 | Tepee Creek 438 84 522
0OK311500020040_00 | West Otter Creek 382 74 456
0OK311500030010_00 | Elk Creek 828 160 987
0OK311500030040_00 | Little Elk Creek 1,048 202 1,250
OK311510010010_00 | Red River-North Fork at SH 34 2,934 566 3,500
OK311510020060_00 | Turkey Creek 334 64 399
0OK311600010040_00 | Sandy Creek (Lebos) 668 129 796
0OK311600020010_00 | Red River-Salt Fork at US 283 2,101 405 2,507
OK311600020010_10 | Red River-Salt Fork at SH 34 2,313 446 2,759
0OK311600020110 00 | Bitter Creek 81 16 97
0OK311600020140 00 | Cave Creek 258 50 308
0OK311800000010_00 | Red River-Elm Fork 3,248 626 3,875
0OK311800000070_00 | Deer Creek 250 48 298
0OK311800000130_00 | Fish Creek 172 33 205

3.3  Summary of Bacteria Sources

Table 3-13 summarizes the suspected sources okrlzadbading in each impaired
watershed. Since there are no NPDES-permitteditiesi present in the Elk Creek
(OK311500030010_00), Bitter Creek (OK31160002011), 0 Cave Creek
(OK311600020140_00), Deer Creek (0OK31180000007Q 0nd Fish Creek
(OK311800000130_00) watersheds, nonsupport of tBERP use is caused entirely by
nonpoint sources. In watersheds with both poidt@eonpoint sources of bacteria, the available
data suggests that the proportion of bacteria fpomt sources ranges from minor to moderate.
Those waterbodies in which point sources are a maoatributor of bacteria include Red
River-North Fork at US 62 (OK311500010020_10), Eeggereek (OK311500010110_00),
West Otter Creek (OK311500020040_00), Little Elke€k (OK311500030040_00), Red
River-North Fork at SH 34 (OK311510010010_00), BykCreek (OK311510020060_00),
Sandy Creek (Lebos) (OK311600010040 00), Red Ryadtr- Fork at US 283
(OK311600020010 _00), and Red River-Elm Fork (OK3I®H0010 _00). In the remaining
two watersheds, Stinking Creek (OK311500010050 &) Red River-Salt Fork at SH 34
(OK311600020010_10), point sources such as WWTBsS8nd CAFOs, contribute moderate
bacteria loads in proportion to nonpoint sourc&le urban area designated as Phase Il MS4s
in the City of Altus further increase the propontiof bacteria loading from point sources in
Stinking Creek (OK311500010050_00). However, oeranpoint sources are considered to
be the major source of bacteria loading in eaclemshed.
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Table 3-13  Estimated Major Source of Bacteria Loathg by Watershed

Waterbody ID Waterbody Name SPomt NEZEs N7

ources Sources Source
OK311500010020_10 | Red River-North Fork at US 62 Yes Yes Nonpoint
OK311500010050_00 | Stinking Creek Yes Yes Nonpoint
OK311500010110 00 | Tepee Creek Yes Yes Nonpoint
OK311500020040_00 | West Otter Creek Yes Yes Nonpoint
OK311500030010_00 | Elk Creek No Yes Nonpoint
OK311500030040_00 | Little Elk Creek Yes Yes Nonpoint
OK311510010010_00 | Red River-North Fork at SH 34 Yes Yes Nonpoint
OK311510020060_00 | Turkey Creek Yes Yes Nonpoint
OK311600010040_00 | Sandy Creek (Lebos) Yes Yes Nonpoint
OK311600020010_00 | Red River-Salt Fork at US 283 Yes Yes Nonpoint
OK311600020010_10 | Red River-Salt Fork at SH 34 Yes Yes Nonpoint
OK311600020110 00 | Bitter Creek No Yes Nonpoint
OK311600020140 00 | Cave Creek No Yes Nonpoint
OK311800000010 00 | Red River-Elm Fork Yes Yes Nonpoint
OK311800000070_00 | Deer Creek No Yes Nonpoint
OK311800000130_00 | Fish Creek No Yes Nonpoint

Table 3-14 below provides a summary of the estitchéeal coliform loads in percentage
for the four major nonpoint source categories (carmally raised farm animals, pets, deer,
and septic tanks) that are contributing to thealsw bacteria concentrations in each watershed.
Commercially raised farm animals are estimated @othee primary contributors of fecal
coliform loading to land surfaces. however, its totition of bacteria to streams may be
greatly reduced if BMPs are properly implementedmust be noted that while no data are
available to estimate populations and fecal loadihgvildlife other than deer, a number of
bacteria source tracking studies demonstrate tlidt birds and mammals may represent a
major source of the fecal bacteria found in streams

The magnitude of loading to a stream may not reflee magnitude of loading to land
surfaces. While no studies quantify these effduasteria may die off or survive at different
rates depending on the manure characteristics awdnéer of other environmental conditions.
Manure handling practices, use of BMPs, and reddtication to streams can also affect stream
loading. Also, the structural properties of somanore, such as cow patties, may limit their
wash off into streams by runoff. Because litteapgplied in a pulverized form, it could be a
larger source during storm runoff events. The $8oeek report showed that poultry litter was
about 71% of the high flow load and cow pats ctwmted only about 28% of it (Missouri
Department of Natural Resources, 2003). The ShozdlCreport also showed that poultry litter
was insignificant under low flow conditions up t6% frequency. In contrast, malfunctioning
septic tank effluent may be present in pooled watethe surface, or in shallow groundwater,
which may enhance its conveyance to streams.
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Table 3-14  Summary of Fecal Coliform Load Estimatefrom Nonpoint Sources to
Land Surfaces
. Estimated
Commercially Loads from
Waterbody ID Waterbody Name Raised Farm Pets Deer Septic
Animals P
Tanks
Red River-North Fork at US
OK311500010020_10 | 5, 99.80% 0.17% | 0.02% |  0.01%
OK311500010050_00 | Stinking Creek 98.36% 1.59% | 0.02% 0.03%
OK311500010110 00 | Tepee Creek 99.88% 0.10% | 0.01% 0.01%
OK311500020040_00 | West Otter Creek 99.82% 0.17% | 0.01% 0.01%
OK311500030010_00 | Elk Creek 99.76% 0.22% | 0.01% 0.01%
OK311500030040_00 | Little Elk Creek 99.74% 0.24% | 0.01% 0.01%
Red River-North Fork at SH
OK311510010010_00 | 5, 99.77% 0.19% | 0.02% |  0.01%
OK311510020060_00 | Turkey Creek 99.86% 0.12% | 0.02% 0.01%
OK311600010040_00 | Sandy Creek (Lebos) 99.90% 0.07% | 0.02% 0.01%
Red River-Salt Fork at US
OK311600020010_00 | 554 99.84% 0.12% | 0.03% 0.01%
Red River-Salt Fork at SH
OK311600020010_10 | 5, 99.73% 0.24% | 0.03% |  0.01%
OK311600020110_00 | Bitter Creek 99.63% 0.32% | 0.02% 0.03%
OK311600020140 00 | Cave Creek 99.76% 0.21% | 0.02% 0.01%
OK311800000010_00 | Red River-Elm Fork 99.78% 0.18% | 0.03% 0.01%
OK311800000070_00 | Deer Creek 99.85% 0.11% | 0.03% 0.01%
OK311800000130_00 | Fish Creek 99.88% 0.09% | 0.02% 0.01%
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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 WQISbevmet. Thus, the allowable pollutant
load that can be allocated to point and nonpoinircas can then be defined as the TMDL
minus the MOS.

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

4.1  Using Load Duration Curves to Develop TMDLs

The TMDL calculations presented in this report dezived from load duration curves
(LDC). LDCs facilitate rapid development of TMDLand as a TMDL development tool, are
effective at identifying whether impairments aresasated with point or nonpoint sources.
The technical approach for using LDCs for TMDL depenent includes the four following
steps that are described in Subsections 4.2 thréugbelow:

* Preparing flow duration curves for gaged and undalyM stations;

» Estimating existing bacteria loading in the reasgvivater using ambient water quality
data;

» Using LDCs to identify the critical condition thatill dictate loading reductions
necessary to attain WQS; and

* Interpreting LDCs to derive TMDL elements — WLA, LMOS, and PRG.

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 typegatifitants, it became clear that this single
critical low flow condition was inadequate to ers@dequate water quality across a range of
flow conditions. Use of the LDC obviates the needletermine a design storm or selected
flow recurrence interval with which to characteritiee appropriate flow level for the
assessment of critical conditions. For waterbodimepacted by both point and nonpoint
sources, the “nonpoint source critical conditiorduM typically occur during high flows, when
rainfall runoff would contribute the bulk of the lpgant load, while the “point source critical
condition” would typically occur during low flowsyhen WWTP effluents would dominate the
base flow of the impaired water. However, Flowgans only a general indicator of the
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relative proportion of point/nonpoint contributionk is not used in this report to quantify point
source or nonpoint source contributions. Violasidhat occur during low flows may not be
caused exclusively by point sources. Violationseheen noted in some watersheds that
contain no point sources. Research has show #u¢ra loading in streams during low flow
conditions may be due to direct deposit of cattlanare into streams and faulty septic
tank/lateral field systems.

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

4.2  Development of Flow Duration Curves

Flow duration curves serve as the foundation of ER2@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 forecasiréutecurrence frequencies. Many WQM
stations throughout Oklahoma do not have long tiéwm data and therefore, flow frequencies
must be estimated. The most basic method to estiffi@vs at an ungaged site involves
1) identifying an upstream or downstream flow ga@)ecalculating the contributing drainage
areas of the ungaged sites and the flow gage; podl@ilating daily flows at the ungaged site
by using the flow at the gaged site multiplied hg drainage area ratio. The more complex
approach used here also considers watershed diflesein rainfall, land use, and the
hydrologic properties of soil that govern runoffdaretention. More than one upstream flow
gage may also be considered. A more detailed paptm of the methods for estimating flow
at ungaged WQM stations is provided in Appendix C.

Flow duration curves are a type of cumulative tstion function. The flow duration
curve represents the fraction of flow observatitimast 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 excgdbat 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 fl@xceedance frequency is read from the
abscissa, which is numbered from 0 to 100 per@ad,may or may not be logarithmic. The
lowest measured flow occurs at an exceedance fneguef 100 percent indicating that flow
has equaled or exceeded this value 100 percehedfrhe, while the highest measured flow is
found at an exceedance frequency of O percent. mddian flow occurs at a flow exceedance
frequency of 50 percent. The flow exceedance mites for each WQM station addressed in
this report are provided in Appendix C.

While the number of observations required to dgvedo flow duration curve is not
rigorously specified, a flow duration curve is ufpabased on more than 1 year of
observations, and encompasses inter-annual andnstasriation. Ideally, the drought of
record and flood of record are included in the ole#ons. For this purpose, the long-term
flow gaging stations operated by the USGS 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,
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often with a relatively constant slope in betwe&ior sites that on occasion exhibit no flow, the
curve will intersect the abscissa at a frequen®g ldhan 100 percent. As the number of
observations at a site increases, the line of b€ tends to appear smoother. However, at
extreme low and high flow values, flow duration\e®s may exhibit a “stair step” effect due to

the USGS flow data rounding conventions near tiégiof quantitation.

Figures 4-1 through 4-16 are flow duration curvasefach impaired waterbody. The flow
duration curve for North Fork Red River, segment 32k510010010 00 was based on
measured flows at USGS gage station 07301500 (Nraotk Red River at SH 34 near Carter,
OK). The flow at this station was restricted bgiaam in 1987, thus the flow duration curve was
based on measured flows from 1988 through 2006.

No flow gage exists on Stinking Creek, segment QKBD010050_00. Therefore, flows
for this waterbody were estimated using the watsisirea ratio method based on measured
flows at USGS gage station 07299670 (GroesbeckkGie&€H 6 near Quanah, TX). The flow
duration curve was based on measured flows fror2 #@®ugh 2006.

No flow gage exists on Tepee Creek, segment OK31ABW 10_00. Therefore, flows for
this waterbody were estimated using the watersheal ratio method based on measured flows
at USGS gage station 07300500 (Salt Fork Red Ravevlangum, OK). The flow duration
curve was based on measured flows from 1938 thr@0gb.

USGS flow gage 07305500 (West Otter Creek at Sniydlee) measures flow releases into
West Otter Creek, segment OK311500020040_ 00, frogd& Lake (Tom Steed Reservoir).
Additional inflow to segment OK311500020040_00 esided from watershed runoff. Total
flows in segment OK311500020040_00 were estimagedha sum of flow at USGS gage
07305500 and watershed runoff inflows, calculatgdnicremental watershed area ratio from a
downstream USGS gage 07307010 (Otter Creek neategn®K). The flow duration curve
was based on measured flows from 1984 through 2003.

The flow duration curve for Elk Creek, segment OK300030010_00, was based on
measured flows at USGS gage station 07304500 (EdklCoff US 183 near Hobart, OK). The
flows during water quality sampling events wereaittd from regression analysis of flows at
gage 07304500 with USGS gage 07305000 (Salt FockHReer at Mangum, OK). The flow
duration curve was based on measured flows frond 1#@@ugh 1993.

No flow gage exists on Little Elk Creek, segment32K500030040_00. Therefore, flows
for this waterbody were projected using the watedshrea ratio method based on measured
flows at USGS gage station 07300500 (Salt Fork Recer at Mangum, OK). The flow
duration curve was based on measured flows fron7 #@®ugh 2006.

The flow duration curve for North Fork Red Riveggsent OK311510010010 00 was
based on measured flows at USGS gage station 008QNorth Fork Red River at SH 34 near
Carter, OK). The flow at this station was res&ttby dam active from 10/1/1987. The flow
duration curve was based on measured flows fron8 1#@®ugh 2006.

No flow gage exists on Turkey Creek, segment OK20020060 00. Therefore, flows
for this waterbody were estimated using the watsisérea ratio method based on measured
flows at USGS gage station 07303400 (EIm Fork Néwhk Red River near Carl, OK). The
flow duration curve was based on measured flows 1859 through 2006.
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The flow duration curve for Sandy Creek, segment30OK500010040 00, was based on
measured flows at USGS gage station 07299710 (S@rebk near Eldorado, OK). The flows
during water quality sampling were estimated fragression analysis of gage 07299710 with
gage 07299670 (Groesbeck Creek at SH 6 near Quaxgh,The flow duration curve was
based on measured flows from 1960 through 1963.

The flow duration curve for Salt Fork of the Red/&i segment OK311600020010_00,
was based on measured flows at USGS gage statiif1 070 (Salt Fork Red River off US 283
near Elmer, OK). The flow duration curve was basadmeasured flows from 1980 through
2006.

The flow duration curve for Salt Fork of the Redv&i SH 34, Mangum, segment
0OK311600020010 10 was based on measured flows &SU§age station 07300500 (Salt
Fork Red River at SH 34 at Mangum, OK). The flowation curve was based on measured
flows from 1938 through 2006.

No flow gage exists on Bitter Creek, segment OK8DD20110_00. Therefore, flows for
this waterbody were estimated using the watersheal ratio method from flows measured at a
downstream USGS gage station 073011100 (Salt Fextk River near Elmer, OK), after
subtracting flows (and contributing watershed afe@n a USGS gage station 07300500 (Salt
Fork Red River near Mangum, OK) above Bitter Crea@dnfluence with the Salt Fork Red
River. The flow duration curve was based on meakfiosvs from 1980 through 2006.

No flow gage exists on Cave Creek, segment OK31a80D40 00. Therefore, flows for
this waterbody were projected using the watershed eatio method based on measured flows
at USGS gage station 07300500 (Salt Fork Red Ravevlangum, OK). The flow duration
curve was based on measured flows from 1937 thr@0gb.

The flow duration curve for EIm Fork Red River, sent OK311800000010_00 was
based on measured flows at USGS gage station 008Q8m Fork North Fork Red River at
SH 9 near Mangum, OK). The flows during water gyasampling were obtained from
regression analysis of gage 07303500 with USGS §#863400 (EIm Fork North Fork Red
River near Carl, OK). The flow duration curve waaséd on measured flows from 1905
through 1976.

No flow gage exists on Deer Creek, segment OK31080070_00. Therefore, flows for
this waterbody were projected using the watershed eatio method based on measured flows
at USGS gage station 07301420 (Sweetwater CreakSveeetwater, OK). The flow duration
curve was based on measured flows from 1986 thr@0gb.

No flow gage exists on Fish Creek, segment OK31280030_00. Therefore, flows for
this waterbody were projected using the watershed eatio method based on measured flows
at USGS gage station 07301420 (Sweetwater CreakSveeetwater, OK). The flow duration
curve was based on measured flows from 1986 thr@0gb.
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Figure 4-1  Flow Duration Curve for North Fork Red River at US 62
(OK311500010020_10)
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Figure 4-2  Flow Duration Curve for Stinking Creek (OK311500010050_00)
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Figure 4-3  Flow Duration Curve for Tepee Creek (OK31500010110_00)
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Figure 4-4  Flow Duration Curve for West Otter Creek (OK311500020040_00)
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Figure 4-5  Flow Duration Curve for EIk Creek at US183 (OK311500030010_00)
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Figure 4-6  Flow Duration Curve for Little Elk Creek (OK311500030040_00)
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Figure 4-7  Flow Duration Curve for North Fork Red River at SH 34
(OK311510010010_00)
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Figure 4-8  Flow Duration Curve for Turkey Creek (OK311510020060_00)
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Figure 4-9  Flow Duration Curve for Sandy Creek (OK3.1600010040_00)
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Figure 4-10 Flow Duration Curve for Salt Fork Red Rver at US 283
(OK311600020010_00)
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Figure 4-11 Flow Duration Curve for Salt Fork Red Rver at SH 34
(OK311600020010_10)
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Figure 4-12 Flow Duration Curve for Bitter Creek
(OK311600020110_00)
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Figure 4-13 Flow Duration Curve for Cave Creek (OK31600020140_00)
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Figure 4-14 Flow Duration Curve for EIm Fork River (OK311800000010_00)
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Figure 4-15 Flow Duration Curve for Deer Creek (OK3.1800000070_00)
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Figure 4-16 Flow Duration Curve for Fish Creek (OK3L.1800000130_00)
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Flow duration curves can be subdivided into hydyaocondition classes to facilitate the
diagnostic and analytical uses of flow and LDC#e hydrologic classification scheme utilized
in this application is similar to that described®kland (2003):

Table 4-1 Hydrologic Classification Scheme

Flow Exceedance Hydrologic Condition
Percentile Class
0-10 High flows
10-40 Moist Conditions
40-60 Mid-Range Conditions
60-90 Dry Conditions
90-100 Low Flows

Flow duration curves are generated using an ODBQnaated application referred to as
the bacteria LDC toolbox. A step-by-step procedumehow to generate flow duration curves
and flow exceedance percentiles is provided in AdpeC.

The USGS National Water Information System serveshe primary source of flow
measurements for the application. All availabldydaverage flow values for all gages in
Oklahoma, as well as the nearest upstream and d®@ans gages in adjacent states, were
retrieved for use in the application. The appiaatincludes a data update module that
automatically downloads the most recent USGS dath appends it to the existing flow
database.

Some instantaneous flow measurements were avatftalphevarious agencies. These were
not combined with the daily average flows or usedcalculating flow percentiles, but were
matched to bacteria grab measurements collectéteatame site and time. When available,
these instantaneous flow measurements were udiedl iof the daily average flow to calculate
instantaneous bacteria loads.

4.3  Estimating Current Point and Nonpoint Loading

Another key step in the use of LDCs for TMDL deyettent is the estimation of existing
bacteria loading from point and nonpoint sources tie display of this loading in relation to
the TMDL. In Oklahoma, WWTPs that discharge trdatanitary wastewater must meet the
state WQSs for fecal bacteria at the point of casgh. However, for TMDL analysis it is
necessary to understand the relative contributiodV@/TPs to the overall pollutant loading
and its general compliance with required effluenmits. The monthly bacteria load for
continuous point source dischargers is estimateahidyiplying the monthly average flow rates
by the monthly geometric mean using a conversigtofa The current pollutant loading from
each permitted point source discharge is calculaséty the equation below.

Point Source Loading = monthly average flow ratesgd) * geometric mean of
corresponding fecal coliform concentration * unitrversion factor

Where:
unit conversion factor = 37,854,120 100-ml/milligallons (mg)
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It is difficult to estimate current nonpoint loadinlue to lack of specific water quality and
flow information that would assist in estimatinggtrelative proportion of non-specific sources
within the watershed. Therefore, existing instreaads minus the point source loads were
used as an estimate for nonpoint loading.

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 haweh bacteria loading must be reduced
to meet WQSs in the impaired watershed).

Step 1: Generate Bacteria LDCs. LDCs are similar in appearance to flow duration
curves; however, the ordinate is expressed in terves bacteria load in cfu/day. The curve
represents the single sample water quality critefow fecal coliform (400 cfu/100 mLE. coli
(406 cfu/100 mL), or Enterococci (108 cfu/100 mlypeessed in terms of a load through
multiplication by the continuum of flows historitalobserved at this site. The basic steps to
generating an LDC involve:

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

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

» obtaining the water quality data from the primapntact recreation season (May 1
through September 30) for waterbodies not supppttie PBCR use;

» obtaining water quality data from the entire cabmdgear for waterbodies not
supporting the SBCR use;

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

» display a curve on a plot that represents the alldev load multiply the actual or
estimated flow by the WQS for each respective iaidig

« multiplying the flow by the water quality parametncentration to calculate daily
loads; then

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

The culmination of these steps is expressed ifall@ving formula, which is displayed on
the LDC as the TMDL curve:

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

Where: PBCR WQS = 400 cfu /200 ml (Fecal colifora96 cfu/100 ml (E. coli); or 108
cfu/100 ml (Enterococci), or

SBCR WQS = 2000 cfu /200 ml (Fecal coliform); 2680100 ml (E. coli); or 540 cfu/100
ml (Enterococci)

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

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
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observations of bacteria concentration are pairgld flow data and are plotted on the LDC.
The fecal coliform load (or the y-value of eachmipiis calculated by multiplying the fecal
coliform concentration (cfu/100 mL) by the instamaus flow (cubic feet per second [cfs]) at
the same site and time, with appropriate volumetna time unit conversions. Fecal
coliform/E. colVEnterococci loads representing exceedance of vgatarty criteria fall above
the water quality criterion line.

Flows and water quality samples observed in thethsooomprising the primary contact
recreation season are used to generate the LDOsdimrbodies not supporting PBCR use.
Flows and water quality samples observed over titieeecalendar year are used to generate the
LDCs for waterbodies not support SBCR use. Itnsppropriate to compare single sample
bacteria observations and instantaneous or daly flurations to a 30-day geometric mean
water quality criterion in the LDC.

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

Step 2: Develop LDCs with MOS. An LDC depicting slightly lower estimates thare th
TMDL is developed to represent the TMDL with MO$he MOS may be defined explicitly or
implicitly. A typical explicit approach would reser some fraction of the TMDLe(g.,10%) as
the MOS. In an implicit approach, conservativeuagstions used in developing the TMDL are
relied upon to provide an MOS to assure that WQ&8satained.

For the TMDLs in this report, an explicit MOS of pércent of the TMDL value (10% of
the instantaneous water quality criterion) has bselected to slightly reduce assimilative
capacity in the watershed. The MOS at any givercgrg flow exceedance, therefore, is
defined as the difference in loading between thédLMnd the TMDL with MOS.

Step 3. Calculate WLA. As previously stated, the pollutant load allogatfor point
sources is defined by the WLA. A point source taneither a wastewater (continuous) or
stormwater (MS4) discharge. Stormwater point sesiare typically associated with urban and
industrialized areas, and recent USEPA guidancéudes NPDES-permitted stormwater
discharges as point source discharges and, thergfart of the WLA.

The LDC approach recognizes that the assimilatiygacity 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 concemwinati or as different maximum loads
allowable under different flow conditions, rathérah single maximum load values. This
concentration-based approach meets the requirenedn®) CFR, 130.2(i) for expressing
TMDLs “in terms of mass per time, toxicity, or oth&ppropriate measures” and is consistent
with USEPA'’s Protocol for Developing Pathogen TMDILSEPA 2001).

WLA for WWTP. WLAs may be set to zero for watersheds with nigtarg or planned
continuous permitted point sources. For watershatls permitted point sources, WLAs may
be derived from NPDES permit limits. A WLA may balculated for each active NPDES
wastewater discharger using a mass balance appesashown in the equation below. The
permitted average flow rate used for each pointcgdischarge and the water quality criterion
concentration are used to estimate the WLA for eeattewater facility. All WLA values for
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each NPDES wastewater discharger are then summeeptesent the total WLA for the
watershed.

