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Foreword

This report has been prepared in accordance wehstthedule contained within the
federal consent decree dated December 22, 1998.r@pert contains four Total
Maximum Daily Loads (TMDLs) for water body segmefdsand on Mississippi’'s 1996
Section 303(d) List of Impaired Water Bodies. Bexmawf the accelerated schedule
required by the consent decree, many of these TMBawe been prepared out of
sequence with the state’s rotating basin appro@bk. implementation of the TMDLs
contained herein will be prioritized within Missiigpi’s rotating basin approach.

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 quantista, changes in pollutant loadings,
or changes in land use within the watershed. Inescases, 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
107 centi c 16 hecto h
10° milli m 10° kilo k
10° micro H 16 mega M
10° nano n 18 giga G
1012 pico p 162 tera T
10%° femto f 1d° peta P
108 atto a 16° exa E

Conversion Factors

To convert from To Multiply by | To convert from To Multiply by
Acres Square 0.0015625 Days Seconds 86400
miles
Cubic feet Cubic meter 0.028316847 Feet Meters 4830
Cubic feet Gallons 7.4805195 Gallons Cubic feet 386B0555
Cubic feet Liters 28.316847 Hectares Acres 2.478053
Cubic feet per Gallons per 448.83117 Miles Meters 1609.344
second minute
Cubic feet per Million 0.6463168 Milligrams per liter Parts per 1
second gallons per million
day
Cubic meters Gallons 264.17205 Micrograms per litesrams per 2.45
times cubic feet per day
second

Yazoo Basin ii




Sediment/Siltation and Organic Enrichment/Low DODIMor Lake Washington and Two Unnamed Tributaries

Table of Contents

FOTEWOIT ...ttt ettt e e e e ettt e e e e e e s smmnn et e e e e e e e nbbn e e e e e eeas ii
TIMDL SUMIMAIY ..eteieiiiiieiie ettt ettt eee et et e eeeeeeeeeeeeseeseeseesseseeseesssnnenaeseeeaeeaaeeeeees Vi
EXECULIVE SUMIMAIY ... Vii
1.0 Problem Understanding .........cccccooooeemmmmesenmnmmmmnnnnenn s ssssssssssssnsnsnes 1
1.1 Lake DESCIIPUION ....eiiiiieiiieiieiieeees et seeseeeesaeesstasssssssss st s s seesssnensnes 1
1.2 Section 303(d) Listed Water bodies..........cccvvvvviiiiiiiiiiiiiiiiiiiiiiieiieieeieeeeeee e 2
1.3 Water Quality Standards and Beneficial USeS............cccccevvviiiiiiiiiiiiiieniieienn, 5
1.4 Watershed DeSCrIPUION .....ccoiiii i i s et eeeteeveeeeeaeeeeeaeeebeaeesbessrnenneeeeeseeeeees 6
1.4.1 TOPOGIrAPNY ..uuuiiiiiiiiiiiiiiii e ennnrnnnes 8
L1042 SOOI TP ettt s s kst e s essnnnennnes 8
143 LANA USE ...ttt e e e e 9
1.5 Climatic CharacCteriStiCS..........oiiiiieeeae it 10
1.6 Socioeconomic CharacCteriStiCS ...........ceeerueiiiiiiiiiiieiee e 11
2.0 DAtA SUMIMATY ..ovviiiiiiieeie et sttt a e e e et e e aea b e e e e e e eeesbnnnnnsssneeeaeeeeees 12
2.1 DAtA INVENTOTY ... ettt e e et e et e e e e e e e e e e e eeennenan s 12
2.2 Monitoring Data Assessment of Lake WashingtOm ................uveveieiiiiiiiiiennennnns 13
2.2.1 Tributary INFIOW ........eeeiieiiiiii e e 13
2.2.2 Storm water Data (1995)........uuuuurmmmmmmmn e e 15
2.2.3 Inlake Water Quality of Lake Washington ...............c.eevviviiiiiiiiiiiiieiiniieninns 15
3.0 SOUICE ASSESSIMENT. .....uiiiiiiiiiiiiitemmmmc ettt e e e e e et e e e e e eeeerenneesra e e e eees 17
3.1 POINE SOUICES ...ttt st 4ttt e e e e e ettt e e e e e e e e e e e e e e e aans 17
3.2 NONPOINt SOUICE DAl@........cceiiiiriie s e ss e s s e e s e e s e s sesssnnnennnes 18
3.2.1 Agricultural SOUICES ......cooeiieeieee 18
T o [N = Lo U (F ] £ PP 18
3.2.3 SEPLIC SYSEIMS ...ttt e e e e e e e e e seeeeeenennnes 19
3.2.4 GIrOUNAWALET ... .o seeee e 19
3.2.5 BacKground SOUICES ..........oiiiiiaeeeeieeiieieeieebeebeeebe bbb eeeeeaemnemeeees 20
4.0 Technical APProach ... 21
4.1 Technical Approach Selection ......... ..o 21
vV o o (= 1o o PP TRTRTR 22
4.2.1 SEAIMENTALION .....uuiiiiiiieieieie i emmeeme e e e e e e e e e s bbb e e e e e nneenees 22
4.2.2 Organic Enrichment/LOW DO .........uuuvieeeeeeeeeeieereeeeeiieireresiessesenenensnennnnes 23
4.2.3 Modeling Assumptions and LimitationsS ......cccoooooeeeoiinneeeee e 23
4.2.4 LIMITALIONS ....ettiiiiieeeee et e ettt e e e e e e eeeennn e reeeeeas 25
4.2.5 RECOMMENTALIONS .....ceiiiieiiiiiiiiieeeeee ettt e e e e mnnnee e s 25
5.0 TIVIDL DEVEIOPMENT. .....uiiiiiiiiiiiiiiiiiimrmmme e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaas s e e aa s 27
5.1 TMDL Water Quality ENAPOINES ... 27
5.1.1 Sediment/SIHtatioN............ueeeeee ettt e e e 27
5.1.2 Organic Enrichment/LOW DO........coooii o, 27
5.2 Critical Condition and Seasonality ..........ccccooooiiiriii e 28

Yazoo Basin iii




Sediment/Siltation and Organic Enrichment/Low DODIMor Lake Washington and Two Unnamed Tributaries

5.2.1 SedimMent/SIAtION . ... e e e e e e aann 28

5.2.2 Organic Enrichment/LOw DO .........oooii oo, 28

5.3 Sediment Loading ANalYSiS ........coooi ittt 29

5.4 TMDL Allocations Of SEAIMENT .......uuiee e et e e e 30

5.5 TMDL AIOCAtioN Of TBODU ...uciviiiiiie it e ettt e et e e e re e 33
5.6 Margin Of SAFELY .......uuuuiuiiiiiiiiiiiiimmmmm s e e e sseeee 34
5.7 REASONADIE ASSUIANCE .....eeeeee et ettt e e e e e e e e e aenaeenaees 34
5.8 PUDIIC PartiCIPatioN .........ccooeeii it e e e 35
SRS 1 (0 (=1 (o7 T (o] [T PP 35
LT KO I O] T3 [0 o KT 35
1] ][ ToTe | =T o] o) V2N TP PP PTPPPPPRPPPP 37
(D I=Y {1100 ] o 1T 41
PN o] o] (=1 V/ L= LT 0] [T 45

Appendix A: Watershed model and Siltation AnalysisLake Washington Watershed

Appendix B: Unnamed Tributary to Lake Washingtont&/&uality Model

Tables
Table ES-1. TMDL for Sedimentation Rate of 0.05y®af for Lake Washington......... IX
Table ES-2. TMDL for Sedimentation Rate of 0.03 ywaft for Lake Washington......... IX

Table ES-3. TMDL for Sedimentation Rate of 0.05 ymat for Tributary MS404M1.... ix
Table ES-4. TMDL for Sedimentation Rate of 0.03 ywat for Tributary MS404M1.... ix
Table ES-5. TMDL for Sedimentation Rate of 0.05 ymat for Tributary MS404M2.... ix
Table ES-6. TMDL for Sedimentation Rate of 0.03 ywat for Tributary MS404M2.... ix

Table ES-7. TMDL for TBODu for Tributary MS404M1............ooooiiiiiiii X
Table 1-1. Morphometric and Hydraulic Charactecstf Lake Washington.................. 2
Table 1-2. Section 303(d) LiStiNg .....cooeiei e 3
Table 1-3. Relevant Water Quality ODJECHVES wneeeeeeiiiiiiiiiiiiiiiiiiieiiieeeeeeeeee 6
Table 1-4. SOIl TYPES ..ot 9
Table 1-5. LANG USES .....ciiiiiiiieieee e i sttt e et e s e e e e e e e e e e 10
Table 2-1. Available Geographic or Location INfOEA ...............eevvvvveveviviiieiiiiininenn. 21
Table 2-2. Available MoNItOring Data..........ccceeeeiieiiiiiiiieeee s 13
Table 2-3. Inlet Tributary (WAL-6) Water Quality 2a(1989-1990) ...........cccccvmvrnnnnnnns 13
Table 2-4. Storm flow Water Quality Data (1995)...........uuvevvurriirvemimireniiinenineneninenes 15
Table 3-1. Housing Types within Washington CouNty...........ccceveeeiiiiiiiiieeee 91
Table 5-1. Lake Washington Load Reduction ScenaBedimentation Rate 0.05

(0] 07 Y= TP 31
Table 5-2. Lake Washington Load Reduction ScenaBedimentation Rate 0.03

(0] 01 Y= TR 31
Table 5-3. Unnamed Tributary MS404M1 Load ReducBoenario - Sedimentation Rate

