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Sediment/Siltation and Organic Enrichment/Low DODIMor Wolf Lake

Foreword

This report has been prepared in accordance wilsthedule contained in the federal
consent decree dated December 22, 1998. The mpu#dins four Total Maximum Daily
Loads (TMDLs) for waterbody segments found on Misigipi's 1996 Section 303(d)
List of Impaired Water Bodies. Because of the amedéd schedule required by the
consent decree, many of these TMDLs have been m@eépzut of sequence with the
state’s rotating basin approach. The implementatioine TMDLs contained herein will
be prioritized within Mississippi’s rotating basapproach.

The amount and quality of the data on which thigore is based are limited. As
additional information becomes available, the TMDhay be updated. Such additional
information may include water quality and quantiigta, changes in pollutant loads, or
changes in land use within the watershed. In soases; additional water quality 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
102 centi C 18 hecto h
10° milli M 10° kilo k
10° micro H 16 mega M
10° nano N 18 giga G
10*2 pico P 14 tera T
10%° femto F 1é° peta P
10'8 atto A 138 exa E

Conversion Factors

TO CONVERT To Multiply by | TO CONVERT To Multiply by
FROM FROM
Acres Sqare 0.0015625 Days Seconds 86,400
miles
Cubic feet Cubic 0.028316847 Feet Meters 0.3048
meters
Cubic feet Gallons 7.4805195 Gallons Cubic feet 386B0555
Cubic feet Liters 28.316847 Hectares Acres 2.478053
Cubic Feet per Gallon 448.83117 Miles Meters 1,609.344
Second per
minute
Cubic Feet per Million 0.6463168 Milligrams per liter Parts per 1
Second gallons million
per day
Cubic meters Gallons 264.17205 Micrograms per Grams per 2.45
liter times cubic day
feet per day
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TMDL Summary
Total Maximum Daily Load (TMDL) for Sediment/Siltah, Organic Enrichment/Low
Dissolved Oxygen (DO), and Nutrients in Wolf Lak¢3363WLM) and Wolf Lake
Drainage Area (MS363E), Humphreys and Yazoo Cosnkkssissippi

TMDL AT A GLANCE

State: Mississippi

County: Humphreys and Yazoo Counties

303(d) Listed Water Body: Yes

Year Listed: 1996

303 (d) List Segment ID: MS363WLM, MS363E

HUC: 08030206 — Lower Yazoo

Constituents Causing Impairment:Sediment and organic enrichment/low DO
Source of Pollutants: Agriculture, aquaculture, and natural background
Data Source: Clean Lakes Project Phases | and Il
Designated Uses: Lak&quatic life support

Tributaries: Aquatic life support

Applicable Water Quality StandardSedimentNarrative water quality criteria
Organic Enrichment/Low DOGeneral water
quality criteria for dissolved oxygen: a daily
average of 5.0 mg/L with an instantaneous
minimum of not less than 4.0 mg/L.

Water Quality Target: Sedimentation/Siltatigkverage annual
sedimentation rate of 0.12 cm or 0.08 cm
Organic Enrichment/Low DODaily average DO of 5.0
mg/L

Technical Approach: Sedimentation/Siltati@\WLF watershed model
Organic Enrichment/Low DOCE-QUAL-W2
receiving water model

TMDL: Sedimentation/Siltation:23 — 0.15 ton/acre/year
Organic Enrichment/Low D100.4 Ib/day of TBODu
WLA: Sedimentation/Siltation:23 — 0.15 ton/acre/year
Organic Enrichment/Low DQu Ib/day of TBODu
LA: Sedimentation/Siltation:23 — 0.15 ton/acre/year
Organic Enrichment/Low D100.4 Ib/day of TBODu
Margin of Safety: Implicit
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Executive Summary

Wolf Lake, located in Humphreys and Yazoo CountMsssissippi, is an oxbow lake
formed by an abandoned meander of the Yazoo Rivdississippi Department of
Environmental Quality (MDEQ) has identified Wolf k& as not meeting its designated
use of Aquatic Life Support. Water bodies thatroid meet their designated use are
listed as impaired as required by section 303(d)tleé Clean Water Act and
Environmental Protection Agency's (EPA) Water QtyalPlanning and Management
Regulations (40 CFR part 130). The lake (water ybddS363WLM) is on the
Mississippi section 303(d) list as impaired by sesht/siltation and nutrients. The
drainage area (water body MS363E) is on the lishbse of sediment/siltation, organic
enrichment/low dissolve oxygen (DO), and nutriertississippi currently does not have
standards for allowable nutrient concentrationsa $otal maximum daily load (TMDL)
specifically for nutrients will not be developeddowever, because elevated levels of
nutrients may cause low levels of dissolved oxydgbe, TMDL developed for organic
enrichment/low DO also addresses the potential anpbelevated nutrients in the water
body.

Section 303(d) requires the development of TMDLs v@ter bodies on the impaired
waters list. A TMDL is the allowable amount ofiagle pollutant that a water body can
receive from all contributing point and nonpointusmes and still meet water quality
standards. The process is designed to restorenairdain the quality of impaired water
bodies through the establishment of pollutant-dpeallowable loads. The water quality
standard for sedimentation/siltation is narratiVidie water quality standard for dissolved
oxygen is a daily average of 5.0 mg/L with an insgaeous minimum of not less than
4.0 mgl/L.

To evaluate the relationship between the sourdes; loading characteristics, and the
resulting conditions in the lake, the study tearadua combination of analytical tools.
Assessments of the nonpoint source loading intdake were developed for the Wolf
Lake watershed using the Generalized Watershedihgd€linction (GWLF) computer
program. GWLF provided estimates of nutrients aadiments transported to the lake
for individual land use categories. The lake waalwated using the CE-QUAL-W2
water quality simulation computer model to estim#te concentrations of DO and
oxygen-consuming constituents. The lake was setgdanto two branches with a total
of 22 segments to represent the system. The sestihe watershed and lake models
were compared with observed water quality datavéduate the models’ performance.

Model results were evaluated for the period fror@7.8 2000, which presented a range
of climatic conditions. The year 1997, which wasprdominantly wet year, was
identified as the critical period for the TMDL, i.e@eflective of the poorest water quality
conditions in the lake. Model segment 18 the owutd, was chosen as the location for
evaluating the TMDL. This location exhibited thegpest water quality conditions in the
lake based on model results.
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For this TMDL, the loadings of oxygen-demanding enzl are given in terms of total
ultimate biochemical oxygen demand (TBODu). TBODRepresents the oxygen
consumed by microorganisms while stabilizing orrddigng carbonaceous or nitrogenous
compounds under aerobic conditions. A 45 perceddiction of the oxygen-demanding
source loadings or TBODu coming from the watersiteedecommended to meet the
prescribed DO criteria of a daily average of 5 mg/LThe target selected for
sedimentation/siltation was selected as a rangeahfes, from 0.08 cm/year to 0.12
cm/year. It should be noted, however, that theicgdns specified in this TMDL report
represent just one example of how pollutant loaglioguld be modified in order to
improve water quality in Wolf Lake. Watershed magragnt scenarios other than those
included in this report are possible. There igelihydrological and water quality data
available for Wolf Lake, and the management scersatbuld be modified based on a
reevaluation of the data and modeling if more dseome available. For the present
time, it is anticipated that some reductions of¢beent load can be achieved through a
combination of land use and restoration practieeh @as erosion and sediment control
practices, reduced tillage practices on croplarfdsest management, and stream
restoration.

The TMDLs for sedimentation/siltation have beenregped in terms of tons/acre/year.
According to 40 CFR 8130.2(i), TMDLs can be expees& terms of mass per time,
toxicity, or other appropriate measure. In thisegaan “other appropriate measure” is
used to express the TMDLs as the tons of sedinmattcan be discharged from an acre
of a subwatershed per year (tons/acre/year) atichgtin the applicable water quality
standard. This results in a range of acceptatizamrce yields of 0.23 to 0.15 tons per
acre per year. For these TMDLs, it is appropriamteapply the same target yield to
permitted (WLA) and unpermitted (LA) watershed ate&or load TMDLs the WLA and
LA are summed to calculate the TMDL. Because tlseskment TMDLs are expressed
as a yield, as long as all activities, permittedunopermitted, meet the same vyield, the
TMDLs will be met, regardless of the relative laamhtribution.

Wet weather sources of sediment, which are diseldatg a receiving waterbody as a
result of storm events, are considered to be timegpy concern for the sediment TMDLs.
Wet weather sources can be broadly defined, fomptirposes of this TMDL, into two
categories: wet weather sources regulated by thBE$Pprogram, and wet weather
sourceshotregulated by NPDES. Wet weather sources regulateédde NPDES program
include industrial activities (which include certaionstruction activities) and discharges
from MS4s. The wet weather NPDES-regulated sousresprovided a waste load
allocation (WLA) in this TMDL, and all other wet &ther sources of sediment (those not
regulated by NPDES) are provided a load allocaid).

There are no municipal, industrial, or commercégdilities in the Wolf Lake watershed
with National Pollutant Discharge Elimination Syste(NPDES) permits that are
permitted for total suspended solids (TSS). It awt be appropriate to include these
facilities since these sources provide negligibkds of sediment to the receiving waters
compared with wet weather sources (e.g., NPDESk&gl construction activities,
Municipal Separate Storm Sewer Systems [MS4s],nampoint sources). Also, the TSS

Yazoo Basin viii




Sediment/Siltation and Organic Enrichment/Low DODIMor Wolf Lake

component of a NPDES permitted facility is differé&nom the pollutant addressed within
this TMDL because the TSS component of the perdittiischarges is generally
composed more of organic material, and thereforeyiges less direct impact on the
biologic integrity of a stream (through settlingdaaccumulation) than would stream
sedimentation due to soil erosion during wet weadwents. The pollutant of concern
for the sedimentation TMDL is sediment from lane usnoff.

Any future WLAs provided to NPDES municipal and ustrial permitted dischargers
will be implemented through the state’s NPDES peprmgram and are not included in
this TMDL. The wet weather WLAs provided to the DES-regulated construction
activities and MS4s will be implemented throughtlreanagement practices (BMPs) as
specified in Mississippi’'s General Stormwater Pésmior Small Construction,
Construction, and Phase | & [l MS4 permits, whieim de found on the MDEQ web site
(www.deq.state.ms.us). It is not technically fbkesito incorporate numeric sediment
limits into permits for these activities and fatods at this time. LAs for nonpoint sources
will be achieved through the voluntary applicatafrBMPs. Properly designed and well-
maintained BMPs are expected to provide attainroktite wet weather WLAs and LAs.

The TMDLs are presented in Tables ES-1, ES-2, aa8 EThe margin of safety has
been addressed through implicit assumptions.

Table ES-1. TMDL for TBODu for Wolf Lake

Pollutant WLA (Ib/day) LA (Ib/day) MOS (Ib/day) | TMDL (Ib/day)
CBODu 0 251.8 Implicit 251.8
NBODu 0 148.6 Implicit 148.6
TBODu 0 400.4 Implicit 400.4

* Margin of Safety
Table ES-2. TMDL for Sedimentation rate of 0.12 yea for Wolf Lake
Pollutant WLA LA MOS TMDL
(ton/acrefyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.23 0.23 Implicit 0.23
Table ES-3. TMDL for Sedimentation rate of 0.08 yea for Wolf Lake
Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acrelyear)
Sediment 0.15 0.15 Implicit 0.15
Yazoo Basin IX
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1.0 Problem Understanding

The identification of water bodies not meeting tragsignated use and the development
of total maximum daily loads (TMDLSs) for those watsodies are required by section
303(d) of the Clean Water Act and the EnvironmeRtaltection Agency’'s (EPA) Water
Quality Planning and Management Regulations (40 ®BR 130). A TMDL is the sum
of the allowable amount of a single pollutant thatvater body can receive from all
contributing point and nonpoint sources and stidemwater quality standards. The
process is designed to restore and maintain thigygoaimpaired water bodies through
the establishment of pollutant-specific allowaldads.

