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Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

FOREWORD

This report has been prepared in accordance wéhstihedule contained within the federal
consent decree dated December 22, 1998. The repotains one or more Total Maximum
Daily Loads (TMDLs) for waterbody segments foundMississippi’s 1996 Section 303(d) List
of Impaired Waterbodies. Because of the accelgrstbedule required by the consent decree,
many of these TMDLs have been prepared out of seguevith the State’s rotating basin
approach. The implementation of the TMDLs contairfextein will be prioritized within
Mississippi’s rotating basin approach.

The amount and quality of the data on which thigoreis based are limited. As additional
information becomes available, the TMDLs may beated. Such additional information may
include water quality and quantity data, changegahutant loadings, or changes in landuse
within the watershed. In some cases, additionalewguality data may indicate that no
impairment exists.

Prefixesfor fractions and multiples of Sl units

Fraction Prefix Symbol Multiple Prefix Symbol
10" deci d 10 deka da
10? centi c 16 hecto h
10° milli m 10° kilo k
10° micro u 10° mega M
10° nano n 19 giga G
10*2 pico p 162 tera T
10%° femto i 10° peta P
108 atto a 16° exa E

Conversion Factors

Toconvert from To Multiply by | ToConvertfrom To M ultiply by
Acres Sqg. miles  0.0015625 Days Seconds 86400
Cubic feet Cu. Meter 0.02831684f Feet Meters 0.3048
Cubic feet Gallons 7.4805195 Gallons Cu feet 0.88365
Cubic feet Liters 28.316847 Hectares Acres 2.478053
cfs Gal/min 448.83117 Miles Meters 1609.344
cfs MGD .6463168 mg/l ppm 1

Cubic meters Gallons 264.17205 | ug/l * cfs Gm/day  2.45
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TMDL INFORMATION PAGE
i. ListingInformation
Name ID County HUC Cause Mon/Eval
Organic
Deer Creek segment 6 MS403M6 Washingtorr 08030209 Enrichment/Low Monitored
DO
Near Hollandale: From Arcola to Percy
Deer Creek segment 6 | MS403M6 | Washington 08030209 triedts | Monitored
Near Hollandale: From Arcola to Percy
Organic
Deer Creek — DA MS402E Bolivar 08030209 Enrichment/Low Evaluated
DO and Nutrients

Drainage Area near Winterville

Deer Creek — DA | MS402E | Bolivar | 08030209 | Nutrients | vallated
Drainage Area near Winterville

ii. Water Quality Standard

Parameter Beneficial use Water Quality Criteria
. N DO concentrations shall be maintained at a daibrage of not less than 5.0
Dissolved Oxygen Aquatic Life Support mg/l with an instantaneous minimum of not less th&ahmg/I|

iii. NPDES Facilities

NPDES 1D Facility Name Permﬂ(tadGDS?charge Receiving Water

MS0040339 J. Whitten Delta Researgh 0.05 Deer Creek

MS0047791 National Warm Water 0.576 Deer Creek
Aquaculture Center

iv. Total Maximum Daily Load for TBODu

LA (Ibsday) WLA (Ibs/day) MOS TMDL (Ibsday TBODU)
84.0 81.8 Implicit 165.8
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Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

EXECUTIVE SUMMARY

A segment of the Deer Creek has been placed oMib&ssippi 1998 Section 303(d) List of
Waterbodies as a monitored waterbody segment, duerdanic enrichment/low dissolved
oxygen and nutrients. In addition, a drainage amethe upper part of the watershed has been
listed as an evaluated area due to organic enrictilo DO and nutrients. The applicable state
standard specifies that the DO concentrations $leathaintained at a daily average of not less
than 5.0 mg/l with an instantaneous minimum of less than 4.0 mg/l. Mississippi currently
does not have standards for allowable nutrient eotmations, so a TMDL specifically for
nutrients will not be developed. However, becagiszated levels of nutrients may cause low
levels of dissolved oxygen, the TMDL developed thssolved oxygen also addresses the
potential impact of elevated nutrients in Deer @ree

Deer Creek is located in the Mississippi River alili plane and flows in a southern direction

from Lake Bolivar near Scott, Mississippi to thezda River. The 303(d) listed segment flows

from near Arcola to Percy, Mississippi in Washimgt©ounty. Photo 1 shows Deer Creek near
Hollandale, which is within the 303(d) Listed segrmeMuch of the flow that was in Deer Creek

has been diverted into Rolling Fork Creek at RglliFork, Mississippi, which is downstream of

the 303(d) listed segment.

2 E i

" |
e

Photo

. eér Cfeek near

The predictive model used to calculate this Pha3®&IDL is based primarily on assumptions
described in MDEQ Regulations. A modified Stredaelps DO sag model was selected as the
modeling framework for performing the TMDL allogatis for this study. The model was
developed to account for critical conditions ireatn temperature, dissolved oxygen saturation,

Yazoo River Basin 5




Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

and carbonaceous biochemical oxygen demand (CB@&agy rate. A mass-balance approach
was used to ensure that the instream concentratiammonia nitrogen (NN) did not exceed
the water quality criteria for toxicity. The cd#l modeling period was determined to be during
low-flow, high-temperature conditions that occuridg the summer (May — October) period.
This flow condition is typically represented as thelay, 10-year low flow (7Q10 flow).
However, because streams located in the Missis&pr alluvial plain are known to have a
decreasing flow trend with time, 7Q10 flows are awailable for streams in this area. Because
of this, a low-flow coefficient was developed fdng watershed based on flow data from the
nearby Bogue Phalia watershed. The low-flow coedfit was then applied to the Deer Creek
watershed to estimate the low-flow condition fastivatershed.

The model used in developing this Phase 1 TMDLuidetl both nonpoint and point sources of
total ultimate biochemical oxygen demand (TBODujha Deer Creek Watershed. This TMDL
has been developed as a Phase 1 TMDL becauseotiatded during the critical conditions, that
could be used to calibrate the model, are not ntlyravailable. The location of the watershed is
shown in Figure 1. TBODu loading from nonpoint sx@s in the watershed was accounted for
by using an estimated background concentration B®Du in the stream. In addition, the
estimated organic loading from direct dischargewadtewater into Deer Creek was included as
an additional nonpoint source. There are two NPDHE®mitted discharges located in the
watershed that are included as point sources imibdel. The load and waste load allocations
developed for TBODu are equal to the maximum asaiivé capacity of Deer Creek, as
indicated by predictive modeling. Thus, there asassimilative capacity for additional TBODu
loading in this waterbody segment.

Yazoo River Basin 6
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This map praduced by the Department
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MDEQ
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Figurel. Deer Creek Watershed
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INTRODUCTION

1.1 Background

The identification of waterbodies not meeting trassignated use and the development of total
maximum daily loads (TMDLs) for those waterbodies aequired by Section 303(d) of the
Clean Water Act and the Environmental Protectiorfay’s (EPA) Water Quality Planning and
Management Regulations (40 CFR part 130). The TMidkcess is designed to restore and
maintain the quality of those impaired waterbodibsough the establishment of pollutant
specific allowable loads. The impairment is causgdeduced levels of dissolved oxygen (DO)
in the creek due to enrichment of the creek witkrients and oxidation of organic material.
Thus, this TMDL has been developed for organicatrment. This TMDL was developed for
the 303(d) listed segment and watershed showngur&i2.

LA

Bolivar County

This map produced by the Department
of Environm ental Quality (MDEQ), Office of o b

PallLtion Contral, Surface Water Division, 3 0 3 ( d) Ll st' n g
Water Quality Assessment Branch, Data =
Management Section on 27 August 2002 3 Lake or Pond

Deer Creek

The TMDL watershed boundary and TMOL Water Cou nty Boundary
was praduced by the MDEQ. All other map data N Watershed
provided ty MARIS Perennial Stream

Map Projection: Mississippi Transverse Mercatar . TMDL Water Seale 1:900,000

The Mississippi Department of Ervironmental Quality 0 2 4 6 8
makes no warranties, expressed or implied, as tothe Deer C’eek WaterShEd E‘:E:f Miles

accuracy, completeness, cumeniness, reliability, or
suitanility for any particular purpose, of the data C’ll E.l

contained on this map
MDEQ

Mississippi

Figure 2. Deer Creek Watershed 303(d) Listed Segment and Drainage Area

Organic enrichment is measured in terms of totaimate biochemical oxygen demand
(TBODu). TBODu represents the oxygen consumed byraorganisms while stabilizing or
degrading carbonaceous and nitrogenous compourti#s arrobic conditions over an extended
time period. The carbonaceous compounds are eefdr as CBODu, and the nitrogenous
compounds are referred to as NBODu. TBODu is etudhe sum of NBODu and CBODu,
Equation 1.
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TBODu = CBODu + NBODu (Equation 1)

1.2 Applicable Waterbody Segment Use

The water use classification for the listed segnoérideer Creek, as established by the State of
Mississippi in the Water Quality Criteria for Intrastate, Interstate and Coastal Waters
regulation, is Fish and Wildlife Support. The dpsited beneficial uses for Deer Creek are
Secondary Contact and Aquatic Life Support.