0.05 CIM/Y AN ..ot 31
Table 5-4. Unnamed Tributary MS404M1 Load ReducBoenario - Sedimentation Rate

0.03 CIM/Y A ..ot 32

Yazoo Basin iv




Sediment/Siltation and Organic Enrichment/Low DODIMor Lake Washington and Two Unnamed Tributaries

Table 5-5. Unnamed Tributary MS404M2 Load ReducBeoenario - Sedimentation Rate

0.05 CIM/YAT ...ttt e e e e e e e e eaes 32
Table 5-6. Unnamed Tributary MS404M2 Load ReducBoenario - Sedimentation Rate

0.03 CIM/Y A ..ottt 32
Table 5-7. TMDL for Sedimentation Rate of 0.05 cedlyfor Lake Washington .......... 33
Table 5-8. TMDL for Sedimentation Rate of 0.03 cedlyfor Lake Washington .......... 33
Table 5-9. TMDL for Sedimentation Rate of 0.05 cedlyfor Tributary MS404M1 ..... 33

Table 5-10. TMDL for Sedimentation Rate of 0.03 yeaft for Tributary MS404M1 ... 33
Table 5-11. TMDL for Sedimentation Rate of 0.05 yeaft for Tributary MS404M2 ... 33
Table 5-12. TMDL for Sedimentation Rate of 0.03 yeaft for Tributary MS404M2 ... 33

Table 5-13. Load RedUCLION SCENAIIO ........ceeeeeiieeeeeieeiiiiee et e e e e 34
Table 5-14. TMDL for TBODu for Lake Washington ...............cuuvvvvviiviviieieviieniiininnn. 34
Figures
Figure 1-1. Oxbow Lake Creation PrOCESS ... ceieiieeiaieeaeeeeeee e 2
Figure 1-2. Section 303(d) WatersS.........coo e 3
Figure 1-3. Watershed LOCALION. ............. e eeeeeeeeeee et a e 7
Figure 1-4. Digital EIeVation Map. .......ccocoaeraraaeeeeeeeeee e 8
FIQUIE 1-5. SOOIl TYPE ..eeeeiieieiiieiieitetes i ettt et teeseetseesestessssestss e e e meeeaeaeeeaeeeaeeeeens 9
Figure 1-6. Mississippi Automated Resource InfororaSystem (MARIS) Land Use,
200 L. e —————— 22411 ettt ettt e e e e e e ean b b e e e e e e e nrrarteeaeeaeaas 10
Figure 5-1. Estimated Life Span for SCeNariosS...........coooeeeeiiiiiieeee, 30

Yazoo Basin \Y




Sediment/Siltation and Organic Enrichment/Low DODIMor Lake Washington and Two Unnamed Tributaries

TMDL Summary

Total Maximum Daily Load for Sediment / Siltatiom Lake Washington MS404LWM, and two
unnamed tributaries MS404M1 and MS404M2 and fora@ig Enrichment/Low Dissolved
Oxygen (DO) and Nutrients in unnamed tributary M&4Q, Washington County, Mississippi.

TMDL AT A GLANCE

State: Mississippi

County: Washington

303(d) Listed Water body: Yes

Year Listed: 1996

303 (d) List Segment ID: MS404M1 — Unnamed Tributary near Chatham
MS404M2 — Unnamed Tributary near Glen Allen
MS404LWM - Lake Washington

HUC: 08030209 — Deer Creek — Steele Bayou

Constituents Causing Impairment:Sediment: MS404M1, MS404M2 and MS404LWM
Organic Enrichment/Low DO and
Nutrients:MS404M1

Source of Pollutants: Agriculture, Natural Background

Data Source: Clean Lakes Project Phases | and Il

Designated Uses: Lake: Aquatic Life Support

Tributaries: Aquatic Life Support
Applicable Water Quality Standardsedimentation/Siltation Narrative water quality
criteria for sediment
Organic Enrichment/Low DO: General water
quality criteria for DO: a daily average of 5.0 g/
Water Quality Target: Sedimentation/Siltation: Average  Annual
sedimentation rate of 0.05 cm/year or 0.03 cm/year
Organic Enrichment/Low DODO of 5.0 mg/L
Technical Approach: Sedimentation/Siltati@WLF watershed model
Organic Enrichment/Low DOQUALZE receiving
stream model

TMDL: Sedimentation/Siltatiol®.22 : 0.14 ton/acre/year
Organic Enrichment/Low D@54 Ib/day TBODu

WLA: Sedimentation/SiltatioQ:22 : 0.14 ton/acre/year
Organic Enrichment/Low DQ Ib/day

LA: Sedimentation/Siltatiol®.22: 0.14 ton/acre/year
Organic Enrichment/Low D54 Ib/day TBODu

Margin of Safety: Implicit
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Executive Summary

Lake Washington, in Washington County, Mississippian oxbow lake formed by an
abandoned meander of the Mississippi River. Tke kas experienced a gradual decline
in water quality over the last 30 years. The M&gigi Department of Environmental
Quality (MDEQ) has identified Lake Washington amattributaries as not meeting their
designated uses of recreation and fish and wildlie aquatic life support.

Water bodies not meeting their designated use istedlas impaired as required by
Section 303(d) of the Clean Water Act (CWA) and th&. Environmental Protection

Agency’'s (EPA) Water Quality Planning and Manageimieagulations (40 CFR part

130). The lake (water body MS404LWM) and two «f unnamed tributaries (water
bodies MS404M1 and MS404M2) are on the Mississigmtion 303(d) list as impaired
due to sediment/siltation. One of these tributatieater body MS404M1) is also listed
as impaired due to organic enrichment/low dissolvegygen (DO) and nutrients.

Mississippi currently does not have standards llomable nutrient concentrations, so a
Total Maximum Daily Load (TMDL) specifically for rdents will not be developed.

However, because elevated levels of nutrients naage low levels of DO, the TMDL

developed for organic enrichment/low DO also adsrethe potential impact of elevated
nutrients in the water body.

Section 303(d) requires the development of TMDLstli@ water bodies on the impaired
waters list. A TMDL is the sum of the allowable @mt of a single pollutant that a
water body can receive from all contributing poamid nonpoint sources and still meet
water quality standards. The process is designedgtore and maintain the quality of
those impaired water bodies through the establishroé pollutant-specific allowable
loads. The water quality standard for sedimentétitiation is narrative. The water
quality standard for DO is a daily average of 5@/lorwith an instantaneous minimum of
not less than 4.0 mg/L.

To evaluate the relationship between the sourdes; loading characteristics, and the
resulting conditions in the lake and its tributaria combination of analytical tools was
used. Assessments of the nonpoint source loadittgthe lake and tributaries were
developed for the Lake Washington watershed usiageneralized Watershed Loading
Function (GWLF) computer program. GWLF providedireates of nutrients and
sediments transported to the water bodies for iddal land use categories. The
tributary listed for DO impairment was evaluatedngsthe QUAL2E water quality
simulation computer model to estimate the impacbxygen-consuming constituents.
Model results were evaluated for the period frorB118 1999, which represent a range
of climatic conditions.

For this TMDL, the loadings of oxygen-demanding enzl are given in terms of total

ultimate biochemical oxygen demand, (TBODu). TBODepresents the oxygen

consumed by microorganisms while stabilizing orrddgng carbonaceous or nitrogenous
compounds under aerobic conditions. A 50 percedtiction of the oxygen-demanding
source loadings, or TBODu, coming from the watedsiseerecommended to meet the
prescribed DO criteria of a daily average of 5.0 /lmg The target for
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sedimentation/siltation was selected as a rangeabfes, from 0.05 cm/year to 0.03
cm/year. It should be noted, however, that theicedns specified in this TMDL report
represent just one example of how pollutant loaglioguld be modified in order to
improve water quality in Lake Washington. Watersheghagement scenarios other than
those included in this report are possible. Thenétle hydrological and water quality
data available for Lake Washington, and the managérscenarios could be modified
based on a reevaluation of the data and modelithgeffe data become available. For the
present time, it is anticipated that some redustiohthe current load can be achieved
through a combination of land use and restoratractres such as erosion and sediment
control practices, reduced tillage practices orplenads, forest management, and stream
restoration.

According to 40 CFR section 130.2(i), TMDLs can éeressed in terms of mass per
time, toxicity, or other appropriate measures. this case, TMDLs for
sedimentation/siltation have been expressed insterfrton/acre/year. This results in a
range of acceptable reference yields of 0.22 td tbf/acre/year. For these TMDLs, it is
appropriate to apply the same target yield to piechiand unpermitted watershed areas.
For load TMDLs the permitted and unpermitted arensed to calculate the TMDL.
Because this TMDL is expressed as a yield, as lasgall activities, permitted or
unpermitted, meet the same yield, the TMDL willrhet, regardless of the relative load
contribution.

Wet weather sources of sediment, which are diseldatg a receiving water body as a
result of storm events, are considered to be timegpy concern for this sediment TMDL.
These wet weather sources can be broadly defioedhé purposes of this TMDL, into
two categories: wet weather sources regulated ®NIADES program, and wet weather
sourcesiot regulated by NPDES. Wet weather sources regulatede NPDES program
include industrial activities (including certainnsgruction activities) and discharges from
MS4s. The wet weather NPDES regulated sourceprakeded a waste load allocation
(WLA) in this TMDL, and all other wet weather soascof sediment (those not regulated
by NPDES) are provided a Load Allocation (LA).