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

Where: WQS = 200 cfu /100 ml (Fecal coliform); X26/100 ml (E. coli); or 33 cfu/100
ml (Enterococci)

flow (1& gal/day) = permitted flow
unit conversion factor = 37,854,120al/day

Step 4: Calculate LA and WLA for MS4s. Given the lack of data and the variability of
storm events and discharges from storm sewer sydisoharges, it is difficult to establish
numeric limits on stormwater discharges that adelyaddress projected loadings. As a result,

EPA regulations and guidance recommend expressiRBE$ permit limits for MS4s as
BMPs.

LAs can be calculated under different flow condigoas 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_WWTP - WLA_MS4 - MOS

WLA for MS4s. If there are no permitted MS4s in the study areaAWMS4 is set to
zero. When there are permitted MS4s in the wageksive can first calculate the sum of LA +
WLA _MS4 using the above formula, then separate VWwWAMS4s from the sum based on the
percentage of a watershed that is under a MS4djatisn. This WLA for MS4s may not be
the total load allocated for permitted MS4s unldges whole MS4 area is located within the
study watershed boundry. However, in most casestindy watershed intersects only a portion
of the permitted MS4 coverage areas.

Step 5: Estimate WLA Load Reduction. The WLA load reduction was not calculated as it
was assumed that continuous dischargers (NPDESHpsmMWWTPS) are adequately
regulated under existing permits to achieve wateality standards at the end-of-pipe and,
therefore, no WLA reduction would be required. ABOs are considered unpermitted
discharges under State statute and DEQ regulatiéios.any MS4s that are located within a
watershed requiring a TMDL the load reduction v equal to the PRG established for the
overall watershed.

Step 6: Estimate LA Load Reduction. After existing loading estimates are computed for
each bacteria indicator, nonpoint load reductidmeges for each WQM station are calculated
by using the difference between estimated exidtading and the allowable load expressed by
the LDC (TMDL-MOS). This difference is expressesl tae overall PRG for the impaired
waterbody. For fecal coliform the PRG which ensutigat no more than 25 percent of the
samples exceed the TMDL based on the instantangttesia allocates the loads in manner
that is also protective of the geometric mean Goke ForE. coli and Enterococci, because
WQ standards are considered to be met if 1) ettieeigeometric mean of all data is less than
the geometric mean criteria, or 2) no sample exx#eelinstantaneous criteria, the TMDL PRG
will be the lesser of that required to meet thengetoic mean or instantaneous criteria.
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SECTION 5
TMDL CALCULATIONS

5.1 Estimated Loading and Critical Conditions

USEPA regulations at 40 CFR 130.7(c) (1) requireDIld to take into account critical
conditions for stream flow, loading, and all appbte water quality standards. To accomplish
this, available instream WQM data were evaluateth wéspect to flows and magnitude of
water quality criteria exceedance using LDCs. Hemnore, TMDLs are derived for all
bacteria indicators at any given WQM station placedhe 303(d) list.

To calculate the bacteria load at the WQS, the fiat® at each flow exceedance percentile
is multiplied by a unit conversion factd4,465,525 ml*s / #tday) and the criterion specific to
each bacteria indicator. This calculation produttes maximum bacteria load in the stream
without exceeding the instantaneous standard dnerange of flow conditions. The allowable
bacteria (fecal coliformE. coli, or Enterococci) loads at the WQS establish thddLMnd are
plotted versus flow exceedance percentile as a LDk x-axis indicates the flow exceedance
percentile, while the y-axis is expressed in teofns bacteria load.

To estimate existing loading, bacteria observatioois 1999 to 2003 are paired with the
flows measured or estimated in that segment ons#tmee date. Pollutant loads are then
calculated by multiplying the measured bacteriaceotration by the flow rate and a unit
conversion factor 024,465,525 ml*s / }tday. The associated flow exceedance percentile is
then matched with the measured flow from the taptesided in Appendix C. The observed
bacteria loads are then added to the LDC plot astgo These points represent individual
ambient water quality samples of bacteria. Poglteve the LDC indicate the bacteria
instantaneous standard was exceeded at the tirmangbling. Conversely, points under the
LDC indicate the sample met the WQS.

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 requirBercent reduction goals are calculated for
each watershed and bacterial indicator specieBeasetiuctions in load required in order that
no more than 10 percent of the existing instantas&eater quality observations would exceed
the water quality target. This is because forREBCR or SBCR use to be supported, criteria
for each bacteria indicator must be met in eachaineg waterbody.

Table 5-1 presents the percent reductions necefsagach bacteria indicator in each of
the impaired waterbodies in the Study Area. Attent of WQSs in response to TMDL
implementation will be based on results measuregagh of the WQM stations listed in
Table 5-1. Based on this table, the TMDL PRGsNorth Fork Red River at US 62, Elk
Creek, North Fork Red River at SH 34, Sandy Cr&ellt, Fork Red River at US 283, Salt Fork
Red River at SH 34, Bitter Creek, Cave Creek, almd Eork Red River will be based on
Enterococci; the TMDL PRGs for Stinking Creek, Tegereek, West Otter Creek, Little Elk
Creek, Turkey Creek, Deer Creek and Fish Creekbelbased on fecal coliform. The PRGs
range from 14 to 99 percent.
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Table 5-1 TMDL Percent Reductions Required to MeeWater Quality Standards for
Impaired Waterbodies in the Upper Red River Watersted

Percent Reduction Required
Waterbody ID WQM Station Waterbody Name FC EC =l
Instant- | Instant- Geo- | Instant- Geo-
aneous aneous mean aneous mean
OK311500010020- | Red River-North o
0OK311500010020_10 001AT Fork at US 62 88% | 81%
OK311500010050_00 | OK311500010050G | Stinking Creek 97%
OK311500010110_00 | OK311500010110G | Tepee Creek 28%
0OK311500020040_00 | OK311500020040G | West Otter Creek 66%
OK311500030010_00 000'13;3%500030010' Elk Creek 94% | 85%
OK311500030040_00 | OK311500030040G | Little EIk Creek 67%
OK311510010010- | Red River-North o
0OK311510010010_00 001AT Fork at SH 34 96% | 70%
OK311510020060_00 | OK311510020060G | Turkey Creek 60%
OK311600010040- | Sandy Creek o
0OK311600010040_00 001AT (Lebos) 99% | 83%
OK311600020010- | Red River-Salt o
0OK311600020010_00 002AT Fork at US 283 76% 89% | 14% | 99% | 94%
0OK311600020010- | Red River-Salt
0OK311600020010_10 001AT Fork at SH 34 64% 99% | 96%
0OK311600020110 00 | OK311600020110G | Bitter Creek 96% | 76%
0OK311600020140_00 | OK311600020140G | Cave Creek 72% 95% | 92%
0K311800000010_o0 | OK311800000010- | Red River-Elm 28% | 87% | 79% | 98% | 87%
001AT Fork
OK311800000070_00 | OK311800000070C | Deer Creek 72%
OK311800000130_00 | OK311800000130G | Fish Creek 28%

A subset of the LDCs for each impaired waterbodghiswn in Figures 5-1 through 5-16.
While some waterbodies may be listed for multipdetierial indicators, only one LDC for each
waterbody is presented in Figures 5-1 through 5-16e LDC for the bacterial indicator that is
highlighted by bold text in Table 5-1. In other nds, Figures 5-1 through 5-16 display an
LDC for each waterbody based on the bacterial atdicthat represents the most conservative
PRG. The LDCs for the other bacterial indicatdmattrequire TMDLs are presented in
Subsection 5.7 of this report.

The LDC for North Fork Red River segment OK31150@@0 10 (Figure 5-1) is based
on Enterococcus bacteria measurements during prim@ntact recreation season at WQM
station OK311500010020-001AT (North Fork Red Riwear Headrick, OK). The PRG is
calculated so the measurements under primary dordaeation season are met. The LDC
indicates that Enterococcus levels sometimes extemdnstantaneous water quality criteria
during all flow conditions, possibly indicating veatquality impairments due to nonpoint
sources or a combination of point and nonpoint sear Exceedances occurred during high
flow conditions indicate that the majority of thellption is due to non-point sources. The
exceedances found during dry weather conditiongatel some level of pollution may be due
to point sources, failing onsite systems, or dideEgtosition of animal manure.
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The LDC for Stinking Creek segment OK3115000100%0(Figure 5-2) is based on fecal
coliform bacteria measurements during primary atntacreation season at WQM station
OK311500010050G. Fecal coliform measurements deltecduring secondary contact
recreation season (October — April) are also dygalaon the figure, although the load at the
secondary contact recreation criterion is not showifhe PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contactesgtn criteria are also met. The LDC
indicates that fecal coliform levels exceed thdantaneous water quality criteria under high
flow, moist, and mid-range flow conditions, indiw&t of nonpoint sources.

The LDC for Tepee Creek segment OK311500010110F@fure 5-3) is based on fecal
coliform bacteria measurements during primary ocntacreation season at WQM station
OK311500010110G. Fecal coliform measurements deliecduring secondary contact
recreation season (October — April) are also dygueon the figure, although the load at the
secondary contact recreation criterion is not showThe PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contacteaan criteria are also met. The LDC
indicates that fecal coliform levels occasionabkgeed the instantaneous water quality criteria
under dry and moist hydrologic conditions. Howewénce there is no point source discharge
in the watershed, the bacteria loading must cowmma fionpoint sources.

The LDC for West Otter Creek segment OK311500020080(Figure 5-4) is based on
fecal coliform bacteria measurements during printanytact recreation season at WQM station
OK311500020040G. Fecal coliform measurements deliecduring secondary contact
recreation season (October — April) are also dygueon the figure, although the load at the
secondary contact recreation criterion is not showThe PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contacteaan criteria are also met. The LDC
indicates that fecal coliform levels exceed th@antaneous water quality criteria during high
flow, moist, and mid-range flow conditions, indiw&t of nonpoint sources.

The LDC for EIk Creek segment OK311500030010 OOgyfeé 5-5) is based on
Enterococcus bacteria measurements during prin@ract recreation season at WQM station
OK311500030010-001AT (Elk Creek off US 183 near &tvbOK). The LDC indicates that
Enterococcus levels sometimes exceed the instaadaneater quality criteria under moist
conditions, mid-range flows, and dry hydrologic ditions. However, since there is no point
source discharge in the watershed, the bacterthriganust come from nonpoint sources.

The LDC for Little EIk Creek segment OK3115000300d0 (Figure 5-6) is based on
fecal coliform bacteria measurements during printamytact recreation season at WQM station
OK311500030040G. Fecal coliform measurements deltecduring secondary contact
recreation season (October — April) are also dygalaon the figure, although the load at the
secondary contact recreation criterion is not showifhe PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contactesgtn criteria are also met. The LDC
indicates that fecal coliform levels exceed thdantaneous water quality criteria under moist
and dry hydrologic conditions. However, since th&eno point source discharge in the
watershed, the bacteria loading must come from oiohgources.
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The LDC for North Fork Red River segment OK31151@@0 00 (Figure 5-7) is based
on Enterococcus bacteria measurements during prim@mtact recreation season at WQM
station OK311510010010-001AT (North Fork Red Rinear Carter, OK). The LDC indicates
that Enterococcus levels sometimes exceed thentastaous water quality criteria under all
hydrologic conditions. However, since there ispaint source discharge in the watershed, the
bacteria loading must come from nonpoint sources.

The LDC for Turkey Creek segment OK311510020060(Fdgure 5-8) is based on fecal
coliform bacteria measurements during primary atntacreation season at WQM station
OK311510020060G. Fecal coliform measurements delecduring secondary contact
recreation season (October — April) are also dygalaon the figure, although the load at the
secondary contact recreation criterion is not showifhe PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contactesgtwn criteria are also met. The LDC
indicates that fecal coliform levels exceed théantaneous water quality criteria during most
flow conditions. Since there is no point sourcelége in the watershed, the bacteria loading
must come from nonpoint sources.

The LDC for Sandy Creek segment OK311600010040 Fufe 5-9) is based on
Enterococci bacteria measurements and flows duratly seasons at WQM station
0OK311600010040-001AT (Sandy Creek, SH 6, Eldoraddhe PRG is calculated so the
measurements under secondary contact recreatisarsage met, as primary contact recreation
is not a designated use for this segment. The Lidiicates that Enterococci levels exceeded
the instantaneous secondary contact recreatiomn gaddity criteria during high flow and moist
conditions (all samples were collected under tloeselitions), indicative of nonpoint sources.

The LDC for Salt Fork Red River segment OK31160@120 00 (Figure 5-10) is based on
fecal coliform bacteria measurements during printanytact recreation season at WQM station
OK311600020010-002AT (Salt Fork Red River near EJr@K). The LDC indicates that fecal
coliform levels exceed the instantaneous waterityuafiteria during most flow conditions,
indicative of a combination of point and nonpoiotsces.

The LDC for Salt Fork Red River segment OK31160@120 10 (Figure 5-11) is based on
fecal coliform bacteria measurements during printanmytact recreation season at WQM station
OK311600020010-001AT (Salt Fork Red River at SH &4Mangum, OK). The LDC
indicates that fecal coliform levels have exceetlss instantaneous water quality criteria
during high flow, mid-range flow, and dry hydrolegconditions, possibly indicating a
combination of nonpoint and point sources. The LRC this waterbody presents some
atypical characteristics — zero flow above th& 88w percentile based on a long-term USGS
gage station on the river and a WWTP that provideginuous flow above the Bgercentile.

In cases such as this stream flow above tffepgBcentile is considered effluent dominated and
it is assumed that the WWTP is compliant with pémaquirements and therefore its discharge
will not result in WQS exceedances.

The LDC for Bitter Creek segment OK311600020110 (Byure 5-12) is based on
Enterococcus bacteria measurements and flows dualhgseasons at WQM station
OK311600020110G. The PRG is calculated so the umeaments under secondary contact
recreation season are met, as primary contact atmneis not a designated use for this
segment. The LDC indicates that Enterococcus leselmetimes exceed the instantaneous

UpperRed_FINAL_06-11-08.doc 5'4 FI NAL
June 2008



Upper Red River Bacteria TMDLs TMDL Calculations

secondary contact recreation water quality critender all hydrologic conditions, indicating
nonpoint sources.

The LDC for Cave Creek segment OK311600020140 QQuf€ 5-13) is based on
Enterococci bacteria measurements during primanyact recreation season at WQM station
OK311600020140G. Enterococci measurements colletieidg secondary contact recreation
season (October — April) are also displayed onfithee, although the load at the secondary
contact recreation criterion is not shown. The PRG®Galculated so the measurements under
primary contact recreation season are met; howetes, percent reduction is sufficient to
ensure that secondary contact recreation criterta adso met. The LDC indicates that
Enterococci levels exceed the instantaneous walaity) criteria during moist and mid-range
flow conditions, indicative of nonpoint sources.

The LDC for EIm Fork Red River segment OK311800@®O (Figure 5-14) is based
on Enterococci bacteria measurements during princantact recreation season at WQM
station OK311800000010-001AT (Elm Fork Red Rivelam&angum, OK). The LDC
indicates that fecal coliform levels exceed theantaneous water quality criteria under all
hydrologic conditions. However, since there ispoint source discharge in the watershed, the
bacteria loading must come from nonpoint sources.

The LDC for Deer Creek segment OK311800000070_@§u(E 5-15) is based on fecal
coliform bacteria measurements during primary ocntacreation season at WQM station
OK311800000070C. Fecal coliform measurements delecduring secondary contact
recreation season (October — April) are also dygaeon the figure, although the load at the
secondary contact recreation criterion is not showThe PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contacteaan criteria are also met. The LDC
indicates that fecal coliform levels exceed thdantaneous water quality criteria under moist
and mid-range flow conditions, indicative of nongtaources.

The LDC for Fish Creek segment OK311800000130 0§u(e 5-16) is based on fecal
coliform bacteria measurements during primary atntacreation season at WQM station
0OK311800000130G (Fish Creek). Fecal coliform meamants collected during secondary
contact recreation season (October — April) are displayed on the figure, although the load
at the secondary contact recreation criterion is simwn. The PRG is calculated so the
measurements under primary contact recreation seasanet; however, this percent reduction
is sufficient to ensure that secondary contactesgtn criteria are also met. The LDC
indicates that fecal coliform levels exceed thdantaneous water quality criteria under high
flow, low flow, and mid-range conditions. Howevsmce there is no point source discharge in
the watershed, the bacteria loading must come fronpoint sources
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Figure 5-1  Load Duration Curve for Enterococci in North Fork Red River at US 62
(OK311500010020_10)
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Figure 5-2  Load Duration Curve for Fecal Coliform in Stinking Creek
(OK311500010050_00)
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Figure 5-3  Load Duration Curve for Fecal Coliform in Tepee Creek

(OK311500010110_00)
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Figure 5-4  Load Duration Curve for Fecal Coliform in West Otter Creek

(OK311500020040_00)
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Figure 5-5  Load Duration Curve for Enterococci in Bk Creek (OK311500030010_00)
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Figure 5-6  Load Duration Curve for Fecal Coliform in Little EIk Creek
(OK311500030040_00)
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Figure 5-7  Load Duration Curve for Enterococci in North Fork Red River at SH 34
(OK311510010010_00)
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Figure 5-8  Load Duration Curve for Fecal Coliform in Turkey Creek
(OK311510020060_00)
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Figure 5-9  Load Duration Curve for Enterococci in Sandy Creek
(OK311600010040_00)
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Figure 5-10 Load Duration Curve for Enterococci inSalt Fork Red River at US 283
(OK311600020010_00

1.E+06

1.E+05 | oad at WQ Criterion

= = |oadat WQ Target

E+04 A EN Observations Primary CR

109/dayL

(

1.E+03

1.E+02

Enterococcus Load

1.E+01

1.E+00

1.E-01
0 10 20 30 40 50 60 70 80 90 100
Flow Exceedance Percentile

Note: There is no wasteload allocation for thisesaddy.

UpperRed_FINAL_06-11-08.doc 5'10 FI NAL
June 2008



Upper Red River Bacteria TMDLs TMDL Calculations

Figure 5-11 Load Duration Curve for Enterococci inSalt Fork Red River at SH 34
(OK311600020010_10)
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Figure 5-12 Load Duration Curve for Enterococci inBitter Creek
(OK311600020110_00
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Figure 5-13 Load Duration Curve for Enterococci inCave Creek
(OK311600020140_00)
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Figure 5-14 Load Duration Curve for Enterococci inEIm Fork Red River
(OK311800000010_00)
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Figure 5-15 Load Duration Curve for Fecal Coliformin Deer Creek
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Figure 5-16 Load Duration Curve for Fecal Coliformin Fish Creek

(OK311800000130_00)
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5.2  Wasteload Allocation

NPDES-permitted facilities are allocated a dailystetoad calculated as their permitted
daily average discharge flow rate multiplied by timstream single-sample water quality
criterion. In other words, the facilities are reqd to meet instream criteria in their discharge.
Table 5-2 summarizes the WLA for the NPDES-perrittacilities within the Upper Red
River Study Area. The WLA for each facility is dexd from the following equation:

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

Where:

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

unit conversion factor = 37,854,120-igal/day

When multiple NPDES facilities occur within a watleed, individual WLAs are summed
and the total WLA for continuous point sourcesnsluded in the TMDL calculation for the
corresponding waterbody. When there are no NPDE®/TRs discharging into the
contributing watershed of a WQM station, then theANs zero. Compliance with the WLA
will be achieved by adhering to the fecal colifotmmits and disinfection requirements of
NPDES permits. Table 5-2 indicates which point reeudischargers within Oklahoma
currently have a disinfection requirement in thggrmit. Certain facilities that utilize lagoons
for treatment have not been required to providenflistion since storage time and exposure to
ultraviolet radiation from sunlight should reducacteria levels. In the future, all point source
dischargers which are assigned a wasteload aldochtit do not currently have a bacteria limit
in their permit will receive a permit limit conssstt with the wasteload allocation as their
permits are reissued.

Table 5-2 Wasteload Allocations* for NPDES-Permittd Facilities

Wasteload Allocation (cfu/day)
NPDES BESED )
Waterbody ID . Name Flow Disinfection Fecal
Permit No. eca . .
(mgd) Coliform E. Coli | Enterococci
OK311500010050_00 City of Altus
Stinking Creek 0K0028037 WWTP 2.000 Yes 1.51E+10 | 9.54E+09 | 2.50E+09
OK311600020010_10 City of Magnum
Red River, Salt Fork 0K0028827 WWTP 0.300 NO 2.27E+09 | 1.43E+09 | 3.75E+08

Permitted stormwater discharges are considered pources. The WLA calculations for
MS4s must be expressed as different maximum lodisvable under different flow
conditions. Therefore the percentage of a watershat is under a MS4 jurisdictional is used
to estimate the amount of the overall LA that sidag dedicated as the MS4 contribution. The
only urbanized area designated as an MS4 withinShudy Area is the City of Altus (Permit #:
OKRO040043) located in the Stinking Creek (OK31150WI50_ 00) watershed. The flow
dependent calculations for the WLA establishedtfa City of Altus MS4 are provided in
Tables 5-3 and 5-5.
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53 Load Allocation

As discussed in Section 3, nonpoint source bacteading to the receiving streams of
each waterbody emanate from a number of differeatces. The data analysis and the LDCs
demonstrate that exceedances at the WQM statianghar result of a variety of nonpoint
source loading. The LAs for each stream segmentaculated as the difference between the
TMDL, MOS, and WLA for WWTP and MS4s as follows:

LA =TMDL — WLA_WWTP — WLA_MS4 - MOS

5.4  Seasonal Variability

Federal regulations (40 CFR 8130.7(c)(1)) requhat tTMDLs account for seasonal
variation in watershed conditions and pollutantling. The TMDLs established in this report
adhere to the seasonal application of the Oklahdms, which limits the PBCR use to the
period of May i' through September 80 Seasonal variation was also accounted for inethe
TMDLs by using more than 5 years of water qualiifadand by using the longest period of
USGS flow records when estimating flows to devdlow exceedance 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 intoTt®L equation that accounts for the
uncertainty associated with calculating the allol@ghollutant loading to ensure WQSs are
attained. USEPA guidance allows for use of implazi explicit expressions of the MOS, or
both. When conservative assumptions are usedviel@ment of the TMDL, or conservative
factors are used in the calculations, the MOS igliot. When a specific percentage of the
TMDL is set aside to account for uncertainty, thieem MOS is considered explicit.

For the explicit MOS the water quality target was at 10 percent lower than the water
quality criterion for each pathogen. For PBCR, sthequates to 360 cfu/100 mL,
365.4 cfu/100 mL, and 97.2/100 mL for fecal colifgrE. coli, and Enterococgcrespectively.
For secondary body contact recreation this equates 1,800 organisms/100 mL,
1,827 organisms/100 mL, and 486/100 mL, for fecalif@m, E. coli and Enterococgi
respectively. The net effect of the TMDL with MAS that the assimilative capacity or
allowable pollutant loading of each waterbody ighdly reduced. These TMDLs incorporate
an explicit MOS by using a curve representing 9@@mat of the TMDL as the average MOS.
The MOS at any given percent flow exceedance, thierecan be defined as the difference in
loading between the TMDL and the TMDL with MOS. €Tluse of instream bacteria
concentrations to estimate existing loading is lamotconservative element utilized in these
TMDLs that can be recognized as an implicit MOShisTconservative approach to establishing
the MOS will ensure that both the 30-day geometrgan and instantaneous bacteria standards
can be achieved and maintained.

5.6 TMDL Calculations

The bacteria TMDLs for the 303(d)-listed WQM stasocovered in this report were
derived using LDCs. A TMDL is expressed as the sdirall WLAS (point source loads), LAs
(nonpoint source loads), and an appropriate MOSg¢hwhattempts to account for uncertainty
concerning the relationship between effluent litnitas and water quality.
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This definition can be expressed by the followiggation:
TMDL = XY WLA +X LA + MOS

Where thex WLA component can be further divided into WLA MWTPs and WLA for
MS4s:

>~ WLA = WLA_WWTP + WLA_MS4

For each stream segment the TMDLs presented inr¢jpisrt are expressed as a percent
reduction across the full range of flow conditionthe TMDL, WLA, LA, and MOS will vary
with flow condition, and are calculated at evelyflow interval percentile (Tables 5-4 through
5-19). For illustrative purposes, the TMDL, WLAALand MOS calculated for the median
flow at each site are presented in Table 5-3.