1.3 Applicable Waterbody Segment Standard

The water quality standard applicable to the usthe@fwaterbody and the pollutant of concern is
defined in theState of Mississippi Water Quality Criteria for Intrastate, Interstate, and Coastal
Waters. The applicable standard specifies that the tisdooxygen (DO) concentrations shall
be maintained at a daily average of not less thamig/l with an instantaneous minimum of not
less than 4.0 mg/l. The 5.0 mg/l water qualityndead will be used as targeted endpoints to
evaluate and establish this TMDL.

1.4 Selection of a TMDL Endpoint and Critical Condition

One of the major components of a TMDL is the esshbient of instream numeric endpoints,
which are used to evaluate the attainment of aabéptwater quality. Instream numeric
endpoints, therefore, represent the water quatipiggthat are to be achieved by meeting the load
and wasteload allocations specified in the TMDL.heTendpoints allow for a comparison
between observed instream conditions and conditibat are expected to restore designated
uses. The instream DO target for this TMDL is dydaverage of not less than 5.0 mg/l. The
instantaneous minimum portion of the DO standards wansidered when establishing the
instream target for this TMDL. However, it was etgtined that using the daily average
standard with the conservative modeling assumptioosild be protect the instantaneous
minimum standard.

Low DO typically occurs during seasonal low-flowrjpels of late summer and early fall.
Elevated oxygen demand is of primary concern dulongflow periods because the effects of
minimum dilution and high temperatures combine rfodpce the worst-case potential effect on
water quality (USEPA, 1997). The low-flow, high¥iperature period is referred to as the
critical condition. The maximum impact of oxidatiof organic material is generally not at the
location of the point source discharge, but at saoiist&ance downstream, where the maximum
DO deficit occurs. The DO deficit is defined as thifference between the DO concentration at
100% saturation and the actual DO. The endpointtHs TMDL will be based on a daily
average of not less than 5.0 mg/l DO within the(@D8sted segment during critical conditions
in Deer Creek.

Yazoo River Basin 9
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WATERBODY ASSESSMENT

This TMDL Report includes an analysis of availabgter quality data and the identification of
all known potential pollutant sources in the Deeedk watershed. The potential point and
nonpoint pollutant sources were characterized bybtst available information, monitoring data,
and literature values. This section documentataglable information for Deer Creek.

2.1 Discussion of Instream Water Quality Data

The State’s 1998 Section 305(b) Water Quality Assest Report was reviewed to assess water
quality conditions and data available for the wstted. Limited water quality data are available
for the listed segments of Deer Creek. Accordmthe report, Deer Creek is not supporting for
the use of aquatic life support. These conclusieaie based on instantaneous water chemistry
data and screening-level biological assessmentumbed at station 07288770. This monitoring
station was part of MDEQ'’s basin assessment mang@rogram. This station is located near
Hollandale. The data from this station are giverTable 1 and Table 2. Data collected by the
United States Geological Survey (USGS) at statio288770 are given in Table 3 and Table 4.
Additional water quality samples have been colléae Deer Creek by the Natural Resource
Conservation Service (NRCS). Water quality dataewsollected at several locations on Deer
Creek; Leland, Hollandale, Rolling Fork, Cary, Om&jaand Valley Park, between 1993 and
1997 by NRCS. These data have been publishederMibksissippi Delta Comprehensive,
Multipurpose, Water Resources Plan (NRCS, 1988). Parameters sampled included d&gih,
pH, temperature, conductivity, total dissolved ds|iturbidity, total Kjeldahl nitrogen, nitrate,
total phosphorous, orthophosphorous, total suspeadids, and alkalinity. Samples for these
parameters were collected on a monthly basis. Sarmemof the data collected at two of the
stations, Leland and Hollandale, which are justtnglasn and within the 303(d) listed segment
are given in Tables 5 through 8. The NRCS data fk@land were collected between October
1993 and October 1997. The NRCS data from Hollenaare collected between October 1993
and September 1995. The data given in Tablesdughr 8 are provisional at this time because
the procedures used to collect the data have mut teviewed by MDEQ.

Additional water quality sampling has been recentgyducted as part of an ongoing restoration
effort in Deer Creek. The restoration effort irdés several state and federal agencies; USGS,
U.S. Army Corps of Engineers, U.S. Fish and Wil8ervice, Yazoo-Mississippi-Delta Joint
Water Management District, and MDEQ. The restoragfforts may include repairing failing
septic systems, cleaning up illegal trash dumpgrawing landscapes to minimize nonpoint
source pollution, and possibly augmenting flow ¢éestablish the natural flow patterns in the
lower part of the watershed. The recent samplffayte were intended to characterize baseline
conditions in the watershed prior to beginningoesion efforts. The sampling effort included
six sites along Deer Creek; below Lake BolivarSastt, MS), Leland, Hollandale, Rolling Fork,
Cary, and Valley Park. Samples were collectedstreral parameters including temperature,
DO, pH, conductivity, organic carbon, 5-day BOD]Jochphyll-a, nutrients, and pesticides in
September of 2002. Sampling for all of these patars will continue on a monthly basis for
the sampling sites at Leland and Cary. The stuldp @cluded collection of benthic
macroinvertebrates at each station. Selected pomal data from this study are given in Tables
9 and 10. It is important to note that the momitgrstations at Rolling Fork, Cary, and Valley
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Park are located downstream from the segment of Desek included on the 303(d) List and

the TMDL model.

Table 1. Water Quality Data for Deer Creek, MDEQ Station 07288770

Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

ecific .
Sample Date Sample Time Tempoerature Coi%uctivity DTl pH
(°C) (umhos/cm) Oxygen (mg/L)
5-Jan-88 11:20 7 50 8 6.75
8-Mar-88 9:50 14 120 - 6.96
2-May-88 10:46 20 170 3.1 6.34
5-Jul-88 11:30 27 722 0.3 6.99
6-Sep-88 11:20 23 900 0.9 7.14
7-Nov-88 12:10 14 460 35 7.67
10-Jan-89 9:30 8.5 70 7.8 6.37
1-May-89 9:05 20 185 2.1 6.67
11-Jul-89 12:00 26 130 25 6.38
5-Sep-89 6:20 27 60 1.6 7.37
7-Nov-89 9:00 15 138 6.0 9.03
8-Jan-90 11:10 8 60 10.2 6.77
5-Mar-90 9:05 145 140 13.3 7.05
1-May-90 6:20 34 200 6.8 7.7
9-Jul-90 8:30 27 60 3.2 6.8
4-Sep-90 9:00 15 500 1.2 6.7
7-Nov-90 11:15 7 50 3.3 7.86
Table 2. Water Quality Datafor Deer Creek, Station 07288770, Continued
. Nitrite + Ve
Sample Date | Sample Time | TKN (mg/L) Nitrate (mg/L) Phosphorous | COD (mg/L) | TSS(mg/L)
(mglL)
5-Jan-88 11:20 0.90 0.46 0.22 14 59
8-Mar-88 9:50 1.16 1.18 0.31 19 156
2-May-88 10:46 1.00 0.50 0.38 28 45
5-Jul-88 11:30 2.10 0.21 3.60 35 35
6-Sep-88 11:20 2.10 0.07 2.60 50 36
7-Nov-88 12:10 2.60 0.29 1.23 64 26
10-Jan-89 9:30 1.20 0.68 0.43 30 47
1-May-89 9:05 2.70 0.98 0.68 205 226
11-Jul-89 12:00 0.63 0.19 0.45 6 27
5-Sep-89 6:20 1.35 0.23 0.45 7 4
7-Nov-89 9:00 1.87 0.85 0.25 41 75
8-Jan-90 11:10 1.56 0.46 0.30 6 60
5-Mar-90 9:05 1.80 0.69 0.40 16 126
1-May-90 6:20 0.31 0.51 0.34 1 26
9-Jul-90 8:30 2.48 0.06 0.46 22 40
4-Sep-90 9:00 4.87 0.07 1.43 44 16
7-Nov-90 11:15 1.61 0.64 2.46 20 18
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Table3. Water Quality Datafor Deer Creek, Station 07288770, Continued

Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

A" AN B v e

ecific .
Sample Date Sample Time Tempoerature Coi%uctivity DTl pH
(°C) (umhos/cm) Oxygen (mg/L)
4/12/1995 14:55 20.1 137 5.9 5.9
4/19/1995 12:40 22.3 182 5.6 5.6
5/3/1995 13:20 8.3 98 6.3 6.3
5/16/1995 - 28.7 141 4.5 4.5
5/30/1995 14:30 24.2 178 1.6 1.6
6/13/1995 13:35 26.7 222 5.9 5.9
6/27/1995 14:20 27.9 213 4.5 4.5
7/5/1995 12:52 25.3 217 2.6 2.6
7/12/1995 15:10 29.7 173 4.6 4.6
7/18/1995 14:10 31 157 4.2 4.2
7125/1995 13:30 30.5 176 5 5
8/1/1995 13:45 28.9 234 3.1 3.1
8/8/1995 17:00 31.4 188 5.2 5.2
8/14/1995 12:00 29.5 208 3.3 3.3
8/23/1995 11:30 29.4 243 4 4
8/29/1995 12:25 28.8 341 2.8 2.8
9/12/1995 12:00 24.1 482 6.8 6.8
9/26/1995 13:05 21.2 660 2.8 2.8
10/12/1995 12:22 - 482 - -
10/12/1995 12:30 19.5 807 6.8 6.8
11/1/1995 11:00 15.9 817 8.5 8.5
1/23/1996 12:35 8 301 4.2 4.2
2/29/1996 11:15 12.1 271 5.3 5.3
3/12/1996 11:45 8.1 319 4.6 4.6
4/10/1996 13:25 11 262 9.3 9.3
5/21/1996 12:30 26.4 174 12.1 12.1
7/17/1996 14:00 29 403 14 14
8/13/1996 15:10 28 260 3.1 3.1
5/6/1997 18:45 20.6 114 5.2 5.2
7/11/1997 10:30 29.5 192 3 3
8/1/1997 9:20 28.7 218 4.2 4.2
8/1/1997 9:20 28.5 218 4.2 4.2
9/9/1997 13:00 26 303 4.7 4.7
6/18/1998 8:00 29.5 154 3 3
Table4. Water Quality Datafor Deer Creek, Station 07288770, Continued
sample | Sample |TKNTotal| o /KN | Nitrite+ 1y N | Total P | Dissolved | DISOIved
Date Time | (mgL) | Disolved | Nitrate | oy ey | P (mgiLy | OFthoP
(mg/L) (mg/L) (mg/L)
5/6/1997 18:45 1.0 0.58 2.51 0.17 0.31 0.15 0.1
7/11/1997 10:30 1.1 0.56 0.57 0.16 0.24 0.08 0.0
9/9/1997 13:00 1.5 1.00 0.39 0.50 0.19 0.09 0.0
5/6/1997 18:45 1.0 0.58 2.51 0.17 0.31 0.15 0.1
Yazoo River Basin 12
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Table5. Summary of NRCS Data Callected in Leland, SE Deer Creek Drive

Conductivit TDS Turbidity | Temperature
DS [ | B (gL 2l (umhos/cm)y (mg/L) (NTU) g ?"C)
Number of 41 47 47 47 47 47 47
Samples
Average 13.86 7.0 7.34 267.5 133.9 204.8 19.4
Maximum 15.70 12.6 8.30 633.0 317.0 1911.4 35.0
Minimum 9.10 3.0 6.40 77.0 40.0 14.0 6.8

Table6. Summary of NRCS Data Collected in Leland, SE Deer Creek Drive, Continued

Nitrate Total P Ortho P Total Solids Alkalinity
TKNMIL) | (gL (mg/L) (mg/L) mgL) | TSSMIL) I o)
Number of 47 47 47 47 47 47 47
Samples
Average 1.4 0.5 0.37 0.13 316.2 97.4 110.1p
Maximum 35 5.9 0.96 0.37 1130.0 1051.0 305.0p
Minimum 0.7 0.0 0.11 0.01 162.0 2.0 17.00
Table7. Summary of NRCS Data Collected in Hollandale, M ur phy Road
Conductivity TDS Turbidity | Temperature
e || WO @ngiLy | A (mhosem) | (mgll) | (NTU) °C)
Number of | -y, 18 18 18 18 18 18
Samples
Average 17.6 5.31 7.27 226.50 113.88 102.5p 21.49
Maximum 20.8 8.60 7.83 552.00 277.0( 557.0 30.0d
Minimum 12.8 2.40 6.76 97.00 48.00 5.00 8.40
Table8. Summary of NRCS Data Callected in Hollandale, M urphy Road, Continued
Nitrate Total P Ortho P Total Solids Alkalinity
TKNMIL) | (mgn) | (mgn) | (mgr) | (mgr) | TSSMIV | g
Number of 18 18 18 18 18 18 18
Samples
Average 1.28 0.26 0.43 0.23 239.17 82.28 94.11
Maximum 2.80 1.11 1.25 1.00 515.00 467.0( 247.0p
Minimum 0.64 0.00 0.13 0.05 108.00 0.00 22.00
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Table9. Water Quality Data Collected for Deer Creek Restoration Project

Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

Specific Dissolved
Station Sample Date S.?Enn?ele Tem?aecr:;:lture Conductivity Oxygen pH
(umhos/cm) (mg/L)
AT SCOTT Aug 28 2002 1338 29.5 159 5.3 7.3
AT SCOTT Sep 5 2002 1730 315 160 7.8 7.9
AT SCOTT Sep 6 2002 1300 29.5 167 4.4 7.2
EAST OF
LELAND Sep 52002 1600 29.5 500 6.9 7.7
NEAR
HOLLANDALE Aug 28 2002 1230 27.5 165 35 7.1
NEAR
HOLLANDALE Sep 52002 1230 28.5 161 4.6 6.9
NEAR
HOLLANDALE Sep 6 2002 1108 28.0 163 4.9 7.2
AT ROLLING
FORK Aug 28 2002 1150 29.5 92 8.4 7.8
AT ROLLING
FORK Sep 5 2002 0945 29.5 214 4.9 7.2
AT ROLLING
FORK Sep 6 2002 1020 26.0 235 5.3 7.3
AT CARY Aug 28 2002 1110 27.5 173 4.8 7.2
AT CARY Sep 4 2002 1500 29.5 173 3.4 7.1
AT CARY Sep 6 2002 0940 28.0 176 7.9 7.0
AT VALLEY
PARK Aug 28 2002 1015 26.5 103 0.4 6.5
AT VALLEY
PARK Sep 4 2002 0930 30.5 101 6.6 7.1
AT VALLEY
PARK Sep 4 2002 1030 26.5 105 6.2
AT VALLEY
PARK Sep 6 2002 0855 26.5 102 1.4 6.5
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Table 10. Water Quality Data Collected for Deer Creek Restoration Project
Nitrite + .
. sample |Sample| JKN | TKN '\iirate  NHeN | Total p |DisSOVed gop
Station - Total |Dissolved Ortho P
Date Time Total (mg/L) | (mg/L) (mg/L)
(mgl) | (mgt) | o (mglL)
AT SCOTT | Sep 5 2002 1730 | 1.6 0.9 001 015 _ 024 0.1 5.1
EAST OF i i
D
o N Sep52002 1600 | 0.9 06 | <001 002 012 00 3.
NEAR sep 52002 1230 1 06 | <001 002 022 007 2.7
HOLLANDALE ? : : : : : :
ATROLENG Isep52002 0045 1.3 09 | 001 004 042 024 3.4
AT CARY  |Sep 42002 1500 | 1.1 06 | 001 003 018 003 3.5
AT ;,’AA;LKEY Sep 42002 1030 | 3.9 07 | <001 001 034 <001 41