There are no municipal, industrial, or commerciatilities in the Lake Washington
Watershed with National Pollutant Discharge Elintioia System (NPDES) permits that
are permitted for Total Suspended Solids (TSSprdéent, it would not be appropriate to
include these facilities since these sources peowiegligible loadings of sediment to the
receiving waters compared to wet weather sourcegs, (§PDES-regulated construction
activities, Municipal Separate Storm Sewer Syst¢gMS4s], and nonpoint sources).
Also, the TSS component of an NPDES-permitted itgas different from the pollutant
addressed within this TMDL because the TSS compowiethe permitted discharges is
generally composed more of organic material, aedefore, provides less direct impact
on the biologic integrity of a stream (through l&sgt and accumulation) than would
stream sedimentation due to soil erosion during wedther events. The pollutant of
concern for the sedimentation TMDL is sediment fiamd use runoff.
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Any future WLAs provided to NPDES municipal and usttial permitted dischargers
will be implemented through the state’s NPDES pepmgram and are not included in
this TMDL. The wet weather WLAs provided to the DEES-regulated construction
activities and MS4s will be implemented throughtbreanagement practices (BMPs) as
specified in Mississippi’'s General Stormwater Pésmior Small Construction,
Construction, and Phase | & Il MS4 permits, whielm ©e 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/facilitied 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 to ES47e margin of safety (MOS) has been
addressed through implicit assumptions.

Table ES-1. TMDL for Sedimentation Rate of 0.05 ymaf for Lake Washington

Pollutant WLA LA MOS TMDL
(ton/acrefyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.22 0.22 Implicit 0.22

Table ES-2. TMDL for Sedimentation Rate of 0.03 ygaf for Lake Washington

Pollutant WLA LA MOS TMDL
(ton/acrefyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.14 0.14 Implicit 0.14

Table ES-3. TMDL for Sedimentation Rate of 0.05ymaf for Tributary MS404M1

Pollutant WLA LA MOS TMDL
(ton/acrefyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.22 0.22 Implicit 0.22

Table ES-4. TMDL for Sedimentation Rate of 0.03 ymaf for Tributary MS404M1

Pollutant WLA LA MOS TMDL
(ton/acrefyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.14 0.14 Implicit 0.14

Table ES-5. TMDL for Sedimentation Rate of 0.05ymaf for Tributary MS404M2

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acrelyear)
Sediment 0.22 0.22 Implicit 0.22

Table ES-6. TMDL for Sedimentation Rate of 0.03ymaf for Tributary MS404M2

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acrelyear)
Sediment 0.14 0.14 Implicit 0.14
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Table ES-7. TMDL for TBODu for Tributary MS404M1

Pallutant WLA (Ib/day) LA (Ib/day) MOS (Ib/day) TMDL (Ib/day)
CBODu 0 170 Implicit 170
NBODu 0 84 Implicit 84
TBODu 0 254 Implicit 254
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1.0 Problem Understanding

The identification of water bodies not meeting thegsignated use and the development
of Total Maximum Daily Loads (TMDLSs) for these watsodies are required by Section
303(d) of the Clean Water Act and the U.S. Envirental Protection Agency’s (EPA)
Water Quality Planning and Management Regulatid@sQFR part 130). A TMDL is
the sum of the allowable amount of a single pofitithat a water body can receive from
all contributing point and nonpoint sources antl steet water quality standards. The
process is designed to restore and maintain thityqod those impaired water bodies
through the establishment of pollutant specifiowatble loads.

The Water Quality Assessment Branch of the MigsgdDepartment of Environmental
Quality (MDEQ) has identified Lake Washington amebttributaries as being impaired
as reported in the Mississippi 1998 Section 30B{sk) of Water bodies. The lake (water
body MS404LWM) and two of its unnamed tributariegaier bodies MS404M1 and
MS404M2) are listed as impaired due to sedimetdfgdn. One of these tributaries
(water body MS404M1) is also listed as impaired daeorganic enrichment/low
dissolved oxygen (DO) and nutrients.

Lake Washington, in Washington County, Mississippian oxbow lake formed by an
abandoned meander of the Mississippi River. Tke kas experienced a gradual decline
in water quality over the last 30 years. Due tstipele contamination, the lake was
closed to commercial fishing in the 1970s; in 1988yeral fish kills were documented;
and in 1990, a toxic algal bloom resulted in thatdeof several domestic animals
(MDEQ, 1996). In 1991, results of the Lake Wastong Phase | Diagnostic/Feasibility
Study showed that Lake Washington was experienoitigent enrichment as a result of
high phosphorus and nitrogen concentrations indke. Results of the Phase Il Clean
Lakes Study in 1996 showed that excessive alganiocontinued to present problems
in Lake Washington. Conditions in the lake durthg Phase Il study were the same as
those observed in the 1991 Phase | study, withmpwdavements in chlorophyll a, Secchi
readings, or nutrient concentrations (MDEQ, 1996).

This report presents the approach taken to devEldpLs for Lake Washington and the
two tributaries as well as a review of the potdrdauses 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 alongpipesite side of the channel. The net
effect is that the meander migrates laterally. Girae 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 Wicander, 1992). rBedi transported by the stream is
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deposited along the new stream bank at the sitbeoBibandoned meander. Once the
abandoned meander is completely isolated from tam ichannel it becomes an oxbow
lake. Figure 1-1 demonstrates this process. ©wex, oxbow lakes naturally fill with
sediment.

Soon-To-Be Oxbow Lake
with Cutoff

Depaosition Sheanaes

Figure 1-1. Oxbow Lake Creation Process

Lake Washington is a 2,965-acre oxbow lake. Rutiafin the lake’s 27,861-acre
drainage area (estimated from topographic dataghesathe lake primarily through
unnamed tributaries and drainage ditches. Outfloem the lake drains to the
Washington Bayou (MDEQ, 1996). Morphometric anddraylic data for Lake
Washington are shown in Table 1-1.

Table 1-1. Morphometric and Hydraulic Charactecstf Lake Washington

Parameter M easured
Volume (n?) 2.13x 16
Surface area (ac) 2,935 (4.6 square miles)
Drainage area (ac) 27,861 (43.5 square miles) §14i#)
Depth
Mean Lake (m) 1.8 (5.9 ft)
Maximum Lake (m) 6 (19.7 ft)
Residence Time (yr) 0.37 (150 d)

Note: surface area and drainage area recalculated topographic data.
Source: FTN Associates, 1991.

1.2 Section 303(d) Listed Water bodies

Lake Washington is listed on the state’s sectioB(@Plist of impaired water bodies due
to sediment/siltation (water body MS404LWM)In addition to the lake, two of its
unnamed tributaries (water bodies MS404M1 and M$&M)4are listed as impaired due
to sediment/siltation. Tributary MS404M1 is addlitally impaired due to organic
enrichment/low DO and nutrients. Table 1-2 sumpesrithe section 303(d) listing of
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Lake Washington and its tributaries, and Figure dh@ws the location of the impaired

water bodies.

Table 1-2. Section 303(d) Listing

Water body Water body L ocation Beneficial I mpair ment
Name ID Use
Sediment/siltation and
Unnamed Tributary At Chatham from Aquatic Life organic enrichment/low
; MS404M1 headwaters to Lake -
of Lake Washington ; Support dissolved oxygen and
Washington :
nutrients
. Near Glen Allen: S
Unnamed Trlputary MS404M2 from headwaters ta Aquatic Life Sediment/siltation
of Lake Washington ) Support
Lake Washington
Recreation,
Lake Washington MS404LWM Near Glen Allen Fish and Sediment/siltation
Wildlife
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Excessive sedimentation from anthropogenic souises common problem that can
impact water bodies in a number of ways. In thedidisippi Valley suspended sediment
and turbid conditions caused by suspended sedimentthe 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 light penetration necessary for photosgighe aquatic plants, reduces feeding
efficiency of visual predators and filter feedeasid lowers the respiration capacity in
aquatic invertebrates by clogging gill surfaces. atldition, other contaminants such as
nutrients and pesticides can be transported toslakel streams during runoff events
while attached to sediment particles.

DO has historically been used as the constitueatt rifieasures or indicates the overall
quality of surface water. DO analysis measuresatheunt of gaseous oxygen dissolved
in an aqueous solution, which enters the wateritfiysibn from the surrounding air, by
aeration (rapid movement), and as a waste produghatosynthesis. Adequate DO is
necessary for good water quality and is a necesslment to all forms of life.
Decreases in the DO concentrations can cause changge types and numbers of
aguatic macroinvertebrates that live in a watersgsi@m. As the DO levels decrease,
pollution-intolerant organisms are replaced by twlution-tolerant worms and fly
larvae, and there is a decrease in species thabtéolerate decreases in DO (Ricklefs,
1990).

Oxygen is used by plants and animals for respmatierobic bacteria consume oxygen
during the process of decomposition. When orgaratten and nutrients such as animal
waste, fertilizer, or improperly treated wastewadnter a body of water it is used by the
bacteria within the streambed and the algae imtiter column (Ricklefs, 1990; Wetzel,

1983). Algae and bacteria use the organic matidrrautrients for growth. The DO

concentration decreases as the plant material affeand is decomposed through the
action of the aerobic bacteria.

Nitrogen transport is governed by several chemighysical, and biological processes
known as the nitrogen cycle. The nitrogen cyclastgts of four processes (nitrogen
fixation, ammonification, nitrification, and denftcation) that convert nitrogen gas into
useable nitrogen forms and back into nitrogen gdgrogen fixation converts gaseous
nitrogen into ammonia while ammonification involvdse breakdown of wastes and
nonliving organic tissue into ammonia. The nitdfiion process oxidizes ammonia that
results in nitrate and nitrite. Finally, nitratase converted back into gaseous nitrogen
through the denitrification process. Ammonia iomsrites, and nitrates are most
important for water quality assessments becaudbenf impact on water quality. The
conversion of ammonia to nitrite consumes 4.57 geunf oxygen for every pound of
ammonia. Organic nitrogen and particulate nitrogee not as important for water
guality assessments because they must be convetitagseable forms (USEPA, 1993).