The LDC and the equation of:
Average LA = average TMDL — MOS — WLA_WWTP - WLA_KIS

can provide an individual value for the LA in cositer day, which represents the area under
the TMDL target line and above the WLA line. FoSKk the load reduction will be the same
as the PRG established for the LA (nonpoint soQrc&¥here there are no continuous point
sources the WLA is zero. The LDCs and TMDL caltolss for additional bacterial indicators
are provided in Subsection 5.7.
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Table 5-3 TMDL Summary Examples
Indicator TMDLT WLA WWTPt | WLA MS4t LAT MOSt
Bacteria (cfu/day) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
Waterbody ID WQM Station Waterbody Name Species

OK311500010020_10 | OK311500010020-001AT Red River-North Fork at US 62 ENT 1.98E+11 0 0 1.78E+11 1.98E+10
OK311500010050_00 | OK311500010050G Stinking Creek FC 4.70E+10 1.51E+10 1.84E+09 2.53E+10 4.70E+09
OK311500010110_00 | OK311500010110G Tepee Creek FC 8.43E+08 0 0 7.59E+08 8.43E+07
OK311500020040_00 | OK311500020040G West Otter Creek FC 1.67E+09 0 0 1.50E+09 1.67E+08
OK311500030010_00 | OK311500030010-001AT Elk Creek ENT 4.49E+10 0 0 4.04E+10 449E+09
OK311500030040_00 | OK311500030040G Little Elk Creek FC 6.56E+08 0 0 5.91E+08 6.56E+07
OK311510010010_00 | OK311510010010-001AT Red River-North Fork at SH 34 ENT 1.14E+11 0 0 1.02E+11 1.14E+10
OK311510020060_00 | OK311510020060G Turkey Creek FC 1.45E+10 0 0 1.31E+10 1.45E+09
OK311600010040_00 | OK311600010040-001AT Sandy Creek (Lebos) ENT 6.87E+10 0 0 6.18E+00 6.87E+09
0OK311600020010_00 | OK311600020010-002AT Red River-Salt Fork at US 283 ENT 2.19E+11 0 0 1.97E+11 2.19E+10
OK311600020010_10 | OK311600020010-001AT Red River-Salt Fork at SH 34 ENT 1.80E+10 3.75E+08 0 1.58E+10 1.80E+09
OK311600020110_00 | OK311600020110G Bitter Creek ENT 1.64E+11 0 0 1.47E+11 1.64E+10
OK311600020140_00 | OK311600020140G Cave Creek ENT 2.81E+08 0 0 2.53E+08 2.81E+07
OK311800000010_00 | OK311800000010-001AT Red River-Elm Fork ENT 6.34E+10 0 0 5.71E+10 6.34E+09
OK311800000070_00 | OK311800000070C Deer Creek FC 3.17E+09 0 0 2.85E+09 3.17E+08
OK311800000130_00 | OK311800000130G Fish Creek FC 8.23E+09 0 0 7.41E+09 8.23E+08

T Derived for illustrative purposes at the mediawfvalue
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Upper Red River Bacteria TMDLs
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Table 5-4 Enterococci TMDL Calculations for North Fork Red River at US 62
(OK311500010020_10)
Percentile Flow TMDL WLA LA MOS

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

0 41,600 1.10E+14 0 9.89E+13 1.10E+13

5 2,180 5.76E+12 0 5.18E+12 5.76E+11

10 887 2.34E+12 0 2.11E+12 2.34E+11

15 514 1.36E+12 0 1.22E+12 1.36E+11

20 340 8.98E+11 0 8.09E+11 8.98E+10

25 245 6.47E+11 0 5.83E+11 6.47E+10

30 185 4.89E+11 0 4.40E+11 4.89E+10

35 143 3.78E+11 0 3.40E+11 3.78E+10

40 113 2.99E+11 0 2.69E+11 2.99E+10

45 94 2.48E+11 0 2.24E+11 2.48E+10

50 75 1.98E+11 0 1.78E+11 1.98E+10

55 62 1.64E+11 0 1.47E+11 1.64E+10

60 50 1.32E+11 0 1.19E+11 1.32E+10

65 40 1.06E+11 0 9.51E+10 1.06E+10

70 32 8.46E+10 0 7.61E+10 8.46E+09

75 23 6.08E+10 0 5.47E+10 6.08E+09

80 16 4.23E+10 0 3.80E+10 4.23E+09

85 9.8 2.59E+10 0 2.33E+10 2.59E+09

90 4.9 1.29E+10 0 1.17E+10 1.29E+09

95 0.30 7.93E+08 0 7.13E+08 7.93E+07
100 0 0 0 0 0
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Table 5-5 Fecal Coliform TMDL Calculations for Stinking Creek
(OK311500010050_00)
percentile | F1OW TMDL | WLA_WWTP | WLA_MS4 LA MOS
(cfs) | (cfu/day) (cfu/day) (cfulday) | (cfulday) | (cfu/day)
0 3,319 | 3.25E+13 1.51E+10 1.97E+12 | 2.72E+13 | 3.25E+12
5 29 2.85E+11 1.51E+10 1.63E+10 | 2.25E+11 | 2.85E+10
10 15 1.43E+11 1.51E+10 | 7.65E+09 | 1.06E+11 | 1.43E+10
15 11 1.11E+11 1.51E+10 | 5.71E+09 | 7.88E+10 | 1.11E+10
20 9.7 9.48E+10 1.51E+10 | 4.74E+09 | 6.54E+10 | 9.48E+09
25 8.5 8.29E+10 1.51E+10 | 4.02E+09 | 5.54E+10 | 8.29E+09
30 7.2 7.09E+10 1.51E+10 | 3.29E+09 | 4.54E+10 | 7.09E+09
35 6.4 6.29E+10 1.51E+10 | 2.81E+09 | 3.87E+10 | 6.29E+09
40 5.6 5.50E+10 1.51E+10 | 2.32E+09 | 3.20E+10 | 5.50E+09
45 5.2 5.10E+10 1.51E+10 | 2.08E+09 | 2.87E+10 | 5.10E+09
50 4.8 4.70E+10 1.51E+10 1.84E+09 | 2.53E+10 | 4.70E+09
55 4.4 4.30E+10 1.51E+10 1.59E+09 | 2.20E+10 | 4.30E+09
60 3.9 3.86E+10 1.51E+10 1.33E+09 | 1.83E+10 | 3.86E+09
65 3.6 3.51E+10 1.51E+10 1.11E+09 | 1.53E+10 | 3.51E+09
70 3.3 3.19E+10 1.51E+10 | 9.15E+08 | 1.26E+10 | 3.19E+09
75 2.9 2.83E+10 1.51E+10 | 6.97E+08 | 9.62E+09 | 2.83E+09
80 2.6 2.59E+10 1.51E+10 | 5.52E+08 | 7.61E+09 | 2.59E+09
85 2.3 2.27E+10 1.51E+10 | 3.58E+08 | 4.94E+09 | 2.27E+09
90 2.0 1.99E+10 1.51E+10 1.88E+08 | 2.60E+09 | 1.99E+09
95 1.7 1.68E+10 1.51E+10 0 0 1.68E+09
100 0 1.68E+10 1.51E+10 0 0 1.68E+09
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Table 5-6 Fecal Coliform TMDL Calculations for Tepes Creek
(OK311500010110_00)
Percentile I(:CI?;;/ (CE\;I d[;l;/) WLA (cfu/day) (cfulyg\ay) (cfl\éll(ge?y)
1,061 1.04E+13 0 9.34E+12 1.04E+12
20 1.96E+11 0 1.76E+11 1.96E+10
10 8.7 8.52E+10 0 7.66E+10 8.52E+09
15 4.9 4.78E+10 0 4.30E+10 4.78E+09
20 3.2 3.17E+10 0 2.85E+10 3.17E+09
25 2.3 2.25E+10 0 2.03E+10 2.25E+09
30 1.6 1.61E+10 0 1.45E+10 1.61E+09
35 1.2 1.19E+10 0 1.07E+10 1.19E+09
40 0.8 8.27E+09 0 7.44E+09 8.27E+08
45 0.5 5.05E+09 0 4 55E+09 5.05E+08
50 0.32 3.12E+09 0 2.81E+09 3.12E+08
55 0.16 1.56E+09 0 1.41E+09 1.56E+08
60 0.07 6.89E+08 0 6.20E+08 6.89E+07
65 0.01 1.38E+08 0 1.24E+08 1.38E+07
70 0 0 0 0 0
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-7 Fecal Coliform TMDL Calculations for WestOtter Creek
(OK311500020040_00)
Percentile I(:CI?;;/ (CE\;I d[;l;/) WLA (cfu/day) (cfulyg\ay) (cfl\éll(ge?y)
1238 1.21E+13 0 1.09E+13 1.21E+12
40 3.91E+11 0 3.52E+11 3.91E+10
10 8.5 8.33E+10 0 7.50E+10 8.33E+09
15 5.0 4.85E+10 0 4.36E+10 4.85E+09
20 3.4 3.30E+10 0 2.97E+10 3.30E+09
25 2.8 2.70E+10 0 2.43E+10 2.70E+09
30 2.4 2.32E+10 0 2.09E+10 2.32E+09
35 2.0 1.98E+10 0 1.78E+10 1.98E+09
40 1.6 1.59E+10 0 1.43E+10 1.59E+09
45 1.0 9.76E+09 0 8.79E+09 9.76E+08
50 0.63 6.17E+09 0 5.55E+09 6.17E+08
55 0.36 3.52E+09 0 3.17E+09 3.52E+08
60 0.15 1.52E+09 0 1.36E+09 1.52E+08
65 0 0 0 0 0
70 0 0 0 0 0
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-8 Enterococci TMDL Calculations for Elk Creek (OK311500030010_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 15,200 4.02E+13 0 3.61E+13 4.02E+12
543 1.43E+12 0 1.29E+12 1.43E+11
10 194 5.13E+11 0 4.61E+11 5.13E+10
15 111 2.93E+11 0 2.64E+11 2.93E+10
20 71 1.88E+11 0 1.69E+11 1.88E+10
25 52 1.37E+11 0 1.24E+11 1.37E+10
30 40 1.06E+11 0 9.51E+10 1.06E+10
35 33 8.72E+10 0 7.85E+10 8.72E+09
40 26 6.87E+10 0 6.18E+10 6.87E+09
45 21 5.55E+10 0 4.99E+10 5.55E+09
50 17 4.49E+10 0 4.04E+10 4,49E+09
55 13 3.43E+10 0 3.09E+10 3.43E+09
60 10 2.64E+10 0 2.38E+10 2.64E+09
65 8.0 2.11E+10 0 1.90E+10 2.11E+09
70 5.8 1.53E+10 0 1.38E+10 1.53E+09
75 3.7 9.78E+09 0 8.80E+09 9.78E+08
80 2.4 6.34E+09 0 5.71E+09 6.34E+08
85 1.2 3.17E+09 0 2.85E+09 3.17E+08
90 0.30 7.93E+08 0 7.13E+08 7.93E+07
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-9 Fecal Coliform TMDL Calculations for Little Elk Creek
(OK311500030040_00)
Percentile '(:(I;f)g (CIJ\;' dg';/) WLA (cfu/day) (cfubc?ay) (cfl\lflﬁiy)
825 8.08E+12 0 7.27E+12 8.08E+11
16 1.54E+11 0 1.38E+11 1.54E+10
10 6.8 6.65E+10 0 5.98E+10 6.65E+09
15 3.8 3.74E+10 0 3.36E+10 3.74E+09
20 2.5 2.47E+10 0 2.22E+10 2.47E+09
25 1.8 1.75E+10 0 1.58E+10 1.75E+09
30 1.3 1.25E+10 0 1.13E+10 1.25E+09
35 0.95 9.29E+09 0 8.36E+09 9.29E+08
40 0.66 6.43E+09 0 5.79E+09 6.43E+08
45 0.40 3.93E+09 0 3.54E+09 3.93E+08
50 0.25 2.43E+09 0 2.19E+09 2.43E+08
55 0.12 1.22E+09 0 1.09E+09 1.22E+08
60 0.05 5.36E+08 0 4.82E+08 5.36E+07
65 0.01 1.07E+08 0 9.65E+07 1.07E+07
70 0 0 0 0 0
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-10  Enterococci TMDL Calculations for NorthFork Red River at SH 34
(OK311510010010_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 17,300 4.57E+13 0 4.11E+13 4.57E+12
5 510 1.35E+12 0 1.21E+12 1.35E+11
10 305 8.06E+11 0 7.25E+11 8.06E+10
15 229 6.05E+11 0 5.45E+11 6.05E+10
20 167 4.41E+11 0 3.97E+11 4.41E+10
25 127 3.36E+11 0 3.02E+11 3.36E+10
30 98 2.59E+11 0 2.33E+11 2.59E+10
35 81 2.14E+11 0 1.93E+11 2.14E+10
40 65 1.71E+11 0 1.54E+11 1.71E+10
45 53 1.40E+11 0 1.26E+11 1.40E+10
50 43 1.14E+11 0 1.02E+11 1.14E+10
55 33 8.72E+10 0 7.85E+10 8.72E+09
60 26 6.87E+10 0 6.18E+10 6.87E+09
65 18 4.76E+10 0 4.28E+10 4.76E+09
70 11 2.91E+10 0 2.62E+10 2.91E+09
75 6.1 1.61E+10 0 1.45E+10 1.61E+09
80 35 9.25E+09 0 8.32E+09 9.25E+08
85 1.5 3.96E+09 0 3.57E+09 3.96E+08
90 0 0 0 0
95 0 0 0 0
100 0 0 0 0
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Table 5-11  Fecal Coliform TMDL Calculations for Turkey Creek
(OK311510020060_00)

Percentile I(:CI?;;/ (CE\;I d[;l;/) WLA (cfu/day) (cfulyg\ay) (cfl\éll(ge?y)
1,952 1.91E+13 0 1.72E+13 1.91E+12
20 1.96E+11 0 1.76E+11 1.96E+10
10 9.9 9.72E+10 0 8.75E+10 9.72E+09
15 6.4 6.25E+10 0 5.63E+10 6.25E+09
20 4.6 4.47E+10 0 4.02E+10 4.47E+09
25 35 3.46E+10 0 3.12E+10 3.46E+09
30 3.0 2.90E+10 0 2.61E+10 2.90E+09
35 2.4 2.35E+10 0 2.11E+10 2.35E+09
40 2.1 2.01E+10 0 1.81E+10 2.01E+09
45 1.7 1.68E+10 0 1.51E+10 1.68E+09
50 1.5 1.45E+10 0 1.31E+10 1.45E+09
55 1.4 1.34E+10 0 1.21E+10 1.34E+09
60 1.1 1.12E+10 0 1.01E+10 1.12E+09
65 1.0 1.01E+10 0 9.05E+09 1.01E+09
70 0.87 8.49E+09 0 7.64E+09 8.49E+08
75 0.72 7.04E+09 0 6.33E+09 7.04E+08
80 0.54 5.25E+09 0 4.72E+09 5.25E+08
85 0.35 3.46E+09 0 3.12E+09 3.46E+08
90 0.19 1.90E+09 0 1.71E+09 1.90E+08
95 0.06 6.12E+08 0 5.50E+08 6.12E+07
100 0.002 2.23E+07 0 2.01E+07 2.23E+06
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Table 5-12  Enterococci TMDL Calculations for SandyCreek (OK311600010040_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 3,080 4.07E+13 0 3.66E+13 4.07E+12
29 3.78E+11 0 3.40E+11 3.78E+10
10 10 1.32E+11 0 1.19E+11 1.32E+10
15 9.3 1.23E+11 0 1.11E+11 1.23E+10
20 8.9 1.18E+11 0 1.06E+11 1.18E+10
25 7.4 9.78E+10 0 8.80E+10 9.78E+09
30 6.6 8.72E+10 0 7.85E+10 8.72E+09
35 6.1 8.06E+10 0 7.25E+10 8.06E+09
40 6.0 7.93E+10 0 7.13E+10 7.93E+09
45 55 7.32E+10 0 6.59E+10 7.32E+09
50 5.2 6.87E+10 0 6.18E+10 6.87E+09
55 4.8 6.34E+10 0 5.71E+10 6.34E+09
60 4.3 5.68E+10 0 5.11E+10 5.68E+09
65 4.2 5.55E+10 0 4.99E+10 5.55E+09
70 3.6 4,76E+10 0 4.28E+10 4. 76E+09
75 3.4 4.49E+10 0 4.04E+10 4.49E+09
80 3.0 3.96E+10 0 3.57E+10 3.96E+09
85 24 3.17E+10 0 2.85E+10 3.17E+09
90 1.9 2.51E+10 0 2.26E+10 2.51E+09
95 1.3 1.72E+10 0 1.55E+10 1.72E+09
100 0.5 6.61E+09 0 5.95E+09 6.61E+08
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Table 5-13  Enterococci TMDL Calculations for Salt ferk Red River at US 283 Creek
(OK311600020010_00)
Percentile Flow TMDL WLA LA MOS

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

0 28,200 7.45E+13 0 6.71E+13 7.45E+12
5 1,210 3.20E+12 0 2.88E+12 3.20E+11
10 547 1.45E+12 0 1.30E+12 1.45E+11
15 356 9.41E+11 0 8.47E+11 9.41E+10
20 243 6.42E+11 0 5.78E+11 6.42E+10
25 186 4.91E+11 0 4.42E+11 4.91E+10
30 148 3.91E+11 0 3.52E+11 3.91E+10
35 122 3.22E+11 0 2.90E+11 3.22E+10
40 103 2.72E+11 0 2.45E+11 2.72E+10
45 93 2.46E+11 0 2.21E+11 2.46E+10
50 83 2.19E+11 0 1.97E+11 2.19E+10
55 74 1.96E+11 0 1.76E+11 1.96E+10
60 64 1.69E+11 0 1.52E+11 1.69E+10
65 55 1.47E+11 0 1.32E+11 1.47E+10
70 47 1.24E+11 0 1.12E+11 1.24E+10
75 37 9.78E+10 0 8.80E+10 9.78E+09
80 27 7.13E+10 0 6.42E+10 7.13E+09
85 19 5.02E+10 0 4.52E+10 5.02E+09
90 12 3.17E+10 0 2.85E+10 3.17E+09
95 7.0 1.85E+10 0 1.66E+10 1.85E+09
100 0.08 2.11E+08 0 1.90E+08 2.11E+07
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Table 5-14  Enterococci TMDL Calculations for Salt Ferk Red River at SH 34
(OK311600020010_10)
Percentile Flow TMDL WLA LA MOS

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

0 22,600 5.97E+13 3.75E+08 5.37E+13 5.97E+12
5 427 1.13E+12 3.75E+08 1.01E+12 1.13E+11
10 186 4.91E+11 3.75E+08 4.42E+11 4.91E+10
15 105 2.77E+11 3.75E+08 2.49E+11 2.77E+10
20 69 1.82E+11 3.75E+08 1.64E+11 1.82E+10
25 49 1.29E+11 3.75E+08 1.16E+11 1.29E+10
30 35 9.25E+10 3.75E+08 8.29E+10 9.25E+09
35 26 6.87E+10 3.75E+08 6.15E+10 6.87E+09
40 18 4.76E+10 3.75E+08 4.24E+10 4.76E+09
45 11 2.91E+10 3.75E+08 2.58E+10 2.91E+09
50 6.8 1.80E+10 3.75E+08 1.58E+10 1.80E+09
55 3.4 8.98E+09 3.75E+08 7.71E+09 8.98E+08
60 1.5 3.96E+09 3.75E+08 3.19E+09 3.96E+08
65 0.30 7.93E+08 3.75E+08 3.39E+08 7.93E+07
70 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
75 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
80 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
85 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
90 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
95 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
100 0 4.16E+08 3.75E+08 0.00E+00 4.16E+07
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Table 5-15  Enterococci TMDL Calculations for Bitter Creek
(OK311600020110_00)
el Flow TMDL WLA LA MOS

(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 7,570 1.00E+14 0 9.00E+13 1.00E+13
5 169 2.23E+12 0 2.01E+12 2.23E+11
10 79 1.04E+12 0 9.34E+11 1.04E+11
15 51 6.72E+11 0 6.04E+11 6.72E+10
20 37 4.84E+11 0 4.36E+11 4.84E+10
25 29 3.88E+11 0 3.49E+11 3.88E+10
30 24 3.18E+11 0 2.87E+11 3.18E+10
35 20 2.70E+11 0 2.43E+11 2.70E+10
40 17 2.27E+11 0 2.04E+11 2.27E+10
45 15 1.93E+11 0 1.74E+11 1.93E+10
50 12 1.64E+11 0 1.47E+11 1.64E+10
55 10 1.35E+11 0 1.22E+11 1.35E+10
60 8.3 1.09E+11 0 9.81E+10 1.09E+10
65 6.9 9.16E+10 0 8.24E+10 9.16E+09
70 5.6 7.41E+10 0 6.67E+10 7.41E+09
75 4.3 5.71E+10 0 5.14E+10 5.71E+09
80 3.3 4.36E+10 0 3.93E+10 4.36E+09
85 2.4 3.23E+10 0 2.90E+10 3.23E+09
90 1.3 1.74E+10 0 1.57E+10 1.74E+09

95 0 0 0 0

100 0 0 0 0 0
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Table 5-16  Enterococci TMDL Calculations for Cave @eek (OK311600020140 00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 354 9.34E+11 0 8.41E+11 9.34E+10
6.7 1.76E+10 0 1.59E+10 1.76E+09
10 2.9 7.66E+09 0 6.90E+09 7.66E+08
15 1.6 4.32E+09 0 3.89E+09 4.32E+08
20 1.1 2.85E+09 0 2.57E+09 2.85E+08
25 0.77 2.03E+09 0 1.82E+09 2.03E+08
30 0.55 1.45E+09 0 1.30E+09 1.45E+08
35 0.41 1.07E+09 0 9.67E+08 1.07E+08
40 0.28 7.44E+08 0 6.70E+08 7.44E+07
45 0.17 4.55E+08 0 4.09E+08 4.55E+07
50 0.11 2.81E+08 0 2.53E+08 2.81E+07
55 0.05 1.45E+08 0 1.30E+08 1.45E+07
60 0.02 6.20E+07 0 5.58E+07 6.20E+06
65 0.005 1.24E+07 0 1.12E+07 1.24E+06
70 0 0 0 0 0
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Table 5-17  Enterococci TMDL Calculations for EIm Fok Red River
(OK311800000010_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 15,700 4.15E+13 0 3.73E+13 4.15E+12
5 601 1.59E+12 0 1.43E+12 1.59E+11
10 240 6.35E+11 0 5.72E+11 6.35E+10
15 143 3.78E+11 0 3.40E+11 3.78E+10
20 98 2.60E+11 0 2.34E+11 2.60E+10
25 70 1.85E+11 0 1.66E+11 1.85E+10
30 54 1.43E+11 0 1.28E+11 1.43E+10
35 44 1.16E+11 0 1.05E+11 1.16E+10
40 36 9.51E+10 0 8.56E+10 9.51E+09
45 29 7.66E+10 0 6.90E+10 7.66E+09
50 24 6.34E+10 0 5.71E+10 6.34E+09
55 19 5.02E+10 0 4.52E+10 5.02E+09
60 15 3.96E+10 0 3.57E+10 3.96E+09
65 12 3.17E+10 0 2.85E+10 3.17E+09
70 9.0 2.38E+10 0 2.14E+10 2.38E+09
75 6.8 1.80E+10 0 1.62E+10 1.80E+09
80 4.5 1.19E+10 0 1.07E+10 1.19E+09
85 2.8 7.40E+09 0 6.66E+09 7.40E+08
90 1.5 3.96E+09 0 3.57E+09 3.96E+08
95 0.30 7.93E+08 0 7.13E+08 7.93E+07
100 0 0 0 0 0
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Table 5-18 Fecal Coliform TMDL Calculations for De@ Creek (OK311800000070_00)

Percentile '2?;’;’ (CE\;l dl?alg/) WLA (cfu/day) (cfu|7dAay) (Cfl\L/:/giy)
82 8.05E+11 0 7.25E+11 8.05E+10
7.4 7.25E+10 0 6.53E+10 7.25E+09
10 4.8 4.69E+10 0 4.22E+10 4.69E+09
15 3.6 3.52E+10 0 3.17E+10 3.52E+09
20 2.8 2.77E+10 0 2.50E+10 2.77E+09
25 24 2.35E+10 0 2.11E+10 2.35E+09
30 2.1 2.03E+10 0 1.82E+10 2.03E+09
35 1.9 1.81E+10 0 1.63E+10 1.81E+09
40 1.5 1.49E+10 0 1.34E+10 1.49E+09
45 1.3 1.28E+10 0 1.15E+10 1.28E+09
50 1.2 1.17E+10 0 1.06E+10 1.17E+09
55 1.0 9.49E+09 0 8.54E+09 9.49E+08
60 0.7 6.93E+09 0 6.24E+09 6.93E+08
65 0.5 4.91E+09 0 4.41E+09 4.91E+08
70 0.4 3.48E+09 0 3.13E+09 3.48E+08
75 0.26 2.56E+09 0 2.30E+09 2.56E+08
80 0.17 1.71E+09 0 1.54E+09 1.71E+08
85 0.11 1.04E+09 0 9.39E+08 1.04E+08
90 0.07 7.14E+08 0 6.43E+08 7.14E+07
95 0.04 3.90E+08 0 3.51E+08 3.90E+07
100 0 0 0 0 0
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Table 5-19  Fecal Coliform TMDL Calculations for Fish Creek (OK311800000130_00)

Percentile '(:é?;/;/ (CE\;l dgl;) WLA (cfu/day) (cfubc'?ay) (cfl\L/:/geSly)

58 5.65E+11 0 5.08E+11 5.65E+10

5.2 5.09E+10 0 4.58E+10 5.09E+09
10 3.4 3.29E+10 0 2.96E+10 3.29E+09
15 2.5 2.47E+10 0 2.22E+10 2.47E+09
20 2.0 1.95E+10 0 1.75E+10 1.95E+09
25 1.7 1.65E+10 0 1.48E+10 1.65E+09
30 15 1.42E+10 0 1.28E+10 1.42E+09
35 1.3 1.27E+10 0 1.14E+10 1.27E+09
40 1.1 1.05E+10 0 9.43E+09 1.05E+09
45 0.9 8.98E+09 0 8.08E+09 8.98E+08
50 0.8 8.23E+09 0 7.41E+09 8.23E+08
55 0.7 6.66E+09 0 5.99E+09 6.66E+08
60 0.5 4.86E+09 0 4.38E+09 4.86E+08
65 0.35 3.44E+09 0 3.10E+09 3.44E+08
70 0.24 2.39E+09 0 2.16E+09 2.39E+08
75 0.18 1.80E+09 0 1.62E+09 1.80E+08
80 0.12 1.20E+09 0 1.08E+09 1.20E+08
85 0.07 7.26E+08 0 6.53E+08 7.26E+07
90 0.05 5.01E+08 0 4 51E+08 5.01E+07
95 0.03 2.54E+08 0 2.29E+08 2.54E+07
100 0 0 0 0 0

5.7 LDCs and TMDL Calculations for Additional Bacte rial Indicators

As mentioned previously in Subsection 5.1, USEP4ulations at 40 CFR 130.7(c) (1)
require TMDLs to take into account critical condits for stream flow, loading, and all
applicable water quality standards. To accomplisk, available instream WQM data were
evaluated with respect to flows and magnitude ofewauality criteria exceedance using
LDCs. Furthermore as required, TMDL calculatioref LDCs for all bacterial indicators not
supporting the PBCR use were prepared. The rentpinbCs and TMDL calculations for
additional bacterial indicators are shown in Figusel7 through 5-22 and Tables 5-20 through
5-25, respectively.
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Figure 5-17 Load Duration Curve for Fecal Coliformin Salk Fork Red River at US 283
(OK311600020010_00)
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Note: There is no wasteload allocation for thisesxabdy.