The DO data given in Tables 1 and 3 were furthatyaed to determine when excursions of the
DO standard are most likely to occur. An analgsighis type will determine the environmental
conditions and pollutant sources that have thesktrgnpact on the water body. Because the DO
data given in these tables are instantaneous nesasuots, they were compared to the
instantaneous portion of the standard. Figuredvsha plot of the measured DO compared to
the water temperature. The points on the figupgesent all of the data that were collected at
station 07288770. The line on the figure is at #@1 DO, the instantaneous portion of the
standard. As shown in the figure, the majoritytioé DO excursions occur during warmer
periods, when water temperatures are greater t8a6.2 Only three of the nineteen DO
violations in Figure 3 occurred at temperatureowel(*C. The DO measurements were also
compared to the month in which they were colledtedrder to look for seasonal trends, Figure
4. This figure shows that the majority of the D&r@rsions occur during the months of May
through October. These months are considered tthdbesummer months in Mississippi, in
which temperatures are elevated and lower flowseapected. Only two of the nineteen DO
violations occurred outside of this period, in thenth of November.
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Dissolved Oxygen vs Temperature, 07288770
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Figure 3. DO Data Compared to Temperature Data
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Figure4. DO Data Compared to Sample M onth

Examination of Figures 3 and 4 shows that the nitgjof the measured DO violations occurred
during the higher temperature, lower flow periodSources of organic material, which could
deplete DO levels during this time period, wouldlinle point source dischargers and other
sources that occur on a continual basis such abatiges from failing septic systems. These
sources would have their maximum impact during fow conditions, since dilution would be
at a minimum. The DO violations measured durirggdboler, winter period would likely be due
to a combination of both continuous sources aretimttent sources such as pollutants carried to
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the water body during rainfall and runoff evenBue to the distribution of DO violations shown
in the figures it is apparent that the continuousrees have the largest impact on water quality.

2.2 Assessment of Point Sources

The first step in assessing pollutant sources e Dleer Creek watershed was locating the
NPDES permitted sources. There are two sourcesifped to discharge into Deer Creek, Table
11. The effluent from each facility was charactedi based on all available data including
information on each facility’'s wastewater treatmesystem, permit limits, and discharge
monitoring reports (DMRs). DMRs are vital to chaeizing effluent from each facility. The
average flows, BOR) and NH-N concentrations, as reported in DMRs for the past years
(8/1/2000 through 8/1/2002), are given in Table The permit limits for both facilities allow a
monthly average BOPconcentration of 10 mg/L and NHN concentration of 2.0 mg/L.

Table 11. Identified NPDES Permitted Facilities

Permitted Actual Average
Name NPDES Per mit Discharge Discharge AETE (20D | /ETEN Nl

(MGD) (MGD) (mg/L) (mg/L)
J. Whitten Delta) 15040339 0.05 No Discharge
Research
National Warm
Water MS0047791 0576 0.108 428 1.40
Aquaculture
Center

A third NPDES permit for the Hollandale POTW hagiead, and the discharge was removed
from the Deer Creek watershed in 2000. At thisetia new lagoon for the Town of Hollandale
was constructed to discharge into Black Bayou folace the closed facility. The closed
Hollandale facility, however, had a history of cdrapce problems that included violations in
their permitted limit of BODR and other parameters. The town also had problesitts
maintenance of the equipment and hiring of a cedifoperator needed to run the closed
activated sludge facility. Discharge monitoringpedgs from 1999 and 2000 show that the
reported BOD of the effluent was as much as 3 times greater tihair permit limit of 10 mg/L.
Inspection reports show that equipment such asgtitechamber, aerator, and chlorination
equipment was not working properly because the tdigmot have the resources to pay for the
repairs. It is important to note that some of dia¢a given in Section 2.1 were collected during
the time that this facility was operating with tagzoblems. The effluent from the Hollandale
POTW could be responsible for some of the low DCasneements collected before 2000.
Monitoring station 07288770 is located downstreadnthe location of the closed Hollandale
facility. Itis likely that the removal of this ¢dity resulted in improvements in the water qualit
conditions at this location.

2.3 Assessment of Nonpoint Sources

Nonpoint sources of pollutants in Deer Creek hasenbobserved for quite some time. A report
published in 1972 by the Mississippi Game and Esmmission (Parker and Robinson, 1972)
noted that the creek had low dissolved oxygen problin the fall season due to decaying
vegetation. According to this report, pollutionustes of concern were homes located on the
creek banks, storm sewer drainage from the Citiedéind, and runoff from cotton fields that
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border the creek. These nonpoint sources areastdihcern today. Nonpoint loading of TBODu
in a waterbody results from the transport of thdupants into receiving waters by overland
surface runoff and groundwater infiltration. Lasduactivities within the drainage basin, such as
agriculture, and urbanization contribute to nonpa@ource loading. Other nonpoint pollution
sources include atmospheric deposition and natvgathering of rocks and soil.

The 70,000-acre drainage area of Deer Creek cantaany different landuse types, including
urban, forest, cropland, pasture, water, and wadariThe landuse information is based on data
collected by the State of Mississippi’s Automategs8urce Information System (MARIS) 1997.
This data set is based on Landsat Thematic Mapgigaldmages taken between 1992 and 1993.
Agriculture is the dominant landuse within this erahed. The landuse distribution within the
Deer Creek Watershed is shown in Table 12 and €igur Land classified by MARIS as
bottomland hardwood forest was grouped into théandtcategory in Table 12.

Table 12. Landuse Distribution

Subwatershed| Urban | Forest |Cropland| Pasture | Barren |Wetland |Aquaculture| Water Total

080302090DC 1,541 0 59,181 3,257 0 5,201 9 1,059 70,244

Total 2% 0% 84% 5% 0% 7% 0% 290 100%
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MODELING PROCEDURE: LINKING THE SOURCES TO
THE ENDPOINT

Establishing the relationship between the instreater quality target and the source loading is
a critical component of TMDL development. It all®dor the evaluation of management options
that will achieve the desired source load redustionhe link can be established through a range
of techniques, from qualitative assumptions basedaund scientific principles to sophisticated
modeling techniques. Ideally, the linkage will &igpported by monitoring data that allow the
TMDL developer to associate certain waterbody rasps to flow and loading conditions. In
this section, the selection of the modeling tosé&tup, and model application are discussed.

4.1 Modeling Framework Selection

A mathematical model, named AWFWUL1, for DO distitibn in freshwater streams was used
for developing the TMDL. The use of AWFWULL1 is pmalgated in theWastewater
Regulations for National Pollutant Discharge Elimination System (NPDES) Permits,
Underground Injection Control (UIC) Permits, Sate Permits, Water Quality Based Effluent
Limitations and Water Quality Certification (MDEQ, 1994). This model has been approved by
EPA and has been used extensively by MDEQ. A &agon for using the AWFWUL1 model in
TMDL development is its ability to assess instreaater quality conditions in response to point
and nonpoint source loadings.

The model is a steady-state, daily average computetel that utilizes a modified Streeter-

Phelps DO sag equation. Instream processes sedulgt the model include CBODu decay,

nitrification, reaeration, sediment oxygen demasuj respiration and photosynthesis of algae.
Figure 6 shows how these processes are relatedyipical DO model. Reaction rates for the

instream processes are input by the user and tedréar temperature by the model. The model
output includes water quality conditions in eaclmpatational element for DO, CBODu, and

NHs-N concentrations. The hydrological processes lsited by the model include stream

velocity and flow from point sources and spatialigtributed inputs.

The model was set up to calculate reaeration widaoh reach using the O’Conner-Dobbins
formulation. This formula can be applied to streamith depths greater than 5 ft. The
O’Conner-Dobbins formula calculates reaeration (¥éhin each reach according to Equation
2.

Ka=12.9U%°/D*? (Equation 2)

U is the reach velocity in ft/second and D is ttream depth in feet.
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Figure 6. Instream Processesin a Typical DO M odel
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4.2 Model Setup

The Deer Creek TMDL model includes the 303(d) dssegment of Deer Creek, from Arcola to
Percy, as well as all the drainage area upstreatheo$egment to Lake Bolivar. The modeled
waterbody was divided into reaches for input ifte AWFWUL1 model. Reach divisions were
made at any major change in the hydrology of theekkady, such as a significant change in
slope or the confluence of a point source discharfiee watershed was modeled according to
the diagram shown in Figure 7. Approximate logaiof some of the monitoring stations are

Yazoo River Basin 21




Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

shown. The numbers on the figure represent riviiesm{RM). River miles are assigned to

waterbodies, beginning with zero at the mouth. Slope of each reach was estimated from
USGS quad maps and input into the model in unifeefmile. Within each reach, the modeled
segments were divided into computational elemeht3. mile. The hydrological and water

quality characteristics are calculated and outgubke model for each computational element.