Instream DO concentrations fluctuate daily. Thermil variations in DO concentrations
are mainly due to photosynthesis and respiraticsqoftic plants such as phytoplankton,
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aquatic weeds, or algae (Chapra, 1997, Wetzel,)19BBotosynthesis is the process by
which plants use solar energy to convert simpleganic nutrients into more complex

organic molecules. Because of the need for salargy, photosynthesis only occurs
during daylight hours and is represented by thiefiohg simplified equation:

6CQ + 6HO  <-----ee- > GH1O06 + 60
(Carbon Dioxide) (Water) (Sugar) (Oxygen)

In this reaction, photosynthesis is the conversiboarbon dioxide and water into sugar
and oxygen so that there is a net gain of DO in water body (Ricklefs, 1990).
Conversely, respiration and decomposition opera¢eprocess in reverse and convert
sugar and oxygen into carbon dioxide and waterdtiegun a net loss of DO to the water
body. Respiration and decomposition occur atiglés and are not dependent on solar
energy. Water bodies exhibiting the typical dilivexiation of DO experience the daily
maximum in mid-afternoon during which photosyntkBasithe dominant mechanism, and
the daily minimum in the predawn hours during whrelspiration and decomposition
have the greatest effect on DO and photosynthesistioccurring (Wetzel, 1983).

1.3 Water Quality Standards and Beneficial Uses

The beneficial uses identified for Lake Washingéod the tributaries are designated as
Aquatic Life Support (MDEQ, 2002). Although thexee no specific applicable criteria
for these beneficial uses, the criteria listed abl€ 1-3 apply to all surface waters in
Mississippi. The water quality objectives proviaeth a narrative and numeric basis for
identifying appropriate  TMDL endpoints for sedimatmn/siltation and organic
enrichment/low DO.
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Table 1-3. Relevant Water Quality Objectives

Section Water Quality Objective

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

Section II.7 Dissolved oxygen concentration shalhfmintained at a daily

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

not less than 4.0 mg/L. When possible, samplesldhmitaken 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 laed at 5 feet
from the water surface if the total water columgrisater than
ten feet.

» For waters that are thermally stratified such &sdaestuaries,
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.

Source: MDEQ, 2002.
1.4 Watershed Description

The Lake Washington watershed, which is part oftéthiStates Geological Survey
(USGS) hydrologic cataloging unit (HUC) 08030209c@empasses approximately 42
square miles (27,861 acres). It is in Washingtoar®y, approximately 20 miles south
of Greenville, Mississippi (Figure 1-3). Drainaigethe lake is considerably affected by
ditches and other hydro-modifications that haveerall the natural drainage of the
watershed. The Lake Washington watershed is coatpofa complex series of natural
levees, slack water areas, and shallow depressiatgarallel the meander belt of the
old river channel (FTN Associates, 1991). The wslted is predominantly agricultural
with some forested areas.
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Greenville
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: Washington
County .

I Cities and Towns
Il Lake Washington
[] Lake Washington Watershed
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Em— —— —

Figure 1-3. Watershed Location.
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1.4.1 Topography

The Lake Washington watershed is generally flatyimg only about 30 feet throughout
most of the watershed (Figure 1-4). The loweshpoi the watershed, 92 feet above
mean sea level (MSL), is in Lake Washington. Tlghést point is approximately 145
feet above MSL, and lies along the Mississippi Riesees on the western boundary of
the watershed. The greatest change in elevatitreiwatershed is also along the levees.

N Elevation (ft)

;’ [ ]90-100

[_]100-110

[ ]110-120

. [ ]120-130

1 0 1 2 3 Miles I 130 - 140
I 140 - 150

Figure 1-4. Digital Elevation Map.

1.4.2 Soil Type

The watershed consists of four major soil typessshim Figure 1-5 and Table 1-4. The
Dundee-Askew-Sharkey is the main soil group in watershed. These types of soils
have a slow to moderately slow (0.5 to 1.5 cm/le)ngeability, and a soil erodibility
factor (K) of 0.37 to 0.43.
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Soils

N I Ms001
MS004
. MS019
1 0 1 2 3 Miles + é MSW
Figure 1-5. Soil Type
Table 1-4. Soil Types
Soil Type Soil Name Area (acres)
MS001 Commerce, Robinsonville, Crevas| 6,284
MS04 Sharkey-Tunica-Dundee 6,086
MS019 Dundee-Askew-Sharkey 12,782
MSW Water 2,709
Total 27,861

1.4.3 Land Use

The majority of the watershed is rural with lesantlL percent being residential. Forty-
five percent of the watershed is cropland (culedaagriculture), about 22 percent is
pasture/range/nonagriculture, and about 32 percent bottomland hardwood
forests/shrubs/woods/swamp/other. Aquaculture wtsofor approximately 0.7 percent
of the watershed. Figure 1-6 and Table 1-5 prethentand use areas in the watershed.
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Cultivated Agriculture

Non-cultivated Agriculture

]

[

Bl o
Bl esicenta
|

1 0 1 2 3 Miles o
m—— —_—

Figure 1-6. Mississippi Automated Resource InfororaSystem (MARIS) Land Use,
2001.

Table 1-5. Land Uses

Land Use Area(acres) | Area(%)
Cultivated Agriculture 12,399 45
Noncultivated Agriculture 6,061 22
Other 9,024 32
Residential 174 <1
Catfish Ponds 203 <1
Total 27,861 100

1.5 Climatic Characteristics

Mississippi is in the humid subtropical climate igg characterized by temperate
winters; long, hot summers; and rainfall that oscomore often in the winter and early
spring. Late summer and fall are typically the sirigmes of the year. The state, however,
is subject to periods of both drought and floodreviailing southerly winds provide
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moisture for high humidity from May through Septeamb The potential for locally
violent and destructive thunderstorms averages tab@u days each year. Eight
hurricanes have struck Mississippi's coast sinc@5,1&nd tornadoes are a particular
danger, especially during the spring season (Migxis State Climatologist, 2003).

Normal mean annual temperatures for the Jacksortheweatation are T&. Low
temperatures have dropped to 4°C while the maxirteamperatures often reach 29°C.
Mississippi has a climate characterized by absearicsevere cold in winter and the
presence of extreme heat in summer. The grounty faeezes and outdoor activities are
generally planned year-round. Cold spells are Wgwélshort duration and the growing
season is long (Mississippi State Climatologis30

1.6 Socioeconomic Characteristics

The social and economic region for Lake Washingtonsists of Washington County,
Mississippi. The region is a generally rural avath 57 persons per square mile (US
DOC, Census, 2002). Comparatively, Mississippi@tagersons per square mile and the
United States has 80 persons per square mile.

Lake Washington contributes to the services sewftdhe region’s economy. The lake,
which is one of the largest natural lakes in M&gigi, is known for its crappie, catfish,
and bluegill fishery (Mississippi Outfitters, 2001)Yhe lake has seven boat ramps and
four bait and tackle shops. A study conductedneyMlississippi Department of Wildlife,
Fisheries and Parks shows that two out of everyatgters drive over 100 miles to fish
Lake Washington, and one out of every 15 come fawar 400 miles (Mississippi
Outfitters, 2001). The recreational visitors te ttake Washington area contribute to the
local economy through expenditures on food, lodgamgl sporting goods.
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2.0 Data Summary

This section provides an inventory, descriptiongd aaview of the data compiled to
support the completion of the TMDLSs, as well agiefliescription 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 categories ef data: geographic or location
information, and monitoring data. Data include evaguality observations, sediment
source information, land use, and meteorologictd.da

Table 2-1. Available Geographic or Location Infotioa

Type of Information Data Sour ce(s)?
Stream network EPA BASINS (Reach File Versions 1 and 3), USGS Nidéch
file, MARIS
Land use MARIS, USDA-NASS
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, 1991 & 1996)
Meteorological station locations BASINS, NOAA-NCDC

Stream gage stations BASINS, USGS

Surface geology MARIS

Dam locations MARIS

Impaired water bodies (303(d)-

listed segments)
2 EPA = U.S. Environmental Protection Agency; BASIN®etter Assessment Science Integrating Point
and Nonpoint Sources; USGS = U.S. Geological Surt#yD = National Hydrography Dataset; MARIS
= Mississippi Automated Resource Information SysteMDEQ = Mississippi Department of
Environmental Quality; USDA-NRCS = U.S. DepartmeftAgriculture; Natural Resources Conservation
Service; NOAA- NCDC = National Oceanic and AtmogpheAdministration; National Climatic Data
Center; USDA-NASS = U.S. Department of Agricultukgtional Agricultural Statistics Service

MDEQ
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Table 2-2. Available Monitoring Data

Type of Information Data Sour ce(s)

Water body Characteristics

Physical data BASINS (Reach File, Versions _1 and 3), USGS NHIxhea
data, MDEQ Clean Lakes Studies (FTN, 1991)

Flow

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

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 $#adFTN, 1991 & 1996)

2.2 Monitoring Data Assessment of Lake Washington

The most recent tributary and storm water data weléected from February 1989
through February 1990 (FTN Associates, 1991) andhfsingle storm event on January
18, 1995 (MDEQ, 1996). The lake was sampled tvdaceonth from May through
October and once a month for the remainder of #ae.y Figure 2-1 shows the routine
water quality monitoring stations. No tributary mitoring data exists for the listed
segment MS404M1 and MS404M2. In general most efitlonitoring data that exists is
inlake and is lacking in tributary monitoring datd&esults of the data collection are
summarized in the following subsections.