Table 5-20  Fecal Coliform TMDL Calculations for Sak Fork Red River at US 283
(OK311600020010_00)
Percentile Flow TMDL WLA LA MOS

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

0 28,200 | 2.76E+14 0 2.48E+14 | 2.76E+13

5 1,210 1.18E+13 0 1.07E+13 | 1.18E+12

10 547 5.35E+12 0 4.82E+12 | 5.35E+11

15 356 3.48E+12 0 3.14E+12 | 3.48E+11

20 243 2.38E+12 0 2.14E+12 | 2.38E+11

25 186 1.82E+12 0 1.64E+12 | 1.82E+11

30 148 1.45E+12 0 1.30E+12 | 1.45E+11

35 122 1.19E+12 0 1.07E+12 | 1.19E+11

40 103 1.01E+12 0 9.07E+11 | 1.01E+11

45 93 9.10E+11 0 8.19E+11 | 9.10E+10

50 83 8.12E+11 0 7.31E+11 | 8.12E+10

55 74 7.24E+11 0 6.52E+11 | 7.24E+10

60 64 6.26E+11 0 5.64E+11 | 6.26E+10

65 55 5.43E+11 0 4.89E+11 | 5.43E+10

70 47 4.60E+11 0 4.14E+11 | 4.60E+10

75 37 3.62E+11 0 3.26E+11 | 3.62E+10

80 27 2.64E+11 0 2.38E+11 | 2.64E+10

85 19 1.86E+11 0 1.67E+11 | 1.86E+10

90 12 1.17E+11 0 1.06E+11 | 1.17E+10

95 7.0 6.85E+10 0 6.17E+10 | 6.85E+09
100 0.08 7.83E+08 0 7.05E+08 | 7.83E+07
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Figure 5-18 Load Duration Curve for E. Coli in Salt Fork Red River at US 283
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Table 5-21 E. Coli TMDL Calculations for Salt Fork Red River at US 28
(OK311600020010_00)
Percentile Flow TMDL WLA LA MOS

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

0 28,200 | 2.80E+14 0 2.52E+14 | 2.80E+13

5 1,210 1.20E+13 0 1.08E+13 | 1.20E+12

10 547 5.43E+12 0 4.89E+12 | 5.43E+11

15 356 3.54E+12 0 3.18E+12 | 3.54E+11

20 243 2.41E+12 0 2.17E+12 | 2.41E+11

25 186 1.85E+12 0 1.66E+12 | 1.85E+11

30 148 1.47E+12 0 1.32E+12 | 1.47E+11

35 122 1.21E+12 0 1.09E+12 | 1.21E+11

40 103 1.02E+12 0 9.21E+11 | 1.02E+11

45 93 9.24E+11 0 8.31E+11 | 9.24E+10

50 83 8.24E+11 0 7.42E+11 | 8.24E+10

55 74 7.35E+11 0 6.62E+11 | 7.35E+10

60 64 6.36E+11 0 5.72E+11 | 6.36E+10

65 55 5.51E+11 0 4.96E+11 | 5.51E+10

70 47 4.67E+11 0 4.20E+11 | 4.67E+10

75 37 3.68E+11 0 3.31E+11 | 3.68E+10

80 27 2.68E+11 0 2.41E+11 | 2.68E+10

85 19 1.89E+11 0 1.70E+11 | 1.89E+10

90 12 1.19E+11 0 1.07E+11 | 1.19E+10

95 7.0 6.95E+10 0 6.26E+10 | 6.95E+09
100 0.08 7.95E+08 0 7.15E+08 | 7.95E+07
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Figure 5-19 Load Duration Curve for Fecal Coliformin Salt Fork Red River at SH 34
(OK311600020010_10)
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Table 5-22  Fecal Coliform TMDL Calculations for Sat Fork Red River at SH 34
(OK311600020010_10)
SaaE Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 22,600 2.21E+14 2.27E+09 | 1.99E+14 | 2.21E+13
5 427 4.18E+12 2.27E+09 | 3.76E+12 | 4.18E+11
10 186 1.82E+12 2.27E+09 | 1.64E+12 | 1.82E+11
15 105 1.03E+12 2.27E+09 | 9.23E+11 | 1.03E+11
20 69 6.75E+11 2.27E+09 | 6.05E+11 | 6.75E+10
25 49 4.80E+11 2.27E+09 | 4.29E+11 | 4.80E+10
30 35 3.43E+11 2.27E+09 | 3.06E+11 | 3.43E+10
35 26 2.54E+11 2.27E+09 | 2.27E+11 | 2.54E+10
40 18 1.76E+11 2.27E+09 | 1.56E+11 | 1.76E+10
45 11 1.08E+11 2.27E+09 | 9.46E+10 | 1.08E+10
50 6.8 6.65E+10 2.27E+09 | 5.76E+10 | 6.65E+09
55 3.4 3.33E+10 2.27E+09 | 2.77E+10 | 3.33E+09
60 1.5 1.47E+10 2.27E+09 | 1.09E+10 | 1.47E+09
65 0.30 2.94E+09 2.27E+09 | 3.71E+08 | 2.94E+08
70 0 2.52E+09 2.27E+09 0 2.52E+08
75 0 2.52E+09 2.27E+09 0 2.52E+08
80 0 2.52E+09 2.27E+09 0 2.52E+08
85 0 2.52E+09 2.27E+09 0 2.52E+08
90 0 2.52E+09 2.27E+09 0 2.52E+08
95 0 2.52E+09 2.27E+09 0 2.52E+08
100 0 2.52E+09 2.27E+09 0 2.52E+08
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Figure 5-20 Load Duration Curve for Fecal Coliformin Cave Creek
(OK311600020140_00)
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Note: There is no wasteload allocation for thisesaddy.

Table 5-23  Fecal Coliform TMDL Calculations for Cawe Creek (OK311600020140_00)
Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) (cfu/day) (cfu/day)
0 354 3.46E+12 0 3.11E+12 | 3.46E+11
5 6.7 6.53E+10 0 5.88E+10 | 6.53E+09
10 2.9 2.84E+10 0 2.55E+10 | 2.84E+09
15 1.6 1.60E+10 0 1.44E+10 | 1.60E+09
20 1.1 1.06E+10 0 9.51E+09 | 1.06E+09
25 0.77 7.50E+09 0 6.75E+09 | 7.50E+08
30 0.55 5.36E+09 0 4.82E+09 | 5.36E+08
35 0.41 3.98E+09 0 3.58E+09 | 3.98E+08
40 0.28 2.76E+09 0 2.48E+09 | 2.76E+08
45 0.17 1.68E+09 0 1.52E+09 | 1.68E+08
50 0.11 1.04E+09 0 9.37E+08 | 1.04E+08
55 0.05 5.36E+08 0 4.82E+08 | 5.36E+07
60 0.02 2.30E+08 0 2.07E+08 | 2.30E+07
65 0.005 | 4.59E+07 0 4.13E+07 | 4.59E+06
70 0 0 0 0 0
75 0 0 0 0 0
80 0 0 0 0 0
85 0 0 0 0 0
90 0 0 0 0 0
95 0 0 0 0 0
100 0 0 0 0 0
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Figure 5-21 Load Duration Curve for Fecal Coliformin Red River-Elm Fork
(OK311800000010_00)
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Table 5-24  Fecal Coliform TMDL Calculations for RedRiver-Elm Fork
(OK311800000010_00)
Percentile Flow TMDL WLA LA MOS

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

0 15,700 | 1.54E+14 0 1.38E+14 | 1.54E+13

5 601 5.88E+12 0 5.29E+12 | 5.88E+11

10 240 2.35E+12 0 2.12E+12 | 2.35E+11

15 143 1.40E+12 0 1.26E+12 | 1.40E+11

20 98 9.63E+11 0 8.67E+11 | 9.63E+10

25 70 6.85E+11 0 6.17E+11 | 6.85E+10

30 54 5.28E+11 0 4.76E+11 | 5.28E+10

35 44 4.31E+11 0 3.88E+11 | 4.31E+10

40 36 3.52E+11 0 3.17E+11 | 3.52E+10

45 29 2.84E+11 0 2.55E+11 | 2.84E+10

50 24 2.35E+11 0 2.11E+11 | 2.35E+10

55 19 1.86E+11 0 1.67E+11 | 1.86E+10

60 15 1.47E+11 0 1.32E+11 | 1.47E+10

65 12 1.17E+11 0 1.06E+11 | 1.17E+10

70 9.0 8.81E+10 0 7.93E+10 | 8.81E+09

75 6.8 6.65E+10 0 5.99E+10 | 6.65E+09

80 45 4.40E+10 0 3.96E+10 | 4.40E+09

85 2.8 2.74E+10 0 2.47E+10 | 2.74E+09

90 1.5 1.47E+10 0 1.32E+10 | 1.47E+09

95 0.30 2.94E+09 0 2.64E+09 | 2.94E+08
100 0 0 0 0 0
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Figure 5-22 Load Duration Curve for E. Coli in Red River-EIm Fork
(OK311800000010_00)
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Table 5-25 E. Coli TMDL Calculations for Red River-Elm Fork (OK311800000010_00)

Percentile Flow TMDL WLA LA MOS
(cfs) (cfu/day) (cfu/day) | (cfu/day) (cfu/day)
0 15,700 | 1.56E+14 0 1.40E+14 | 1.56E+13
5 601 5.97E+12 0 5.37E+12 | 5.97E+11
10 240 2.39E+12 0 2.15E+12 | 2.39E+11
15 143 1.42E+12 0 1.28E+12 | 1.42E+11
20 98 9.77E+11 0 8.80E+11 | 9.77E+10
25 70 6.95E+11 0 6.26E+11 | 6.95E+10
30 54 5.36E+11 0 4.83E+11 | 5.36E+10
35 44 4.37E+11 0 3.93E+11 | 4.37E+10
40 36 3.58E+11 0 3.22E+11 | 3.58E+10
45 29 2.88E+11 0 2.59E+11 | 2.88E+10
50 24 2.38E+11 0 2.15E+11 | 2.38E+10
55 19 1.89E+11 0 1.70E+11 | 1.89E+10
60 15 1.49E+11 0 1.34E+11 | 1.49E+10
65 12 1.19E+11 0 1.07E+11 | 1.19E+10
70 9.0 8.94E+10 0 8.05E+10 | 8.94E+09
75 6.8 6.75E+10 0 6.08E+10 | 6.75E+09
80 4.5 4.47E+10 0 4.02E+10 | 4.47E+09
85 2.8 2.78E+10 0 2.50E+10 | 2.78E+09
90 1.5 1.49E+10 0 1.34E+10 | 1.49E+09
95 0.30 2.98E+09 0 2.68E+09 | 2.98E+08
100 0 0 0 0 0
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5.8 Reasonable Assurances

ODEQ will collaborate with a host of other stateeagies and local governments working
within the boundaries of state and local regulatitm target available funding and technical
assistance to support implementation of pollutiontmwls and management measures. Various
water quality management programs and funding gsupcovide a reasonable assurance that
the pollutant reductions as required by these TMDPdus be achieved and water quality can be
restored to maintain designated uses. ODEQ’s @uinty Planning Process (CPP), required by
the CWA 8303(e)(3) and 40 CFR 130.5, summarizesl@kha's commitments and programs
aimed at restoring and protecting water qualitpdghout the state (ODEQ 2002). The CPP
can be viewed from ODEQ’s website dittp://www.deq.state.ok.us/WQDnew/pubs/
2002_cpp_final.pdf Table 5-26 provides a partial list of the stadetner agencies ODEQ will
collaborate with to address point and nonpoint@@ueduction goals established by TMDLSs.

Table 5-26  Partial List of Oklahoma Water Quality Management Agencies

Agency Web Link
Oklahoma Conservation Commission http://www.okcc.state.ok.us/WQ/WQ home.htm
Oklahoma Department of Wildlife http://www.wildlifedepartment.com/watchabl.htm
Conservation
Oklahoma Department of Agriculture, http://www.oda.state.ok.us/water-home.htm
Food, and Forestry
Oklahoma Water Resources Board http://www.owrb.state.ok.us/quality/index.php

Nonpoint source pollution is managed by the Oklahddonservation Commission. The
OCC works with state partners such as ODAFF andrégartners such EPA and NRCS, to
address water quality problems similart to thosnse the Red River watershed. The primary
mechanisms used for management of nonpoint sowibatipn are incentive-based programs
that support the installation of BMPs and publicetion and outreach. Other programs
include regulations and permits for CAFOs. The QAKct, as administered by the ODAFF,
provides CAFO operators the necessary tools aramation to deal with the manure and
wastewater animals produce so streams, lakes, pamibs groundwater sources are not
polluted.

As authorized by Section 402 of the CWA, the ODE&¥ ldelegation of the NPDES
Program in Oklahoma, except for certain jurisdicéibareas related to agriculture and the oil
and gas industry retained by State Department afcAljure 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
USEPA relating to administration and enforcement tié delegated NPDES Program.
Implementation of point source WLAs is done throuyggrmits issued under the OPDES
program.

When a watershed extends into an adjacent staesaitme reduction goal that applies to
the watershed within Oklahoma should also be cemedto apply to the watershed in the
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adjacent state. These goals could be achieveddugtiens in some combination of nonpoint
sources and uncontrolled point sources. Since Okia has no authority over potential
bacteria sources in adjacent states, these redsatem only be facilitated through cooperation
between Oklahoma agencies, the adjacent stateRAd E

The reduction rates called for in this TMDL reparé as high as 97 percent. The ODEQ
recognizes that achieving such high reductions may be realistic, especially since
unregulated nonpoint sources are a major causeeofrtpairment. The high reduction rates are
not uncommon for pathogen-impaired waters. Simiaiuction rates are often found in other
pathogen TMDLs around the nation. The suitabiifythe current criteria for pathogens and
the beneficial uses of the receiving stream shdoddreviewed. For example, the Kansas
Department of Environmental Quality has proposeexiolude certain high flow conditions
during which pathogen standards will not applyha@ltgh that exclusion was not approved by
the USEPA. Additionally, USEPA has been conductiegv epidemiology studies and may
develop new recommendations for pathogen critarthe near future.

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

* Removing the PBCR use: This revision would require documentation in aeUs
Attainability Analysis that the use is not existiagd cannot be attained. It is unlikely
that this approach would be successful since tiseexidence that people do swim in
these waterbodies, thus constituting an existireg UExisting uses cannot be removed.

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

* Revising the existing numeric criteria: Oklahoma’s current pathogen criteria are
based on USEPA guidelines (See Implementation Gaalér Ambient Water Quality
Criteria for Bacteria, May 2002 Draft; and AmbiekVater Quality Criteria for
Bacteria-1986, January 1986). However, those ¢jueehave received much criticism
and USEPA studies that could result in revisionth&r recommendations are ongoing.
The use of the three indicators specified in Okhla's standards should be evaluated.
The numeric criteria values should also be evatlateng a risk-based method such as
that found in USEPA guidance.

Unless or until the WQSs are revised and approwed BEPA, federal rules require that
the TMDLs in this report must be based on attainnoéthe current standards. If revisions to
the pathogen standards are approved in the fukdlactions specified in these TMDLs will be
re-evaluated.

UpperRed_FINAL_06-11-08.doc 5'41 FI NAL
June 2008



Upper Red River Bacteria TMDLs Public Participation

SECTION 6
PUBLIC PARTICIPATION

This TMDL report was sent to other related statenages and local government agencies
for peer review. Then the report was submittetheoEPA for technical review and approval.
The report was technically approved by the EPAa@muary 7, 2008. A public was published
on January 24, 2008 and the report was made alail@bpublic review and comments. The
public comment period started on January 24, 20@Bemded on March 10, 2008. Only one
written comment was received.

All comments were responded and the report wastagdaccordingly. The response to
comments was included in Appendix F of this report.
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Appendix A
Ambient Water Quality Bacteria Data — 1999 to 2003
. Single
Bacteria .
WQM Station Water Body Name Date Concentration Bapterla Sa_lmple
Indicator | Criteria*
(#/100ml) i
OK311500010020-001AT | North Fork of Red River, US| o551 999 750 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 251999 10 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/1 21999 30 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 51,1999 30 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 54,54 3120 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o554 80 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g, 549 30 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| /54,540 1500 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 50040 150 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 555409 1500 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o1 915491 200 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 25110491 240 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/51 5491 200 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 59,5495 300 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o) 110495 60 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g /00455 200 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/5y549 100 FC 400
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o551 999 6970 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 251 999 20 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| /121999 20 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 51,1999 10 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 55544 84 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| »57549¢ 10 EC 406
62, Headrick
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. Single
Bacteria .
WQM Station Water Body Name Date Concentration Baf:terla Sa_lmple
Indicator | Criteria*
(#/100ml) s
OK311500010020-001AT | North Fork of Red River, US| g/ 5449 20 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/59,549q 1200 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g 500490 74 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 555491 314 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US|+ 55609 31 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 2, 115409 181 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| /515409 97 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g1 9/5401 73 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 5q/549 95 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o) 115605 275 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/05 495 85 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/55495 143 EC 406
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o551 999 730 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 251999 20 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| /12,1999 50 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 51,1999 90 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| ¢ 54,54 60 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o554 100 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g, 549 150 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| /59,540 210 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g 50040 150 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| o1 91491 160 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 25115491 1100 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/51 5491 100 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| 5,549 800 ENT 108
62, Headrick
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Bacteria . Single
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
OK311500010020-001AT | North Fork of Red River, US| ¢ ) 5105 90 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/05115 250 ENT 108
62, Headrick
OK311500010020-001AT | North Fork of Red River, US| g/, 5115 200 ENT 108
62, Headrick
OK311500010050G Stinking Creek 5/15/2000 100 FC 400
OK311500010050G Stinking Creek 6/19/2000 6000 FC 400
OK311500010050G Stinking Creek 712412000 8000 FC 400
OK311500010050G Stinking Creek 8/28/2000 48700 FC 400
OK311500010050G Stinking Creek 10/2/2000 500 FC 2000
OK311500010050G Stinking Creek 11/7/2000 2100 FC 2000
OK311500010050G Stinking Creek 12/11/2000 40 FC 2000
OK311500010050G Stinking Creek 1/22/2001 10 FC 2000
OK311500010050G Stinking Creek 2/26/2001 700 FC 2000
OK311500010050G Stinking Creek 4/2/2001 40 FC 2000
OK311500010050G Stinking Creek 5/7/2001 13000 FC 400
OK311500010050G Stinking Creek 6/11/2001 600 FC 400
OK311500010050G Stinking Creek 9/24/2001 1060 FC 400
OK311500010050G Stinking Creek 10/29/2001 1175 FC 2000
OK311500010050G Stinking Creek 10/29/2001 490 FC 2000
OK311500010050G Stinking Creek 8/28/2000 4190 EC 406
OK311500010050G Stinking Creek 10/2/2000 120 EC 2030
OK311500010050G Stinking Creek 11/7/2000 4611 EC 2030
OK311500010050G Stinking Creek 12/11/2000 134 EC 2030
OK311500010050G Stinking Creek 1/22/2001 20 EC 2030
OK311500010050G Stinking Creek 2/26/2001 364 EC 2030
OK311500010050G Stinking Creek 4/2/2001 108 EC 2030
OK311500010050G Stinking Creek 5/7/2001 1551 EC 406
OK311500010050G Stinking Creek 6/11/2001 85 EC 406
OK311500010050G Stinking Creek 8/20/2001 200 EC 406
OK311500010050G Stinking Creek 9/24/2001 20 EC 406
OK311500010050G Stinking Creek 10/29/2001 315 EC 2030
OK311500010050G Stinking Creek 8/28/2000 3500 ENT 108
OK311500010050G Stinking Creek 10/2/2000 700 ENT 540
OK311500010050G Stinking Creek 11/7/2000 900 ENT 540
OK311500010050G Stinking Creek 12/11/2000 60 ENT 540
OK311500010050G Stinking Creek 1/22/2001 30 ENT 540
OK311500010050G Stinking Creek 2/26/2001 1500 ENT 540
OK311500010050G Stinking Creek 4/2/2001 10 ENT 540
OK311500010050G Stinking Creek 5/7/2001 7000 ENT 108
OK311500010050G Stinking Creek 6/11/2001 1400 ENT 108
OK311500010050G Stinking Creek 7/16/2001 52 ENT 108
OK311500010050G Stinking Creek 8/20/2001 120 ENT 108
OK311500010050G Stinking Creek 9/24/2001 90 ENT 108
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Bacteria : =il
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
0OK311500010050G Stinking Creek 10/29/2001 245 ENT 540
0OK311500010050G Stinking Creek 10/29/2001 120 ENT 540
0OK311500010110G Tepee Creek 5/16/2000 900 FC 400
0OK311500010110G Tepee Creek 6/20/2000 200 FC 400
0OK311500010110G Tepee Creek 7/25/2000 210 FC 400
0OK311500010110G Tepee Creek 8/29/2000 320 FC 400
0OK311500010110G Tepee Creek 10/3/2000 500 FC 2000
0OK311500010110G Tepee Creek 1/23/2001 60 FC 2000
0OK311500010110G Tepee Creek 2/27/2001 200 FC 2000
0OK311500010110G Tepee Creek 4/3/2001 900 FC 2000
0OK311500010110G Tepee Creek 5/8/2001 20 FC 400
0OK311500010110G Tepee Creek 6/12/2001 1000 FC 400
0OK311500010110G Tepee Creek 7/17/2001 68 FC 400
0OK311500010110G Tepee Creek 8/21/2001 445 FC 400
0OK311500010110G Tepee Creek 9/25/2001 365 FC 400
0OK311500010110G Tepee Creek 10/30/2001 190 FC 2000
0OK311500010110G Tepee Creek 10/30/2001 60 FC 2000
0OK311500010110G Tepee Creek 8/29/2000 181 EC 406
0OK311500010110G Tepee Creek 10/3/2000 256 EC 2030
0OK311500010110G Tepee Creek 1/23/2001 218 EC 2030
0OK311500010110G Tepee Creek 2/27/2001 1054 EC 2030
0OK311500010110G Tepee Creek 4/3/2001 836 EC 2030
0OK311500010110G Tepee Creek 5/8/2001 657 EC 406
0OK311500010110G Tepee Creek 6/12/2001 285 EC 406
0OK311500010110G Tepee Creek 7/17/2001 50 EC 406
0OK311500010110G Tepee Creek 8/21/2001 350 EC 406
0OK311500010110G Tepee Creek 9/25/2001 410 EC 406
0OK311500010110G Tepee Creek 10/30/2001 190 EC 2030
0OK311500010110G Tepee Creek 8/29/2000 470 ENT 108
0OK311500010110G Tepee Creek 10/3/2000 1300 ENT 540
0OK311500010110G Tepee Creek 1/23/2001 200 ENT 540
0OK311500010110G Tepee Creek 2/27/2001 8000 ENT 540
0OK311500010110G Tepee Creek 4/3/2001 700 ENT 540
0OK311500010110G Tepee Creek 5/8/2001 32000 ENT 108
0OK311500010110G Tepee Creek 6/12/2001 1100 ENT 108
0OK311500010110G Tepee Creek 7/17/2001 46 ENT 108
0OK311500010110G Tepee Creek 8/21/2001 195 ENT 108
0OK311500010110G Tepee Creek 9/25/2001 640 ENT 108
0OK311500010110G Tepee Creek 10/30/2001 920 ENT 540
0OK311500010110G Tepee Creek 10/30/2001 770 ENT 540
0OK311500020040G West Otter Creek 6/19/2000 2700 FC 400
0OK311500020040G West Otter Creek 8/28/2000 110 FC 400
0OK311500020040G West Otter Creek 10/2/2000 600 FC 2000
0OK311500020040G West Otter Creek 11/7/2000 700 FC 2000
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Bacteria : Snglis
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
0OK311500020040G West Otter Creek 12/11/2000 140 FC 2000
0OK311500020040G West Otter Creek 1/22/2001 30 FC 2000
0OK311500020040G West Otter Creek 2/26/2001 200 FC 2000
0OK311500020040G West Otter Creek 4/2/2001 100 FC 2000
0OK311500020040G West Otter Creek 5/7/2001 3000 FC 400
0OK311500020040G West Otter Creek 6/11/2001 700 FC 400
0OK311500020040G West Otter Creek 7/16/2001 138 FC 400
0OK311500020040G West Otter Creek 8/20/2001 440 FC 400
0OK311500020040G West Otter Creek 9/24/2001 710 FC 400
0OK311500020040G West Otter Creek 10/29/2001 490 FC 2000
0OK311500020040G West Otter Creek 10/29/2001 1050 FC 2000
0OK311500020040G West Otter Creek 5/15/2000 500 FC 400
0OK311500020040G West Otter Creek 8/28/2000 20 EC 406
0OK311500020040G West Otter Creek 10/2/2000 238 EC 2030
0OK311500020040G West Otter Creek 11/7/2000 402 EC 2030
0OK311500020040G West Otter Creek 12/11/2000 134 EC 2030
0OK311500020040G West Otter Creek 1/22/2001 52 EC 2030
0OK311500020040G West Otter Creek 2/26/2001 583 EC 2030
0OK311500020040G West Otter Creek 4/2/2001 379 EC 2030
0OK311500020040G West Otter Creek 5/7/2001 3348 EC 406
0OK311500020040G West Otter Creek 6/11/2001 166 EC 406
0OK311500020040G West Otter Creek 7/16/2001 96 EC 406
0OK311500020040G West Otter Creek 8/20/2001 195 EC 406
0OK311500020040G West Otter Creek 9/24/2001 300 EC 406
0OK311500020040G West Otter Creek 10/29/2001 280 EC 2030
0OK311500020040G West Otter Creek 8/28/2000 51000 ENT 108
0OK311500020040G West Otter Creek 10/2/2000 6000 ENT 540
0OK311500020040G West Otter Creek 11/7/2000 13000 ENT 540
0OK311500020040G West Otter Creek 12/11/2000 200 ENT 540
0OK311500020040G West Otter Creek 1/22/2001 60 ENT 540
0OK311500020040G West Otter Creek 2/26/2001 1700 ENT 540
0OK311500020040G West Otter Creek 4/2/2001 200 ENT 540
0OK311500020040G West Otter Creek 5/7/2001 16000 ENT 108
0OK311500020040G West Otter Creek 6/11/2001 1500 ENT 108
0OK311500020040G West Otter Creek 7/16/2001 96 ENT 108
0OK311500020040G West Otter Creek 8/20/2001 130 ENT 108
0OK311500020040G West Otter Creek 9/24/2001 180 ENT 108
0OK311500020040G West Otter Creek 10/29/2001 120 ENT 540
0OK311500020040G West Otter Creek 10/29/2001 80 ENT 540
0OK311500030040G Little EIK Creek 5/16/2000 1500 FC 400
0OK311500030040G Little EIK Creek 6/20/2000 300 FC 400
0OK311500030040G Little EIk Creek 8/29/2000 30 FC 400
0OK311500030040G Little Elk Creek 10/3/2000 100 FC 2000
0OK311500030040G Little Elk Creek 1/23/2001 20 FC 2000
UpperRed_FINAL_06-11.08.doc A-5 FINAL