Lake
Bolivar
Reach 1 RM 161§ -@-Deer Creek At Scott
Slope = 1.5 ft/mile
RM 158.¢ |
Reach 2
Slope = 0.9 ft/mile
M 153.0
Reach 3
Slope = 0.4 ft/mile
Point Source Outfalls
MS0040339
RM 128.9 _|e  MS0047791
RfaCh 4 _ @ Deer Creek East of Leland
Slope = 0.4 ft/mile RM 1244 —
Reach 5
Slope = 0.2 ft/mile
<+«<—RM 107.4 Arcol;
RM 103.9 —
Reach 6 @ Deer Creek Near Hollandale, Station 07288770
Slope = 0.4 ft/mile
—*——RM 89.6 Percy

Figure 7. Deer Creek Modd Setup (Note: Figure not to Scale)
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The model was setup to simulate low-flow, high-tengpure conditions, which was determined
to be the critical condition for this TMDL. Thentperature used in the model is°€6 The
headwater instream DO was assumed to be 85% afasiatuat the stream temperature. The
instream CBODu decay rate is dependent on temperatacording to Equation 3.

Kdry = Kdgoec)(1.047)%° (Equation 3)

Where Kd is the CBODu decay rate and T is the asdumstream temperature. The
assumptions regarding the instream temperaturekghmund DO saturation, and CBODu decay
rate are required by thempirical Sream Model Assumptions for Conventional Pollutants and
Conventional Water Quality Models (MDEQ, 1994). According to the requirements ifsth
document, the SOD, photosynthesis, and respiratites were set to zero due to lack of field
measurements of these parameters.

4.3 Source Representation

Both point and nonpoint sources were representethenmodel. The loads from NPDES
permitted sources were added as direct inputstivecappropriate reach of the waterbody as a
flow in cfs and a load of CBODu and ammonia nitmoge Ibs/day. Spatially distributed loads,
which represent nonpoint sources of flow, CBORad ammonia nitrogen were distributed
evenly into each computational element of Deer KCeedl its tributaries. The estimated loads
from discharges of wastewater from failing sepickis were input as spatially distributed loads.

Organic material discharged to a stream from an E®Permitted point source is typically
guantified as 5-day biochemical oxygen demand (BOBODs is a measure of the oxidation of
carbonaceous and nitrogenous material over a Srdaypation period. However, oxidation of
nitrogenous material, called nitrification, usuatlpes not take place within the 5-day period
because the bacteria that are responsible forfication are normally not present in large
numbers and have slow reproduction rates (MetcadfEeddy, 1991). Thus, BQDs generally
considered equal to CBQD Because permits for point source facilities @réten in terms of
BODs while predictive models used for TMDL developmeut typically developed using
CBODu, a ratio between the two terms is neededatmu4.

CBODu = CBODs * Ratio (Equation 4)

The CBODu to CBOBP ratios are given inEmpirical Stream Model Assumptions for
Conventional Pollutants and Conventional Water Quality Models (MDEQ, 1994). These values
are recommended for use by MDEQ regulations whemahfield data are not available. The
value of the ratio depends on the treatment typeratio of 1.5:1 was used for both of the
facilities included in the model.

In order to convert the ammonia nitrogen (NK) loads to an oxygen demand, a factor of 4.57
pounds of oxygen per pound of ammonia nitrogen£NIHoxidized to nitrate (Ng) was used.

Using this factor is a conservative modeling asdiwonpbecause it assumes that all of the
ammonia is converted to nitrate through nitrifioati which is not necessarily accurate. The
oxygen demand caused by nitrification of ammoniadsal to the NBODu load. The sum of
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CBODu and NBODu is equal to the point source loddrBODu.
TBODufrom each of the existing point sources are givemable 13. Note that these loads are
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The permitted loads of

significantly larger than the actual dischargemassured from the DMR data, Table 11.

Table 13. Point Source L oads as | nput into the M odéel

Eacilit Flow | CBODs | CBOD,:CBODs CBODu NH3-N NBODu TBODu
Y (cfs) (mg/l) Ratio (Ibs/day) (mg/l) (Ibs/day) | (Ibs/day)
J. Whitten Delta |, 177 10 1.5 6.2 38 10
Research
National Warm Water| 5o 10 15 72.4 43p 115
Aquaculture Center
Total 78.2 47.7 125.8

Direct measurements of nonpoint source loads of BB@nd NH-N were not available for the
Deer Creek Watershed. The background contributtdt@BODu and total ammonia as nitrogen
(NH3z—N) were estimated based d&mpirical Sream Model Assumptions for Conventional
Pollutants and Conventional Water Quality Models (MDEQ, 1994). According to these
regulations, the background concentrations usedadeling are CBODu = 2.0 mg/l and jN

= 0.1 mg/l.

Due to lack of data, the nonpoint source flows eeDCreek were also estimated. Low flow,
critical conditions are typically estimated as th@10 flow condition. However, due to

extensive man-made modifications and groundwatenppug, which has caused a significant
decrease in baseflows, 7Q10 flows are not avaiffblstreams in the Mississippi River alluvial

plain. For the Deer Creek watershed, a low flowfttaent, rather than a 7Q10 flow, was used
to represent low-flow conditions.

Because there is not a continuous record of flowilable for Deer Creek, the low-flow
coefficient was estimated based on data from abyewmaterbody in the Mississippi River
alluvial plain. The waterbody located closesthie Deer Creek Watershed that has a long-term
continuous record of flow is Bogue Phalia. The B®dPhalia Watershed occupies an area of
approximately 309,760 acres (484 square miles)li@sdin parts of Washington, Bolivar, and
Sunflower Counties. Bogue Phalia flows in a southdirection from its headwaters to its
confluence with the Big Sunflower River near DadovUSGS gage 07288650 is located on
Bogue Phalia near Leland, MS. Though there afferdifices in the hydrological characteristics
of these two waterbodies due to variations in veded size, geology, and man-made
modifications to the landscape, a flow coefficiémtount of flow per drainage area size) was
extrapolated from Bogue Phalia to Deer Creek. [ukack of flow data for the Deer Creek
watershed, the accuracy of this method could natdbermined.

Flow data for the USGS monitoring station on Boflmalia near Leland, which were available
for 1986 through 2000, were used to develop a flovation curve. The flow in Bogue Phalia at
Leland that is equaled or exceeded 99% of the alewer flow would be expected only 1% of
the time) was used to calculate the flow coeffitieFor Bogue Phalia Creek, the™gercentile
flow is 7.0 cfs. The contributing drainage areeBogue Phalia, 484 square miles, was used to
determine the low flow coefficient as shown below.

Low-Flow Coefficient (cfs/square mile) = 7.0 cfstd8quare miles £.014 cfg/square mile

24
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Then the critical condition low-flow for Deer Creekas estimated by multiplying by the
contributing drainage area size of Deer Creek,stiLtare miles.

Low-Flow in Deer Creek = 0.014 cfs/square mile ®khuare miles £.5 cfs

After determining the drainage area of the DeeeKMatershed, the low-flow coefficient (low-
flow value in cfs/drainage area in square milesk waed to estimate the amount of water
draining into each modeled reach of Deer Creekndguldow-flow conditions. The estimated
flows were multiplied by the background concentnasi of CBODu and NEN to calculate the
nonpoint source loads in the model. The nonpamaotee loads make up a portion of the loads
given in Table 14. It was assumed that the nonsmarce loads were evenly distributed within
each reach.

Discharges of wastewater from failing septic systeand onsite wastewater treatment plants
were also included as nonpoint sources of orgaratenal and nutrients in Deer Creek. This
type of discharge is suspected to be a cause ahmrgnrichment in Deer Creek because there
are many homes located near the creek banks ihaneas. Actual measurements of the number
of discharges from septic tanks and other sour@a® mot been made in the Deer Creek
watershed. However, the contribution from thesg@®s has been estimated based on data from
other areas. The percentage of failing septicddrds been estimated based on interpretation of
aerial photographs in another watershed in the ¥&iver Basin, Otoucalofa Creek. In this
watershed, 3 percent of the septic systems werdifiéel as having either a distinct moisture
pattern with an identifiable plume from a visibleld line or a visible suspicious moisture
pattern. The observation of 3 percent was applethe Deer Creek watershed to represent
discharges of wastewater from septic tanks andteonsastewater treatment systems. This
estimate is not intended to represent discharge the sewer lines to the wastewater treatment
plants in the Cities of Leland, Arcola, and Hollated The NPDES permits are the control
strategy for any failing sewage conveyance thpais of these facilities.