2.2.1 Tributary Inflow

FTN Associates sampled tributary flow at a singiisn at the inlet (WAL-6) to Lake
Washington from Jackson Lake (Figure 2-1). Howetgs tributary is not one of the
unnamed tributaries listed on the 303(d) list. haligh this tributary is not listed as
impaired due to sediment/siltation or organic émment/low DO, the data can serve as a
guide for model validation. Table 2-3 summarizataccollected that have relevance to
this study.

Table 2-3. Inlet Tributary (WAL-6) Water Quality 2a(1989-1990)

Parameter Count Min. Max. Mean | Median
Temperature (°C) 17 8.1 28.5 20.6) 22.9
DO (mg/L) 17 0.20 6.20 1.97 1.50
Chemical Oxygen Demand (mg/L) 17 14.0 74.( 32.p 529
Total Suspended Solids (mg/L) 17 8.0 170.0 29.8 014
Total Kjeldahl Nitrogen (mg/L) 17 0.47 4.40 1.80 4Q.
Ammonia-N (mg/L) 17 0.100 0.460 0.243 0.200
Nitrate + Nitrite-N (mg/L) 17 <0.04 0.330 0.087 004
Total Phosphorus (mg/L) 17 0.100 0.910 0.371 0.320

17 0.01p 0.350 ®.11 0.097

Dissolved Orthophosphate (mg/L
Source: FTN Associates, 1991.

~
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Inlet temperatures in general followed a sinusojdattern throughout the year, with
maximum temperatures occurring in July (28)% and the minimum occurring during
December (8C). DO concentrations were consistently low thiomg the year and
were below the DO standard of 4 mg/L (more thapé&@ent of the samples were below
2 mg/L) except until January 1990 when the DO weasatgr than 5 mg/L. Low DO
concentrations were reported by FTN Associatesetgdrtially correlated to chemical
oxygen demand (COD). The DO concentrations obdeat¢he inlet were used as guide
when modeling the inlet tributary listed for orgaenrichment/low DO and nutrients.

FTN Associates also found that TSS concentratiosre Wighest from May to June. The
peak in June was reported to be related to stawmsflobserved as the result of 3 cm of
rainfall occurring on June 7 (corresponds to datéeti was monitored). TSS
concentrations were lower for the summer-fall périmtil January, when a 1.2 cm
rainfall event occurred. @ TSS concentrations apmukahighly correlated with
rainfall/runoff events.

Lake Washington Sampling Locations

ﬁ/_\\ (@ B L1y

S
-
AT
¥ N
Sampling Locations +
E Stormwater Sampling

® Routine Monitoring i 0 1 2 3 Miles

Figure 2-1. Sampling Locations for Lake Washington
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2.2.2 Storm water Data (1995)

MDEQ collected storm water quality data at fouesituring a significant rainfall event
on January 18, 1995 (MDEQ, 1996). Figure 2-1 shth@sstorm flow monitoring sites.
All three sites were located on the north side akd. Washington in the vicinity of the
inlet of the impaired unnamed tributary MS404MXCatatham. Table 2-4 lists the storm
flow data for some of the parameters during a §icant rain event on January 18, 1995.

Table 2-4. Storm flow Water Quality Data (1995)

Parameter Control Site| Sitel Site2 Site3
Temperature at Surface (°C) 11.3 115 11.8 11.3
DO (mg/L) 10.0 9.6 9.8 9.6
Chemical Oxygen Demand (mg/L) 62 62 62 62
Total Suspended Solids (mg/L) 16 220 122 196
Total Kjeldahl Nitrogen (mg/L) 2.20 4.07 2.69 3.84
Ammonia-N (mg/L) <0.1 <0.1 0.22 <0.1
Nitrate + Nitrite-N (mg/L) <0.04 0.070 0.07 0.07
Total Phosphorus (mg/L) 0.15 0.73 0.34 0.71
Secchi (cm) 40 <5 <5 <5

Source: FTN Associates, 1996.

MDEQ reported that the greatest variability in wageality between sites was for Secchi
depth and suspended solids. Overall TSS concemsatvere high and Secchi depths
were low, suggesting the transport of significaadisient loads during runoff events.
Although DO measurements were high, this does notigee an indication of critical
periods of low DO.

2.2.3 Inlake Water Quality of Lake Washington

No sediment siltation studies have been reportethénClean Lake Studies conducted
(FTN, 1991 and 1996). However, monthly inlake wapgeality was measured at multiple
sites and depths in Lake Washington from Febru@891through February 1990 (FTN

Associates, 1991) and July 1994 though June 1993E® 1996). Several parameters
were measured during these studies. These pamanaeteconsistent with those collected
for tributary and storm water flow. However, sincake Washington is listed only for

sedimentation, these provide insight only to tHakie conditions in terms of turbidity

and amount of suspended solid concentrations.

Secchi depth and TSS were consistent between sagrgites and studies. Secchi depths
showed pronounced seasonal fluctuation, with lomeasurements from July through
November, and substantially higher visibility in d@eber and February. The same
seasonal fluctuations were observed for chloropdayhich showed significant seasonal
variability. MDEQ reported that this seasonal fuation could be the result of increased
algal biomass and agricultural practices in theevwgted during the summer period.
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Changes in transparency are linked to both biokdgactivity and higher levels of
turbidity and suspended solids (MDEQ, 1996).
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3.0 Source Assessment

This section describes the potential sources inLtilkee Washington watershed. The
source assessment, along with the available dathale Washington described in the
previous section, was used as the basis of developaf the model and analysis of 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 CWA are typically categd as either point or nonpoint
sources. Point sources, according to 40 CFR 12#e3,defined as any discernable,
confined, and discrete conveyance, including batlinoted to, any pipe, ditch, channel,
tunnel, conduit, well, discrete fissure, contairmmcentrated animal feeding operation,
landfill leachate collection system, vessel, oreotfioating craft from which pollutants
are or may be discharged. The NPDES Program, WMd&X sections 318, 402, and 405,
requires permits for the discharge of pollutantsrfrpoint sources. There are several
types of permits under the NPDES permit programugiog effluent from facilities,
municipal wastewater treatment plants, storm wiaten construction sites, and MS4s.

As of March 2003, discharge of storm water from storction activities disturbing
between 1 and 5 acres must also be authorized INP&ES permit in addition to the
requirements already in place for larger constauctites. The purpose of these NPDES
permits is to eliminate or minimize the discharge pmllutants from construction
activities. Since construction activities at a&ste of a temporary, relatively short-term
nature, the number of construction sites coverethbygeneral permit at any given time
will vary. The target for these areas is the seange as the TMDL target of 0.22 to 0.14
tons/acre/year. The WLAs provided to the NPDESulegd construction activities and
MS4s will be implemented as BMPs as specified irsdidisippi’s General Stormwater
Permits for Small Construction, Construction, ahdge | & Il MS4. It is not technically
feasible to incorporate numeric sediment limitoicbnstruction storm water or MS4
permits at this time. WLAs shouldot be construed as numeric permit limits for
construction or MS4 activities. Properly designaad well-maintained BMPs are
expected to provide attainment of WLAs.

A review of Mississippi automated resource inforimatsystem discharge elimination

file determined that no permitted point source ligsges are located within the

watershed. The towns within the Lake Washingtorevedied are small and, according to
the final Phase Il Storm water NPDES regulatioms, reot considered regulated small

MS4s or potential small MS4s at the present tilHewever, the sediment loadings from

NPDES-regulated construction activities and MS4s eonsidered point sources of

sediment to surface waters. These discharges atecasponse to storm events and are
included in the WLA of this TMDL.
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3.2 Nonpoint Source Data

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

sources. The only exception to this is where staater collection systems are in place
regulating the runoff as a point source since timoff is delivered to the receiving water
body though a conduit. Nonpoint sources includéh qmecipitation-driven and non-

precipitation-driven events such as contributiamenf groundwater; septic systems; and
direct deposition of pollutants from wildlife, liseock, or atmospheric fallout.

Nonpoint sources contribute sediment and oxygerswmmg loads into the waters of the
Lake Washington watershed. On the land surfacggencconsuming constituents
accumulate over time and wash off during rain evenAs the runoff transports the
sediment over the land surface, more oxygen-comgyimonstituents are collected and
carried to the stream. The net loading into theash is determined by the local
watershed hydrology.

3.2.1 Agricultural Sources

The Mississippi Valley is one of the most inten§vagricultural areas in the United
States. The flat, fertile soils produce a variefycrops including cotton, corn, and
soybeans. The surrounding waters are vulnerabladigcerse environmental affects
caused by elevated sediment and nutrient loads d&gnoultural fields (MDEQ, 1999).
Cultivated and noncultivated agricultural land cows percent and 22 percent,
respectively, of the Lake Washington watershed arehhave been identified as a major
source of sediment and nutrients (FTN Associat@31)l Cotton is the major crop in the
Lake Washington watershed representing 80 perdettteototal cultivated agriculture
land and 36 percent of the total watershed arean @nd soybeans represent 8 percent
and 7 percent, respectively, of the total cultidadgriculture land and 3 percent each of
the total watershed area. Additional crops inclsdeghum, snap beans, other small
grains, rice, winter wheat, and sunflowers.