The Water Quality Assessment Branch of Mississipppartment of Environmental
Quality (MDEQ) has identified Wolf Lake as being paired as reported in the
Mississippi 1998 Section 303(d) List of Water Badie The lake (water body
MS363WLM) is listed as impaired by to sedimentaitin and nutrients. The drainage
area (water body MS363E) is listed as impaired tluesediment/siltation, organic
enrichment/low dissolved oxygen (DO), and nutrients

This report presents the approach undertaken telalevi MDLs for Wolf Lake and its
drainage area as well as a review of the potecéiabes of impairment and the required
TMDL components.

1.1 Lake Description

A long erosional process within a meandering stréamms oxbow lakes. Meandering
streams have a sinuous channel with broadly loopunyes and exhibit an unequal
distribution of flow velocity. As a consequencetioé unequal velocities, the outer bank
is eroded and sediment deposition occurs alongppesite side of the channel. The net
effect is that the meander migrates laterally. Qwee, the channel becomes so sinuous
that the land separating the adjacent meandersrisscweery narrow. During a flood, the
stream will abandon its channel, cutting througé tiarrow strip of land, and flow the
shorter distance (Monroe and Wincander, 1992).ins&at transported by the stream is
deposited along the new stream bank at the sitbeofibandoned meander. Once the
abandoned meander is completely isolated from tam channel it becomes an oxbow
lake. Figure 1-1 below demonstrates this proc&»ger time, oxbow lakes naturally fill
with sediment.

Yazoo Basin 1
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Soon-To-Be Oxbow Lake
with Cutoff

Oxbow Lake U/
Meander

Depaosition
Figure 1-1. Oxbow Lake Creation Process

Wolf Lake is an elongated oxbow lake that was faino® an abandoned arm of the
Yazoo River. It consists of both a northern arrd arsouthern arm (which is also known
as Broad Lake). Inflow is through local runoff atidough Broad Lake and Topeka
Bayou; outflow is through the portion of the lakbere Wolf Lake and Broad Lake meet
(through a tributary that empties into a canal fiegd.ake George and then ultimately
into the Yazoo River). The lake behaves like avstooving river and has a short
residence time of only 51 days. Morphometric andraulic data for Wolf Lake
(including the Broad Lake arm) are shown in Table 1

Table 1-1. Morphometric and Hydraulic Charactecsof Wolf Lake

Parameter M easured
Volume 9.8x10 m’
Surface area (acre) 1,117 (1.7 square miles)
Drainage area (acre) 27,113 (42.4 square mile$) Kif)
Depth
Mean lake (m) 2.2 (7.2 1)
Maximum lake (m) 6 (19.7)

Source: FTN Associates, 1991.
Note: Drainage area recalculated using topogragbtia.

1.2 303 (d) Listed Water Bodies

Wolf Lake and the Wolf Lake Drainage Area are liste the state’s 303(d) list of
impaired water bodies (Table 1-2).

Yazoo Basin 2
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Table 1-2. 303(d) Listing

Water Body Name Water Body L ocation Beneficial I mpair ment
ID Use
. Aquatic Life Sediment/Siltation and
Wolf Lake MS363WLM Near Louise Support NUtrients
o Sediment/Siltation, Organiq
W_olf Lake MS363E Near Carter Aquatic Life Enrichment/Low DO, and
Drainage Area Support Nutrients

Excessive sedimentation from anthropogenic souirses common problem that can
impact water bodies in a number of ways. In thedidisippi Valley, suspended sediment
and turbid conditions caused by suspended sediarergmong the primary water quality
concerns (MDEQ, 1999). Suspended sediment camwtdtike and stream biota in a
number of ways. Deposited sediments reduce habitaiplexity by filling in pools,
riffle areas, and the interstitial spaces used duyatc invertebrates. Elevated turbidity
reduces the penetration of light necessary for gayoithesis in aquatic plants, reduces
the feeding efficiency of visual predators andefilfeeders, and lowers the respiratory
capacity of aquatic invertebrates by clogging thgilt surfaces. In addition, other
contaminants such as nutrients and pesticidesheatiato sediment particles can be
transported to lakes and streams during runofftsven

Dissolved oxygen has historically been used astimstituent that measures or indicates
the overall quality of surface water. Dissolved/gen analysis measures the amount of
gaseous oxygen dissolved in an aqueous solutiotygéh enters the water by diffusion
from the surrounding air, by aeration (rapid movetjleand as a waste product of
photosynthesis. Adequate dissolved oxygen is sacggor good water quality and is a
necessary element to all forms of life. Decreasdkle dissolved oxygen concentrations
can cause changes in the types and numbers ofi@quatroinvertebrates that live in a
water ecosystem. As the dissolved oxygen levelsredse, pollution-intolerant
organisms are replaced by pollution-tolerant woamag fly larvae, and there is a decrease
in species that cannot tolerate decreases in dedaoixygen (Ricklefs, 1990).

Plants and animals use oxygen for respiration. Bierbacteria consume oxygen during
the process of decomposition. When organic matternutrients such as animal waste,
fertilizer, or improperly treated wastewater erdebody of water, they are used by the
bacteria within the streambed and the algae imtélter column (Ricklefs, 1990; Wetzel,

1983). Algae and bacteria use the organic matiématrients for growth. The dissolved

oxygen concentration decreases as the plant nalexsaoff and decomposes through the
action of the aerobic bacteria.

Nutrient transport is governed by several chemiphlsical, and biological processes
known as the nutrient cycle. The nitrogen cyclasists of four processes (nitrogen
fixation, ammonification, nitrification, and denftcation) that convert nitrogen gas into
usable nitrogen forms and back into nitrogen galtrogen fixation converts gaseous
nitrogen into ammonia, while ammonification invadvéhe breakdown of wastes and
nonliving organic tissue into ammonia. The nitdfiion process oxidizes ammonia,

Yazoo Basin 3




Sediment/Siltation and Organic Enrichment/Low DODIMor Wolf Lake

resulting in nitrate and nitrite. Finally, the deification process converts nitrates back
into gaseous nitrogen. Ammonia ions, nitrites, andhtes are most important for water
guality assessments because of their impact onrwatelity. The conversion of
ammonia to nitrate consumes 4.57 pounds of oxygeevery pound of ammonia.

Instream dissolved oxygen concentrations fluctudddy. The diurnal variations in
dissolved oxygen concentrations are mainly due Hotgsynthesis and respiration of
aquatic plants such as phytoplankton, aquatic wesdsalgae (Chapra, 1997; Wetzel,
1983). Photosynthesis is the process by whichtplase solar energy to convert simple
inorganic nutrients into more complex organic males. Because it requires solar
energy, photosynthesis only occurs during dayligbtirs and is represented by the
following simplified equation:

6CQ + 6HO <--------- > GH1206 + 6O
(Carbon Dioxide) (Water) (Sugar) (Oxygen)

In this reaction, photosynthesis is the conversiboarbon dioxide and water into sugar
and oxygen such that there is a net gain of digsbbxygen in the water body (Ricklefs,
1990). Conversely, respiration and decompositiparate the process in reverse and
convert sugar and oxygen into carbon dioxide andemyvaesulting in a net loss of
dissolved oxygen to the water body. Respiratiod decomposition occur at all times
and are not dependent on solar energy. Water $aghbibiting the typical diurnal
variation of dissolved oxygen experience the dailgximum in mid-afternoon, during
which photosynthesis is the dominant mechanismtla@dlaily minimum in the predawn
hours, during which respiration and decompositiamehthe greatest effect on dissolved
oxygen and photosynthesis is not occurring (WetZ83).

1.3 Water Quality Standards and Beneficial Uses

The beneficial uses identified for Wolf Lake ané thibutaries are designated as Aquatic
Life Support (MDEQ, 2002). Although there are pedfic applicable criteria for these
beneficial uses, the criteria listed in Table 1pplg to all surface waters in Mississippi.
The water quality objectives provide both a naveind numeric basis for identifying
appropriate TMDL endpoints for sedimentation/sittat and organic enrichment/low
dissolved oxygen.
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Table 1-3. Relevant Water Quality Objectives
Section Water Quality Objective

Section I1.3 Waters shall be free from materiatgkaited to municipal, industrial
agricultural, or other discharges producing codaior, taste, total
suspended or dissolved solids, sediment, turbiditgther conditions
in such degree as to create a nuisance, renderdtiees injurious to
public health, recreation or to aquatic life andtiifie or adversely
affect the palatability of fish, aesthetic quality,impair the waters
for any designated use.

Section 1.7 Dissolved oxygen concentration shalhfeintained at a daily

average of not less than 5.0 mg/L with an insteetas minimum of

not less than 4.0 mg/L. When possible, samplesldhmmitaken from
ambient sites according to the following guidelines

» For waters that are not thermally stratified, sashunstratified
lakes, lakes during spring turnover, streams, aratg. At mid
depth if the total water column is 10 feet or lard at 5 feet
from the water surface if the total water columgrisater than
ten feet.

» For waters that are thermally stratified such &edaestuaries,
and impounded streams. At mid depth if the epilonns 10 feet
or less and at 5 feet from the water surface ifeghiémnion
depth is greater than 10 feet.

1.4 Watershed Description

The Wolf Lake watershed, which is part of Unitect8& Geological Survey (USGS)

Hydrologic Unit Code (HUC) 08030206 encompassesapmately 42.4 square miles

(27,113 acres). It is located in Humphreys andodaZounties just northwest of Yazoo
City, Mississippi (Figure 1-2). The watershedasdted in a flat expanse of floodplain
adjacent to the Yazoo River. It is composed obmmlex series of natural levees, slack
water areas, and shallow depressions that parakelmeander belt of the old river

channel (FTN Associates, 1991).

The highest area of the watershed, with a peabpfoximately 115 feet above mean sea
level, is located in the northeast. The loweshp Wolf Lake, at approximately 85 feet
above mean sea level. Land use in the watershpdedominantly agricultural. The
major crops within the watershed are corn, cottme, sunflowers, sorghum, soybeans,
other small grains, winter wheat, and snap beao#prt is the major crop. The
watershed is extremely flat and almost “swamp-likit.includes a number of man-made
aquaculture ponds that are used for raising catfistost of the aquaculture ponds are
located in the northern portion of the watershed.
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Figure 1-2. Watershed Location
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1.4.1 Topography

The Wolf Lake watershed is generally flat, and e@suby only about 30 feet in elevation
from its lowest point to its highest point. Theegiest slopes are located on the natural
levees and along the banks of the lake; they rapge 5Spercent in gradient and are short
in length (less than 30 meters). Slopes in theksleater areas are from 0 — 2 percent in
gradient and are longer, sometimes exceeding 10tersne Because of the flat
topography, ditches are commonly used to drainlangpareas. The ditches drain to
creeks that flow into the lake, or they are cuditain directly into the lake itself. Figure
1-3 shows the digital elevation map for the Wolkeavatershed.