Loads of CBODu and N#N from discharges of leaking wastewater were dtiadtusing
literature values. The CBQRand NH-N concentrations of wastewater were assumed &2be
mg/L and 15 mg/L (Metcalf and Eddy, 1991). The antoof wastewater produced per person
each day was assumed to be 70 gal/day/person @yoasid Whitten, 1996). Based on the
watershed characterization system (WCS), it wamastd that 986 people in the watershed are
served by septic systems. Based on these assmsiptivze loads produced due to direct
discharges from septic systems are included ineTahl The loads were assumed to be evenly
distributed along each reach. These loads wem@ adsumed to be continuous sources of
pollutants in the Deer Creek watershed, becaudetants leaking from septic systems could
reach the creek during both wet and dry conditions.

It is important to note that the loads from dirdidicharges of wastewater are only an estimation
of what may be occurring in the Deer Creek watetshdDEQ does not currently have any data
specific to Deer Creek that could be used to cateuhese loads. These data could be obtained,
however, if funding were available. Low-level iafed aerial photographs of the watershed were
taken in February 2002, and are available for pr&ation. Interpretation of these photographs
could yield significant information about the watleed such as the locations of locations of
septic tanks with visible moisture patterns, dethilanduse inventories, and riparian zone
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conditions. Because aerial photography intergmetais expensive, this activity has not yet
occurred. Watershed-specific data could also lbhairdd from surveys of septic tanks and onsite

wastewater treatment plants in the watershed.

Table 14. Nonpoint Source L oads as | nput into the M odel

Reach Flow (cfs) CBODu (Ibs/day) | NBODu (Ibs’day) | TBODu (Ibs/day)
1 0.124 153 3.7 18.b
2 0.122 25.9 5.4 31B
3 0.542 111.7 23.2 134)0
4 0.09 18.6 3.d 226
5 0.47 97.3 20.2 117
6 0.326 66.3 13.6 80.JL

Total 1.674 335.1 69.7 404.8

4.4 Model Calibration

The model used to develop the Deer Creek Phase DLTWas not calibrated due to lack of
instream monitoring data collected during criticahditions. If additional data are collected in
Deer Creek during the critical condition periocggh data will be used to calibrate the model. If
the calibrated model is significantly different théne Phase 1 model, a Phase 2 TMDL will be
developed to reflect the updated model results.

4.5 Model Results

Once the model setup was complete, the model wed taspredict water quality conditions in
Deer Creek. The model was first run under basearalitions. Under baseline conditions, the
loads from NPDES permitted point sources were s#tar existing loads as determined from
the discharge monitoring reports, Table 13. Nonpsource loads and loads from discharges
from septic tanks were modeled according to thddagiven in Table 14. Thus, baseline model
runs reflect the current condition of Deer Creekhauit any reduction of the estimated TBODu
loads. The model was then run using a trial-amdreprocess to determine the maximum
TBODu loads which would not violate water qualitarsdards for DO. These model runs are
called maximum load scenarios.

45.1 Basdline Model Runs

The model results from the baseline model run mashin Figure 8. The figure shows the
modeled daily average DO in Deer Creek. The meel lepresents the DO standard of 5.0 mg/l.
Figure 8 shows the daily average instream DO cdratons in Deer Creek under existing
summer conditions, beginning with river mile 164t below Lake Bolivar) and ending with
river mile 89.6 (at Percy). The modeled DO goezamw in reach 3. The data show that the DO
standard is violated in this reach as a resulthef ¢stimated loads from the discharges of
wastewater. The model shows that the point souetasver mile 128.9 have a small effect on
the modeled DO level.
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The inclusion of discharges of wastewater in théevshed shows that these sources of organic
enrichment potentially have a much larger impactlenDO level in Deer Creek than NPDES
permitted point sources. Sources from discharfegstewater and other nonpoint sources, in
fact, account for 76 percent of the TBODu loadchi@ baseline condition model.

Figure 8. Basdine Mode Output for Deer Creek

Deer Creek Model Output - from Below Lake Bolivar to Percy, Ms
Baseline Conditions

DO (mg/L)
S

45.2 Maximum L oad Scenarios

The graphs of baseline model output show that thdigted DO falls below the DO standard in
Deer Creek during critical conditions. As a restdtluctions from the baseline loads of TBODu
are necessary in order to maintain a daily avetdgef at least 5.0 mg/I.

The maximum load scenarios involved running the ehading a trial-and-error process. The
estimated loads from the discharges of wastewatse weduced first. The percentage of
discharges was reduced from 3% to 0.5%. Redudiagestimated load from leaking septic
tanks represented a major reduction in TBODu lagadinDeer Creek. Also, the load from the
permitted point sources was reduced by 35%. Raduthe point source load, however,

represented a minor reduction in TBODu loading. e Thaximum load, that allowed the

maintenance of water quality standards, was selectdhe maximum load was used to develop
the load and wasteload allocations proposed inTM®L. Figure 9 shows the daily average
instream DO concentrations in Deer Creek after iegibn of the selected maximum load

scenario for the critical condition. The lowest RB@ncentration in the creek, approximately 5.0
mg/l occurs near river mile 125. The TBODu loadduded in the maximum load scenario are
given in Table 15.
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Deer Creek Model Output - from Below Lake Bolivar to Percy, MS
Maximum Load Scenario
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Figure 9. Model Output for Deer Creek after Application of Maximum Load Scenario
Table 15. Maximum Load Scenario, Critical Conditions
Per cent
Source CBODu (Ibs/day) NBODu (Ibs/day) TBODu (Ibs/day) Reduction
NPDES Permits 50.8 31.0 81.8 35%
Nonpoint Sources 69{3 14.7 84.0 79%
Total 120.1 45.7 165.8 69%

4.6 Evaluation of Ammonia Toxicity

Ammonia must not only be considered due to itscefter dissolved oxygen in the receiving
water, but also its toxicity potential. Ammonidrogen concentrations can be evaluated using
the criteria given in 1999 Update of Ambient Weaferality Criteria for Ammonia (EPA-822-R-
99-014). The maximum allowable instream ammontiagen (NH-N) concentration at a pH of
7.0 and stream temperature of@6s 2.82 mg/l. Based on the model results, thiera was
not exceeded in Deer Creek under the curreny-NHibads.
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ALLLOCATION

The allocation for this TMDL involves a wasteloalfoeation for point sources and a load
allocation for nonpoint sources necessary for mattent of water quality standards in segment
MS403M6 and Drainage Area MS402E of Deer Creek.

5.1 Wasteload Allocation

Two NPDES Permitted facilities in the Deer Creektewshed are included in the wasteload
allocation, Table 16. The model used to develdp TMDL has shown that the permitted point
sources are a minor source of organic materialdarlreek. The facilities are discharging only
a fraction of the wasteload allocation at the pmesene (an average of 11.5 Ibs/day TBODu
based on DMRs for the past two years).

Table 16. Wasteload Allocation

Facility CBODu (Ibs/day) NBODu (Ibs/day) TBODu (Ibs/day)
J. Whitten Delta 4.0 25 6.5
Research
National Warm Water 46.8 28.5 75.3
Aquaculture Center
Total 50.8 31.0 81.8

5.2 Load Allocation

The spatially distributed nonpoint source loads #mel estimated loads from discharges of
wastewater are included in the load allocation.e TiBODu concentrations of the nonpoint
source loads were determined by using an assumé&DgBoncentration of 1.33 mg/l and an
NHs-N concentration of 0.1 mg/l. These concentratigiguld be assumed when reliable field
data are not available, according Eonpirical Sream Model Assumptions for Conventional
Pollutants and Conventional Water Quality Models (MDEQ, 1994).

The allocations for loads due to leaking septiks$amalong with the other nonpoint source loads,
are shown in Table 17. The methods used to estithase loads were described in Section 4.3.
An overall 79 percent reduction from the estimatedpoint source load is required in order to

meet water quality standards for dissolved oxygaeu low-flow critical conditions.

Table 17. Load Allocations

Reach Flow (cfs) CBODu (Ibs/day) | NBODu (Ibs/day) | TBODu (Ibs/day)
1 0.115 3.6 0.8 4.1
2 0.114 5.3 1.7 6.9
3 0.492 22.9 4.9 27.8
4 0.082 3.8 0.9 4]
5 0.429 20 4.2 24.
6 0.292 13.6 2.9 16.%

Total 1.524 69.2 14.8 84.0
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5.3. Seasonality

Seasonal variation may be addressed in the TMDudiyg seasonal water quality standards or
developing model runs to reflect seasonal variatiom temperature and other parameters.
Mississippi’'s water quality standards for dissoled/gen, however, do not vary according to

the seasons. The Deer Creek TMDL model was s&b spnulate dissolved oxygen during the

critical condition period, the low-flow, high-temag¢ure period that typically occurs during the

summer season. Since the critical condition regmssthe worst-case scenario, the TMDL
developed for critical conditions is protectivetbé water body at all times. Thus, this TMDL

will ensure attainment of water quality standamisdach season.