June 2008




Upper Red River Bacteria TMDLs

Appendix A

Bacteria : Snglis
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
0OK311500030040G Little Elk Creek 2/27/2001 100 FC 2000
0OK311500030040G Little EIk Creek 4/3/2001 200 FC 2000
0OK311500030040G Little EIK Creek 5/8/2001 1100 FC 400
0OK311500030040G Little Elk Creek 6/12/2001 200 FC 400
0OK311500030040G Little Elk Creek 7/17/2001 300 FC 400
0OK311500030040G Little Elk Creek 9/25/2001 870 FC 400
0OK311500030040G Little EIK Creek 10/30/2001 280 FC 2000
0OK311500030040G Little EIk Creek 10/30/2001 180 FC 2000
0OK311500030040G Little Elk Creek 10/30/2001 190 FC 2000
0OK311500030040G Little Elk Creek 8/29/2000 63 EC 406
0OK311500030040G Little Elk Creek 10/3/2000 213 EC 2030
0OK311500030040G Little EIk Creek 1/23/2001 31 EC 2030
0OK311500030040G Little EIk Creek 2/27/2001 471 EC 2030
0OK311500030040G Little Elk Creek 4/3/2001 504 EC 2030
0OK311500030040G Little Elk Creek 5/8/2001 131 EC 406
0OK311500030040G Little EIK Creek 6/12/2001 109 EC 406
0OK311500030040G Little EIK Creek 7/17/2001 56 EC 406
0OK311500030040G Little EIk Creek 8/21/2001 400 EC 406
0OK311500030040G Little Elk Creek 9/25/2001 880 EC 406
0OK311500030040G Little Elk Creek 10/30/2001 200 EC 2030
0OK311500030040G Little EIK Creek 8/29/2000 17000 ENT 108
0OK311500030040G Little EIK Creek 10/3/2000 38000 ENT 540
0OK311500030040G Little EIk Creek 1/23/2001 8000 ENT 540
0OK311500030040G Little Elk Creek 2/27/2001 15000 ENT 540
0OK311500030040G Little Elk Creek 4/3/2001 500 ENT 540
0OK311500030040G Little EIK Creek 5/8/2001 8000 ENT 108
0OK311500030040G Little EIK Creek 6/12/2001 400 ENT 108
0OK311500030040G Little Elk Creek 7/17/2001 42 ENT 108
0OK311500030040G Little Elk Creek 8/21/2001 525 ENT 108
0OK311500030040G Little Elk Creek 9/25/2001 980 ENT 108
0OK311500030040G Little EIK Creek 10/30/2001 20 ENT 540
0OK311500030040G Little EIk Creek 10/30/2001 920 ENT 540
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/20/1999 70 FC 400
0OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/17/1999 150 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/21/1999 150 FC 400
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 5/23/2000 130 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/10/2000 200 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/1/2000 180 FC 400
0OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/29/2000 400 FC 400
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 9/26/2000 130 FC 400
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 6/19/2001 400 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/24/2001 90 FC 400
0OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/21/2001 1300 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/19/2001 1100 FC 400
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OK311500030010-001AT | EIk Creek, off US 183, Hobart | 5/29/2002 200 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/25/2002 220 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart 8/6/2002 40 FC 400
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 8/21/2002 10 FC 400
OK311500030010-001AT | EIlk Creek, off US 183, Hobart | 9/25/2002 90 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart 5/7/2003 100 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 5/19/2003 4000 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart 6/3/2003 10 FC 400
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 6/23/2003 70 FC 400
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 7/15/2003 10 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/28/2003 40 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/20/2003 2300 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart 9/2/2003 3100 FC 400
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/24/2003 170 FC 400
OK311500030010-001AT | EIlk Creek, off US 183, Hobart | 7/20/1999 122 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/17/1999 20 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/21/1999 73 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 5/23/2000 108 EC 406
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 7/10/2000 73 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart 8/1/2000 31 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/29/2000 31 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/26/2000 41 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/19/2001 41 EC 406
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 7/24/2001 84 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/21/2001 84 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/19/2001 84 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 5/29/2002 86 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/25/2002 185 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart 8/6/2002 20 EC 406
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 8/21/2002 10 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/25/2002 20 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart 5/7/2003 20 EC 406
OK311500030010-001AT | EIlk Creek, off US 183, Hobart | 5/19/2003 798 EC 406
OK311500030010-001AT | EIk Creek, off US 183, Hobart 6/3/2003 20 EC 406
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 6/23/2003 331 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/15/2003 10 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/28/2003 10 EC 406
OK311500030010-001AT | EIlk Creek, off US 183, Hobart | 8/20/2003 31 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart 9/2/2003 259 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/24/2003 10 EC 406
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/20/1999 40 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/17/1999 110 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/21/1999 70 ENT 108
OK311500030010-001AT | EIk Creek, off US 183, Hobart | 5/23/2000 160 ENT 108
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OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/10/2000 300 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/1/2000 120 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/29/2000 80 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/26/2000 260 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/19/2001 250 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/24/2001 270 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/21/2001 200 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/19/2001 1700 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 5/29/2002 600 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/25/2002 70 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/6/2002 200 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/21/2002 80 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/25/2002 300 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 5/7/2003 100 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 5/19/2003 900 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/3/2003 100 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 6/23/2003 1100 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/15/2003 20 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 7/28/2003 40 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 8/20/2003 100 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/2/2003 2100 ENT 108
OK311500030010-001AT | Elk Creek, off US 183, Hobart | 9/24/2003 4200 ENT 108
OK311510010010-001AT | North Fork of the Red River, 7/20/1999 10 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/17/1999 5 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/23/2000 10 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 6/27/2000 4000 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/1/2000 60 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/29/2000 350 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | o, 509 1600 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢/ /5009 100 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 7, ) 5509 90 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | g/5) 509 170 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢4,5009 70 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/29/2002 20 FC 400
SH 34, Carter
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OK311510010010-001AT | North Fork of the Red River, | ¢/, ) 5005 80 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | g/55, 60 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 54 100 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | /4,503 4000 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | o554 110 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 6/23/2003 600 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 7/15/2003 30 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 9/24/2003 100 FC 400
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 7/20/1999 51 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/17/1999 86 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | o450 41 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢/,5/50 534 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | /151 10 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | g/,5 50 31 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | o, 509 332 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢/ 4/5009 30 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 7/24/2001 20 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/21/2001 31 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 9/19/2001 10 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/29/2002 20 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 6/24/2002 63 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | g/55, 10 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | /754 41 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | /4,503 318 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | o554 96 EC 406
SH 34, Carter
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OK311510010010-001AT | North Fork of the Red River, | ¢4 /503 160 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 55503 20 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢, 5003 10 EC 406
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 5,51 ggq 20 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | g7/ 999 5 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/23/2000 5 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 6/27/2000 11000 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/1/2000 40 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/29/2000 2400 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/22/2001 9000 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | /4,509 130 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 7, ) 5509 90 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | g/5) 509 300 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢,4,5009 5 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 55500, 30 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢/ ) 5005 50 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 8/7/2002 30 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/7/2003 100 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 5/19/2003 2100 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 6/3/2003 120 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, 6/23/2003 300 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | 75503 10 ENT 108
SH 34, Carter
OK311510010010-001AT | North Fork of the Red River, | ¢, 5003 30 ENT 108
SH 34, Carter
OK311510020060G Turkey Creek 5/23/2000 100 FC 400
OK311510020060G Turkey Creek 6/27/2000 1700 FC 400
OK311510020060G Turkey Creek 8/1/2000 900 FC 400
OK311510020060G Turkey Creek 9/6/2000 6000 FC 400
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0OK311510020060G Turkey Creek 10/10/2000 400 FC 2000
0OK311510020060G Turkey Creek 11/14/2000 300 FC 2000
0OK311510020060G Turkey Creek 12/19/2000 180 FC 2000
0OK311510020060G Turkey Creek 1/30/2001 60 FC 2000
0OK311510020060G Turkey Creek 3/6/2001 10 FC 2000
0OK311510020060G Turkey Creek 4/10/2001 240 FC 2000
0OK311510020060G Turkey Creek 5/14/2001 400 FC 400
0OK311510020060G Turkey Creek 6/18/2001 140 FC 400
0OK311510020060G Turkey Creek 7/23/2001 155 FC 400
0OK311510020060G Turkey Creek 8/28/2001 200 FC 400
0OK311510020060G Turkey Creek 10/2/2001 170 FC 2000
0OK311510020060G Turkey Creek 11/6/2001 180 FC 2000
0OK311510020060G Turkey Creek 11/6/2001 570 FC 2000
0OK311510020060G Turkey Creek 8/1/2000 243 EC 406
0OK311510020060G Turkey Creek 9/6/2000 228 EC 406
0OK311510020060G Turkey Creek 10/10/2000 529 EC 2030
0OK311510020060G Turkey Creek 11/14/2000 146 EC 2030
0OK311510020060G Turkey Creek 12/19/2000 185 EC 2030
0OK311510020060G Turkey Creek 1/30/2001 86 EC 2030
0OK311510020060G Turkey Creek 3/6/2001 74 EC 2030
0OK311510020060G Turkey Creek 4/10/2001 441 EC 2030
0OK311510020060G Turkey Creek 5/14/2001 153 EC 406
0OK311510020060G Turkey Creek 6/18/2001 20 EC 406
0OK311510020060G Turkey Creek 7/23/2001 20 EC 406
0OK311510020060G Turkey Creek 8/28/2001 240 EC 406
0OK311510020060G Turkey Creek 10/2/2001 60 EC 2030
0OK311510020060G Turkey Creek 11/6/2001 80 EC 2030
0OK311510020060G Turkey Creek 8/1/2000 1400 ENT 108
0OK311510020060G Turkey Creek 9/6/2000 2400 ENT 108
0OK311510020060G Turkey Creek 10/10/2000 6000 ENT 540
0OK311510020060G Turkey Creek 11/14/2000 1000 ENT 540
0OK311510020060G Turkey Creek 12/19/2000 700 ENT 540
0OK311510020060G Turkey Creek 1/30/2001 29000 ENT 540
0OK311510020060G Turkey Creek 3/6/2001 30 ENT 540
0OK311510020060G Turkey Creek 3/6/2001 100 ENT 540
0OK311510020060G Turkey Creek 4/10/2001 500 ENT 540
0OK311510020060G Turkey Creek 5/14/2001 3000 ENT 108
0OK311510020060G Turkey Creek 6/18/2001 200 ENT 108
0OK311510020060G Turkey Creek 7/23/2001 90 ENT 108
0OK311510020060G Turkey Creek 8/28/2001 160 ENT 108
0OK311510020060G Turkey Creek 10/2/2001 10 ENT 540
0OK311510020060G Turkey Creek 11/6/2001 80 ENT 540
0OK311510020060G Turkey Creek 11/6/2001 100 ENT 540
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/21/1999 150 FC 400
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OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 7/19/1999 100 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/16/1999 800 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/20/1999 370 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 5/23/2000 420 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/27/2000 13000 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/1/2000 400 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/29/2000 120 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/26/2000 110 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 5/22/2001 15000 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/19/2001 700 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 7/24/2001 300 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/21/2001 6000 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/18/2001 700 FC 400
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/21/1999 1870 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 7/19/1999 299 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/16/1999 31 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/20/1999 238 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 5/23/2000 148 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/27/2000 618 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/1/2000 95 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/29/2000 1789 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/26/2000 201 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 5/22/2001 2909 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/19/2001 195 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 7/24/2001 131 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/21/2001 119 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/18/2001 10 EC 406
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/21/1999 210 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 7/19/1999 100 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/16/1999 340 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/20/1999 190 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 5/23/2000 60 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/27/2000 150000 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/1/2000 300 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/29/2000 1100 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/26/2000 2000 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 5/22/2001 37000 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 6/19/2001 1100 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 7/24/2001 1200 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 8/21/2001 1500 ENT 108
OK311600010040-001AT | Sandy Creek, SH 6, Eldorado | 9/18/2001 300 ENT 108
OK311600020010-002AT | Salt Fork of the Red River, off | ¢,/ gqq 620 FC 400