3.2.2 Aquaculture

The production of catfish is the largest aquacaltenterprise in the United States.
Catfish ponds located in the Mississippi valleyaot for approximately 78percent of

the total land area devoted to catfish productldS8EPA 2002; Hargreaves et al, 2002).
The majority of the catfish ponds in the Mississigplley are groundwater fed, earthen
levee ponds. The discharge of sediments rich ygex-consuming substances occurs
when the pond level rises. These ponds contaimtpgource discharges but are
precipitation driven. Therefore, in this analysibe ponds are treated as nonpoint
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 cleguaind repairs (Tucker et al, 1996). A
complex of catfish ponds covering approximately 2@8es and representing about 0.7
percent of the watershed area is located in théheou portion of the Lake Washington

watershed.
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3.2.3 Septic Systems

Failing septic systems represent a source that wowyribute oxygen-consuming
constituents to receiving water bodies through am&for subsurface malfunctions.
Quantifying loading from actual failing septic systs and illegal discharges is difficult.
Since the number of dwellings within the lake’s @rahed is small, septic systems were
omitted from the analysis.

Washington County has a total of 24,381 housingsufiable 3-1). Approximately 86.9
percent of the housing units were 1-unit, detackedctures; 1.4 percent were in a
building with 10 or more units; and about 10.7 peatovere mobile homes. One hundred
and forty-nine (0.8 percent) of the housing unésked complete plumbing facilities.
Approximately 91 percent of the units were occupiedf the 2,223 units that were
vacant, 121 were designated as units for only sedhseecreational, or occasional use.

Table 3-1. Housing Types within Washington County.

Type of Housing Unit Washington Percent of

County Housing
Total housing units 24,381 100.0%
1-unit detached 17,073 86.9%
In building with 10 or more units 332 1.4%
Mobile homes 2,102 10.7%
Lacking complete plumbing facilities 149 0.8%
Occupied units 22,158 90.6%
Vacant units 2,223 9.1%
E;)é seasonal, recreational, or occasiona 121 0.5%

3.2.4 Groundwater

The Mississippi River alluvial aquifer underliesetiMississippi River alluvial plain

known as the Delta. The alluvial aquifer is thesmbeavily pumped aquifer in

Mississippi (Arthur, 2001) of which 98 percent sed for agriculture. According to the
USGS, “the aquifer receives water vertically fromeqpitation, internal stream and
lakes, and locally from the Cockfield and Spartaifegs where they directly underlie the
alluvial aquifer. The alluvial aquifer also dischas water to the underlying aquifers,
and during extended periods with no surface rurtofthe Mississippi River 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 commonlyaad, bicarbonate type. It contains
appreciable amounts of manganese and dissolvedamcentrations usually greater than
3.0 mg/L. According to the USGS, nutrient concatidns are generally low. All nitrate

concentrations have been below the EPA drinkingewsttandard of 10 mg/L (Kleiss et
al, 1999).
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3.2.5 Background Sources

TMDL load allocation must consider the natural lgrokind loading of a pollutant. For
this TMDL, the contributions of sediment and orgamaterial from forested areas were
considered be the background load. Forested leotlyding bottomland hardwood

forest, upland scrub, and riverine swamp, coverg8ent of the Lake Washington
watershed. Sediment contributions are generatedh fforested areas and other
nonanthropogenic areas. While present, they areerghy 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 Lake
Washington watershed were insufficient to sepanatieiral forest loadings from other
forest sources.

The yield of oxygen-consuming substances from teck&and is generally low compared

to other land uses because the dense vegetatiee stabilizes soil, reduces rainfall
impact, and in many cases encourages uptake oéntstr
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4.0 Technical Approach

The objective of this section is to present keyéssconsidered for TMDL development,
and the technical approach followed to fulfill TMDé&quirements.

4.1 Technical Approach Selection

The technical approach selected for TMDL developmeas based on evaluation of the
following criteria (USEPA, 1991):

e Technical Criteria
* Regulatory Criteria

Technical criteria refer to the model's simulatiohthe physical system in question,
including watershed and stream/lake characterjsfgecesses, and constituents of
interest. Regulatory criteria make up the constsaimposed by regulations, such as
water quality standards or procedural protocol.

Key technical factors that were considered in idiging the appropriate analytical
approach for the sediment/siltation impairmentsude

» Sediment loads are contributed only by nonpointaesiin the watershed.

» Erosion and sediment transport generally occurrasut of rainfall events.

* Sedimentation problems in the lake and its tribetsaare a cause of cumulative
contributions.

» Insufficient monitoring data are available in theatershed to evaluate the
magnitude of stream channel and bank erosion.

* Insufficient monitoring data are available to ew® suspended sediment
concentrations from the watershed and within the lan a temporal or spatial
basis.

Key technical factors that were considered in idiging the appropriate analytical
approach for the organic enrichment/low DO impaimtsenclude

* Oxygen-demanding substances (including nutrientg) @ntributed only by
nonpoint sources in the watershed.

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

* Elevated oxygen demand is the primary concern duliwv-flow periods (in
tributaries to the lake) because the effects ofimmh dilution and high
temperatures combine to produce the worst-casafmteffect on water quality.

« The annual load of oxygen-demanding substancesesponsible for the
accumulated benthic blanket in the tributaries a&d \Washington, which in turn,
is expressed as sediment oxygen demand (SOD).
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A properly designed and applied technical apprgaokides the source-response linkage
component of the TMDL and enables accurate asgiwglacapacity assessment and
allocation proposition. A water body’s assimilaticapacity is determined through
adherence to predefined water quality criteria .,(i.eegulatory considerations).
Mississippi’s applicable Water Quality Standardseveresented earlier in this report and
provide the basis for establishing appropriate TMBigets. For sediment/siltation, the
standard is narrative, however, for low DO, thesadards are numeric. The instream
DO target for this TMDL is a daily average of nes$ than 5.0 mg/L. The instantaneous
minimum portion of the DO standard was considerdgmwestablishing the instream
target for this TMDL. However, it was determindwt 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, organic enrichment/low DO, andtrient impairments in Lake
Washington and its tributaries includes a combamabf watershed and lake and stream
water quality models. They are

* A simplified watershed model to predict runoff ahwhdings of sediment,
nutrients, and organic material to the tributareasd lake to address both
sediment/siltation and organic enrichment/low D@a&mnments.

» Receiving water model of the organic enrichment/[d@ and nutrient-impaired
tributary of Lake Washington for prediction of irsam DO concentrations.

» Spreadsheet-based siltation rate analysis forate |

4.2 Modeling

Both watershed and receiving water models were usedstablish the TMDLs for
sediment and organic enrichment. The modelingudson is presented below by
impairment type.

4.2.1 Sedimentation

The GWLF model (Haith and Shoemaker, 1987) wasctsdeto simulate the loading of
sediment and oxygen-consuming substances fromdke Washington watershed. It has
been widely used to estimate sediment and nutleamts from agricultural watersheds.
The GWLF model uses the Soil Conservation Servicev€ Number (SCS-CN)
approach to model surface runoff, and the UniveiSail Loss Equation (USLE)
algorithm to model erosion and sediment yield. $@S-CN and USLE methods are key
components in other watershed models, including Agacultural Non Point Source
Loading (AGNPS) model and the Soil and Water Assess Tool (SWAT).

GWLF is an aggregate distributed/lumped parametatersshed model. For surface

loading, it is distributed in the sense that iba# multiple land use/cover scenarios.
Each category area is assumed to be homogenousregffect to various attributes
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considered by the model. Additionally, the modetsi not 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 GWLF model was run for the time period Aprib02o April 2000. A more detailed
discussion of the GWLF and its application to gtisdy can be found in Appendix A.

After estimating time variable sediment loads, #exliment accumulation in Lake

Washington was assessed using trap efficiency ledilons. The purpose of this

evaluation was to relate watershed-based sedin@mtates to inlake sedimentation with

sedimentation/siltation. With sedimentation/sikiatiin Lake Washington being the crux
of the problem, this was an important analysis. e Brune method (USCE, 1989)

provides a widely used trap efficiency estimatiogtimod for lakes and reservoirs, using a
graphical relationship between trap efficiency dhd ratio of water body volume to

annual volumetric inflow. Using the volume of tleke and estimated annual inflows
from the GWLF model, the trap efficiency (percemitthe lake was estimated. Based on
the trap efficiency, the siltation rate was estedat Additional information on the lake

analysis may be found in Appendix A.

4.2.2 Organic Enrichment/Low DO

To model the assimilation of oxygen-consuming dtunestts, and to predict the instream
DO for the impaired tributary, EPA’'s QUALZ2E receaig water body model was used
(Brown and Barnwell, 1987). QUAL2E has been widabed for stream waste load
allocations and discharge permit determinationthéUnited States and other countries.
Due to the lack of data available in the tributBmymodel calibration, a simplified model
application was based on several assumptions fatemparameterization based on
values found in literature. Although uncalibratdtk conservative assumptions used in
the approach will form the basis of an implicit esgf factor for TMDL calculation.
Additional modeling information may be found in Apuix B.

4.2.3 Modeling Assumptions and Limitations
Some of the major underlying assumptions for thalsis include the following:

» Meteorological data from Jackson, MS, were assutodx representative of the
entire watershed contributing to the lake, althotighstation is located outside of
the watershed.

* The watersheds delineated were based on topogrdptacand available stream
and channel coverages. Data regarding flow digessito or from other
watersheds were not available and therefore natidered in the analysis.
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Sedimentation Analysis

The lake’s life span was estimated by predicting timount of sediment
contributed to the lake over time and determinimglake volume reduced by the
sediment.  Sediment reaching the lake was assunosedbet 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 basedBoune’s method (USCE,
1989).

The sediment distribution was assumed to be anl eguebetween 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 based on a sedimentedglnatio.

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

Sedimentation prediction assumed that unpaved roe@ts not playing a major
role in sediment contribution to the lake.

Land management practices including reduced tillageer crops and detention
ponds are widely used in the Mississippi Delta gi¢aan and Binger, 2002).
Therefore, agricultural land in the watershed wssumed to be managed under
moderate tillage.