Elevation (ft)
- N

-+

05 0 05 1 15 2 25 3 35 Mies
H = — >

B 110 - 115

Figure 1-3. Digital Elevation Map

1.4.2 Soil Type

There are only two soils types in the Wolf Lake @vahed. The Dundee-Dubbs-Sharkey
soil group covers the majority of the watershed] tre Alligator-Sharkey-Forestdale soil
group covers the remainder. Figure 1-4 and Tableptesent the soil group types.
These types of soils have a moderately slow (0B3am/hr) to slow permeability (<0.2
cm/hr), and a soil erodibility factor (K) of 0.3@ ©.43.
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Figure 1-4. Soil Type

Table 1-4. Soil Types

Soil Type Soil Name Area (acres)
MS008 | Alligator-Sharkey-Forestdale 9,132
MS018 Dundee-Dubbs-Sharkey 17,981

Total 27,113

1.4.3 Land Use

The majority of the watershed is rural; less thgedcent is residential. The majority (44
percent) of the watershed is cropland (cultivatgdicalture). About 23 percent is
pasture/range/nonagriculture, and about 28 percent bottomland hardwood
forests/shrubs/woods/swamp (other). Aquacultusewaats for approximately 5 percent
of the watershed. Figure 1-5 and Table 1-5 preeniand use areas in the watershed.
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Land Uses
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Figure 1-5. Mississippi Automated Resource InfororaSystem Land Use.

Table 1-5. Land Use

Land Use Area (acres) Area (%)
Cultivated Agriculture 11,879 44%
Noncultivated Agricultur 6,298 23%
Other 7,573 28%
Residential 108 <1%
Catfish Ponds 1,256 5%
Total 27,113 100

1.5 Climate Characteristics

Mississippi is located in the humid subtropicahr@ie region, characterized by temperate
winters and long, hot summers. Rainfall occurseraiten in the winter and early spring.
Late summer and fall are typically the driest tineéshe year. The state, however, is
subject to periods of both drought and flood. Riawy southerly winds provide
moisture for high humidity from May through Septeanb The potential for locally
violent and destructive thunderstorms averages talb@u days each year. Eight
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hurricanes have struck Mississippi's coast sinc@51&nd tornadoes are a particular
danger, especially during the spring season (Miggs State Climatologist, 2003).

Normal mean annual temperatures for the Jacksothematation, which is the closest
weather station monitoring daily temperature, isdégrees Celsius. Low temperatures
have dropped to 2C, while the maximum temperatures have reaché@ 2Mississippi,

in general, has a climate characterized by theralesef severe cold in winter but by the
presence of extreme heat in summer. The grouetyriieezes and outdoor activities are
generally planned year-round. Cold spells are liyso&short duration, and the growing
season is long (Mississippi State Climatologis30

1.6 Socioeconomic Characteristics

The social and economic region in which Wolf Lakddcated consists of Humphreys
County and Yazoo County. The two county regioa gparsely populated area covering
1,337 square miles, with only 29 persons per squdle (US DOC, Census, 2002).

Comparatively, Mississippi has 61 persons per squale and the United States has 80
persons per square mile.

Farming in the region includes row crops such agonp corn, soybeans, rice, and
sorghum. Yazoo County ranked 2nd in corn produactio the state, 3rd in sorghum
production, 5th in cotton production, and 10th inoyl®ean production
(ClarionLedger.com, 1999). Catfish farming is alsogrowing animal agricultural
industry in the Mississippi Delta area. More adtfare produced in Humphreys County
than in any other state in the country (Evans, ate)d

1.7 Threatened or Endangered Species Within thenfsd

Mississippi Department of Wildlife, Fisheries, afrbhrks provided information on
endangered species found within the Wolf Lake veaed. There is one species of
concern, the Mississippi Map Turtl&iaptemys pseudogeographicdound in Wolf
Lake (Mississippi Natural Heritage Program, 2000).

Yazoo Basin 10




Sediment/Siltation and Organic Enrichment/Low DODIMor Wolf Lake

2.0 Data Summary

This section provides an inventory, descriptiond aaview of the data compiled to
support TMDL development, as well as a brief dgdimn of data limitations.

2.1 Data Inventory

Tables 2-1 and 2-2 identify available data usesujgport the TMDL development effort.
The two tables represent the major categoriestaf gaographic or location information,
and monitoring data. Data include water qualitysesvations, sediment source
information, land use, and meteorological data.

Table 2-1. Available Geographic or Location Infotioa

Type of Information Data Sour ce(s)?
USEPA BASINS (Reach File, Versions 1 and 3); USGHN
reach file; MARIS

Stream network

Land use MARIS

Cities/populated places BASINS; MARIS; U.S. Census

Counties BASINS; MARIS

Soils BASINS (USDA-NRCS STATSGO); MARIS
Watershed boundaries BASINS (8-digit hydrologiataging units); MARIS

Topographic and digital elevation

models (DEMs) BASINS (DEM); USGS digital raster graphs

Aerial photos MARIS

Roads BASINS; MARIS

Ecoregions BASINS (USDA Level 3 ecoregions)

Water quality station locations BASINS; MDEQ Cldaakes Studies (FTN Associates, 1991
Meteorological station locations BASINS; NOAA-NCDC

Stream gage stations BASINS; USGS

Surface geology MARIS

Dam locations MARIS

Impaired water bodies (303(d)-

listed segments) MDEQ

& USEPA = U.S. Environmental Protection Agency, BRSI= Better Assessment Science Integrating
Point and Nonpoint Sources, USGS = U.S. Geologialvey, NHD = National Hydrography Dataset,
MARIS = Mississippi Automated Resource InformatiBgstem, MDEQ = Mississippi Department of
Environmental Quality, USDA-NRCS = U.S. DepartmehiAgriculture, Natural Resources Conservation
Service, NOAA- NCDC = National Oceanic and Atmospheédministration, National Climatic Data
Center.
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Table 2-2. Available Monitoring Data

Type of Information | Data Source(s)

Water Body Characteristics

Physical data BASINS (Reach File, Versions 1 andJ$GS NHD reach
data; MDEQ Clean Lakes Studies (FTN Associates]1)199

Flow

Historical flow record USGS (gage sites locatedr roegt not in watersheds)

MDEQ Clean Lakes Studies (FTN Assiciates, 1991)

Meteorological Data
Rainfall NOAA-NCDC, Earth Info

Temperature NOAA-NCDC, Earth Info

Water Quality Data

(surface water, groundwater)

Water quality monitoring data | MDEQ Clean Lakes $&8dFTN Associates, 1991)

2.2 Monitoring Data Assessment of Wolf Lake

Tributary and inlake data were collected from Febyul989 through February 1990
(FTN Associates, 1991). The lake was sampled twicenonth from May through
October and once a month for the remainder of #ae.y Figure 2-1 shows the routine
water quality monitoring stations. A detailed dg#toon of all the sampled parameters
along with a discussion on the spatial and tempaaghbility can be found in the Clean
Lakes Study Report by FTN Associates (report dafey 1991). Results of the data
collection are summarized in the following subsatsi

2.2.1 Tributary Inflow

FTN Associates sampled tributary flow at one statear the inlet (WL-1) to Wolf Lake
(Figure 2-1). Table 2-3 summarizes the inlet datasome of the parameters that have
relevance to this study.

Table 2-3. Inlet (WL1) Water Quality Data (1989990)

Parameter Count Min. M ax. Mean | Median
Temperature (°C) 18 6.5 28.0 20.2 22.3
Dissolved Oxygen (mg/L) 18 1.8 9.4 4.6 4.2
Total Suspended Solids (mg/L) 17 13.0 1340 497 .046
Total Kjeldahl Nitrogen (mg/L) 18 0.322 4.0 2.1 2.0
IAmmonia-N (mg/L) 18 0.1 0.75 0.203 0.135
Nitrate + Nitrite-N (mg/L) 18 0.040 1.8 0.316 0.123
Total Phosphorus (mg/L) 18 0.04 0.68, 0.226 0.175
Dissolved Orthophosphate (mg/L) 18 0.01 0.098 0.04 0.029

Source: FTN Associates, 1991.
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Wolf Lake Sampling Locations

bl

1 0 1 2 3 Miles q

Figure 2-1. Sampling Locations for Wolf Lake

The temperatures generally followed a sinusoidétepain the lake, with the maximum
temperatures occurring during August 128 and minimum temperatures occurring in
December (6.%). The DO concentrations in the inlet were beltve MDEQ
instantaneous DO standard of 4mg/L for 7 out ofi@@bservations from February 1989
to February 1990. However, the DO concentratioasevobserved to be almost as high
as 9 mg/L during the colder months. The maximun$ E8ncentrations were observed
in June while the minimum concentrations were oles®in September. In general, the
TSS concentrations were high during springtime laechme low during the latter part of
summer.

2.2.2 Stormwater Data

MDEQ collected stormwater quality data during anfai event of 2.7 centimeters (1.07
inches) on January 18, 1990 (FTN Associates, 1991)e location of the site was in
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close proximity to the inlet sampling station WLThe report concludes that the most
obvious difference between storm event samplingthedoutine monitoring data are the
increases in TSS, total dissolved solids (TDS), tatal phosphorus. Thus a large part of
the phosphorus is apparently attached to sedimamicles and is transported into the
lake during storm events. Dissolved orthophosphateentrations were less than 0.05
mg/L, indicating that more than 40 percent of th&lt phosphorus was in particulate
form (FTN Associates, 1991). Mean nitrate plusogien were greater during the storm
event, but the total Kjeldahl nitrogen (TKN) and raomia-nitrogen concentrations
remained similar to those measured during routinenitaring.  Although DO
measurements were high (7.5 mg/L), this does notige an indication of critical
periods of low DO.

2.2.3 Inlake Water Quality of Wolf Lake

Monthly inlake water quality was measured at trsites in Wolf Lake, stations WL-2,

WL-3, and WL4, from February 1989 through Februa®p0 (FTN Associates, 1991).
Figure 2-1 shows the locations of the three sargpditations in the lake. Sampling at
station WL-3 included the surface, middle and batfmrtions of the lake.