US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 7,51 gqq 420 FC 400
US 283, Elmer
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OK311600020010-002AT | Salt Fork of the Red River, off | g/17/1994 1500 FC 400
US 283, Elmer
OK311600020010-0024T | Salt Fork of the Red River, off | g5, gqq 270 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 5555509 500 FC 400
US 283, Elmer
OK311600020010-0024T | Salt Fork of the Red River, off | 457,500 40 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/ 550 11000 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g,,9,5599 280 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /555909 69000 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, oft | 555691 1000 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /14,5503 230 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 75691 9000 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/57 /5503 900 FC 400
US 283, Elmer
OK311600020010-0024T | Salt Fork of the Red River, off | g,1g/500, 110 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 554,500, 1200 FC 400
US 283, Elmer
OK311600020010-0024T | Salt Fork of the Red River, off | ¢,55500, 140 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/6/50, 6000 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /54,500, 170 FC 400
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 4,55/1999 3448 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 7,55/1999 97 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/17/1994 189 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /57 /1999 187 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g,55/5599 41 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 575509 52 EC 406
US 283, Elmer
OK311600020010-0024T | Salt Fork of the Red River, off | - g1 ;55 160 EC 406
US 283, Elmer
OK311600020010-0024T | Salt Fork of the Red River, off | g,59,500 496 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /555509 3436 EC 406
US 283, Elmer
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Upper Red River Bacteria TMDLs Appendix A
Bacteria Bacteria Ssall?rgllee
WQM Station Water Body Name Date Concentration ; Amp
Indicator | Criteria*
(#/100ml) #100)
OK311600020010-002AT | Salt Fork of the Red River, off | o, 59 247 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /14,5503 5 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | -, ) 559 85 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /575903 20 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /14,5503 262 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | ¢,q,5495 189 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 455,540, 62 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g,6/50, 30 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/,5495 107 EC 406
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 4,55/1999 7100 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 7,51 99q 90 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/17/1994 1100 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | ¢,/ ggq 290 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 555/5599 50 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | ¢,/ 30 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off g/ 550 1400 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/,4,545¢ 170 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /555909 15000 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | ¢, 544, 21000 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | /14,5503 100 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | -, /5441 9000 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/57 5503 100 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | ¢, 4/579 110 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | 554,540, 1000 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | ¢ ,c 500, 400 ENT 108
US 283, Elmer
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Upper Red River Bacteria TMDLSs Appendix A
B Bacteria Ssall?rgllee
WQM Station Water Body Name Date Concentration ; Amp
Indicator | Criteria*
(#/100ml) #100)
OK311600020010-002AT | St Fork of the Red River, off | g/¢/5) 900 ENT 108
US 283, Elmer
OK311600020010-002AT | Salt Fork of the Red River, off | g/54/50, 40 ENT 108
US 283, Elmer
OK311600020010-001AT | Salt Fork of the Red River, SH | 55545, 1000 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | ¢/1 /549, 60 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | /14,5503 100 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 555,540, 200 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 4545502 30 FC 400
34, Mangum
0K311600020010-001AT | Salt Fork of the Red River, SH |- g6/, 600 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH [ 5/7543 100 FC 400
34, Mangum
0K311600020010-001AT | Salt Fork of the Red River, SH | 51 g/5443 200 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 455/5503 1300 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 7/, 55443 2000 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | /54,5503 230 FC 400
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 55555, 132 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | /14,5503 5 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | g1 4,545, 5 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 555,540, 10 EC 406
34, Mangum
0K311600020010-001AT | Salt Fork of the Red River, SH | g5, /544, 52 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH [ g/6/40, 298 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH [ 575543 52 EC 406
34, Mangum
0K311600020010-001AT | Salt Fork of the Red River, SH | 51 g/5443 85 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 4555503 368 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 7/, 55443 189 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | /55503 86 EC 406
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 55545, 1000 ENT 108
34, Mangum
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Upper Red River Bacteria TMDLSs Appendix A
Bacteria . Single
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
OK311600020010-001AT | Salt Fork of the Red River, SH | ¢, 5501 50 ENT 108
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | g1 4,509 400 ENT 108
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 55055 130 ENT 108
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | ¢ 115005 4000 ENT 108
34, Mangum
OK311600020010-001AT gj"t,\;;’;';g:nthe Red River, SH | ¢/6/5002 600 ENT 108
OK311600020010-001AT gi"l\;;’;';g;the Red River, SH | /75003 100 ENT 108
OK311600020010-001AT | Salt Fork of the Red River, SH | /) 9/503 200 ENT 108
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | ¢4 /503 11000 ENT 108
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | 7/ 553 11000 ENT 108
34, Mangum
OK311600020010-001AT | Salt Fork of the Red River, SH | ¢, 5003 1000 ENT 108
34, Mangum
OK311600020010G Salt Fork of Red River 5/16/2000 200 FC 400
OK311600020010G Salt Fork of Red River 6/20/2000 1400 FC 400
OK311600020010G Salt Fork of Red River 8/29/2000 100 FC 400
OK311600020010G Salt Fork of Red River 11/7/2000 200 FC 2000
OK311600020010G Salt Fork of Red River 12/12/2000 10 FC 2000
OK311600020010G Salt Fork of Red River 1/23/2001 80 FC 2000
OK311600020010G Salt Fork of Red River 2/27/2001 200 FC 2000
OK311600020010G Salt Fork of Red River 4/3/2001 90 FC 2000
OK311600020010G Salt Fork of Red River 5/8/2001 300 FC 400
OK311600020010G Salt Fork of Red River 6/12/2001 10 FC 400
OK311600020010G Salt Fork of Red River 8/29/2000 20 EC 406
OK311600020010G Salt Fork of Red River 11/7/2000 145 EC 2030
OK311600020010G Salt Fork of Red River 12/12/2000 51 EC 2030
OK311600020010G Salt Fork of Red River 1/23/2001 173 EC 2030
OK311600020010G Salt Fork of Red River 2/27/2001 471 EC 2030
OK311600020010G Salt Fork of Red River 4/3/2001 31 EC 2030
OK311600020010G Salt Fork of Red River 5/8/2001 169 EC 406
OK311600020010G Salt Fork of Red River 6/12/2001 10 EC 406
OK311600020010G Salt Fork of Red River 8/29/2000 50 ENT 108
OK311600020010G Salt Fork of Red River 11/7/2000 1100 ENT 540
OK311600020010G Salt Fork of Red River 12/12/2000 100 ENT 540
OK311600020010G Salt Fork of Red River 1/23/2001 200 ENT 540
OK311600020010G Salt Fork of Red River 2/27/2001 10000 ENT 540
OK311600020010G Salt Fork of Red River 4/3/2001 20 ENT 540
OK311600020010G Salt Fork of Red River 5/8/2001 1800 ENT 108
OK311600020010G Salt Fork of Red River 6/12/2001 20 ENT 108
OK311600020110G Bitter Creek 5/16/2000 100 FC 400
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Upper Red River Bacteria TMDLSs Appendix A
Bacteria : Snglis
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
0OK311600020110G Bitter Creek 6/20/2000 1200 FC 400
0OK311600020110G Bitter Creek 8/29/2000 3100 FC 400
0OK311600020110G Bitter Creek 10/3/2000 610 FC 2000
0OK311600020110G Bitter Creek 12/12/2000 10 FC 2000
0OK311600020110G Bitter Creek 1/22/2001 10 FC 2000
0OK311600020110G Bitter Creek 2/26/2001 100 FC 2000
0OK311600020110G Bitter Creek 4/2/2001 70 FC 2000
0OK311600020110G Bitter Creek 5/7/2001 10000 FC 400
0OK311600020110G Bitter Creek 6/11/2001 90 FC 400
0OK311600020110G Bitter Creek 9/24/2001 100 FC 400
0OK311600020110G Bitter Creek 10/29/2001 460 FC 2000
0OK311600020110G Bitter Creek 10/29/2001 1175 FC 2000
0OK311600020110G Bitter Creek 8/29/2000 168 EC 406
0OK311600020110G Bitter Creek 10/3/2000 85 EC 2030
0OK311600020110G Bitter Creek 12/12/2000 31 EC 2030
0OK311600020110G Bitter Creek 1/22/2001 10 EC 2030
0OK311600020110G Bitter Creek 2/26/2001 185 EC 2030
0OK311600020110G Bitter Creek 4/2/2001 52 EC 2030
0OK311600020110G Bitter Creek 5/7/2001 527 EC 406
0OK311600020110G Bitter Creek 6/11/2001 52 EC 406
0OK311600020110G Bitter Creek 8/20/2001 400 EC 406
0OK311600020110G Bitter Creek 9/24/2001 10 EC 406
0OK311600020110G Bitter Creek 10/29/2001 70 EC 2030
0OK311600020110G Bitter Creek 8/29/2000 7000 ENT 108
0OK311600020110G Bitter Creek 10/3/2000 11000 ENT 540
0OK311600020110G Bitter Creek 12/12/2000 7000 ENT 540
0OK311600020110G Bitter Creek 1/22/2001 400 ENT 540
0OK311600020110G Bitter Creek 2/26/2001 1500 ENT 540
0OK311600020110G Bitter Creek 4/2/2001 70 ENT 540
0OK311600020110G Bitter Creek 5/7/2001 19000 ENT 108
0OK311600020110G Bitter Creek 6/11/2001 200 ENT 108
0OK311600020110G Bitter Creek 7/16/2001 82 ENT 108
0OK311600020110G Bitter Creek 8/20/2001 385 ENT 108
0OK311600020110G Bitter Creek 9/24/2001 100 ENT 108
0OK311600020110G Bitter Creek 10/29/2001 30 ENT 540
0OK311600020110G Bitter Creek 10/29/2001 245 ENT 540
0OK311600020140G Cave Creek 5/16/2000 100 FC 400
0OK311600020140G Cave Creek 6/20/2000 100 FC 400
0OK311600020140G Cave Creek 6/20/2000 1000 FC 400
0OK311600020140G Cave Creek 8/29/2000 880 FC 400
0OK311600020140G Cave Creek 8/29/2000 1300 FC 400
0OK311600020140G Cave Creek 10/3/2000 1400 FC 2000
0OK311600020140G Cave Creek 10/3/2000 2000 FC 2000
0OK311600020140G Cave Creek 12/12/2000 1000 FC 2000
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Upper Red River Bacteria TMDLSs Appendix A
Bacteria : Snglis
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
0OK311600020140G Cave Creek 1/23/2001 40 FC 2000
0OK311600020140G Cave Creek 1/23/2001 30 FC 2000
0OK311600020140G Cave Creek 2/27/2001 300 FC 2000
0OK311600020140G Cave Creek 2/27/2001 110 FC 2000
0OK311600020140G Cave Creek 4/3/2001 70 FC 2000
0OK311600020140G Cave Creek 4/3/2001 120 FC 2000
0OK311600020140G Cave Creek 5/8/2001 4000 FC 400
0OK311600020140G Cave Creek 5/8/2001 2500 FC 400
0OK311600020140G Cave Creek 6/12/2001 400 FC 400
0OK311600020140G Cave Creek 6/12/2001 550 FC 400
0OK311600020140G Cave Creek 9/25/2001 300 FC 400
0OK311600020140G Cave Creek 9/25/2001 150 FC 400
0OK311600020140G Cave Creek 10/30/2001 80 FC 2000
0OK311600020140G Cave Creek 10/30/2001 460 FC 2000
0OK311600020140G Cave Creek 8/29/2000 211 EC 406
0OK311600020140G Cave Creek 10/3/2000 933 EC 2030
0OK311600020140G Cave Creek 12/12/2000 1515 EC 2030
0OK311600020140G Cave Creek 1/23/2001 63 EC 2030
0OK311600020140G Cave Creek 2/27/2001 216 EC 2030
0OK311600020140G Cave Creek 4/3/2001 216 EC 2030
0OK311600020140G Cave Creek 5/8/2001 985 EC 406
0OK311600020140G Cave Creek 6/12/2001 179 EC 406
0OK311600020140G Cave Creek 7/17/2001 160 EC 406
0OK311600020140G Cave Creek 8/21/2001 400 EC 406
0OK311600020140G Cave Creek 9/25/2001 85 EC 406
0OK311600020140G Cave Creek 10/30/2001 60 EC 2030
0OK311600020140G Cave Creek 8/29/2000 310 ENT 108
0OK311600020140G Cave Creek 8/29/2000 1900 ENT 108
0OK311600020140G Cave Creek 10/3/2000 1900 ENT 540
0OK311600020140G Cave Creek 10/3/2000 5000 ENT 540
0OK311600020140G Cave Creek 12/12/2000 2000 ENT 540
0OK311600020140G Cave Creek 1/23/2001 40 ENT 540
0OK311600020140G Cave Creek 1/23/2001 20 ENT 540
0OK311600020140G Cave Creek 2/27/2001 90 ENT 540
0OK311600020140G Cave Creek 2/27/2001 140 ENT 540
0OK311600020140G Cave Creek 4/3/2001 170 ENT 540
0OK311600020140G Cave Creek 4/3/2001 140 ENT 540
0OK311600020140G Cave Creek 5/8/2001 6000 ENT 108
0OK311600020140G Cave Creek 6/12/2001 200 ENT 108
0OK311600020140G Cave Creek 6/12/2001 300 ENT 108
0OK311600020140G Cave Creek 7/17/2001 16 ENT 108
0OK311600020140G Cave Creek 8/21/2001 300 ENT 108
0OK311600020140G Cave Creek 8/21/2001 585 ENT 108
0OK311600020140G Cave Creek 9/25/2001 325 ENT 108
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Upper Red River Bacteria TMDLSs Appendix A
. Single
Bacteria .
WQM Station Water Body Name Date Concentration Bapterla Sa_lmple
Indicator | Criteria*
(#/100ml) #/100)
OK311600020140G Cave Creek 9/25/2001 260 ENT 108
OK311600020140G Cave Creek 10/30/2001 160 ENT 540
OK311600020140G Cave Creek 10/30/2001 30 ENT 540
OK311800000010-001AT | EIM Fork River, SH 9, 7/20/1999 80 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/17/1999 200 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/21/1999 30 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/23/2000 60 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/27/2000 12000 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/1/2000 30 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/29/2000 240 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/26/2000 70 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/22/2001 100 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/19/2001 50 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 712412001 60 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/21/2001 220 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/18/2001 1400 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/29/2002 140 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/24/2002 100 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/7/2002 110 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/21/2002 700 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/25/2002 100 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/7/2003 500 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/19/2003 600 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/3/2003 30 FC 400
Mangum
OK311800000010-001AT ,'\EA'”‘ Fork River, SH 9, 6/23/2003 800 FC 400
angum
OK311800000010-001AT | EIM Fork River, SH 9, 7/15/2003 80 FC 400
Mangum
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. Single
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WQM Station Water Body Name Date Concentration Baf:terla Sa_lmple
Indicator | Criteria*
(#/100ml) #100)
OK311800000010-001AT | EIM Fork River, SH 9, 7/28/2003 30 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/20/2003 200 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/2/2003 500 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/24/2003 40 FC 400
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 7/20/1999 52 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/17/1999 250 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/21/1999 173 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/23/2000 213 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/27/2000 430 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/1/2000 265 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/29/2000 51 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/26/2000 1211 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/22/2001 121 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/19/2001 120 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 712412001 717 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/21/2001 465 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/18/2001 108 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/29/2002 85 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/24/2002 1860 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/7/2002 6867 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/21/2002 2851 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/25/2002 768 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/7/2003 443 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/19/2003 1201 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/3/2003 909 EC 406
Mangum
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Upper Red River Bacteria TMDLs Appendix A
. Single
Bacteria .
WQM Station Water Body Name Date Concentration Baf:terla Sa_lmple
Indicator | Criteria*
(#/100ml) #100)
OK311800000010-001AT | EIM Fork River, SH 9, 6/23/2003 1515 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 7/15/2003 1669 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 7/28/2003 6131 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/20/2003 1421 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/2/2003 1450 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/24/2003 842 EC 406
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 7/20/1999 10 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/17/1999 80 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/21/1999 30 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/23/2000 70 ENT 108
Mangum
OK311800000010-001AT Eﬂ'g‘ngﬂ: River, SH 9, 6/27/2000 6000 ENT 108
OK311800000010-001AT | EIM Fork River, SH 9, 8/1/2000 150 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/29/2000 170 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/26/2000 180 ENT 108
Mangum
OK311800000010-001AT Eﬂ'g‘ngﬂ: River, SH 9, 5/22/2001 6000 ENT 108
OK311800000010-001AT | EIM Fork River, SH 9, 6/19/2001 100 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 7/24/2001 170 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/21/2001 150 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/18/2001 900 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/29/2002 400 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/24/2002 1200 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/7/2002 200 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 8/21/2002 200 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/25/2002 230 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 5/7/2003 100 ENT 108
Mangum
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Upper Red River Bacteria TMDLSs Appendix A
Bacteria . Single
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
OK311800000010-001AT | EIM Fork River, SH 9, 5/19/2003 600 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 6/3/2003 200 ENT 108
Mangum
OK311800000010-001AT Eﬂ'g‘ngl?;': River, SH 9, 6/23/2003 6000 ENT 108
OK311800000010-001AT | EIM Fork River, SH 9, 7/15/2003 90 ENT 108
Mangum
OK311800000010-001AT Eﬂ'g‘ngﬂf River, SH 9, 712812003 60 ENT 108
OK311800000010-001AT | EIM Fork River, SH 9, 8/20/2003 100 ENT 108
Mangum
OK311800000010-001AT | EIM Fork River, SH 9, 9/2/2003 1600 ENT 108
Mangum
OK311800000010-001AT :\EA';“ngSrz,']‘ River, SH 9, 9/24/2003 50 ENT 108
OK311800000070C Deer Creek: Greer Co. 5/16/2000 1200 FC 400
OK311800000070C Deer Creek: Greer Co. 6/20/2000 500 FC 400
0OK311800000070C Deer Creek: Greer Co. 8/29/2000 170 FC 400
0OK311800000070C Deer Creek: Greer Co. 10/3/2000 50 FC 2000
0OK311800000070C Deer Creek: Greer Co. 1/23/2001 10 FC 2000
OK311800000070C Deer Creek: Greer Co. 2/27/2001 200 FC 2000
OK311800000070C Deer Creek: Greer Co. 4/3/2001 200 FC 2000
0OK311800000070C Deer Creek: Greer Co. 5/8/2001 1500 FC 400
0OK311800000070C Deer Creek: Greer Co. 6/12/2001 1300 FC 400
OK311800000070C Deer Creek: Greer Co. 8/21/2001 630 FC 400
OK311800000070C Deer Creek: Greer Co. 9/25/2001 80 FC 400
OK311800000070C Deer Creek: Greer Co. 10/30/2001 60 FC 2000
0OK311800000070C Deer Creek: Greer Co. 10/30/2001 80 FC 2000
0OK311800000070C Deer Creek: Greer Co. 8/29/2000 20 EC 406
OK311800000070C Deer Creek: Greer Co. 10/3/2000 20 EC 2030
OK311800000070C Deer Creek: Greer Co. 1/23/2001 10 EC 2030
OK311800000070C Deer Creek: Greer Co. 2/27/2001 218 EC 2030
0OK311800000070C Deer Creek: Greer Co. 4/3/2001 305 EC 2030
0OK311800000070C Deer Creek: Greer Co. 5/8/2001 520 EC 406
OK311800000070C Deer Creek: Greer Co. 6/12/2001 262 EC 406
OK311800000070C Deer Creek: Greer Co. 7/17/2001 160 EC 406
0OK311800000070C Deer Creek: Greer Co. 8/21/2001 460 EC 406
0OK311800000070C Deer Creek: Greer Co. 9/25/2001 140 EC 406
0OK311800000070C Deer Creek: Greer Co. 10/30/2001 80 EC 2030
OK311800000070C Deer Creek: Greer Co. 8/29/2000 170 ENT 108
OK311800000070C Deer Creek: Greer Co. 10/3/2000 180 ENT 540
0OK311800000070C Deer Creek: Greer Co. 1/23/2001 20 ENT 540
0OK311800000070C Deer Creek: Greer Co. 2/27/2001 700 ENT 540
0OK311800000070C Deer Creek: Greer Co. 4/3/2001 200 ENT 540
OK311800000070C Deer Creek: Greer Co. 5/8/2001 3000 ENT 108
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Bacteria . il
WQM Station Water Body Name Date Concentration Bacteria Sa}mplti
(#/100ml) Indicator | Criteria
(#/100)
0OK311800000070C Deer Creek: Greer Co. 6/12/2001 700 ENT 108
0OK311800000070C Deer Creek: Greer Co. 7/17/2001 42 ENT 108
0OK311800000070C Deer Creek: Greer Co. 8/21/2001 205 ENT 108
0OK311800000070C Deer Creek: Greer Co. 9/25/2001 60 ENT 108
0OK311800000070C Deer Creek: Greer Co. 10/30/2001 770 ENT 540
0OK311800000070C Deer Creek: Greer Co. 10/30/2001 160 ENT 540
0OK311800000130G Fish Creek 5/23/2000 500 FC 400
0OK311800000130G Fish Creek 6/27/2000 300 FC 400
OK311800000130G Fish Creek 8/1/2000 250 FC 400
OK311800000130G Fish Creek 9/6/2000 5000 FC 400
0OK311800000130G Fish Creek 10/10/2000 10 FC 2000
0OK311800000130G Fish Creek 11/14/2000 20 FC 2000
0OK311800000130G Fish Creek 12/19/2000 10 FC 2000
0OK311800000130G Fish Creek 1/30/2001 10 FC 2000
0OK311800000130G Fish Creek 3/6/2001 40 FC 2000
0OK311800000130G Fish Creek 4/10/2001 210 FC 2000
0OK311800000130G Fish Creek 5/14/2001 700 FC 400
0OK311800000130G Fish Creek 6/18/2001 500 FC 400
0OK311800000130G Fish Creek 7/23/2001 25 FC 400
0OK311800000130G Fish Creek 8/28/2001 40 FC 400
0OK311800000130G Fish Creek 11/6/2001 15 FC 2000
0OK311800000130G Fish Creek 11/6/2001 180 FC 2000
0OK311800000130G Fish Creek 8/1/2000 95 EC 406
OK311800000130G Fish Creek 9/6/2000 110 EC 406
0OK311800000130G Fish Creek 10/10/2000 10 EC 2030
0OK311800000130G Fish Creek 11/14/2000 20 EC 2030
0OK311800000130G Fish Creek 12/19/2000 20 EC 2030
0OK311800000130G Fish Creek 1/30/2001 10 EC 2030
0OK311800000130G Fish Creek 3/6/2001 20 EC 2030
0OK311800000130G Fish Creek 4/10/2001 242 EC 2030
0OK311800000130G Fish Creek 5/14/2001 242 EC 406
0OK311800000130G Fish Creek 6/18/2001 63 EC 406
0OK311800000130G Fish Creek 7/23/2001 15 EC 406
0OK311800000130G Fish Creek 8/28/2001 10 EC 406
0OK311800000130G Fish Creek 11/6/2001 15 EC 2030
0OK311800000130G Fish Creek 8/1/2000 140 ENT 108
OK311800000130G Fish Creek 9/6/2000 7000 ENT 108
0OK311800000130G Fish Creek 10/10/2000 10 ENT 540
OK311800000130G Fish Creek 11/14/2000 3000 ENT 540
0OK311800000130G Fish Creek 12/19/2000 90 ENT 540
0OK311800000130G Fish Creek 1/30/2001 100 ENT 540
0OK311800000130G Fish Creek 3/6/2001 40 ENT 540
0OK311800000130G Fish Creek 4/10/2001 60 ENT 540
0OK311800000130G Fish Creek 5/14/2001 700 ENT 108
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Bacteria il

WQM Station Water Body Name Date Concentration Bapterla Sa_lmple

Indicator | Criteria*

(#/200ml) (#/100)
0OK311800000130G Fish Creek 6/18/2001 20 ENT 108
0OK311800000130G Fish Creek 7/23/2001 25 ENT 108
0OK311800000130G Fish Creek 8/28/2001 40 ENT 108
0OK311800000130G Fish Creek 11/6/2001 80 ENT 540

EC = E. coli; ENT = enterococci; FC = fecal colifor

* Single sample criterion for secondary contacteation season is shown for all samples collectaiden October 1st and

April 30th.
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ODEQ Summary of Available Reports of Sanitary Sewefverflows
FS ;:lqtg Date Fafg'ty Location Ar(nc;) al:I;] t Cause g%puercoef
ALTUS 11/29/1993 | S11514 | LINE STOPPAGE AT THE PLANT 500 | STOPPAGE
ALTUS 8/7/1994 | S11514 | LIFT STATION 500 | OVERLOAD DUE TO HOLE IN IRRIGATION PIPE
ALTUS 10/31/1994 | S11514 | AT RECARB BASIN AT PLANT 15 WASTE PUMP AT RECYCLE POINT QUIT
ALTUS 12/13/1994 | S11514 | PUMP STATION AT WEST LAGOON 500000 | 8 VALVE BROKE
ALTUS 1/9/1995 | S11514 | SECONDARY CLARIFIER 500 ggiﬁﬁ%EROKE’ PUMPED OUT TO REPAIR(STAYED
ALTUS 3/23/1995 | S11514 | AT PLANT BY RAILROAD 9000 X%TEF;AAPCTTISSV\O’EATSWESI’_TLAL“NG A SPLITTER BOX
ALTUS 6/3/1995 | S11514 | TREATMENT PLANT 2600000 | RAIN Il
ALTUS 6/15/1995 | S11514 | HOLDING POND 8000000 | RAIN I/l COULDN'T IRRIGATE
ALTUS 8/2/1995 | S11514 | CITY WIDE 0 RAIN I/
ALTUS 10/1/1995 | S11514 | 1604 URANUS 800 | RAINTI
ALTUS 10/9/1995 | S11514 | LAGOONS 0 PLANT DOWN
ALTUS 10/10/1995 | S11514 | 305 EAST A STREET 100 | STOPPAGE
ALTUS 2/21/1996 | S11514 | 1300 N JACKSON 50 STOPPAGE
ALTUS 5/30/1996 | S11514 | 920 EAST SUTERLAND 150 | LINE STOPPAGE
ALTUS 10/4/1996 | S11514 gl'bDE')"NE THAT WENT TO THE AIRBASIN (EAST BACKHOE HIT LINE
ALTUS 2/27/1997 | S11514 | SPLITTER BOX; S.E. WWTP 1 FOAM
ALTUS 5/14/1997 | S11514 | 602 KATIE DR, 100
ALTUS 6/2/1997 | S11514 | 600 KATY DR. 100
ALTUS 11/14/1997 | S11514 | S.E. WWTP DESIGN FLAW
ALTUS 11/18/1997 | S11514 | AIREATOR BASINS EAST OVERFLOW
ALTUS 9/28/1998 | S11514 | WWTP 75
ALTUS 3/20/1999 | S11514 | CELL #5 FULL LAGOONS
ALTUS 8/1/1999 | S11514 | LINE AT S. PLANT 94,947 | PUMP FAILURE & LINE BREAK
ALTUS EAST | 10/24/1995 | S11514 | 200 NORTH KELWOOD 4000 | GREASE BLOCKAGE
ALTUS SW 5/3/1995 | S11514 | #7 CELL OF LAGOONS 3000000 | RAIN Il
ALTUS WEST | 10/31/1995 | S11514 | LAGOON #5 1500000 | HYDROLIC OVERLOAD (OPERATION ERROR)
MANGUM 12/20/1991 | S11607 | OVERFLOW FROM IRRIGATION LAGOON 5224897 | EXCESSIVE RAINFALL
MANGUM 1/21/1993 | S11607 | LAGOONS 11433700 | EXTENDED WET WEATHER
MANGUM 2/22/1993 | S11607 | FINAL IRRIGATION LAGOON RAIN OVERLOAD
MANGUM 5/9/1993 | S11607 | LAGOONS 1 HYDROLIC OVERLOAD FROM 1/l

UpperRed_FINAL_06-11-08.doc

FINAL
June 2008




Upper Red River Bacteria TMDLSs
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Facilit Facilit . Amount Type Of
y Date y Location Cause yp
Name ID (Gal) Source

MANGUM 3/8/1994 | S11607 | FINAL LAGOON 2000000 :Xﬁ\ﬁ:ﬁﬂ_cc OVERLOAD FROM EXCESSIVE
MANGUM 6/10/1994 | S11607 | #6 LAGOON 1 FAILURE TO USE AS IRRIGATION WATER

#5 LAGOON. THROUGH FARMERS FIELD TO
MANGUM 112871995 | s11607 | oo R R 0 PUMP LEFT ON ALL NIGHT
MANGUM 8/28/1996 | s11607 | 0 LAGOON THROUGH FARMER'S FIELD LAND 1 LARGE AMOUNT OF RAIN