Organic Enrichment/Low DO

Due to insufficient water quality monitoring data support calibration, kinetic
coefficients were literature values for QUAL2E mbdesed for the unnamed
tributary.

SOD was the calibration parameter for DO.

There were no channel bathymetry data, therefoaarel width and depth were
estimated from photographs.

The watershed model did not simulate DO, water tFatpre or algae; therefore
a number of assumptions were made regarding boymdaditions (inputs from
the watershed) for the receiving water model. A Bddcentration equal to 85
percent saturation was assumed for all inputs. tEomperature, carbonaceous
biochemical oxygen demand (CBOD), nitrogenous leatkal oxygen demand
(NBOD), and nitrogen ammonia (NHN), 26°C, 2.0 mg/L, 0.5 mg/L, 0.10 mg/L,
respectively, was used as specified in MDEQ regriat
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4.2 .4 Limitations

A number of limitations were inherent in the analgt process due to the approach
selected. These limitations are identified belof#though these limitations are present,
the approach followed successfully resulted in TMidentification. If additional data
are collected for Lake Washington, many of thesetditions can be addressed.

Sedimentation Analysis

Stream-bank erosion was not explicitly considerethe analysis. 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.

Organic Enrichment/Low DO

Sediment nutrient and oxygen flux data were notilabie for the tributary.
Collection of these data is important to furthedewmstand the overall sediment
fluxes in the tributary and their implications orODevels. In the event that
additional sediment flux data are collected, exiegdhe existing model to
consider predictive sediment diagenesis processeg;h dynamically links
sediment response to nutrient inputs, could progideetter long-term prediction
of SOD. Presently, the QUAL2E model does not idela sediment modeling
system that directly interacts with the water calyme. there is no separate
sediment compartment.

4.2.5 Recommendations

Although data collection activities are not planregdthe present time, suggestions for
data that could be used to refine the assumptiodsaadress the limitations of the
modeling effort are included in this report. Adaiital data collection would enable a
more detailed and refined analysis of sedimentatmd DO/organic enrichment

dynamics in the lake and its tributaries. Theda dauld ultimately lead to more refined

TMDL values and load allocations.

General

Bathymetric data are currently not available fa thbutary and are important for
refining the current analysis.

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

* Insufficient sediment monitoring data were avadalib perform a detailed
evaluation of sedimentation and resuspension irake. Further evaluation of
sedimentation spatially and temporally throughtwet leke would provide a more
precise estimation of the life span.

» Further analysis of stream channel morphology atdluion is recommended to
identify the significance of stream-bank erosiorthe lake’'s sedimentation rate.
In the event that stream-bank erosion is foundlay p major role in sediment
contributions to the lake, simulation of streamrutel evolution may be a useful
analytical tool.

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

Organic Enrichment/Low DO

» Additional water quality monitoring data within tkanamed tributary MS404M1
are necessary to support model calibration andnierstand, in more detail,
dynamics of the tributary. These data should Heected at multiple locations
throughout the water body during different seasarg] they should include
depth-variable temperature, DO, and nutrient saspgleel DO data; and algal
bioassays.

» Water quality monitoring data for tributaries cabtiting to the lake are important
in evaluating locational and source-specific palhit contributions, as well as
identifying seasonal and critical period trendd. isl recommended that water
quality samples be collected at multiple locatidmoughout the watershed for
base flow and storm flow conditions.

* The relationship between sediment reduction, lgttinction, and algae growth
needs to be further explored. Sediment reduceeel$, without an associated
reduction in nutrients, may result in increasedtitligvailability and thus increased

algae growth and DO swings. It is important tolexil 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 comprised
of the sum of individual WLAs for point sourcesdabAs for both nonpoint sources and
natural background levels. In addition, the TMDlustinclude a margin of safety
(MOS), either implicitly or explicitly, to accourior the uncertainty in the relationship
between pollutant loads and the quality of the ixéicg water body. Conceptually, this
definition is represented by the equation

TMDL = ¥, WLAs + 3. 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

loadings from all pollutant sources that cumuldfiemount to no more than the TMDL
must be established and thereby provide the basisstablish 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 attaibhofeacceptable water quality. Instream
numeric endpoints represent the water quality gtieds are to be achieved by meeting
the load allocations specified in the TMDL. The poiits allow for a comparison

between observed instream conditions and conditithiaé are expected to restore
designated uses. Specifications of numeric wateality endpoints or targets are
discussed by pollutant below.

5.1.1 Sediment/Siltation

No numeric endpoints are defined in Mississippi’'até¥ Quality Standards, therefore for
TMDL development, an appropriate target was defingdxbow lakes are naturally
dynamic systems and have limited life spans, tWfyiddling with sediment over time
(Monroe and Wicander, 1992). As a result, a realslengoal 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

The endpoint for organic enrichment/low DO analysisthe Lake Washington tributary
is based upon the daily average of not less tHamg/L.
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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.

Organic enrichment is measured in terms of TBODBODu represents the oxygen
consumed by microorganisms while stabilizing or rddghg CBODu and NBODu
compounds under aerobic conditions over an extetidezlperiod. In order to convert
the NH-N loads to and oxygen demand, a factor of 4.5hgswf oxygen per pound of
NHs-N oxidized to nitrate (Ng) was used. TBODu is equal to the sum of CBODu and
NBODu.

TBODu = CBODu + NBODu

The pollutant load can be described in terms ohdswf TBODu per day.

5.2 Critical Condition and Seasonality

40 CFR section 130 requires TMDLs to consider aaltienvironmental conditions and

seasonal environmental variations. The requiresnané designed to simultaneously
ensure that water quality is protected during timen it is most vulnerable and take
into account changes in stream flow and loadingastaristics as a result of hydrological

or climatological variations. These conditions amportant because they describe the
factors that combined to cause violations of watality standards and can help identify
necessary remedial actions.

5.2.1 Sediment/Siltation

The sediment analysis considered seasonality inldading by simulating monthly
watershed loadings based on historic precipitatemords. The evaluation of sediment
affects on the lake was considered for the aveeageial conditions representing the
response to long term, cumulative siltation. ThDL and LA are presented as annual
average loading consistent with the type of impami(siltation) and water body type
(lake). Reduction of the average annual load eeted of water quality standards.

The critical conditions for the sediment TMDL arelested 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 is evaluated based on mean siltatites in response to long-term annual
loading and trapping of sediments in the lake.

5.2.2 Organic Enrichment/Low DO

The organic enrichment/low DO analysis considergssnality in the loading through
the simulation of monthly watershed loadings basmadhistoric precipitation records.
Long-term simulation of the lake model under vagyprecipitation and meteorological
conditions takes into account the seasonality.
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Low DO typically occurs during seasonal low-flowiglh temperature periods in late
summer and early fall. The limited data showedinailar trend. Elevated oxygen

demand is the primary concern during low-flow pdsdecause the effects of minimal
dilution and high temperatures combine to produee worst-case potential effect on
water quality. For regulatory purposes, the fldvergical conditions is typically defined

as the 7Q10 flow, which is the lowest 7-day averfsme with a recurrence interval of 10
years. 7Q10 flows have not been established by 38 streams in the Mississippi
Alluvial Plain (Telis, 1992). Because of this, gpresentative low-flow condition was
used to define a critical condition for streamshiis area.

During storm events (when rainfall-runoff, nonpoiaading and stream flow are high)
water turbulence is higher due to the greater flamd stream temperature is lowered by
cooler precipitation and runoff. Reaeration inesesawith higher turbulence, and DO
saturation concentrations increase. Decay ratesneslower with cooler temperatures.
Although the nitrogen and organic loading increaséh storm water runoff, the loads
that occur during storm events settle out of theeieng stream water column and
become part of the SOD. Thus, cumulative nonploiadling (at least in the absence of
severe scouring) is responsible for the accumulbé&dhic blanket of the stream, which
in turn, is expressed as SOD (Thomann and Mudl@87; Chapra, 1997).

5.3 Sediment Loading Analysis

The sediment loading analysis was based on thetkmg average sedimentation rate.
Table A-8 in Appendix A provides the computed meadimentation rate of the lake for
six possible conditions: (1) existing condition) @nventional tillage, (3) 50 percent
wooded and moderate tillage, (4) no tillage, (5)p8@cent wooded no tillage, and (6) 100
percent wooded. The life span of the lake undesdlsix conditions is shown in Figure
5-1.
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Figure 5-1. 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 ramges selected in order to achieve a
reasonable improvement in sedimentation rates.anye of rates from 0.05 cm/year to
0.03 cm/year was identified as a long-term avesggimentation endpoint. While this
range corresponds to the scenarios of 50 percent&d and moderate tillage to 50
percent wooded and no tillage, these TMDLs areeairing that these particular BMPs
be implemented in the watershed. The reductions m@mchieved through various
combinations of BMPs that could reasonably be ptd place in the Lake Washington
watershed. These TMDLs encourage the use of lanthgesment practices, including
planting additional forested area and riparianpstrand using conservative tillage
practices in agricultural areas. As shown in FegbH3, the use of these land management
practices will significantly extend the life spahLake Washington.

5.4 TMDL Allocations of Sediment

According to the model, a sedimentation rate of50dn/year occurred in Lake
Washington when the sediment load from the waterstes reduced by 30 percent. A
sediment load reduction of 56 percent gave an agtinsedimentation rate of 0.03
cm/year in the lake. This range of sedimentatadays is estimated to extend the life span
of the lake from approximately 2,300 years undastaxg conditions to between 2,600
and 3,600 years
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This percent reduction was distributed among thHter@int land use categories in the
watershed, Tributary MS404M1, and Tributary MS404Mased on load reduction

feasibility (Tables 5-1 through 5-6). No reductisvas applied to the “other” land use
category, which was considered a background (n¢im-@pogenic) land use. The other
land use category consists of bottomland hardwooelsts, shrubs, woods, and swamp.
Additionally no reductions were applied to the fdestial” and “aquaculture” land use

category since the acreage in the Lake Washingtatershed was negligible and

composed approximately 1 percent of the total las&lin the watershed.