Results were summarized in the FTN Associates teytr detailed analysis of temporal
and spatial variability. Because of the amountdata collected only a summary of
results of selected parameters is reported hegger8l parameters were measured for the
FTN Associates study, but the following are relévan TMDL development for the
present study. These parameters are consistdnthaise collected for tributary flow and
provide guidance for TMDL development and modeledepment. Table 2-4 provides
descriptive statistics for some of the key paransatgeasured in the lake.
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Table 2-4. Inlake (WL-2, WL-3 and WL-4) Water QuglData (1989 - 1990)

Parameter | Count | Min| Max| Mean| Median
WL-2

Temperature (°C) 17 11.20 31.20 23,30 23.40
Dissolved Oxygen (mg/L) 17 2.30 10.20 6.40 6|00
Chlorophyll (mg/L) 17 19.19 77.90 19.16 10.60
Total Suspended Solids (mg/L) 17 7.00 126,00 3%.50 23.50
Total Kjeldahl Nitrogen (mg/L) 17 0.10 5.40 1.90 70Q.
Ammonia-N (mg/L) 17 0.01 0.52 0.21 0.20
Nitrate+Nitrite-N (mg/L) 17 0.04 0.91 0.35 0.22
Total Phosphorus (mg/L) 17 0.01 1.60 026 0.14
Dissolved Orthophosphate (mg/L) 17 0.p2 0|12 Q.06 .050
WL -3 (Surface)

Temperature (°C) 17 11.00 32.00 23,00 22,10
Dissolved Oxygen (mg/L) 17 5.00 10.00 7.62 7120
Chlorophyll (mg/L) 17 16.00 55.20 10.50 11.50
Total Suspended Solids (mg/L) 17 6.00 69|00 27.80 0.0
Total Kjeldahl Nitrogen (mg/L) 17 0.10 4.10 1.30 70Q.
Ammonia-N (mg/L) 17 0.01 0.3b 0.14 0.10
Nitrate+Nitrite-N (mg/L) 17 0.04 1.08 0.30 0.24
Total Phosphorus (mg/L) 17 0.01 0.48 021 0.16
Dissolved Orthophosphate (mg/L) 17 0.02 0j11 (.06 .060
WL -3 (mid-depth) Sample Depth = 2.0 ft

Temperature (C) 17 10.9|O 29.50 22,00 211,90
Dissolved Oxygen (mg/L) 17 3.40 9.60 6.10 5/60
Chlorophyll (mg/L) 17 - - - -
Total Suspended Solids (mg/L) 17 500 97,00 28.90 9.0a
Total Kjeldahl Nitrogen (mg/L) 17 0.12 4.70 1.40 20Q.
Ammonia-N (mg/L) 17 0.01 0.33 0.14 0.10
Nitrate+Nitrite-N (mg/L) 17 0.04 1.08 0.377 0.12
Total Phosphorus (mg/L) 17 0.05 0.b1 022 0.14
Dissolved Orthophosphate (mg/L) 17 0.02 0}15 (.06 .050
WL -3 (0.5 m off of bottom) Sample Depth = 3.5 ft

Temperature (°C) 17 10.80 29.20 20,60 20.30
Dissolved Oxygen (mg/L) 17 0.20 9.40 3.80 2140
Chlorophyll (mg/L) 17 - - - -
Total Suspended Solids (mg/L) 17 8.00 79,00 30.60 6.5Q
Total Kjeldahl Nitrogen (mg/L) 17 0.10 10.30 1.70 104
Ammonia-N (mg/L) 17 0.10 0.35 0.17 0.15
Nitrate+Nitrite-N (mg/L) 17 0.04 1.05 0.36 0.11
Total Phosphorus (mg/L) 17 0.01 0.51 024 0.23
Dissolved Orthophosphate (mg/L) 17 0.p2 0|14 .07 .060
WL -4 (Broad L ake arm of Wolf Lake)

Temperature (°C) 18 9.30 33.00 22.60 24,00
Dissolved Oxygen (mg/L) 18 4.00 10.60 7.60 7|60
Chlorophyll (mg/L) 17 18.7Q0 570.0p 13.97 10.50
Total Suspended Solids (mg/L) 17 8.00 144,00 65.60 56.00
Total Kjeldahl Nitrogen (mg/L) 18 0.64 5.30 1.80 70Q.
Ammonia-N (mg/L) 18 0.01 0.40 0.19 0.19
Nitrate+Nitrite-N (mg/L) 18 0.04 1.80 0.34 0.11
Total Phosphorus (mg/L) 18 0.05 1.10 0,30 0.24
Dissolved Orthophosphate (mg/L) 18 0.p1 0|10 Q.05 .040

Source: FTN Associates, 1991.
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The temperatures at sampling stations WL-2, WL+3] &V/L-4 generally followed a
sinusoidal pattern in the lake with the maximum genatures occurring during July in
Wolf Lake (32C) and in August for the Broad Lake arm of Wolf ea83C). Both DO
and temperature data exhibit little spatial vatigbiexcept where samples differed in
depth. The depth-dependent variability indicateantthe lake stratifies during the
summer. The temperature, DO, and DO saturatiois pidicate that Wolf Lake stratifies
at station WL-3 in the summer months (FTN Assosial®91). The DO concentrations
at both the mid-depth level and the bottom wers tean 5 mg/L over most of the spring
and summer. Anoxic conditions near the bottomtedisrom April through July and in
the latter part of August. Beginning in Septeminexing occurred and the lake remained
mixed until the end of the study.

Two diurnal studies were also conducted on Aug@st1B89, and on September 12,
1989. As expected, DO concentrations decreasdddejpth. At the surface the diurnal
DO variation during the day in August was 3.4 mgfIWL-3 and 6.6 mg/L at WL-4. At
WL-3 the maximum DO was 8.4 mg/L and the minimum @&s 5.0 mg/L. At WL-4
the maximum DO was 10.1 mg/L and the minimum DO @&&smg/L. In September the
diurnal variation increased to 5.3 mg/L at WL-3 &@ mg/L at WL-4. At WL-3 the
maximum DO was 9.5 mg/L and the minimum DO was ah@/L. At WL-4 the
maximum DO was 9.1 mg/L while the minimum DO waS fhg/L (FTN Associates,
1991). This indicates a high level of algal phgtdketic activity. However, it may be
noted that DO never went below the instantanecrsdsrd of 4 mg/L in the epilimnion
at any of the locations during the diurnal studies.

Surface TSS concentrations in Wolf Lake at WL2 and-lake station WL3 exhibited a
seasonal pattern of low concentrations during thmmser months from July through
October, and high concentrations during the wirged spring, with WL4 showing

consistently higher concentrations (FTN Associat@91). Chlorophyll-a concentrations
tended to be higher when TSS concentrations wete Chlorophyll-a concentrations in
general were variable but tended to be higher endiimmer than in spring or winter
months (FTN Associates, 1991).

2.2.4 Outlet Water Quality of Wolf Lake

The water discharged from the lake was sampledatéibs WL-5 (Figure 2-1). Outlet
temperatures also followed a sinusoidal patterrh véit maximum of 32% and a
minimum of 9.3C. The DO concentrations were variable but lowirdurMay
(approximately 4 mg/L) and fell to a minimum of 3dg/L in September (below the
MDEQ instantaneous DO standard of 4 mg/L). At othmes of the year the DO
remained around 6 to 10 mg/L. The TSS concentratwere higher in the spring and
winter, with maximum TSS concentrations measurathduhe latter part of October and
minimum concentrations during the latter part ofgast (FTN Associates, 1991). Table
2-5 provides descriptive statistics for some of kikg parameters measured at the lake
outlet.
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Table 2-5. Outlet (WL-5) Water Quality Data (1989990)

Parameter Count Min| Max| Mean | Median
Temperature (°C) 18 9.30 32.50 2210 21/50
Dissolved Oxygen (mg/L) 18 3.40 9.90 6.80 6,60
Total Suspended Solids (mg/L) 17 6.00 49|00 2590 5.5
Total Kjeldahl Nitrogen (mg/L) 18 0.8} 5.80 1.80 3Q.
Ammonia-N (mg/L) 18 0.01 0.52 0.14 0.10
Nitrate+Nitrite-N (mg/L) 18 0.04 1.00 0.3¢ 0.17
Total Phosphorus (mg/L) 18 0.04 0.68 023 0.17
Dissolved Orthophosphate (mg/L) 18 0.01 0}09 .04 .030

Source: FTN Associates, 1991.
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3.0 Source Assessment

This section describes the potential sources dufawits in the Wolf Lake watershed.
The source assessment, along with the available foatWolf Lake described in the
previous section, was used as the basis for demglajpe model and analyzing the
TMDL allocation. The potential point and nonpasaiurces are characterized by the best
available information and literature values. THisction documents all available
information.

3.1 Point Sources

Pollutant sources under the Clean Water Act (CWi) tgpically categorized as either
point or nonpoint sources. Point sources, accgrthrd0 CFR 122.2, are defined as any
discernable, confined, and discrete conveyancéydimg but not limited to, any pipe,
ditch, channel, tunnel, conduit, well, discretetige, container, rolling stock concentrated
animal feeding operation, landfill, leachate cdil@c system, vessel, or other floating
craft from which pollutants are or may be dischdrg@he National Pollutant Discharge
Elimination System (NPDES) Program, under CWA sai318, 402, and 405, requires
permits for the discharge of pollutants from paources. There are several types of
permits under the NPDES permit program: efflueatrfifacilities, municipal wastewater
treatment plants, storm water from constructioessiand municipal separate storm sewer
systems.

As of March 2003, discharge of storm water from storction activities disturbing
between 1 and 5 acres must also be authorized DMRIDES permit, as is required
already of larger construction sites. The purpafstaese NPDES permits is to eliminate
or minimize the discharge of pollutants from couastion activities. Since construction
activities at a site are of a temporary, relativelyort-term nature, the number of
construction sites covered by the general permahgtmoment in time varies. The target
for these areas is the same range as the TMDLttafg&23 to 0.15 tons per acre per
year. The waste load allocations (WLASs) providedhe NPDES-regulated construction
activities and MS4s will be implemented as best agament practices (BMPs) as
specified in Mississippi’'s General Stormwater Pésmior Small Construction,
Construction, and Phase | & Il Municipal Separai@® Sewer Systems (MS4) permits.
It is not technically feasible to incorporate nuimesediment limits into construction
storm water or MS4 permits at this time. WLAs ddonot be construed as numeric
permit limits for construction or MS4 activitiefroperly designed and well-maintained
BMPs are expected to provide attainment of WLAs.

A review of Mississippi’'s automated resource infation system discharge elimination
file showed that no permitted point source dischargre located within the watershed.
The towns within the Wolf Lake watershed are sraali, according to the final Phase Il
Stormwater NPDES regulations, are not considergdlaged small MS4s at the present
time. However, the potential for sediment loadifrgen NPDES-regulated construction
activities and Municipal Separate Storm Sewer 3yst€éMS4s) are considered point
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sources of sediment to surface waters. These atigeh occur in response to storm
events and are included in the WLA of this TMDL.

3.2 Nonpoint Source Data

Nonpoint sources in the watershed may also congilpollutants to the lake and its
tributaries.  Nonpoint sources represent contrimgi from diffuse, non-permitted

sources. Exceptions to this are some aquaculamibties (which are discrete and non-
permitted sources) and storm water collection systéhat are in place regulating the
runoff as a point source since the runoff is dekdeto the receiving water body though a
conduit. Nonpoint sources include both precipitatdriven and non-precipitation-driven

events such as contributions from groundwater;iceystems; and direct deposition of
pollutants from wildlife, livestock, or atmosphefailout.

Nonpoint sources contribute sediment and oxygerswming loads into the waters of the
Wolf Lake watershed. On land, oxygen-consumingstiarents accumulate over time
and wash off during rain events. As the runofhs$gorts the sediment over the land
surface, more oxygen-consuming constituents arkeatel and carried to the stream.
The net loading into the stream is determined yldical watershed hydrology.

3.2.1 Agricultural Sources

The Mississippi Valley is one of the most intengpvagricultural areas in the United
States. The flat, fertile soils produce a variefycrops including cotton, corn, and
soybeans. Cultivated and noncultivated agriculltleiads cover 46 percent and 24
percent, respectively, of the Wolf Lake watersheglhaand have been identified as a
major source of sediment and nutrients (FTN Asdesjd991). Cotton is the major crop
in the Wolf Lake watershed representing 78 percérihe total cultivated agriculture
land and 34 percent of the total watershed arean @nd soybeans represent 6 percent
and 5 percent, respectively, of the total cultidasgyriculture land and 3 percent and 2
percent, respectively, of the total watershed ardalditional crops include sorghum,
snap beans, other small grains, rice, winter wregrat,sunflowers.