IRRIGATION
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Appendix C
Estimated Flow Exceedance Percentiles
OK311500010020-001AT OK311500010050G 0OK311500010110G OK311500020040G OK311500030010-001AT OK311500030040-001AT OK311510010010-001AT OK311510020060G OK311600010040-001AT OK311600020010-001AT OK311600020010-002AT 0OK311600020110G OK311600020140G OK311800000010-001AT ‘OK311800000070C OK311800000130G
; Red River- . West . Red River- Sand Red River- Red River- . . .
WQ Station North Fork Sgr:l;enl? -g?gees Otter Elk Creek L'glreecik North Fork Ejrg(:lzl Creez Salt Fork at | Salt Fork at CBrgteel: " Cc::rae\clei REeI::in T:I(\J/rekr- CDr :L CFr Isgk
at US 62 Creekt at SH 34 (Lebos) SH 34 US 283
WBID Segment 0OK311500010020_10 0OK311500010050_00 0OK311500010110_00 OK311500020040_00 0OK311500030010_00 OK311500030040_00 0OK311510010010_00 0OK311510020060_00 0OK311600010040_00 0OK311600020010_10 0OK311600020010_00 0OK311600020110_00 0OK311600020140_00 OK311800000010_00 0OK311800000070_00 0OK311800000130_00
Uéefesreiige 07301500 | 07299670 | 07300500 7037%%57%015‘ 07304500 | 07300500 | 07301500 | 07303400 | 07299710 | 07300500 | 07301110 | 73011100 | 07300500 | 07303500 | 07301420 | 07301420
Watershed Area (sq. mile) 312.3 1233 735 383 62.5 57.2 270.1 475 184.6 215.8 358.3 5.1 245 404.5 46.2 32.4
NRCS Curve Number 70.8 73.4 79.5 771 76.4 76.8 65.8 64.1 722 66.8 735 78.7 69.2 69.5 71.0 69.8
Average Arnual Rainfall 29.8 29.3 29.1 30.3 29.4 29.2 28.1 26.3 26.7 27.4 27.7 29.2 26.7 28.0 27.2 26.3
Percentile Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
0 41600 3319 1061 1238 15200 825 17300 1952 3080 22600 28200 7570 354 15,700 82 58
1 7848 209 106 169 2146 82 1529 82 384.68 2249 3824 746 35 2,512 18 13
2 4634 105 55 129 1400 43 082 51 193.84 1180 2594 423 18 1,530 12 85
3 3380 63 36 85 088 28 727 34 66.56 767 1940 293 12 1,146 9.9 7.0
4 2640 39 26 52 709 20 609 25 46.68 559 1438 213 8.7 788 8.2 5.7
5 2180 29 20 40 543 16 510 20 28.6 427 1210 169 6.7 601 7.4 5.2
6 1751 24 16 28 431 13 458 17 18 343 1022 138 5.4 475 6.8 48
7 1470 20 13 16 330 10 410 15 13 285 824 117 45 400 6.1 43
8 1190 18 11 12 266 8.9 371 12 11 244 696 100 3.8 340 5.6 3.9
9 1020 16 10 9.9 224 7.8 334 11 10 213 623 88 3.3 289 5.1 3.7
10 887 15 8.7 8.5 194 6.8 305 9.9 10 186 547 79 2.9 240 4.8 3.4
11 798 14 7.8 8.1 171 6.1 287 8.9 9.8 167 500 71 2.6 209 45 3.1
12 705 13 7.0 7.2 154 5.4 275 8.2 9.6 149 469 64 23 190 4.2 3.0
13 632 13 6.1 6.3 137 4.7 258 7.4 9.5 130 427 58 2.0 168 4.0 2.8
14 562 12 5.4 55 123 4.2 242 6.8 9.3 116 389 54 1.8 155 3.8 2.7
15 514 11 4.9 5.0 111 3.8 229 6.4 9.3 105 356 51 16 143 3.6 25
16 467 11 45 43 101 35 213 5.9 9.3 95 327 47 15 131 34 2.4
17 428 11 41 3.8 92 3.2 203 5.6 9.1 88 302 45 1.4 120 33 23
18 394 10 3.8 3.6 85 2.9 192 5.2 9.1 80 280 42 13 112 3.2 2.2
19 367 9.7 35 35 77 2.7 179 4.8 8.9 75 260 39 12 105 3.1 2.1
20 340 9.7 3.2 3.4 71 25 167 4.6 8.9 69 243 37 11 08 2.8 2.0
21 314 9.3 3.0 3.2 67 23 158 43 8.6 64 226 35 1.0 90 2.7 1.9
22 293 8.9 2.8 3.1 63 2.2 150 4.0 8.4 59 213 33 0.92 85 2.6 18
23 277 8.9 2.6 3.0 59 2.0 142 3.9 8.1 56 203 32 0.88 79 2.6 1.8
24 260 8.8 2.4 2.9 55 1.9 135 3.7 7.7 52 197 31 0.81 74 25 1.8
25 245 8.5 2.3 2.8 52 1.8 127 35 7.4 49 186 29 0.77 70 2.4 1.7
26 229 8.5 2.1 2.7 50 16 119 3.4 7.2 45 180 28 0.72 67 2.3 16
27 217 8.1 2.0 2.6 46 15 113 33 71 42 171 27 0.66 64 2.3 16
28 205 7.7 1.9 25 44 15 107 3.2 6.9 40 164 26 0.63 60 2.2 15
29 197 7.2 17 2.4 42 1.4 103 3.1 6.8 37 154 25 0.58 58 2.1 15
30 185 7.2 16 2.4 40 13 98 3.0 6.6 35 148 24 0.55 54 2.1 15
31 177 7.2 15 2.3 38 12 94 2.9 6.5 33 143 23 0.52 51 2.0 14
32 168 6.8 15 2.3 36 11 91 2.7 6.3 31 138 23 0.48 50 2.0 14
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OK311500010020-001AT OK311500010050G 0OK311500010110G OK311500020040G OK311500030010-001AT OK311500030040-001AT OK311510010010-001AT OK311510020060G OK311600010040-001AT OK311600020010-001AT OK311600020010-002AT 0OK311600020110G OK311600020140G OK311800000010-001AT ‘OK311800000070C OK311800000130G
; Red River- . West . Red River- Sand Red River- Red River- . . .
WQ Station North Fork Sgr:l;enl? -g?gees Otter Elk Creek L'glreecik North Fork Ejrg(:lzl Creez Salt Fork at | Salt Fork at CBrgteel: " Cc::rae\clei REeI::in T:I(\J/rekr- CDr :L CFr Isgk
at US 62 Creekt at SH 34 (Lebos) SH 34 US 283
WBID Segment 0OK311500010020_10 0OK311500010050_00 0OK311500010110_00 OK311500020040_00 0OK311500030010_00 OK311500030040_00 0OK311510010010_00 0OK311510020060_00 0OK311600010040_00 0OK311600020010_10 0OK311600020010_00 0OK311600020110_00 0OK311600020140_00 OK311800000010_00 0OK311800000070_00 OK311800000130_00
Uéefesreiige 07301500 | 07299670 | 07300500 7037%%57%015‘ 07304500 | 07300500 | 07301500 | 07303400 | 07299710 | 07300500 | 07301110 | 73011100 | 07300500 | 07303500 | 07301420 | 07301420
Watershed Area (sq. mile) 312.3 1233 735 383 62.5 57.2 270.1 475 184.6 215.8 358.3 5.1 245 404.5 46.2 32.4
NRCS Curve Number 70.8 73.4 79.5 771 76.4 76.8 65.8 64.1 722 66.8 735 78.7 69.2 69.5 71.0 69.8
Average Arnual Rainfall 29.8 29.3 29.1 30.3 29.4 29.2 28.1 26.3 26.7 27.4 27.7 29.2 26.7 28.0 27.2 26.3
Percentile Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
33 159 6.8 1.4 2.2 35 11 88 2.6 6.3 29 132 22 0.45 48 1.9 1.4
34 150 6.4 1.3 2.1 34 1.0 85 25 6.1 27 126 21 0.42 46 1.9 13
35 143 6.4 1.2 2.0 33 0.95 81 2.4 6.1 26 122 20 0.41 44 1.9 13
36 135 6.4 11 1.9 31 0.88 77 23 6.1 24 117 20 0.38 42 1.7 1.2
37 130 6.0 1.0 1.9 30 0.80 73 2.3 6.1 22 113 19 0.34 40 1.7 12
38 125 6.0 1.0 1.8 29 0.77 70 2.2 6.0 21 109 18 0.33 38 16 11
39 119 5.6 0.89 17 28 0.69 67 2.2 6.0 19 106 18 0.30 37 16 11
40 113 5.6 0.84 16 26 0.66 65 2.1 6.0 18 103 17 0.28 36 15 11
41 109 5.6 0.80 16 26 0.62 62 2.1 6.0 17 101 17 0.27 35 15 11
42 105 55 0.70 1.4 25 0.55 61 1.9 5.8 15 99 16 0.23 33 1.4 0.99
43 101 5.4 0.66 1.4 23 0.51 58 1.8 5.8 14 26 16 0.22 31 1.4 0.99
44 08 53 0.61 1.2 22 0.47 56 18 5.7 13 95 15 0.20 30 1.4 0.99
45 94 5.2 0.52 1.0 21 0.40 53 17 55 11 93 15 0.17 29 13 0.92
46 90 5.1 0.47 0.90 20 0.37 52 17 5.4 10 o1 14 0.16 28 13 0.92
47 85 5.0 0.43 0.86 19 0.34 49 17 5.4 9.2 89 14 0.15 26 13 0.92
48 82 5.0 0.39 0.81 18 0.31 47 16 5.4 8.4 87 13 0.13 25 1.2 0.84
49 78 4.9 0.36 0.77 17 0.28 45 16 5.2 7.6 85 13 0.12 24 1.2 0.84
50 75 4.8 0.32 0.63 17 0.25 43 15 5.2 6.8 83 12 0.11 24 1.2 0.84
51 72 4.7 0.28 0.61 16 0.22 41 15 5.2 6.0 80 12 0.09 22 11 0.76
52 70 4.6 0.24 0.50 15 0.19 39 15 5.2 5.2 79 12 0.08 21 11 0.76
53 66 4.6 0.22 0.45 14 0.17 37 1.4 5.0 4.6 77 11 0.07 20 11 0.74
54 64 45 0.19 0.39 14 0.15 35 1.4 4.9 4.0 75 11 0.06 20 1.0 0.72
55 62 4.4 0.16 0.36 13 0.12 33 1.4 4.8 34 74 10 0.05 19 0.97 0.68
56 60 43 0.14 0.33 13 0.11 32 13 4.6 3.0 72 9.9 0.05 18 0.93 0.65
57 57 4.2 0.12 0.28 12 0.09 30 13 4.6 2.6 70 9.2 0.04 17 0.87 0.61
58 55 4.1 0.10 0.22 11 0.08 28 13 4.4 2.2 68 8.9 0.03 16 0.82 0.57
59 52 4.0 0.08 0.18 11 0.07 27 13 4.4 18 66 8.6 0.03 15 0.77 0.54
60 50 3.9 0.07 0.15 10 0.05 26 11 43 15 64 8.3 0.02 15 0.71 0.50
61 48 3.9 0.06 0.11 10 0.04 25 11 43 12 63 7.9 0.02 14 0.66 0.46
62 45 3.8 0.04 0.06 9.5 0.03 23 11 43 0.90 61 7.8 0.01 14 0.62 0.43
63 44 3.7 0.03 0.04 9.1 0.02 21 11 4.2 0.64 59 7.6 0.01 13 0.58 0.40
64 42 3.7 0.02 0.01 8.6 0.02 19 11 4.2 0.48 57 7.3 0.01 12 0.53 0.37
65 40 3.6 0.01 0 8.0 0.01 18 1.0 4.2 0.30 55 6.9 0.005 12 0.50 0.35
66 38 35 0.01 0 7.6 0.01 16 1.0 4.0 0.17 54 6.6 0.003 11 0.47 0.33
67 37 3.4 0.004 0 7.1 0.003 15 0.96 3.9 0.08 52 6.5 0.001 11 0.44 0.31
68 35 33 0 0 6.7 0 13 0.94 3.9 0 49 6.3 0 10 0.40 0.28
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OK311500010020-001AT OK311500010050G 0OK311500010110G OK311500020040G OK311500030010-001AT OK311500030040-001AT OK311510010010-001AT OK311510020060G OK311600010040-001AT OK311600020010-001AT OK311600020010-002AT 0OK311600020110G OK311600020140G OK311800000010-001AT ‘OK311800000070C OK311800000130G
; Red River- . West . Red River- Sand Red River- Red River- . . .
WQ Station North Fork Sgr:l;enl? -g?gees Otter Elk Creek L'glreecik North Fork Ejrg(:lzl Creez Salt Fork at | Salt Fork at CBrgteel: " Cc::rae\clei REeI::in T:“o/rekr_ CDr :L CFr Isgk
at US 62 Creekt at SH 34 (Lebos) SH 34 US 283
WBID Segment 0OK311500010020_10 0OK311500010050_00 0OK311500010110_00 OK311500020040_00 0OK311500030010_00 OK311500030040_00 0OK311510010010_00 0OK311510020060_00 0OK311600010040_00 0OK311600020010_10 0OK311600020010_00 0OK311600020110_00 0OK311600020140_00 OK311800000010_00 0OK311800000070_00 OK311800000130_00
Uéefesreiige 07301500 | 07299670 | 07300500 7037%%57%015‘ 07304500 | 07300500 | 07301500 | 07303400 | 07299710 | 07300500 | 07301110 | 73011100 | 07300500 | 07303500 | 07301420 | 07301420
Watershed Area (sq. mile) 312.3 1233 735 383 62.5 57.2 270.1 475 184.6 215.8 358.3 5.1 245 404.5 46.2 32.4
NRCS Curve Number 70.8 73.4 79.5 771 76.4 76.8 65.8 64.1 722 66.8 735 78.7 69.2 69.5 71.0 69.8
Average Arnual Rainfall 29.8 29.3 29.1 30.3 29.4 29.2 28.1 26.3 26.7 27.4 27.7 29.2 26.7 28.0 27.2 26.3
Percentile Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs) Q (cfs)
69 33 3.3 0 0 6.2 0 12 0.90 3.8 0 48 5.9 0 10 0.37 0.26
70 32 3.3 0 0 5.8 0 11 0.87 3.6 0 47 5.6 0 9.0 0.36 0.24
71 30 32 0 0 5.4 0 9.2 0.84 3.6 0 45 5.4 0 8.6 0.34 0.24
72 28 3.1 0 0 5.0 0 8.2 0.81 35 0 43 5.3 0 8.0 0.32 0.22
73 27 3.0 0 0 4.6 0 75 0.78 35 0 40 5.0 0 7.7 0.31 0.21
74 25 3.0 0 0 4.1 0 6.8 0.75 3.4 0 39 4.6 0 7.0 0.28 0.20
75 23 2.9 0 0 3.7 0 6.1 0.72 3.4 0 37 43 0 6.8 0.26 0.18
76 22 2.8 0 0 35 0 5.6 0.68 3.3 0 35 43 0 6.0 0.24 0.17
77 21 2.8 0 0 3.2 0 5.1 0.66 3.3 0 33 4.0 0 5.8 0.23 0.16
78 19 2.7 0 0 2.9 0 4.7 0.62 3.1 0 31 3.8 0 5.2 0.21 0.15
79 18 2.7 0 0 2.6 0 4.0 0.59 3.0 0 29 3.6 0 4.9 0.20 0.14
80 16 2.6 0 0 2.4 0 35 0.54 3.0 0 27 3.3 0 45 0.17 0.12
81 15 2.6 0 0 2.1 0 3.0 0.50 2.9 0 26 3.3 0 4.1 0.15 0.11
82 13 25 0 0 2.0 0 2.6 0.47 2.7 0 24 3.0 0 3.8 0.13 0.09
83 12 2.4 0 0 17 0 2.2 0.41 2.7 0 23 2.8 0 3.4 0.13 0.08
84 11 2.4 0 0 15 0 2.0 0.39 2.6 0 21 2.6 0 3.0 0.12 0.08
85 9.8 2.3 0 0 12 0 15 0.35 2.4 0 19 2.4 0 2.8 0.11 0.07
86 8.7 2.2 0 0 1.0 0 1.0 0.31 2.3 0 18 2.3 0 2.4 0.10 0.07
87 75 2.2 0 0 0.81 0 0.50 0.27 2.2 0 17 2.0 0 2.2 0.09 0.06
88 6.5 2.1 0 0 0.60 0 0.14 0.25 2.1 0 15 18 0 2.0 0.08 0.06
89 5.8 2.1 0 0 0.42 0 0 0.23 2.0 0 14 16 0 1.8 0.08 0.06
90 4.9 2.0 0 0 0.30 0 0 0.19 1.9 0 12 13 0 15 0.07 0.05
91 3.8 2.0 0 0 0.20 0 0 0.16 18 0 11 1.0 0 12 0.07 0.05
92 2.9 1.9 0 0 0.10 0 0 0.13 17 0 9.9 0.82 0 1.0 0.06 0.04
93 1.9 1.8 0 0 0 0 0 0.10 16 0 9.0 0.59 0 0.76 0.05 0.04
94 0.90 1.8 0 0 0 0 0 0.08 1.4 0 8.1 0 0 0.50 0.05 0.03
95 0.30 17 0 0 0 0 0 0.06 13 0 7.0 0 0 0.30 0.04 0.03
96 0.10 16 0 0 0 0 0 0.05 11 0 6.2 0 0 0.10 0.03 0.02
97 0 16 0 0 0 0 0 0.04 11 0 5.1 0 0 0 0.02 0.01
08 0 15 0 0 0 0 0 0.03 0.90 0 3.4 0 0 0 0.02 0.01
99 0 15 0 0 0 0 0 0.02 0.61 0 2.0 0 0 0 0.01 0.005
100 0 0 0 0 0 0 0 0.002 0.50 0 0.08 0 0 0 0 0
T incremental watershed area below other gages
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Appendix C
General Methodology for Estimating Flow at WQM Staions

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

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

On a stream impounded by dams to form 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 National Resources Conservation i8er¢{NRCS) runoff curve
numbers and antecedent rainfall condition. Dragnagbbasins will first be
delineated for all impaired 303(d)-listed WQM stas, along with all USGS flow
stations located in the 8-digit HUCs with impairstteams. Parsons will then
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identify all the USGS gage stations upstream amindtream of the subwatersheds
with 303(d) listed WQM 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 C-1 Runoff Curve Numbers for Various Land UseCategories and Hydrologic Soil

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

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

Q=P )+s

(1)

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

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

l,=0.2*S (2)

Thus, the runoff curve number equation can be texmri

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

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

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

gaged

where M is the mean annual precipitation of theensdted in inches. The daily
precipitation depth for the ungaged watershed, calaith the average curve
number of the ungaged watershed, are then usedaltulate the depth
equivalent daily flow Q of the ungaged site. Fipaihe volumetric flow rate at
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the ungaged site is calculated by multiplying by #nea of the watershed of the
ungaged site and converted to cubic ft..

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

iii) In the rare case where no coincident flow dataaaeglable for a WQM station and
no gages are present upstream or downstream, Widse estimated for the WQM
station from a gage on an adjacent watershed afasisize and properties, via the
same procedure described above for upstream orsimam gages.

UpperRed_FINAL_06-11-08.doc C'7 FI NAL
June 2008



Upper Red River Bacteria TMDLs Appendix D

APPENDIX D
STATE OF OKLAHOMA ANTIDEGRADATION POLICY

FINAL
June 2008



Upper Red River Bacteria TMDLs Appendix D

Appendix D
State of Oklahoma Antidegradation Policy

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

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

(b) It is the policy of the State of Oklahoma tmtect 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

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

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

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

(d) Application to improved waters. As the qtiabf any waters of the state improve, no
degradation of such improved waters shall be altbwe

785:46-13-1. Applicability and scope

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

(b) 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 QuialWaters and Sensitive Public
and Private Water Supply waters.

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

(c) In addition to the three tiers of protectidmstSubchapter provides rules to implement
the protection of waters in areas listed in Appeni of OAC 785:45. Although
Appendix B areas are not mentioned in OAC 785:45-3he framework for
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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, andemphtation rules applicable to Tier
2 waterbodies shall be applicable also to Tier 8vimdies.

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

785:46-13-2. Definitions

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

"Specified pollutants” means

(A) Oxygen demanding substances, measured as Garbaums 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 determinedhébyOklahoma Water Resources
Board or the permitting authority.

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

(@ General.

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

(2) The process of issuing permits for dischargesiaters of the state is one of
several means employed by governmental agenciesféexted 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, theefatbubchapters not only
implement numerical and narrative criteria, butaisiplement Tier 1 of the
antidegradation policy.

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

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

(&) General rules for High Quality Waters. New paiaurce 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 susw 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.

(b) General rules for Sensitive Public and Privilater Supplies. New point source
discharges of any pollutant after June 11, 1984, 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 waterbodigiglated SWS.

(c) 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

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

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

(@) General. New point source discharges of anyufaolt 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
River". Any discharge of any pollutant to a watatpaesignated "ORW" or "Scenic
River" which would, if it occurred, lower existigater quality shall be prohibited.
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(b) Stormwater discharges. Regardless of 785:46(&8- 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.

(c) Nonpoint source discharges or runoff. Best mgan@ent 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".

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

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

(@) General. Appendix B of OAC 785:45 identifieeas in Oklahoma with waters of
recreational and/or ecological significance. Thaseas are divided into Table 1,
which includes national and state parks, natiomaedts, wildlife areas, wildlife
management areas and wildlife refuges; and Tablhch includes areas which
contain threatened or endangered species listesui@s by the federal government
pursuant to the federal Endangered Species Aachasded.

(b) Protection for Table 1 areas. New dischargepadlutants 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.

(c) Protection for Table 2 areas. Discharges oemtctivities 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.

(d) Nonpoint source discharges or runoff. Best rgan@ent practices for control of
nonpoint source discharges or runoff should be emginted in watersheds located
within areas listed in Appendix B of OAC 785:45.
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Appendix E

Storm water permitting Requirements and Presumptive
Best Management practices (BMP) Approach

A. BACKGROUND

The National Pollutant Discharge Elimination Syst@PDES) permitting program for
stormwater discharges was established under thenQléater Act as the result of a 1987
amendment. The Act specifies the level of contmlbe incorporated into the NPDES
stormwater permitting program depending on the @®ufindustrial versus municipal
stormwater). These programs contain specific reguénts for the regulated
communities/facilities to establish a comprehensteemwater management program (SWMP)
or storm water pollution prevention plan (SWPPPplement any requirements of the total
maximum daily load (TMDL) allocation. [See 40 CFR39.]

Storm water discharges are highly variable bothtemms of flow and pollutant
concentration, and the relationships between digelsaand water quality can be complear
municipal stormwater discharges in particular, therent use of system-wide permits and a
variety of jurisdiction-wide BMPs, including edumatal and programmatic BMPs, does not
easily lend itself to the existing methodologies fteriving numeric water quality-based
effluent limitations. These methodologies were giesd primarily for process wastewater
discharges which occur at predictable rates widdistable pollutant loadings under low flow
conditions in receiving waters.

EPA has recognized these problems and developeditpeg guidance for stormwater
permits. [See “Interim Permitting Approach for Watuality-Based Effluent Limitations in
Stormwater Permits” (EPA-833-D-96-00, Date publsh@9/01/1996)] Due to the nature of
storm water discharges, and the typical lack obnmation on which to base numeric water
quality-based effluent limitations (expressed ascentration and mass), EPA recommends an
interim permitting approach for NPDES storm waterrpits which is based on BMPs. “The
interim permitting approach uses best managemeatipes (BMPS) in first-round storm water
permits, and expanded or better-tailored BMPs ibseguent permits, where necessary, to
provide for the attainment of water quality stam$at (ibid.)

A monitoring component is also included in the raceended BMP approach. “Each
storm water permit should include a coordinated aost-effective monitoring program to
gather necessary information to determine the éxtenwhich the permit provides for
attainment of applicable water quality standards tandetermine the appropriate conditions or
limitations for subsequent permitsibid.)

This approach was further elaborated in a guidanmmamo issued in 2002. [See
Memorandum from Robert Wayland, Director of OWOWdaames Hanlon, Director of
OWM to Regional Water Division Directors: “Estalilisg Total Maximum Daily Load
(TMDL) Wasteload Allocations (WLAs) for Storm Wate8ources and NPDES Permit
requirements Based on Those WLAs ” (Date publisidd22/2002)] “The policy outlined in
this memorandum affirms the appropriateness of tarative, adaptive management BMP
approach, whereby permits include effluent lim#sg(, a combination of structural and non-
structural BMPs) that address storm water disclsargeplement mechanisms to evaluate the
performance of such controls, and make adjustm@ets more stringent controls or specific
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BMPs) as necessary to protect water quality. ....it 16 determined that a BMP approach
(including an iterative BMP approach) is approgritd meet the storm water component of the
TMDL, EPA recommends that the TMDL reflect this.”hi¥ TMDL adopts the EPA
recommended approach and relies on appropriate BidP$mplementation. No numeric
effluent limitations are required or anticipated mounicipal stormwater discharge permits.

B. SPECIFIC SWMP/SWPPP REQUIREMENTS

As noted in Section 3 of this report, Oklahoma @alht Discharge Elimination System
(OPDES)-permitted facilities and non-point sour¢es., wildlife, agricultural activities and
domesticated animals, land application fields, aorhanoff, failing onsite wastewater disposal
system, and domestic pets) could contribute to edaeces of the water quality criteria. In
particular, stormwater runoff from the Phase 1 andunicipal separate storm sewer systems
(MS4s) is likely to contain elevated bacteria coricaions. Permits for these discharges must
comply with the provisions of this TMDL. Table Eptovides a list of Phase 1 and 2 MS4s that
are affected by this bacteria TMDL report.

Agricultural activities and other nonpoint souradsbacteria are unregulated. Voluntary
measures and incentives should be used and eneoduvdtwerever possible and such sources
should strive to attain the reduction goals essalel in this TMDL.

The provisions of this appendix apply only to OPINESDES regulated stormwater
discharges. Regulated CAFOs within the watershentat@ under NPDES permits issued and
overseen by EPA. In order to comply with this TMOhpse CAFO permits in the watershed
and their associated management plans must bemedig-urther actions to reduce bacteria
loads and achieve progress toward meeting thefsmeoeduction goals must be implemented.
This provision will be forwarded to EPA, as thepessible permitting agency, for follow up.

Table E-1. MS4 Permits affected by this bacteria DL Report

ENTITIES PHASE 1 OR | DATE ISSUED NOTES
PHASE 2 MS4
Altus, City of Phase 2 MS4 08/19/05

To ensure compliance with the TMDL requirements arnthe permit, stormwater
permittees must develop strategies designed t@eethprogress toward meeting the reduction
goals established in the TMDL. Relying primarilyampa Best Management Practices (BMP)
approach, permittees should take advantage ofirxistformation on BMP performance and
select a suite of BMPs appropriate to the local momity that are expected to result in
progress toward meeting the reduction goals estadddi in the TMDL. The permittee should
provide guidance on BMP installation and mainteeangs well as a monitoring and/or
inspection schedule.

Table E-2 provides a summary description of somé?BMith reported effectiveness in
reducing bacteria. Permittees may choose diffeBdtPs to meet the permit requirements, as
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long as the permittees demonstrate that theseigeraatill result in progress toward attaining
water quality standards.

As noted above, when a BMP approach is selecteabadimated monitoring program is
necessary to establish the effectiveness of tlexteel BMPs and demonstrate progress toward
attaining water quality standards. The monitoriegutts should be used to refine bacteria
controls in the future. Individual permittees coplarticipate in a coordinated program if there
is one in the area or they could develop their pvagram.

After EPA approval of the final TMDL, existing snhdliS4 permittees will be notified of
the TMDL provisions and schedule. The re-issuedngewill contain general provisions
addressing this TMDL. Industrial stormwater pete@s are not expected to be a significant
source of bacteria but if any are identified, saniactions will be required. Compliance with
the following provisions will constitute complianegth the requirements of this TMDL.