5.4 Incorporation of a Margin of Safety

The margin of safety is another required compoonéat TMDL and accounts for the uncertainty
about the relationship between pollutant loads thedquality of the receiving waterbody. The
two types of MOS development are to implicitly ingorate the MOS using conservative model
assumptions or to explicitly specify a portion loé total TMDL as the MOS. The MOS selected
for this model is implicit.

Conservative assumptions, which place a higher ddntd DO on the waterbody than may
actually be present, are considered part of thegimaf safety. The assumption that all of the
ammonia nitrogen present in the waterbody is ordliro nitrate nitrogen, for example, is a
conservative assumption. In addition, the TMDLb&sed on the critical condition of the
waterbody, which is represented by the low flowheTow flow for Deer Creek is very small.

Therefore, modeling the waterbody at this flow pdeg protection in the worst-case scenario.

5.5 Calculation of the TMDL

The TMDL was calculated based on Equation 5.
TMDL =WLA +LA + MOS (Equation 5)

Where WLA is the wasteload allocation, LA is theadoallocation, and MOS is the margin of
safety. All units are in Ibs/day of TBODu. The DM for TBODu was calculated based on the
maximum allowable loading of the pollutants in D&eek and its tributaries, according to the
model. The TMDL calculations are shown in Table 8 shown in the table, TBODu is the
sum of CBODu and NBODu. The wasteload allocatiocoiporates the CBODu and BN
contributions from identified NPDES Permitted fées. The load allocation has been divided
to two components. The nonpoint source compometides the spatially distributed TBODu
and NH-N contributions from surface runoff and groundwaitdiltration. The wastewater
discharge component includes discharge of wastewlat=to leaking septic systems and onsite
wastewater treatment plants. The implicit mardirsafety for this TMDL is derived from the
conservative assumptions used in setting up theemod
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LA WLA e TMDL
(Ibs/day) (Ibs/day) (Ibs/day)
CBODu 69.3 50.8 Implicit 120.1
NBODu 14.7 31.0 Implicit a4.7
TBODu 84.0 81.8 I mplicit 165.8
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CONCLUSION

This Phase 1 TMDL will place restrictions on NPDESmitting activities in Deer Creek and its
tributaries, such that the loading specified irs tRMDL will not be exceeded. Steps need to be
taken to ensure that the overall load of TBODu gdbin this waterbody from point and nonpoint
sources does not exceed the assimilative capatieer Creek. The maximum load of
TBODu, as determined by this TMDL, is 165.8 Ibs/day

6.1 Future Monitoring

MDEQ has adopted the Basin Approach to Water Quadlianagement, a plan that divides
Mississippi’s major drainage basins into five greupDuring each year-long cycle, MDEQ’s
resources for water quality monitoring will be feed on one of the basin groups. During the
next monitoring phase in the Yazoo Basin, Deer Kmay receive additional monitoring to
identify any change in water quality. The addiibmonitoring may allow confirmation of the
assumptions used in the model used for calculatiegrMDL. If the additional data show that
the assumptions used were not accurate, the medetlhas the TMDL will be updated.

Other future data collection activities could irsduinterpretation of the aerial photographs
available for the Deer Creek watershed. Also, wetershed restoration effort currently
underway in the Deer Creek watershed will also w®\additional water quality data. This
effort may also include implementation of restamatiefforts that would reduce nonpoint
pollutant sources in Deer Creek.

6.2 Public Participation

This TMDL will be published for a 30-day public m#. During this time, the public will be
notified by publication in the statewide newspap&he public will be given an opportunity to
review the TMDL and submit comments. MDEQ alsdrihstes all TMDLs at the beginning of
the public notice to those members of the publio Wwave requested to be included on a TMDL
mailing list. TMDL mailing list members may requéde receive the TMDL reports through
either, email or the postal service. Anyone wighim become a member of the TMDL mailing
list should contact Linda Burrell at (601) 961-5082.inda_Burrell@deq.state.ms.us.

At the end of the 30-day period, MDEQ will determithe level of interest in the TMDL and
make a decision on the necessity of holding a pulidaring. If a public hearing is deemed
appropriate, the public will be given a 30-day cetof the hearing to be held at a location near
the watershed. That public hearing would be ariaffhearing of the Mississippi Commission
on Environmental Quality, and would be transcribed.

All comments received during the public notice pdrand at any public hearings become a part

of the record of this TMDL. All comments will be@rsidered in the submission of this TMDL
to EPA Region 4 for final approval.
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DEFINITIONS

5-Day Biochemical Oxygen Demand: Also called BOI3, the amount of oxygen consumed by
microorganisms while stabilizing or degrading cardbceous or nitrogenous compounds under
aerobic conditions over a period of 5 days.

Activated Sludge: A secondary wastewater treatment process thaiwesrorganic matter by
mixing air and recycled sludge bacteria with sewtagaromote decomposition

Aerated Lagoon: A relatively deep body of water contained ineamthen basin of controlled
shape which is equipped with a mechanical souraxygen and is designed for the purpose of
treating wastewater.

Ammonia: Inorganic form of nitrogen (N§J; product of hydrolysis of organic nitrogen and
denitrification. Ammonia is preferentially used pyytoplankton over nitrate for uptake of
inorganic nitrogen.

Ammonia Nitrogen: The measured ammonia concentration reportectrimst of equivalent
ammonia concentration; also called total ammoniaitasgen (NH-N)

Ammonia Toxicity: Under specific conditions of temperature and thid, unionized component
of ammonia can be toxic to aquatic life. The aed component of ammonia increases with
pH and temperature.

Ambient Stations: A network of fixed monitoring stations estabbshfor systematic water
quality sampling at regular intervals, and for omih parametric coverage over a long-term
period.

Assimilative Capacity: The capacity of a body of water or soil-planisteyn to receive
wastewater effluents or sludge without violating firovisions of the State of Mississippi Water
Quality Criteria for Intrastate, Interstate, anda®@l Waters and Water Quality regulations.

Background: The condition of waters in the absence of maluaed alterations based on the
best scientific information available to MDEQ. Tastablishment of natural background for an
altered waterbody may be based upon a similarteneal or least impaired, waterbody or on
historical pre-alteration data.

Biological Impairment: Condition in which at least one biological assembta(e.g. , fish,
macroinvertabrates, or algae) indicates less thdin support with moderate to severe
modification of biological community noted.

Carbonaceous Biochemical Oxygen Demand: Also called CBODu, the amount of oxygen
consumed by microorganisms while stabilizing orrddgng carbonaceous compounds under
aerobic conditions over an extended time period.

Calibrated Model: A model in which reaction rates and inputs agaiicantly based on actual
measurements using data from surveys on the regevaterbody.

Yazoo River Basin 34




Organic Enrichment/Low Dissolved Oxygen TMDL for Deer Creek

Conventional Lagoon: An un-aerated, relatively shallow body of watentained in an earthen
basin of controlled shape and designed for theqaepf treating water.

Critical Condition: Hydrologic and atmospheric conditions in which thalutants causing
impairment of a waterbody have their greatest gakfor adverse effects.

Daily Discharge: The “discharge of a pollutant” measured durirgaendar day or any 24-hour
period that reasonably represents the calendafagyurposes of sampling. For pollutants with
limitations expressed in units of mass, the "ddigcharge" is calculated as the total mass of the
pollutant discharged over the day. For pollutantth wimitations expressed in other units of
measurement, the "daily average" is calculateti@sterage.

Designated Use: Use specified in water quality standards for eadtevbody or segment
regardless of actual attainment.

Discharge Monitoring Report: Report of effluent characteristics submitted by BD¥S
Permitted facility.

Dissolved Oxygen: The amount of oxygen dissolved in water. lbaisfers to a measure of the
amount of oxygen that is available for biochemiaetivity in a water body. The maximum
concentration of dissolved oxygen in a waterbodyetiels on temperature, atmospheric pressure,
and dissolved solids.

Dissolved Oxygen Deficit: The saturation dissolved oxygen concentrationusiithe actual
dissolved oxygen concentration.