3.2.2 Aquaculture

The production of catfish is the largest aquaceltarop in the United States. Catfish
ponds located in the Mississippi Valley accountdpproximately 78 percent of the total
land area devoted to catfish production (US EPA)220 The majority of the catfish
ponds in the Mississippi Valley are groundwater, Etthen levee ponds. The discharge
of sediments rich in oxygen-consuming substances fcatfish ponds occurs during
drainage and overflow events. Drainage occurssacally, an average of once every 6
years for most ponds, when ponds are drained fovekang or structural repairs.
However, overflow from ponds occurs more often, whee pond level rises because of
precipitation events. Therefore, in this analysiee ponds are treated as non point
sources. Common pond management practices thatedtie frequency of pollutant
discharges include managing pond levels to maintaater storage potential and
reducing the frequency of pond drainage for cleguand repairs. These practices are
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currently used in most catfish ponds in Mississifpicker et al., 1996). A complex of
catfish ponds covering approximately 1,256 acrgspr@imately 5 percent of the
watershed area) is present in the Wolf Lake waggtsh

3.2.3 Septic Systems

Failing septic systems represent a source that o@yribute oxygen-consuming
constituents to receiving water bodies through am&for subsurface malfunctions.
Quantifying loads from actual failing septic systeand potential illegal discharges is
difficult.

Humphreys and Yazoo Counties have a total of odly33 housing units (Table 3-1).
Approximately 2.5 percent of the housing units witthe two counties lack complete
plumbing facilities. Given this low percentage d@hd small number of dwellings within
the lake’s watershed septic systems were omittad the analysis.

Table 3-1. Regional Housing Characteristics

Humphreys Y azoo Two- Two-
County County County County
Region Region
(Total) (%)
Total housing units 4,138 10,015 14,153 100.0%
1-unit detached 3,154 6,724 9,878 69.8%
In building with 10 or more units 9 186 195 1.4%
Mobile homes 514 1,854 2,368 16.7Pb
Lacking complete plumbing facilities 137 210 347 5%.
Occupied units 3,765 9,178 12,943 91.5%
Vacant units 373 837 1,210 8.59
For seasonal, recreational, or occasional use 59 72 131 0.9%

Source: USDOC, Census, 2001.

3.2.4 Groundwater

The Mississippi River’s alluvial aquifer underligge alluvial plain, locally known as the

Delta. The alluvial aquifer is the most heavilynped aquifer in Mississippi (Arthur,

2001), 98 percent of it for agriculture. Accorditggthe USGS, “the aquifer receives
water vertically from precipitation, internal strea and lakes, and locally from the
Cockfield and Sparta aquifers where they directhylerlie the alluvial aquifer. The

alluvial aquifer also discharges water to the ulytley aquifers, and during extended
periods with no surface runoff, to the MississiRwer and to the internal streams and
lakes”(Arthur, 2001).

The water quality of the alluvial aquifer is wellited for agriculture but less suited for
municipal and some industrial use. It is commamlyard, bicarbonate type. It contains
appreciable amounts of manganese and dissolveaddocentrations usually greater than
3.0 mg/L. According to the USGS, nutrient concatimins are generally low. All nitrate

concentrations have been below the USEPA drinkiagewstandard of 10 mg/L (Kleiss

et al., 1999).
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3.2.5 Background Sources

TMDL load allocation must take into account theunat background loading of a
pollutant. For these TMDLs, the contributions eflsnent and organic material from
forested areas were considered to be the backgrlmawi Forested land, including
bottomland hardwood forest, upland scrub, and imeeswamp, covers 28 percent of the
Wolf Lake watershed. Sediment contributions aneegated by forested areas and other
nonanthropogenic areas. While present, they arerghy lower than those from
disturbed land uses. Forested areas that arecsubjesilviculture and other forestry
activities may exhibit elevated sediment contribng. The monitoring data for the Wolf
Lake watershed were insufficient to separate nbforast loadings from other forest
sources.

The yield of oxygen-consuming substances from tecekand is generally low compared

with that of other land uses because the densdategecover stabilizes soil, reduces
rainfall impact, and in many cases encourages peka of nutrients.
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4.0 Technical Approach
The objective of this section is to present keyeéssconsidered for TMDL development,
and technical approaches that fulfill the TMDL regments.

4.1 Technical Approach Selection

The technical approach selected for TMDL developmes based on evaluation of the
following criteria (US EPA, 1991):

e Technical criteria
* Regulatory criteria

Technical criteria refer to the model's simulatiohthe physical system in question,

including watershed and lake characteristics amd¢geses and constituents of interest.
Regulatory criteria make up the constraints impdsedegulations, such as water quality
standards or procedural protocol.

Key technical factors that were considered in idigng the appropriate analytical
approach for the sediment/siltation impairmentsude the following:
» Sediment loads are contributed only by nonpointces.
» Erosion and sediment transport generally occurrasut of rainfall events.
* Sedimentation problems in the lake and its tribetarcause cumulative
contributions.
» Insufficient monitoring data are available in theatershed to evaluate the
magnitude of stream channel and bank erosion.

Key technical factors that were considered in idigng the appropriate analytical
approach for the nutrient and organic enrichment/DBO impairments include the
following :

» Oxygen-demanding substances (including nutrientg) @ntributed only by
nonpoint sources.

* Oxygen-demanding substances are contributed both the land surface (as a
results of rainfall events) and from the subsurfgdeie to groundwater
contributions).

» The annual load of oxygen-demanding substancesesponsible for the
accumulated benthic blanket of the water body, thit turn, is expressed as
sediment oxygen demand (SOD).

A properly designed and applied technical apprgaokides the source-response linkage
component of the TMDL and makes it possible to eai®ly assess the assimilative
capacity allocation proposition. A water body’'ssiaslative capacity is determined

through adherence to predefined water quality rcaité.e., regulatory considerations).

Mississippi’s applicable water quality standardsemeresented earlier in this report and
provide the basis for establishing appropriate TMBigets. For sediment/siltation, the
standard is narrative; however, for low DO, thendtad is numeric. The instream DO
target for this TMDL is a daily average of not ldbksn 5.0 mg/L. The instantaneous
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minimum portion of the DO standard was considerdgbiwestablishing the instream
target for this TMDL. However, it was determinéxitt using the daily average standard
with the conservative modeling assumptions wouldshéiciently protective of the
instantaneous minimum standard.

Based on the considerations identified above, #ehrtical approach to address
sediment/siltation and organic enrichment/low D@ainments in Wolf Lake includes a
combination of watershed and lake water quality etsd

* A simplified watershed model to predict runoff atmhdings of sediment,
nutrients, and organic material to the tributaremsd lake to address both
sediment/siltation and organic enrichment/low D@amments.

* Receiving water model of the organic enrichment/ID® in Wolf Lake for
prediction of instream DO concentrations for congaar to selected endpoints.

» Siltation rate analysis for the lake.

The technical approach to TMDL development musktako account the dominant
watershed and inlake processes. Pollutant loadigfolf Lake watershed is primarily
from non-point or diffuse sources, which are typiceainfall-driven and relate to surface
runoff and subsurface discharge to a stream. Afparh aquaculture within the
watershed, which is treated as a point source,aiat gources exist in the watershed.
The inlake processes include advective and difeusiansport and nutrient cycling. The
approach will provide a hydrologic, sediment, angtrient loading budget for the
watershed that can be linked to an inlake andaastrwater quality model to assess the
inlake water quality.

4.2 Modeling

Both watershed and receiving water models were usedlentify the TMDLs for
sediment and organic enrichment. For ease of siison, the models are discussed by
impairment in the following subsections.

4.2.1 Sedimentation

The Generalized Watershed Loading Function (GWLEBdeh (Haith and Shoemaker,
1987) was selected to simulate the loading of sedimand oxygen-consuming
substances from the Wolf Lake watershed. The GWidéel has been widely used to
estimate sediment and nutrient loads from agricalltwatersheds. The GWLF model
uses the Soil Conservation Service Curve Numbe6(6H) approach to model surface
runoff and the Universal Soil Loss Equation (USL&tyorithm to model erosion and
sediment yield. The SCS-CN and USLE methods arenaponent of other watershed
models, including the Agricultural Non Point Souloeading (AGNPS) model and the
Soil and Water Assessment Tool (SWAT).

GWLF is an aggregate distributed/lumped parametatersshed model. For surface
loading, it is distributed in the sense that iba multiple land use and cover scenarios.
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Each category area is assumed to be homogeneohlisragpect to various attributes
considered by the model. In addition, the modelsdioot spatially distribute the source
areas, but aggregates the loads from each area imtatershed total. In other words,
there is no spatial routing. For subsurface logdine model acts as a lumped parameter
model using a water balance approach. No disyire#tparate areas are considered for
subsurface flow contributions. Daily water balam@e computed for an unsaturated
zone as well as for a saturated subsurface zonerewnfiltration is computed as the
difference between precipitation and snowmelt mingsirface runoff plus
evapotranspiration. Monthly calculations are mdoie sediment and nutrient loads,
based on daily water balance totals that are suntmmgiye monthly values.

The sediment accumulation in Wolf Lake can be a&ssbsusing trap efficiency
calculations. The Brune method (USACE, 1989) isvidely used trap efficiency
estimation method for lakes and reservoirs, usimgagphical relationship between trap
efficiency and the ratio of water body volume toaal volumetric inflow. Using the
volume of the lake and estimated annual inflowanfrthe GWLF model, the trap
efficiency (%) of the lake can be estimated. Basedhe trap efficiency, the siltation
rate can be estimated. More detailed modelingiméion may be found in Appendix A.

4.2.2 Organic Enrichment/Low DO and Nutrients

The Wolf Lake system is fairly long and hydrolodigactive with a hydraulic residence
time of approximately 51 days. Inlake conditioaswalong the length of the system and
vertical stratification occasionally occurs. Thasting calibrated CE-QUAL-W2 (Cole
and Buchak, 1995) hydrodynamic model for this systevas used to simulate
eutrophication processes. The model is verticatigt horizontally two-dimensional and
simultaneously simulates hydrodynamics and thespart and transformation of water
quality variables. The model was configured wighi@ngitudinal segments, 1500 meters
long, and a maximum of six 1-meter-thick verticaydrs. The total number of active
model cells was 82. Longitudinally and verticaligrying cell widths ranged from 200
meters at the surface to 10 meters at the botfbine. model was calibrated for the period
between 1989 and 1990, corresponding to the intefvavailable inlake water quality
monitoring data (FTN Associates, 1991). In gendénal simulated DO followed the
observed data fairly well, capturing the seasaorlds and capturing the critical warmer
months during the calibration period. More dethilgformation about model calibration
(plots and discussion), model set up, assumptiand, limitations may be found in
Appendix B.

Once the model setup and calibration were complleéemodel was run for the selected
critical period from 1997 to 2000 under baselin@dibons. The baseline model run
reflects the existing conditions for these yearshout any reduction in the oxygen-
consuming loadings from the watershed. The model then run using a trial-and-error
process to determine the maximum TBODu loads froewatershed that would not
exceed the water quality standards for DO in thénemion. These constituted the load
reduction scenarios. The model simulation resuise analyzed in the epilimnion with
the daily average DO criteria. The epilimnion YWblf Lake was determined to be at a
depth of 1 meter, based on the observed diurnéilegoata presented in the Clean Lakes
Study (FTN Associates, 1991). The model outlet w&ls chosen as the location for
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evaluating the TMDLs because it exhibited the psbwmater quality conditions in the
lake based on model results.

The load reduction scenarios showed that 1997 eagbst critical year. Model results
showed that when a 45 percent reduction was indluthe water quality standard was

met in the epilimnion.

Figures 4-1 and 4-2 show baseline and the 45 percent load

reduction case in the epilimnion for the daily aage and instantaneous minimum DO at
the outlet cell.
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4.2.3 Modeling Assumptions
The major underlying assumptions for this analysitude the following:

General

* Meteorological data from Jackson, Mississippi wassumed to be representative
of the entire watershed contributing to the lakéhcaugh the station is located
outside the watershed. The Jackson, Mississipfibstwas used because it is the
station nearest to Wolf Lake that has complete anetegical records.