1. Develop A Bacteria Reduction Plan

Permittees shall submit an approvable Bacteria Bexu Plan to the DEQ within 12
months of notification. Unless disapproved by thes€tor within 60 days of submission, the
plan shall be approved then implemented by the ikeren This plan shall, at a minimum,
include the following:

a. Consideration of ordinances or other regulatorylmacsms to require bacteria pollution
control, as well enforcement procedures for nond@ngpe;

b. Evaluation of the existing SWMP in relation to TMDéduction goals;

c. Educational programs directed at reducing bactpolltion;

d. Investigation and implementation of BMPs that pré\edditional storm water bacteria
pollution associated with new development and nesligpment;

e. Implementation of BMPs applicable to bacteria. €aBi2 below presents summary
information on some BMPs that should be considdPedmittees are not limited to
BMPs on this list and should select BMPs approeriatthe local community that are
expected to meet all or part of the reduction geatablished in the TMDL.

f. Modifications to the dry weather field screeninglalficit discharge detection and
elimination provisions of the SWMP to consider stawvater sampling and other
measures intended to specifically identify bactgr@lution sources and high priority
areas for bacteria reductions.

g. Periodic evaluation of the effectiveness of thetéa& reduction plan to ensure progress
toward attainment of water quality standards.

h. An implementation schedule leading to modificatidrthe SWMP and full
implementation of the plan within 3 years of natiiion.

2. Develop Or Participate In A Bacteria Monitoring Program

Permittees may participate in a coordinated regdidrzcteria monitoring program or
develop their own individual program. The monitgriprogram should be designed to establish
the effectiveness of the selected BMPs and denairgbrogress toward the reduction goals of
the TMDL and eventual attainment of water qualtgnslards.
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a. Within 18 months of notification, the permittee Bipaepare and submit to the DEQ
either a TMDL monitoring schedule or a commitmenparticipate in a coordinated
regional monitoring program. The schedule or progshall include:

(1) A detailed description of the goals, monitoring, and sampling and analytical
methods;

(2) A list and map of the selected TMDL monitoring sites;
(3) The frequency of data collection to occur at each station or site;
(4) The parameters to be measured, as appropriate for and relevant to the TMDL;

(5) A Quality Assurance Project Plan that complies with EPA requirements [EPA
Requirements for QA Project Plans (QA/R-5)]

b. The monitoring program shall be fully implementeithim 3 years of notification.

3. Annual Reporting

The permittee shall include a TMDL implementati@part as part of their annual report.
The TMDL report shall include the status and adtitaken by the permittee to implement the
TMDL. The TMDL report shall document relevant aasotaken by the permittee that affect
MS4 storm water discharges to the waterbody segthantis the subject of the TMDL. This
TMDL report also shall identify the status of aryphlcable TMDL implementation schedule
milestones.
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Appendix E

Table F-2. Some BMPs Applicable to Bacteria

BEST MANAGEMENT PRACTICE

IMPAIRMENT
SOURCE

AGRICULTURE

URBAN

REPORTED
EFFICIENCY

NOTE

Animal waste management A planned

system designed to manage liquid and solid waste

from livestock and poultry. It improves water

quality by storing and spreading waste at the pr¢
time, rate and location.

pe

X

75 9%

Avrtificial wetland/rock reed microbial filter :

Long shallow hydroponic plant/rock filter system

that treats polluted waste and wastewater.

combines horizontal and vertical flow of warrr

through the filter ( filled with aquatic and se

It

aquatic plants and microorganisms) and provides a

high surface area of support media, such as roc
crushed stone.

SO

Compost  facility: Treating organid

agricultural wastes in order to reduce the pollutio

potential to surface and ground water. T

he

composting facility must be constructed, opergted

and maintained without polluting air and/or wa
resources.

er

DEQ
permit
needed

Conservation landscaping The placement of

vegetation in and around stormwater management

BMPs. Its purpose is to help stabilize disturk

ed

areas, enhance the pollutant removal capabilities o

storm water BMP, and improve the overp

aesthetics of a storm water BMP.

Detention pond/basin Detention
ponds/basins maintain a permanent pool of wate
addition to temporarily detaining storm water. T
permanent pool of water enhances the removs

rin
he
| of

many pollutants. These ponds fill with stormwaler

and release most of it over a period of a few d
slowly returning to its normal depth of water.

ay's,

25 9%, 4096,
519%

Diversions/earthen ~ embankments  1).
Diversions -Establishing a channel with
supporting ridge on the lower side constructed @l
the general land slope which improves water qué
by directing nutrient and sediment laden water

sites where it can be used or disposed of safgly.

Earthen embankment- A raised impound
structure made from compacted soil. It

a
on
ity
to
2
ng
is

appropriate for use with infiltration, detentio

n,
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IMPAIRMENT REPORTED | NOTE
BEST MANAGEMENT PRACTICE SOURCE EFFICIENCY

AGRICULTURE URBAN

extended-detention or retention facilities.

Drain Inlet Inserts: A proprietary BMP that X 5%
is generally easily installed in a drain inlet atah
basin to treat storm water runoff. Three basic $ype
of inlet insert are available, the tray type, bgget
and basket type. The tray type allows flow to pass
through filter media residing in a tray locatgd
around the perimeter of the inlet.

Drip irrigation : An irrigation method thaj X X
supplies a slow, even application of low-pressjure
water through polyethylene tubing running frgm
supply line directly to a plant's base. Water soaks
into the soil gradually, reducing runoff and
evaporation (i.e., salinity). Transmission of neutrtis
and pathogens spread by splashing water and| wet
foliage created by overhead sprinkler irrigation| is
greatly reduced. Weed growth is minimized, ther¢by
reducing herbicide applications. Vegetable farmjing
and virtually every type of landscape situation ¢an
benefit from the use of drip irrigation.

Fencing A constructed barrier to livestoc 75 %
wildlife or people. Standard or conventional (bathe
or smooth wire), suspension, woven wire, or eleqtri
fences shall consist of acceptable fencing dedigns
control the animal(s) or people of concern and meet

the intended life of the practice.

X

Filtration (e.g., sand filters): Intermittent X X 30 %', 55%,
sand filters capture, pre-treat to remove sediments 519
store while awaiting treatment, and treat to rempve
pollutants (by percolation through sand media) [the
most polluted stormwater from a site. Intermittent
sand fiter BMPs may be constructed [in
underground vaults, in paved trenches within of at
the perimeter of impervious surfaces, or in either
earthen or concrete open basins.

Infiltration Basin: A vegetated open X 50 %"
impoundment where incoming stormwater runoff is
stored until it gradually infiltrates into the sqil
strata. While flooding and channel erosion conirol
may be achieved within an infiltration basin, they
are primarily used for water quality enhancement].

Infiltration Trench : A shallow, excavate X 50 %'
trench backfilled with a coarse stone aggregate to
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BEST MANAGEMENT PRACTICE

IMPAIRMENT
SOURCE

AGRICULTURE

URBAN

REPORTED
EFFICIENCY

NOTE

create an underground reservoir. Stormwater ru
diverted into the trench gradually infiltrates inte
surrounding soils from the bottom and sides of
trench. The trench can be either an open sur
trench or an underground facility.

noff

the
face

Irrigation water management: The process
of determining and controlling the volum
frequency, and application rate of irrigation wate
a planned, efficient manner. An irrigation syst
adapted for site conditions (soil, slope, crop grp
climate, water quantity and quality, etc.) must
available and capable of applying water to meet
intended purpose(s).

Lagoon pump out A waste treatmen
impoundment made by constructing an embankn
and/or excavating a pit or dugout in order

t X
hent
to

biologically treat waste (such as manure and

wastewater) and thereby reduce pollution poter
by serving as a treatment component of a w
management system.

tial
hste

Land-use conversion BMPs that involve 3

change in land use in order to retire Ignd

contributing detrimentally to the environment. So
examples of BMPs with associated land use cha
are: Conservation Reserve Program (CRP
cropland to pasture; Forest conservation - perv
urban to forest; Forest/grass buffers - croplang
forest/pasture; Tree planting - cropland/pasturg
forest; and Conservation tillage — conventio
tillage to conservation tillage.

me
nges
ous
to
to
nal

Limit livestock access Excluding livestock
from areas where grazing or trampling will cay
erosion of stream banks and lowering of wa

quality by livestock activity in or adjacent to the

water. Limitation is generally accomplished
permanent or temporary fencing. In additic
installation of an alternative water source aw
from the stream has been shown to reduce lives
access.

se
ter

py
n,
ay

tock

Litter control : Litter includes larger items an
articulates deposited on street surfaces, suc
paper, vegetation residues, animal feces, bottids
broken glass, plastics and fallen leaves. Lit
control programs can reduce the amount
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BEST MANAGEMENT PRACTICE

IMPAIRMENT
SOURCE

AGRICULTURE

URBAN

REPORTED
EFFICIENCY

NOTE

deposition of pollutants by as much as 50%, and

may be an effective measure of controlling pollat
by storm runoff.

o

Livestock water crossing facility. Providing
a controlled crossing for livestock and/or fa
machinery in order to prevent streambed eros
and reduce sediment.

m
sion

100 %

Manufactured BMP systems Structural
measures which are specifically designed and s
by the manufacturer to intercept storm water rur
and prevent the transfer of pollutants downstre

ized
off
am.

They are used solely for water quality enhancement

in urban and ultra-urban areas where surface B
are not feasible.

MPs

Onsite treatment system installation
Conventional onsite wastewater treatment
disposal system (onsite system) consists of t
major components: a septic tank, a distribution, &
and a subsurface soil absorption field (consistih
individual trenches). This system relies on grataty
carry household waste to the septic tank, m
effluent from the septic tank to the distributiooxb
and distribute effluent from the distribution b
throughout the subsurface soil absorption field.
of these components are essential for a converht
onsite system to function in an acceptable manné

and
ree
[0)4

)

pve

DX
Al
ona
Br.

Porous pavement An alternative to
conventional pavement, it is made from asphalt
which fine filler fractions are missing) or modul
or poured-in concrete pavements. Its use all
rainfall to percolate through it to the sub-ba
providing storage and enhancing solil infiltratibadtt
can be used to reduce runoff and combined sd
overflows. The water stored in the sub-base f
gradually infiltrates the subsoil.

bwer
hen

50 9%

Proper site selection for animal feeding
facility : Establishing or relocating confined feedi
facilities away from environmentally vulnerab
areas such as sinkholes, streams, and rivers er

ng
le
brd

to reduce or eliminate the amount of pollutant

runoff reaching these areas.

Rain garden /bio-retention basin: Rain

b, an

gardens are landscaped gardens of trees, shrub

40 %
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BEST MANAGEMENT PRACTICE

IMPAIRMENT
SOURCE

AGRICULTURE URBAN

REPORTED
EFFICIENCY

NOTE

plants located in commercial or residential areap i
order to treat storm water runoff through temporary

collection of the water before infiltration. Theyeg

slightly depressed areas into which storm water

runoff is channeled by pipes, curb openings,
gravity.

or

Range and pasture managemenSystems of
practices to protect the vegetative cover
improved pasture and native rangelands. It inclU
practices such as seeding or reseeding, b
management (mechanical, chemical, physical,
biological), proper stocking rates and proper grgz
use, and deferred rotational systems.

on
des
rush
or

50 %"

Retention ponds/basins Retention basinA
storm water facility that includes a permanent p
of water and, therefore, is normally wet even dy
non-rainfall periods. Inflows from storm wat
runoff may be temporarily stored above t
permanent pool.

ool
in
pr
nis

329%

Riparian Buffer Zone: A protection methog
used along streams to reduce eros
sedimentation, and the pollution of water frg
agricultural non-point sources.

on,
m

43 -57 %

Forested
buffer w/o
incentive
payment

Septic system pump-out A typical septic
system consists of a tank that receives waste &¢
residence or business, and a drain field
subsurface absorption system consisting of a s
of percolation lines for the disposal of the liqu

effluent. Solids (sludge) that remain afier

decomposition by bacteria in the tank must
pumped out periodically.

m
or
bries

id

be

594

Sewer line maintenance/sewer flushing
Sewer flushing during dry weather is designed
periodically remove solids that have deposited
the bottom of the sewer and the biological sliret
grows on the walls of combined sewers dur
periods of low-flow. Flushing is especial
necessary in sewer systems that have low gr
which has resulted in velocities during low-flg
periods that fall below those needed for s
cleaning.

to
on

ng

ndes
W
p|f-

Stream bank protection and stabilization

(e.g., riprap, gabions) Stabilizing shoreline area

n

40 - 75 %

40 % wlo
fencing;
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BEST MANAGEMENT PRACTICE

IMPAIRMENT
SOURCE

AGRICULTURE

URBAN

REPORTED
EFFICIENCY

NOTE

that are being eroded by landscaping, construg
bulkheads, riprap revetments, gabion systems
establishing vegetation.

ting
, or

75 % w/

fencing

Terrace: An earth embankment, or
combination ridge and channel, constructed ac
the field slope. Terraces can be used when theag
need to conserve water, excessive runoff i
problem, and the soils and topography are such
terraces can be constructed and farmed
reasonable effort.

a X
ross
is
5 a
that
vith

Vegetated filter strip: A densely vegetate

9| X

strip of land engineered to accept runoff from

upstream development as overland sheet flow.

may adopt any naturally vegetated form, fr
grassy meadow to small forest. The purpose

vegetated filter strip is to enhance the quality
stormwater runoff through filtration, sedime
deposition, infiltration and absorption.

It
DM
nf a
of
Nt

Waste system/storage (e.g., lagoons, littg
shed) Waste treatment lagoons biologically trg
liquid waste to reduce the nutrient and B(
content. Lagoons must be emptied and t
contents disposed of properly.

b1 X
pat

DD

neir

80 — 100 %

Water treatment (e.g., disinfection,
flocculation, carbon filter system) Water
treatment: Physical, chemical and/or biologic
processes used to treat concentrated discha
Physical-chemical processes that have b
demonstrated to effectively treat discharge incl
sedimentation, vortex separation, screening (¢
fine-mesh screening), and sand-peat filtg
Chemical additives used to enhance separatio
particles from liquid include chemical coagula
such as lime, alum, ferric chloride, and varic

al
rges.
een
ide
2.J.,
RIS,

n of
nts
us

polyelectrolytes. Biological processes that have

been demonstrated to effectively treat discha
include contact stabilization, biodiscs, oxidati
ponds, aerated lagoons, and facultative lagoons.

ges
on

Wetland development/enhancement The
construction of a wetland for the treatment
animal waste runoff or storm water runo
Wetlands improve water quality by removi

of
ff

g

nutrients from animal waste or sediments and

nutrients from storm water runoff.

30 %

Including
creation
and
restora-
tion
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! Sources: BMP Efficiencies Chesapeake Bay Waterdhiedel (Phase V) August 1999; Draft FC and
Nitrate TMDL IP for Dry River (2001); EPA (1998) A (1999b); Novotny (1994); Storm Water Best

Management Practice Categories and Pollutant Rentffiaiencies (2003); USDA (2003); DCR (1999);
DEQ/DCR (2001).

2 Barrett, M.E., Complying with the Edwards AquifRules: Technical Guidance on Best Management
Practices, Texas Natural Resource Conservation Gssion Report RG-348, June, (1999).

3Watershed Protection Techniqu¥sl 3. No. 11999
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Appendix F

Response to Comments

A. Comments from Oklahoma Department of Agriculture, Food, and Forestry

Al.

A2,

A3.

A4.

AS.

A6.

Page ES-7, last paragraph before section E3. the final sentence should read: “The data analysis
and the load duration curves (LDC) demonstrate that exceedances at the WQM stations are the
results of a variety of nonpoint source loading occurring during high flow conditions although
because of the number of low flow exceedances, point sources cannot be ruled out as an
additional source.”

Response #A1: The report text was changed as follows. "The data analysis and the load duration
curves (LDC) demonstrate that exceedances at the WQM stations are the result of a variety of
nonpoint source loading occurring during a range of flow conditions. Low flow exceedances are
likely due to a combination of nonpoint sources, uncontrolled point sources, and permit
noncompliance.”

Page ES-7, second paragraph under Section E.3, second sentence. Although we don't argue with
the assumptions behind the LDC method, research has shown significant NPS contribution to
bacteria loading can also occur at low flows. Because the data show exceedances on streams with
and without dischargers during a variety of flow conditions, there may need to be some
clarification as to why baseflow exceedances are considered indicative of point sources in one
stream and indicative of NPS loading in another.

Response #AZ2: Agree. Conclusions have be change where appropriate.

Page 3-3, first paragraph after table. The report states that DMRs are not available to determine
whether or not the facilities are in compliance regarding bacteria concentrations. One
recommended practice to help meet bacterial load reductions would be to insure that those DMRs
were available and did not indicate compliance problems.

Response #A3: Agree.

Page 3-8, Last paragraph, last sentence: Should also mention, although not necessarily here,
other practices that reduce bacteria loading including elimination of illicit discharges and
rehabilitation of dilapidated sewer systems, if needed.

Response #A4: Suggested changes were made.

Page 3-11, last sentence of first paragraph. The reference to land application seems to be a
holdover from TMDL reports from poultry producing areas or those with a significant number of
CAFOs. In these watersheds, the only manure being applied would be from the two CAFOs, and
those are operating within their permits, and suing the same logic applied to WWTP operating
within permits, so their contribution would be negligible. If, however, you mean deposition of
manure in pastureland by livestock, you should clarify this.

Response #A5: Land application of manure is considered as a source of bacteria loading although
it may not be a significant source in this report. No change was maded.

Page 3-11, Daily Fecal coliform Production Rates by Livestock Species:
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The report used the Beef Cattle release approximately 1.04E+11, and Dairy Cattle release 1.01
E+11. They are 3-5 times as high as the rates used by Gen Yagow, et al., Virginia Tech
University in research paper: “TMDL Modeling of Fecal Coliform Bacteria with HSPF”, 2001,
presented at ASAE Annual Internatinal meeting 2001, of 2.07E+10 and 3.11 E+10 respectively.

e Response #A6: The bacteria production rates in the report were taken from the American Society
of Agricultural Engineers standards. Many other production rates could be found in the literature.
The chosen rates are valid and not significantly different from the proposed reference. No changes
were made as a result of this comment.

A7. Page 3-11, Last paragraph, last sentence. Would recommend replacing “"most likely” with
“largest”.

e Response #A7: The sentence was changed to "Cattle appear to represent the largest totential
source of fecal bacteria”.

A8. Page 3-12, Table 3-7 “Livestock and Manure Estimates by Watershed”:

« The title should be: “Livestock and Manure Application Area Estimates by Watershed”, as
no manure amount is included in the table;

»  Number of cattle and calves should be divided in two groups: one as free roaming and the
other in feedlots, as the amount of manure produced by each group is quite different.

e Response #A8: the title of Table 3-6 was changed to "Commercially Raised Farm Animals and
Manure Application Area Estimates by Watershed”.

The information was not available to divid cattle and valves into two groups. No changes were
made as a result of this comment.

A9. Page 3-13, Table 3-8 Fecal Coliform Production Estimates for Selected Livestock: Since the
Coliform Production Rates are over-estimated and number of Livestock is somewhat
misrepresented, as number of cattle and calves are not divided in two groups, the numbers of
Coliform Production presented in the table are about 5 times as high as they should be.

»  Response #A9: See response #A6

A10. Pages 3-10 to 3-13, sub- section 3.2.2: Non-Permitted Agricultural Activities and Domesticated
Animals; pages 3-17 to 3-18, section 3.3: Summary of Bacteria Sources, and Executive Summary:

e 1st bullet of 1std paragraph of sub-section 3.2.2: “poultry waste” should be added after
“Processed livestock manure”.

e For Bacteria Contribution to the Watersheds by Livestock (beef and dairies cattle): As the
survival rates of coliform depends on how the manure is stored, when and how it is spread
on land, setbacks distances and BMPs conducted by farmers/ranchers, and relative
locations of the farms to the streams, numbers of coliform reaching water-bodies from this
source should be minimal compared to the amount of bacteria produced on land.

e Response #A10: References to "livestock” were changed to "commercially raised farm animals”
throughout the report.

The following clarification was added in Section 3.3 “"Manure handling practices, use of BMPs, and
relative location to streams can also affect stream loading.”

All. Page 3-17: under section 3.3 Should be clarified that these are suspected or potential sources,
perhaps in the title of the Section. Along those lines, the justification for considering point sources
to be minor or moderate contributors when there is no data to show that these facilities are in
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compliance should be clarified. Why are they assumed to be minor? If it is because of the mass
balance, the disinfection process or for whatever other reason, this should be clarified.

e Response #A11: the following language was added in section 5.2: "Table 5-2 indicates which point
source dischargers within Oklahoma currently have a disinfection requirement in their permit.
Certain facilities that utilize lagoons for treatment have not been required to provide disinfection
since storage time and exposure to ultraviolet radiation from sunlight should reduce bacteria levels.
In the future, all point source dischargers which are assigned a wasteload allocation but do not
currently have a bacteria limit in their permit will receive a permit limit consistent with the
wasteload allocation as their permits are reissued.”

Al2. Page 3-18- the second sentence of the first paragraph, suggest adding to the end of that sentence
“+ however, its contribution of coliforms to the streams in the watershed may not be significant if
BMPs are properly implemented”.

e Response #A12: the following language was added; "however, its contribution of bacteria to
streams may be greatly reduced if BMPs are properly implemented”.

A13. Page 3-18- the last sentence of the first paragraph might be better read as “It must be noted that
while no data are available to estimate populations and fecal loading of wildlife other than deer, a
number of bacteria source tracking studies demonstrate that wild birds and mammals may
represent a major source of bacteria found in some streams.”

e Response #A13: Suggested change was made.

Al4. Page 4-14, first full paragraph: shouldn’t the NPS load be estimated by subtracting the point
source load from instream loading? Otherwise, you're assuming the point sources contribute 10%
of the loading, aren’t you? There doesn’t seem to be anything to base this assumption off of.

e Response #A14: The comment is correct. However, some language in this section was
inadvertently left in the document from a previous calculation method. The obsolete language was
deleted and remaining language was clarified as suggested. The correct calculation of current
loading is found in Section 5.1.

A15. Page 4-15, third full paragraph states that “high flows may occur in dry weather.” I'm not sure
how this could happen without a lagoon breach or some other kind of illegal discharge or a dam
rupture.

e Response #A15: A clarification was added. High flows could occur in the absence of local runoff
due, for example, to precipitation upstream in the watershed or releases from upstream dams.

A16. Page 4-16, Step 5- is this assumption justified given that there is no compliance data and there
were a significant number of SSOs in certain watersheds? If so, the reasons supporting it should
be better explained.

Page 5-3, "LDC for Stinking Creek at high, moist, and mid-range indicates nonpoint source
pollution”; we suggest wording saying that "due to the preponderance of exceedances during high
flow conditions the majority of the pollution is thought to be due to NP sources but that the
exceedances found during dry weather conditions indicate that some level of pollution may be due
to point sources. We would suggest adding this type of language to any stream with point source
discharges that had exceedances during lower flow conditions. Throughout this section, the
language needs to consider, the conundrum presented by the fact that exceedences at low flow
sometimes mean point source and other times mean NPS. The fact exists that direct application
of manure in a stream at low flow conditions by wading cattle causes impairment at low flow
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conditions yet is still nps. Likewise, direct pipelines of septage to streams and gullies can also
contribute to base flow impairment as can transport of septage from lateral fields down to
groundwater. One solution might be to say that pollution at low flow conditions indicates both
point and non-point sources are possible while pollution found at high flow conditions indicates
nps in the absence of a bypass or overflow at a WWTP.

e Response #A16: Language regarding to SSO was added in section 3.1.2.

The LDC for Stinking Creek does not show any exceedances under low flow condition, therefore, it
does not suggest point source as a major potential source. No change was made for Sticking
Creek. However, we agree with the general concept that point source should be included as a
potential source when exceedances occurred at low flow conditions. Changes were made
throughout the section to make the assessment for each stream segment more consistent.

Al7. page 5-40 first paragraph after the table. The OCC is not a regulatory agency. A more correct
statement is "The Oklahoma Conservation Commission (OCC) is the lead State agency for
Nonpoint Source Pollution. The OCC works with State partners such as ODAFF and federal
partners such as EPA and NRCS, to address water quality problems similar to those seen in the
Red River Watershed.”

e Response #A17: Suggested change was made.

B. Staff Identified Changes

B1. Appendix E: Storm water permitting Requirements and Presumptive Best Management practices
(BMP) Approach was added to the report. And a reference to Appendix E was added in section 3.2.
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