DO Sag: Longitudinal variation of dissolved oxygen reprating the oxygen depletion and
recovery following a waste load discharge into@néng water.

Effluent Standards and Limitations: All State or Federal effluent standards andtiations on
guantities, rates, and concentrations of chempa}sical, biological, and other constituents to
which a waste or wastewater discharge may be subpeter the Federal Act or the State law.
This includes, but is not limited to, effluent litaiions, standards of performance, toxic effluent
standards and prohibitions, pretreatment standamdsschedules of compliance.

Effluent: Treated wastewater flowing out of the treatnfantlities.

First Order Kinetics. Describes a reaction in which the rate of tramsftion of a pollutant is
proportional to the amount of that pollutant in #revironmental system.

Groundwater: Subsurface water in the zone of saturation. uGdaater infiltration describes
the rate and amount of movement of water from arattd formation.

Impaired Waterbody: Any waterbody that does not attain water qualigndards due to an
individual pollutant, multiple pollutants, pollutioor an unknown cause of impairment.
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Land Surface Runoff: Water that flows into the receiving stream afteplegation by rainfall or
irrigation. It is a transport method for nonposdurce pollution from the land surface to the
receiving stream.

Load Allocation (LA): The portion of a receiving water's loading catyaattributed to or
assigned to nonpoint sources (NPS) or backgrountss of a pollutant

Loading: The total amount of pollutants entering a stréam one or multiple sources.

Mass Balance: An equation that accounts for the flux of massg into a defined area and the
flux of mass leaving a defined area, the flux instrequal the flux out.

Nonpoint Source: Pollution that is in runoff from the land. Rairlfanowmelt, and other water
that does not evaporate become surface runoff itimer @rains into surface waters or soaks into
the soil and finds its way into groundwater. Thisface water may contain pollutants that come
from land use activities such as agriculture; aorasion; silviculture; surface mining; disposal of
wastewater; hydrologic modifications; and urbanalepment.

Nitrification: The oxidation of ammonium salts to nitrites W&rosomonas bacteria and the
further oxidation of nitrite to nitrate viditrobacter bacteria.

Nitrogenous Biochemical Oxygen Demand: Also called NBODu, the amount of oxygen
consumed by microorganisms while stabilizing or rddag nitrogenous compounds under
aerobic conditions over an extended time period.

NPDES Permit: An individual or general permit issued by thesBissippi Environmental
Quality Permit Board pursuant to regulations addpby the Mississippi Commission on
Environmental Quality under Mississippi Code Anneti(as amended) 88 49-17-17 and 49-17-
29 for discharges into State waters.

Photosynthesis. The biochemical synthesis of carbohydrate basednicgcompounds from
water and carbon dioxide using light energy inghesence of chlorophyll.

Point Source: Pollution loads discharged at a specific logatioom pipes, outfalls, and
conveyance channels from either wastewater tredtrplamts or industrial waste treatment
facilities. Point sources can also include pohtittmads contributed by tributaries to the main
receiving stream.

Pollution: Contamination, or other alteration of the phgkichemical, or biological properties,

of any waters of the State, including change inperature, taste, color, turbidity, or odor of the
waters, or such discharge of any liquid, gaseooig],sradioactive, or other substance, or leak
into any waters of the State, unless in compliamitie a valid permit issued by the Permit Board.

Publicly Owned Treatment Works (POTW): A waste treatment facility owned and/or

operated by a public body or a privately ownedtimesmt works which accepts discharges which
would otherwise be subject to Federal PretreatiiReuirements.
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Reaeration: The net flux of oxygen occurring from the atmosghto a body of water across
the water surface.

Regression Coefficient: An expression of the functional relationshipvibetn two correlated
variables that is often empirically determined frolata, and is used to predict values of one
variable when given values of the other variable.

Respiration: The biochemical process by means of which aallfuels are oxidized with the
aid of oxygen to permit the release of energy nexglio sustain life. During respiration, oxygen
is consumed and carbon dioxide is released.

Sediment Oxygen Demand: The solids discharged to a receiving water ardyporganics,
which upon settling to the bottom decompose aeatligiacemoving oxygen from the
surrounding water column.

Storm Runoff: Rainfall that does not evaporate or infiltrdie ground because of impervious
land surfaces or a soil infiltration rate than faihintensity, but instead flows into adjacentdan
or waterbodies or is routed into a drain or sewstesn.

Streeter-Phelps DO Sag Equation: An equation which uses a mass balance appraach t
determine the DO concentration in a waterbody déneas of a point source discharge. The

equation assumes that the stream flow is constahtreat CBODu exertion is the only source of

DO deficit while reaeration is the only sink of Di&ficit.

Total Ultimate Biochemical Oxygen Demand: Also called TBODu, the amount of oxygen
consumed by microorganisms while stabilizing or rdding carbonaceous or nitrogenous
compounds under aerobic conditions over an extetioexperiod.

Total Kjeldahl Nitrogen: Also called TKN,organic nitrogen plus ammonia nitrogen.

Total Maximum Daily Load or TMDL: The calculated maximum permissible pollutant
loading to a waterbody at which water quality sedd can be maintained.

Waste: Sewage, industrial wastes, oil field wastes, afidother liquid, gaseous, solid,
radioactive, or other substances which may pothatieend to pollute any waters of the State.

Wasteload Allocation (WLA): The portion of a receiving water's loading cajyaattributed to
or assigned to point sources of a pollutant.

Water Quality Standards: The criteria and requirements set forttSiate of Mississippi Water
Quality Criteria for Intrastate, Interstate, and Coastal Waters. Water quality standards are
standards composed of designated present and fotast beneficial uses (classification of
waters), the numerical and narrative criteria aggplio the specific water uses or classification,
and the Mississippi antidegradation policy.

Water Quality Criteria: Elements of State water quality standards, esga@ as constituent
concentrations, levels, or narrative statemenfwesenting a quality of water that supports the
present and future most beneficial uses.
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Watersof the State: All waters within the jurisdiction of this Statcluding all streams, lakes,
ponds, wetlands, impounding reservoirs, marshedera@urses, waterways, wells, springs,
irrigation systems, drainage systems, and all dibeéies or accumulations of water, surface and
underground, natural or artificial, situated whadlly partly within or bordering upon the State,
and such coastal waters as are within the juristiaf the State, except lakes, ponds, or other
surface waters which are wholly landlocked and gigly owned, and which are not regulated
under the Federal Clean Water Act (33 U.S.C.125Eg}).

Watershed: The area of land draining into a stream at a gigeation.
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ABBREVIATIONS
TQL0..ans Seven-Day Average LSiwveam Flow with a Ten-Year Occurrence Period
BASINS .....ooviiiiiiiieiiiiiiiiiiiiins Better Asse®ent Science Integrating Point and Nonpoint Saurce
BV e e Best Management Practice
CBODs...cciiiiiiieieeeeeeeeeeeeeee e 5-Day Carbonaceous Biochemical Oxygen De&man
(61210 1B 11 [ Carbonaceous Ultimate Biochemical OxygemBed
G N A e e e e e e e e Clean Water Act
DIMR e e e isBharge Monitoring Report
51 TP RRPPPPPPTPPR Dissolved Oxygen
B P A e Enwviraental Protection Agency
Gl @seaphic Information System
HU C e e e Hydrologic Unit Code
A e et ————— et e e e e e et e e e e e e e e e e e e e eeennnn s Load Allocation
MARIS ... e Mississippi Automated Resource Informatbystem
MDEQ ... e Mississippi Department of Envirormted Quality
1YL 5 2 Million Gallons per Day
MO S e ——————————————— Margin of Safety
NN =@ 1 1 Nitrogenous Ultimate Biochemical Oxydeamand
N TSP O PP PP PPPPPPPPPPP Total Ammonia
NH3N e ot&l Ammonia as Nitrogen
NO2H N5 ettt et e e e e s e st r et e e e e e e s e nrnreeeas Nitrite Plus Nitrate
NPDES ... .. s s National Pollution Discharge Eliration System
R B A e Rapid Biological Assessment
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TBODs ..t 5-Day Total Biochemical OxygDemand
TBODU. ittt s Total Ultimate Biochemicxkygen Demand
TN e e —————— Total Kjeldahl Nitrogen
1L PR TTRTRT Total Nitrogen
TO e —— Total Organic Carbon
TP Total Phosphorous
USGS ittt ettt ttebtetbabratbtbrnrnanrne Unit8tates Geological Survey
VL A e et e e e e e e e e e eene e Waste Load Allocation
WIWTP e agfewater Treatment Plant
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