» The watersheds delineated were based on topogrdptacand available stream
and channel coverages. Data regarding flow digessito or from other
watersheds were not available and were therefdreamsidered in the analysis.

Sedimentation Analysis

 The lake’s life span was estimated by predicting timount of sediment
contributed to the lake over time and determinlmgreservoir volume reduced by
the sediment. Sediment reaching the lake was asbuim be deposited
homogeneously over the entire lake bottom. Initygahowever, sediment
deposition varies depending on many factors, ssdmathymetry. The life of the
lake was assumed to be exhausted when the lakaceuafea was reduced by
approximately 50 percent.

* The lake’s sediment trapping efficiency was basedwne’s method (USACE,
1989).

* The sediment distribution was assumed to be anl egieof sand, silt, and clay
particles.

» Sedimentation at the land use level was predicsgtgUJSLE, and only a portion
of this load was delivered to the lake. The peiaga of eroded sediment
delivered to the lake was determined on a sediheitery ratio.

* Available data indicated that no timber harvestings occurring within the
watershed. Therefore, forested land was assumbed tonsistent throughout the
watershed, with respect to sediment load contraimgti

* The sedimentation prediction assumed that unpagadsrdo not play a major
role in sediment contribution to the lake.

* Land management practices including reduced tiJlageer crops, and detention
ponds are widely used in the Mississippi Delta g¥aan and Bingner, 2002).
Therefore, agricultural land in the watershed wssumed to be managed under
moderate tillage.

Organic Enrichment/Low DO and Nutrients

* Monthly loads are assumed to sufficiently represesding variability in the lake
model.
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* Since a complete hourly data set for the meteorcdbgparameters was not
available, the model uses representative rathen taetual wind data in
determining hydrodynamic transport and surfaceredes.

* The watershed model gives an estimate of the pbtasphorus and total nitrogen.
These loadings were split based on the nutriembsratetermined from inlake
monitoring data to provide the required loadings gar W2 model requirements)
of dissolved and particulate organic material, amisyonitrate-nitrite, and ortho-
phosphorus that feed into the W2 model.

» Long-term contributions of nutrients and other aatyglemanding substances to
the lakes ultimately result in high sediment oxygemand (SOD) levels. Due to
this relationship, during the allocation processDSIBvels were reduced when
incoming nutrient and oxygen-demanding substandecteons were made. Past
studies using predictive sediment diagenesis mdueie suggested that the SOD
is reduced by approximately half the percentageatoh of incoming nutrients
and oxygen-demanding substances (USEPA, 2002).

» The watershed model did not simulate dissolved erygnd water temperature,
therefore a number of assumptions were made regpiobundary conditions
(inputs from the watershed) for the lake model. dissolved oxygen
concentration time series equal to 90 percent a@dir was assumed for all
inputs. Water temperatures feeding into the lakeevtaken from the inlet station
WL-1 and were used for both branches.

* Although backflow into Wolf Lake from the unnamedbuttary of the Yazoo
River at the lake outlet is common, there are ifrgeht data to fully reflect these
processes in the modeling effort. The backwatkscef were not considered in
the analysis.

4.2 .4 Limitations

A number of limitations were inherent in the analgt process because of the approach
selected. These limitations are identified belddespite these limitations, the approach
successfully resulted in TMDL identification. If8ditional data are collected for Wolf
Lake, many of these limitations can be addressed.

Sedimentation Analysis

* The analysis did not explicitly consider streamibasrosion. Only surface
erosion and delivery were considered.

» Sediment deposition varies depending on many facteuch as bathymetry.
Sediment deposition was assumed to occur evenlytbeeentire lake area. The
life of the lake was assumed to be exhausted whenvater volume in the lake
surface area was reduced by approximately 50 percen

* Forested land was assumed to be consistent thratighe watershed, with
respect to sediment load contributions.
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Organic Enrichment/Low DO and Nutrients

Sediment nutrient and oxygen flux data were notilaig for the lake.
Collection of these data are important to furtherderstanding the overall
sediment fluxes in the lake and their implicatidmsdissolved oxygen levels. If
additional sediment flux data are collected, thisteng reservoir model could be
extended to consider predictive sediment diagengsiscesses, which
dynamically link sediment response to nutrient ispthis would provide a better
long-term prediction of SOD. At present, the CEAUMW?2 model does not
include a sediment modeling system that directlgracts with the water column,
i.e., there is no separate sediment compartment.

Based on the nitrogen:phosphorus ratio calculat@dguthe limited available
water quality monitoring data and past studies, lHlee was assumed to be
nitrogen-limited. This analysis does not consittex possibility that once the
nitrogen load is reduced, it is possible that phosps will become the limiting
nutrient. Without additional monitoring data topport model calibration (i.e.,
data that quantitatively demonstrate this phenomgnthis shift in nutrient
limitation cannot be explicitly modeled.

The impact of sediment reduction on light extingtion the lake was not
considered during the allocation process. It issjge that as sediment loads are
reduced, more light will be available to algae lie take. Increased light may
result in increased algae growth and possibly greaariability in dissolved
oxygen concentration.

4.2.5 Recommendations

Although data collection activities are not plandhe present time, this report suggests
types of data that could be used to refine therapans and address the limitations of
the modeling effort. Additional data collection wid allow for a more detailed and
refined analysis of sedimentation and dissolvedgeryorganic enrichment dynamics in
the lake. These data would ultimately lead to mm@fned TMDL values and load
allocations.

General

Quantitative information regarding backflow intoethake from downstream
tributaries is important to fully understanding theke’s water balance and
nutrient/oxygen-demanding substance balance.

No flow gages are currently located within the wsited. Flow monitoring
would provide valuable insight into the watershduydrology and support further
evaluation of meteorological and land-based impawctthe lake.

Sedimentation Analysis

Insufficient sediment monitoring data were ava#alib perform a detailed
evaluation of sedimentation and resuspension irake. Further evaluation of
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sedimentation spatially and temporally throughtwet leke would provide a more
precise estimate of the life span.

» Further analysis of stream channel morphology ardluéion is recommended to
identify the significance of stream-bank erosionthe lake’s sedimentation rate.
In the event that stream-bank erosion is foundl&y p major role in sediment
contributions to the lake, simulation of streamruiel evolution may be a useful
analytical tool.

* Additional ground-truthing of unpaved road locasomnd their impact on
sedimentation in the watershed is recommended.

Organic Enrichment/Low DO and Nutrients

» Additional water quality monitoring data within theke are necessary to support
model calibration and to understand the lake’s dyinga in greater detail. These
data should be collected at multiple locations dlgfmut the lake during different
seasons, and they should include depth-variabl@deature, dissolved oxygen,
and nutrient samples; diurnal dissolved oxygen;datd algal bioassays.

» Water quality monitoring data for the lake’s triaties are important in evaluating
locational and source-specific pollutant contribng, as well as identifying
seasonal and critical period trends. It is recomuhed that water quality samples
be collected at multiple locations throughout thatewshed for baseflow and
storm flow conditions.

* The relationship between sediment reduction, lgttinction, and algae growth
needs to be further explored. Sediment reducimel$, without an associated
reduction in nutrients, may result in increasedtitligvailability and thus increased
algae growth and diurnal dissolved oxygen variaioft is important to collect
data that provide more insight into these dynamics.
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5.0 TMDL Development
A total maximum daily load (TMDL) for a given potent and water body is the sum of
individual waste load allocations (WLAS) for poispurces, and load allocations (LAS)
for both nonpoint sources and natural backgroumdl¢e In addition, the TMDL must
include a margin of safety (MOS), either implicithr explicitly, to account for the
uncertainty in the relationship between pollutasads and the quality of the receiving
water body. Conceptually, this definition is reggated by the equation

TMDL = 3 WLAs + Y. LAs + MOS

The TMDL is the total amount of pollutant that damassimilated by the receiving water
body while still achieving water quality standarddn TMDL development, allowable

loads from all pollutant sources that cumulativatpount to no more than the TMDL
must be established and thereby provide the basigdtablishing water quality-based
controls.

5.1 TMDL Water Quality Endpoints

One of the major components of a TMDL is the esthbtent of instream numeric

endpoints, which are used to evaluate the attaihménacceptable water quality.

Instream numeric endpoints represent the wateitgugdals that are to be achieved by
meeting the load allocations specified in the TMDLThe endpoints allow for a

comparison between observed instream conditionscanditions that are expected to
restore designated uses. Specifications of numeter quality endpoints or targets are
discussed by pollutant below.

5.1.1 Sediment/Siltation

No numeric endpoints are defined in Mississippi'até¥ Quality Standards; therefore an
appropriate target was defined for TMDL developmer®xbow lakes are naturally
dynamic systems and have limited life spans, tyfyiddling with sediment over time
(Monroe and Wincander, 1992). As a result, a nealsle goal for TMDL development is
not necessarily to prevent sediment accumulatidimedyy but to return the lake to its
natural rate of sediment accumulatiobherefore, a target sedimentation rate was define
based on an assessment of current watershed sedioaeimg rates and sediment loading
rates under various land management conditionse 18id management scenarios used
to develop the target sedimentation rates includg a few examples of how the current
land uses could be modified to reduce the seditoading. Other options, beyond those
presented in this report, are possible.

5.1.2 Organic Enrichment/Low DO and Nutrients

The endpoint used to develop an organic enrichhogntDO and nutrient TMDL for
Wolf Lake is based upon the daily average of ngs than 5.0 mg/L in the epilimnion.
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Generally, an organic enrichment/low DO impairmsmggests critical conditions in the
water body that result from processes that link'emaiof nutrients and organic material
to biological processes and DO levels.

For this TMDL, organic enrichment has been expreseeterms of total biochemical
oxygen demand (TBODu). TBODu represents the oxygerisumed by microorganisms
while stabilizing or degrading carbonaceous antbgénous compounds under aerobic
conditions over an extended time period. The aabeous compounds are referred to as
CBOD, and the nitrogenous compounds are referred tdB83 TBODu is equal to the
sum of CBODu and TBODu.

TBODu = CBODu + NBODu [1]

The watershed model gives an estimate of oxygestsuing substances from which an
estimate of the TBODbhas been made. The CBODu load can be estimated thie
stoichiometric relationship between the total oigararbon (TOC) and oxygen, which is
2.67 pounds of oxygen per pound of carbon consufhedmann and Mueller, 1987).
Since the watershed model does not directly simmul&C, an indirect estimate of TOC
can be made based on the stoichiometric equivéletween organic matter (OM) and
carbon. OM can be converted to TOC using a stoiobtric relationship, which is 0.45
times the OM (Cole and Buchak, 1995). Thus, th®©OBcan then be determined from
the OM by multiplying it by (0.45 x 2.67) or a factof 1.2.

In order to convert the ammonia nitrogen @NW) loads to an oxygen demand, a factor
of 4.57 pounds of oxygen per pound of ammonia géro(NH-N) oxidized to nitrate
nitrogen (NQ-N) was used (USEPA, 1993). Using this factor é@aservative modeling
assumption because it assumes that all of the amnm®rconverted to nitrate through
nitrification, which is not necessarily accurateheT oxygen demand caused by
nitrification of ammonia is equal to the NBODu loadhus TBODu can be estimated
using the revised equation given below:

TBODu =1.2 OM + 4.57 NEIN [2]

5.2 Critical Conditions and Seasonality

40 CFR Section 130 requires that TMDLs take intcoaat critical environmental
conditions and seasonal environmental variationse Tequirements are designed to
simultaneously ensure that water quality is pregctiuring times when it is most
vulnerable and take into account changes in stleandnd loading characteristics that
result from hydrological or climatological variati®. These conditions are important
because they describe the factors that combineaudsecexceedances of water quality
standards and because they can help identify reegessnedial actions.

5.2.1 Sediment/Siltation

The sediment analysis considered seasonality bylaimg monthly watershed loadings
based on historic precipitation records. Sedinmaptcts on the lake were evaluated for
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the average annual conditions representing theomssp to long-term, cumulative
siltation. The TMDL and load allocation are prgsel as an annual average loading
consistent with the type of impairment (siltaticemdd water body type (oxbow lake).
Reduction of the average annual load is neededder ®o meet water quality standards.

The critical conditions for the sediment TMDLs weselected to evaluate the type of
impairment (siltation) and the type of water bodxkow lake). Protection of the lake
condition requires the control of long-term loadirend accumulation of sediment. The
lake condition was evaluated based on mean sitaiides in response to long-term
annual loading and trapping of sediments in the.lak

5.2.2 Organic Enrichment/ Low DO and Nutrients

The organic enrichment/low DO and nutrients analysonsidered seasonality by
simulating monthly watershed loadings based orohcsiprecipitation records. Long-
term simulation of the lake model under varying cgation and meteorological
conditions takes the seasonality into account.

The analysis used historic precipitation valuesafperiod of 15 years from 1985 to 2000
(Figure 5-1) at the Yazoo City precipitation stati@ee Figure B-3 in Appendix B for the
location of the Yazoo City station). The yearsnird997 to 2000 were chosen as the
TMDL simulation period because they were not extreand were close to the annual
average precipitation. This period had a wet y#89,7, and a dry year, 2000 (Figure 5-
1). Extreme years (very dry or very wet) were cansidered for the TMDL. Also the
period from 1997 through 2000 corresponded to #ers/for which the most complete
set of hourly meteorological data was availablenfrihe Jackson, Mississippi, surface
airways station (Figure B-3).

200

180 f - T e T
60 f - e
140 f - A T T

(1710 J S N EE B e BN ENEE ) T B EE——
100 +---- - N EE B e N e ErEe
80 +---- N —— N OEE B R R R R E . EE——

Precipitation (cm)

60 +---- NEL D E B RN B B Ep—
40 +---- NEL D E B RN B B Ep—
20+ ---- NEL D E B RN B B Ep—

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

== Annual Precipitation (cm)
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Simulation results from the inlake model for thesipd showed that 1997 was the critical
period and the MDEQ DO criteria during this periwduld be used to determine the
TMDL. As shown in Figure 5-2, the simulation pefi@xhibited a wide range of

hydrologic conditions with a wet spring and a dnynsner. Lakes are typically

conducive to eutrophication under these conditioismay be noted that this year had
some relatively dry summer months as well.
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5.3 Sediment Loading Analysis

The sediment loading analysis was based on thetkmng average sedimentation rate.
Table A-6 in Appendix A provides the computed msadimentation rate of the lake for
six possible land management scenarios: (1) egistondition (moderate tillage), (2)

conventional tillage, (3) 50 percent wooded and enatd tillage, (4) no tillage, (5) 50

percent wooded and no tillage, (6) 100 percent vwdodThe life span of the lake under
these six conditions is presented in Figure 5-3.
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Figure 5-3. Estimated Life Span for Scenarios

These scenarios are based on example land managpraetices that would result in
varying life spans for the lake. The target rangas vgelected in order to achieve a
reasonable improvement in sedimentation rates.ngaaf rates from 0.12 cm/year to
0.08 cm/year was identified as a long-term avessgiémentation endpoint. While this
range corresponds to the scenarios of 50 percent&d and moderate tillage to 50
percent wooded and no tillage, these TMDLs areemuiring that these particular BMPs
be implemented in the watershed. The reductioms b achieved through various
combinations of BMPs that could reasonably be puytlace in the Wolf Lake watershed.
These TMDLs encourage the use of land managemetiqes, including planting
additional forested area and riparian strips andgusonservative tillage practices in
agricultural areas. As shown in Figure 5-3, the aSthese land management practices
will significantly extend the life span of Wolf Lak

5.4 TMDL Allocations of Sediment

According to the model, a sedimentation rate of20ctn/year occurred when the
sediment load from the watershed was reduced lpeg&nt. A sediment load reduction
of 54 percent gave an estimated sedimentation aat®.08 cm/year. This range of
sedimentation rates is estimated to extend thespn of the lake from approximately
500 years under existing conditions to betweena@D1,300 years

This reduction was distributed among the diffedand use categories in the watershed,
based on load reduction feasibility (Table 5-1)o mdduction was applied to the “other”
land use category, which was considered a backdr@gnon-anthropogenic) land use.
The “other” land use category consists of bottomlaardwood forests, shrubs, woods,
and swamp. No reduction was applied to the “redidl land use category since
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residential land use in the Wolf Lake watershed wagligible and accounted for less
than 1 percent of the total land use in the waggtshAlthough the sediment load from
the “Aquaculture” category is small, it was reducdmbcause its contribution was

significant in terms of oxygen-demanding substances

Table 5-1. Load Reduction Scenario Sedimentatiade BR0.12 cm/year

LAND USE BASELINE | REDUCTION | REDUCTION
(thyr) (thyr) (%)
Agriculture Cultivated 6,841 2,091 31
Agriculture Noncultivated 970 296 31
Aquaculture 32 10 31
Residential 15 0 0
Other 509 0 0
Total 8,367 2,397 29%
Table 5-2. Load Reduction Scenario Sedimentatiade BB0.08 cm/year
LAND USE BASELINE | REDUCTION | REDUCTION
(thyr) (tlyr) (%)
Agriculture Cultivated 6,841 3,925 57
Agriculture Noncultivated 970 557 57
Aquaculture 32 18 56
Residential 15 0 0
Other 509 0 0
Total 8,367 4,500 54%

The TMDLs for the selected range of sedimentataiag are presented in Tables 5-3 and
5-4. Based on the model, the sediment load thaldvoroduce a sedimentation rate of
0.12 cmlyear is 0.23 tons/acre/year, and the sedirfwad that would produce a
sedimentation rate of 0.08 cm/year is approximafb tons/acre/year. It should be
stressed that these numbers are only approximati@sed on an interpretation of the
limited data available for Wolf Lake. There weramg assumptions and limitations used
in calculating these loads. Collection of addiéibdata or the consideration of other land
use management scenarios may result in refinermenodifications of the TMDLSs.

Sediment loadings from NPDES-regulated construditivities and Municipal Separate
Storm Sewer Systems (MS4s) are considered pointsswof sediment to surface waters.
These discharges occur in response to storm eaedtsire included in the WLA of this

TMDL as the same target yield as the TMDL of 0.@®115 tons per acre per year.

Table 5-3. TMDL for Sedimentation Rate of 0.12 cedyfor Wolf Lake

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.23 0.23 Implicit 0.23
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Table 5-4. TMDL for Sedimentation Rate of 0.08 cedlyfor Wolf Lake

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acrelyear)
Sediment 0.15 0.15 Implicit 0.15

5.5 TMDL Allocations of TBODu

A 45 percent reduction in the annual watershedihmpg recommended to achieve the
inlake DO criteria. This reduction could be distied among the different land use
categories in the watershed, based on load reduietasibility (Table 5-5). No reduction
was applied to the “other” land use category, whias considered a background (non-
anthropogenic) land use. The “other” land usegmteconsists of bottomland hardwood
forests, shrubs, woods, and swamp. No reductiare applied to the “residential” land
use category since residential land use in the \Wakle watershed was negligible and
accounted for less than 1 percent of the total lasd in the watershed. Thus,
accordingly the reductions were adjusted amongeh®ining three land uses. The load
reduction scenarios given in Table 5-5 are just example of how land management
could be modified in order to reduce pollutant kaad Wolf Lake. Other management
scenarios that have not been described in thigtrapmpossible.

Table 5-5. Load Reduction Scenarios

BASELINE REDUCTION
LAND USE NBODu CBODu NBODu |[CBODu | Reduction (%)
(Ib/day) (Ib/day) (Ib/day) | (Ib/day)

Agriculture Cultivated 168.2 293.1 80.7 140.f 48
Agriculture Noncultivated 53.6 85.9 25.7 41.2 48
Aquaculture 29.3 44.6 141 21.4 48
Other 16.9 29.5 0.0 0.0 0
Residential 1.2 2.0 0.0 0.0 0
Total 269.1 455.1 120.5 203.3 45

Based on these reductions the TBODu was computied) @sjuation [2] described in
Section 5.1.2. The TMDL is presented in Table 5-6he TMDL for TBODu was
computed to be approximately 400.4 Ib/day.

Table 5-6. TMDL for TBODu for Wolf Lake

Pallutant WLA (Ib/day) LA (Ib/day) MOS (Ib/day) TMDL (Ib/day)
CBODu 0 251.8 Implicit 251.8
NBODu 0 148.6 Implicit 148.6
TBODu 0 400.4 Implicit 400.4

5.6 Margin of Safety

The margin of safety (MOS) one of the required @pts of a TMDL. There are two

basic methods for incorporating the MOS (USEPA,1)99
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* Implicitly incorporating the MOS using conservativeodel assumptions to
develop allocations.

» Explicitly specifying a portion of the total TMDLsathe MOS; and using the
remainder for allocations.

The margin of safety for this TMDL was expressedplioitly through implicit
conservative assumptions that provide a margin ajetg. Specific conservative
assumptions include the following:

* The loadings calculated by the nonpoint source m@@&/LF) were derived
using conservative assumptions in the selectiomutient potency and sediment
loading factors.

* The use of conservative assumptions in develogiegldading model results in
relatively high loads and slightly larger requitedd reductions.

5.7 Reasonable Assurance

The reasonable assurance component of TMDL developmioes not apply because
there are no point sources requesting a reduct@sed on LA components and
reductions.

5.8 Public Participation

This TMDL will be published for a 30-day public mx period. During this time, the
public will be notified by publication in the statele newspaper. The public will be
given an opportunity to review the TMDLs and subrmdmments. MDEQ also
distributes all TMDLs at the beginning of the pebfiotice period to those members of
the public who have requested to be included otM®MO mailing list. TMDL mailing
list members may request to receive the TMDL repthntough either e-mail or the postal
service. Anyone wishing to become a member ofTfti®L mailing list should contact
Greg Jackson at (601) 961-5098 or Greg_Jackson@aédtfms.us.

All comments received during the public notice pdrand at any public hearings become
a part of the record of the TMDLs for Wolf Lake.ll Bomments will be considered in
the submission of this TMDL to EPA Region 4 fordirapproval.

5.9 Future Monitoring

MDEQ has adopted the Basin Approach to Water Quallanagement, a plan that
divides Mississippi’'s major drainage basins inteefigroups. During each yearlong
cycle, MDEQ'’s resources for water quality monitgriwill be focused on one of the
basin groups. During the next monitoring phasé¢hmm Yazoo Basin, Wolf Lake may
receive additional monitoring to identify any chenigp water quality. The additional
monitoring may allow refinements of the assumptiosesd to calculate these TMDLSs.
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5.10 Conclusion

To evaluate the relationship between the sourdes; loading characteristics, and the
resulting conditions in the lake, a combination asfalytical tools was used. This
involved source response linkage between the GWatenshed model for the Wolf Lake
watershed and a two-dimensional inlake water qualibdel, CE-Qual-W2, for Wolf
Lake. The sediment load estimates from the GWLIEehaere used in the analysis of
the lake’s sedimentation rate. The sedimentat® analysis was based on a long-term
average sedimentation rate that assessed a rafgedahanagement practices. A range
of 0.12 cm/year to 0.08 cm/year was identified dsray-term average sedimentation
endpoint based on the example land managementraxemacluded in the sediment
TMDLs.

A 45 percent reduction of the oxygen-demanding e®upadings coming from the
watershed was recommended to meet the prescribedriidda of a daily average of 5
mg/L. A 29 to 54 percent reduction of sedimentlezas also recommended to address
the siltation loading. The sediment TMDL was comeputo be approximately 0.23
tons/acre/year to 0.15 tons/acre/year of sedinm@rthe range of selected endpoints. The
organic enrichment/low DO TMDL for TBODu was comedtto be approximately 400.4
pounds/day.
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Definitions

Ammonia: Inorganic form of nitrogen (N§); product of hydrolysis of organic nitrogen andhitiefication.
Ammonia is preferentially used by phytoplankton romigrate for uptake of inorganic nitrogen.

Ammonia Nitrogen: The measured ammonia concentration reported mstesf equivalent ammonia
concentration; also called total ammonia as nitnodéHs-N)

Ammonia Toxicity: Under specific conditions of temperature and plie tin-ionized component of
ammonia can be toxic to aquatic life. The un-iodizomponent of ammonia increases with pH and
temperature.

Ambient Stations. A network of fixed monitoring stations establishéat systematic water quality
sampling at regular intervals, and for uniform paetric coverage over a long-term period.

Assimilative Capacity: The capacity of a body of water or soil-plant systto receive wastewater
effluents or sludge without violating the provissoof the State of Mississippi Water Quality Crigefor
Intrastate, Interstate, and Coastal Waters and MZatality regulations.

Background: The condition of waters in the absence of man<dedualterations based on the

best scientific information available to MDEQ. Thetablishment of natural background for an altered
water body may be based upon a similar, unalterel@ast impaired, water body or on historical pre-
alteration data.

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

Carbonaceous Biochemical Oxygen Demand: Also called CBODu, the amount of oxygen consurogd
microorganisms while stabilizing or degrading carhceous compounds under aerobic conditions over an
extended time period.

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

Critical Condition: Hydrologic and atmospheric conditions in which godlutants causing impairment of
a water body have their greatest potential for extveffects.

Daily Discharge: The “discharge of a pollutant” measured duringakeredar day or any 24-hour period
that reasonably represents the calendar day fopuhgoses of sampling. For pollutants with limibais
expressed in units of mass, the daily dischargmlisulated as the total mass of the pollutant @isgdd
over the day. For pollutants with limitations exgsed in other units of measurement, the daily gecis
calculated as the average.

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

Discharge Monitoring Report: Report of effluent characteristics submitted by MRDES-permitted
facility.

Dissolved Oxygen: The amount of oxygen dissolved in water. It alsf@rs to a measure of the amount of
oxygen that is available for biochemical activitya water body. The maximum concentration of dissbl
oxygen in a water body depends on temperature,spthesic pressure, and dissolved solids.

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

DO Sag: Longitudinal variation of dissolved oxygen remetng the oxygen depletion and recovery
following a waste load discharge into a receiviragev.

Effluent Standards and Limitations: All state or federal effluent standards and litidtas on quantities,
rates, and concentrations of chemical, physicalobical, and other constituents to which a waste o
wastewater discharge may be subject under thedkdet or the state law. This includes, but islmoited

to, effluent limitations, standards of performantaxic effluent standards and prohibitions, pretresnt
standards, and schedules of compliance.
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Effluent: Treated wastewater flowing out of the treatmeatlifees.

First Order Kineticss Describes a reaction in which the rate of tramefiion of a pollutant is
proportional to the amount of that pollutant in grevironmental system.

5-Day Biochemical Oxygen Demand: Also called BOD5, the amount of oxygen consumed by
microorganisms while stabilizing or degrading cardoeous or nitrogenous compounds under aerobic
conditions over a period of 5 days.

Groundwater: Subsurface water in the zone of saturation. Gravaier infiltration describes the rate and
amount of movement of water from a saturated foionat

Impaired Water Body: Any water body that does not attain water quadigndards due to an individual
pollutant, multiple pollutants, pollution, or ankmown cause of impairment.

Land Surface Runoff: Water that flows into the receiving stream aftgplacation by rainfall or irrigation.
It is a transport method for nonpoint source paltutfrom the land surface to the receiving stream.

Load Allocation (LA): The portion of a receiving water's loading capaaeittributed to or assigned to
nonpoint sources (NPS) or background sources oflatant

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

Mass Balance: An equation that accounts for the flux of massigainto a defined area and the flux of
mass leaving a defined area; the flux in must etheaflux out.

Nonpoint Source: Pollution contained in runoff from the land. Raiihf snowmelt, and other water that
does not evaporate become surface runoff and aithér into surface waters or soak into the sail fimds
their way into groundwater. This surface water roagtain pollutants that come from land use actswiti
such as agriculture, construction, silviculturerface mining, disposal of wastewater, hydrologic
modifications, and urban development.

Nitrification: The oxidation of ammonium salts to nitrites viatrbisomonas bacteria and the further
oxidation of nitrite to nitrate via Nitrobacter hada.

Nitrogenous Biochemical Oxygen Demand: Also called NBODu, the amount of oxygen consumgd b
microorganisms while stabilizing or degrading niggaous compounds under aerobic conditions over an
extended time period.

NPDES Permit: An individual or general permit issued by the NBsgppi Environmental Quality Permit
Board pursuant to regulations adopted by the Miggis Commission on Environmental Quality under
Mississippi Code Annotated (as amended) 88 49-1&nt749-17- 29 for discharges into state waters.

Photosynthesis: The biochemical synthesis of carbohydrate-basg@nic compounds from water and
carbon dioxide using light energy in the preserfaghtorophyll.

Point Source: Pollution loads discharged at a specific locatfoem pipes, outfalls, and conveyance
channels from either wastewater treatment planiadurstrial waste treatment facilities. Point s@srcan
also include pollutant loads contributed by trilvigs to the main receiving stream.

Pollution: Contamination, or other alteration of the physiademical, or biological properties, of any
waters of the state, including change in tempeeatiaste, color, turbidity, or odor of the watess,such
discharge of any liquid, gaseous, solid, radio&ctor other substance, or leaks into any watetBeoétate,
unless in compliance with a valid permit issuedhsyPermit Board.

Publicly Owned Treatment Works (POTW): A waste treatment facility owned and/or
operated by a public body or a privately ownedttrest works, which accepts discharges, which would
otherwise be subject to Federal Pretreatment Remeints.

Reaeration: The net flux of oxygen occurring from the atmosgeht® a body of water across the water
surface.

Regression Coefficient: An expression of the functional relationship betw two correlated variables that
is often empirically determined from data, and sedito predict values of one variable when givdoesa
of the other variable.
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Respiration: The biochemical process by means of which cellfu@is are oxidized with the aid of
oxygen to permit the release of energy requiresligiain life. During respiration, oxygen is consdraed
carbon dioxide is released.

Sediment Oxygen Demand: The solids discharged to a receiving water ardyparganics, which upon
settling to the bottom decompose aerobically, remgpexygen from the surrounding water column.

Storm Runoff: Rainfall that does not evaporate or infiltrate t@und because of impervious land
surfaces or a soil infiltration rate slower thamfall intensity, but instead flows into adjaceant or water
bodies or is routed into a drain or sewer system.

Streeter-Phelps DO Sag Equation: An equation, which uses a mass balance approadktésmine the

DO concentration in a water body downstream of iat@ource discharge. The equation assumes that the
stream flow is constant and that CBODu exertiothes only source of DO deficit while reaeration li t
only sink of DO deficit.

Total Ultimate Biochemical Oxygen Demand: Also called TBODu, the amount of oxygen consumgd b
microorganisms while stabilizing or degrading carddceous or nitrogenous compounds under aerobic
conditions over an extended time period.

Total Kjeldahl Nitrogen: Also called TKN, organic nitrogen plus ammoniaagen.
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Total Maximum Daily Load or TMDL: The calculated maximum permissible pollutant logdio a
water body at which water quality standards cambatained.

Waste: Sewage, industrial wastes, oil field wastes, dhdther liquid, gaseous, solid, radioactive, dnet
substances that may pollute or tend to polluteveaigrs of the State.

Waste load Allocation (WLA): The portion of a receiving waters loading capaditfributed to or
assigned to point sources of a pollutant.

Water Quality Standards: The criteria and requirements set forth in Stdt®ississippi Water Quality
Criteria for Intrastate, Interstate, and Coastatéfa Water quality standards are standards cordpofse
designated present and future most beneficial (dassification of waters), the numerical and niarea

criteria applied to the specific water uses orsifezation, and the Mississippi antidegradationigol

Water Quality Criteria: Elements of state water quality standards, esgabsas constituent
concentrations, levels, or narrative statemenggesenting a quality of water that supports thesemeand
future most beneficial uses.

Waters of the State: All waters within the jurisdiction of this statacluding all streams, lakes, ponds,
wetlands, impounding reservoirs, marshes, watesesyrwaterways, wells, springs, irrigation systems,
drainage systems, and all other bodies or accuiontabf water, surface and underground, natural or
artificial, situated wholly or partly within or bdering upon the state, and such coastal waterseasithin

the jurisdiction of the state, except lakes, pomidsyther surface waters which are wholly landlatked
privately owned, and which are not regulated urtkder~ederal Clean Water Act (33 U.S.C.1251 et seq.)

Watershed: The area of land draining into a stream at a glgeation.
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Abbreviations
BASINS.........ccooee Better Assessment Saelmtegrating Point and Nonpoint Sources
BM P Best Mgeaent Practice
(61210 1 53 5yp@arbonaceous Biochemical Oxygen Demand
CBODU.....cvviiiieeiiiieeee e Carboeags Ultimate Biochemical Oxygen Demand
O A e e ——— Clean Water Act
DMR . Discharge Manihg Report
US EPA e U.S. Environmental Protectidgency
Gl Geographitormation System
HUC thglogic Unit Code
A e e ———————— et e et 1o e et e e e e e e s e e eeen e Load Allocation
MARIS ... iddissippi Automated Resource Information System
MDEQ.....oiiiiieieeeeeeeeeeeeeeeeeand) Mississippi Department of Environmental Quality
1YL 5 2 Millioallons per Day
MO S e —— Margin of Safety
NBODU.....ccvviviiriiriiiieiiiieniiinnnnnennnnnes Nitexgpus Ultimate Biochemical Oxygen Demand
NS, ¢ e e e e e Total Ammonia
NH3-N. .o Total Ammonia Bétrogen
NO2F NOB ..t e e a e e e e NitritduB Nitrate
NPDES ... e National Pollutant Discharge Elimination System
RBA . s Rapid BiologicAssessment
7Q10.......cuueee 7-Day Average Low Stream Flowhwd 10-Year Occurrence Period
LI 21O ] B 5-Day Total Biochemical Oxygen Demand
TBODU..cci i i, Total Ultimate Biochemical Oxygen Demand
TN e e e e e e e t&bKjeldahl Nitrogen
LI PP PP TPPPPP Total Nitrogen
T O e e Total Organic Carbon
TP e s Total Phosphorus
USGS. . e United States Bgal Survey
L A e —————— ettt aea B¢ Load Allocation
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