Table 5-1. Lake Washington Load Reduction ScenaBedimentation Rate 0.05

cm/year
LAND USE BASELINE | REDUCTION | REDUCTION
(ton/yearr) (ton/year) (%)
Agriculture Cultivated 6,513 2,098 32%
Agriculture Noncultivated 823 265 32%
Aquaculture 5 0 0
Residential 21 0 0
Other 403 0 0
Total 7,765 2,363 30%

Table 5-2. Lake Washington Load Reduction ScenaBedimentation Rate 0.03

cm/year
LAND USE BASELINE | REDUCTION | REDUCTION
(tonlyear) (tonlyear) (%)
Agriculture Cultivated 6,513 3,844 59%
Agriculture Noncultivated 823 486 59%
Aquaculture 5 0 0%
Residential 21 0 0%
Other 403 0 0%
Total 7,765 4,330 56%

Table 5-3. Unnamed Tributary MS404M1 Load ReducBeoenario - Sedimentation Rate

0.05 cm/year
LAND USE BASELINE | REDUCTION | REDUCTION
(ton/year) (ton/year) (%)
Agriculture Cultivated 550 177 32%
Agriculture Noncultivated 1,135 366 32%
Aquaculture 0 0 0%
Residential 3 0 0%
Other 14 0 0%
Total 1,702 543 32%
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Table 5-4. Unnamed Tributary MS404M1 Load ReducBeoenario - Sedimentation Rate

0.03 cm/year
LAND USE BASELINE | REDUCTION | REDUCTION
(tonlyear) (tonlyear) (%)
Agriculture Cultivated 550 325 59%
Agriculture Noncultivated 1,135 670 59%
Aquaculture 0 0 0%
Residential 3 0 0%
Other 14 0 0%
Total 1,702 995 59%

Table 5-5. Unnamed Tributary MS404M2 Load ReducBoenario - Sedimentation Rate

0.05 cm/year

LAND USE BASELINE | REDUCTION | REDUCTION
(tonlyear) (tonlyear) (%)

Agriculture Cultivated 399 129 32%
Agriculture Noncultivated 276 89 32%
Aquaculture 0 0 0%
Residential 0 0 0%
Other 1 0 0%
Total 676 217 32%

Table 5-6. Unnamed Tributary MS404M2 Load ReducBoenario - Sedimentation Rate

0.03 cm/year
LAND USE BASELINE | REDUCTION | REDUCTION
(tonlyear) (tonlyear) (%)
Agriculture Cultivated 399 236 59%
Agriculture Noncultivated 276 163 59%
Aquaculture 0 0 0%
Residential 0 0 0%
Other 1 0 0 %
Total 676 398 59%

The TMDLs for the two sedimentation rates are pre=ein Tables 5-7 through 5-12.
The sediment load to achieve a sedimentation 1fa@e08 cm/year is 0.22 ton/acre/year,
and the sediment load to achieve a sedimentatio® o& 0.03 cm/year is 0.14
ton/acre/year. It should be stressed that thesiars are only approximations, based on
an interpretation of the limited data available k@ke Washington. There were many
assumptions and limitations used in calculating¢heads. Collection of additional data
or the consideration of other land use manageneantasios may result in refinement or
modifications of the TMDLs.

Sediment loadings from NPDES-regulated constructactivities and MS4 are
considered point sources of sediment to surfaceeraiat These discharges occur in
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response to storm events and are included in thé WfLthis TMDL as the same target
yield as the TMDL of 0.22 to 0.14 ton/acre/year.

Table 5-7. TMDL for Sedimentation Rate of 0.05 cedlyfor Lake Washington

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.22 0.22 Implicit 0.22

Table 5-8. TMDL for Sedimentation Rate of 0.03 cedyfor Lake Washington

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.14 0.14 Implicit 0.14

Table 5-9. TMDL for Sedimentation Rate of 0.05 cedyfor Tributary MS404M1

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrefyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.22 0.22 Implicit 0.22
Table 5-10. TMDL for Sedimentation Rate of 0.03 yea for Tributary MS404M1
Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acr elyear)
Sediment 0.14 0.14 Implicit 0.14
Table 5-11. TMDL for Sedimentation Rate of 0.05 yea for Tributary MS404M2
Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acrelyear)
Sediment 0.22 0.22 Implicit 0.22

Table 5-12. TMDL for Sedimentation Rate of 0.03 yea for Tributary MS404M2

Pollutant WLA LA MOS TMDL
(ton/acrelyear) | (ton/acrelyear) | (ton/acrelyear) (ton/acrelyear)
Sediment 0.14 0.14 Implicit 0.14

5.5 TMDL Allocation of TBODu

A 50 percent reduction in the annual watershedihgpdias found to achieve the inlake
DO criteria. This percent reduction was distributamong the different land use
categories in the watershed, based on load redudgasibility (Table 5-13). No
reduction was applied to the “other” land use ocateg which was considered a
background (non-anthropogenic) land use. The totlend use category consists of
bottomland hardwood forests, shrubs, woods, andngwaNo reductions were applied to
the “residential” land use category since residnand use in the Lake Washington
watershed was negligible and composed less thagrcemt of the total land use in the
watershed. Accordingly, the reductions were adgisimong the remaining three land
use categories for which load reductions were cdatpto be 50 percent.

Yazoo Basin 33




Sediment/Siltation and Organic Enrichment/Low DODIMor Lake Washington and Two Unnamed Tributaries

Table 5-13. Load Reduction Scenario

BASELINE REDUCTION
LAND USE NBODu CBODu NBODu CBODu | REDUCTION

(Ib/day) (Ib/day) (Ib/day) (Ib/day) (%)
Agriculture Cultivated 824 274 41.2 137 50
Agriculture Noncultivated 82.4 16 41.2 8 50
Aquaculture 0 0 0 0 0
Other 0.5 6 0.25 3 50
Residential 2.7 44 1.35 22 50
Total 168 340 84 170 50

Based on these reductions the TBODu was computied) tise equation described in
Section 5.1.2, and the TMDL is presented in Tablel5 The TBODu was computed to

be 254 Ib/day.

Table 5-14. TMDL for TBODu for Lake Washington

Pollutant WLA (Ib/day) LA (Ib/day) M OS (Ib/day) TMDL (Ib/day)
CBODu 0 170 Implicit 170
NBODu 0 84 Implicit 84
TBODu 0 254 Implicit 254

A mass-balance approach was used to ensure thatsineam concentration of NHN
did not exceed the water quality criteria for amimdoxicity.

5.6 Margin of Safety

The MOS is one of the required elements of a TMDhere are two basic methods for
incorporating the MOS (USEPA 1991):

* Implicitly incorporate the MOS using conservativedal assumptions to develop
allocations.

» Explicitly specify a portion of the total TMDL aké MOS and the remainder for
allocations.

The MOS this TMDL was expressed implicitly througmplicit conservative
assumptions that provide a margin of safety. Sgamdnservative assumptions include

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

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

5.7 Reasonable Assurance

This component of TMDL development does not applyhere are no point sources
requesting a reduction based on LA components eshactions.
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5.8 Public Participation

This TMDL will be published for 30-days review paali During this time, the public will
be notified by publication in the statewide newsgap The public will be given an
opportunity to review the TMDL and submit comment®DEQ also distributes all
TMDLs at the beginning of the public notice to taasembers of the public who have
requested to be included on a TMDL mailing listMDL mailing list members may
request to receive the TMDL reports through eigvenail or the postal service. Anyone
wishing to become a member of the TMDL mailing B&buld contact Greg Jackson at
(601) 961-5098 or Greg_Jackson@deq.state.ms.us.

All comments received during the public notice pdrand at any public hearings become
a part of the record of this TMDL. All commentslivide considered in the submission of
this TMDL to EPA Region 4 for final approval.

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 phaséhe Yazoo Basin, Lake Washington
may receive additional monitoring to identify anjhaoge in water quality. The

additional monitoring may allow refinements of tagsumptions used to calculate this
TMDL.

5.10 Conclusion

To evaluate the relationship between the sourdes; loading characteristics, and the
resulting conditions in the lake, a combination asfalytical tools were used. This
involved source response linkage between the GWhkkenshed model for the Lake
Washington watershed with a QUAL2E water qualityugiation computer model to
estimate the impact of oxygen-consuming constitientthe tributary listed for DO
impairment. The sediment load estimates from ttWLE model were used in the
sedimentation rate analysis for the lake. Thersediation rate analysis was based on a
long-term average sedimentation rate that assess@tje of crop management practices.
A range of 0.05 cm/year and 0.03 cm/year was itledtias a long-term average
sedimentation endpoint.

A 50 percent reduction of the oxygen-demanding s®upadings coming from the
watershed was recommended to meet the prescribedriida of a daily average of 5
mg/L. A 30 to 56 percent reduction of sedimentlezas also recommended to address
the siltation loading in Lake Washington. The ssshit TMDL was computed to be
approximately 0.22 tons/acre/year to 0.14 ton/gess/ of sediment for the range of
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selected endpoints. The organic enrichment/low DMDL for TBODu was computed
to be approximately 254 Ib/day.
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Definitions

Ammonia: Inorganic form of nitrogen (N§); product of hydrolysis of organic nitrogen andhitigfication.
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 nitnog@éHs-N)

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

Ambient Stations: A network of fixed monitoring stations establishémt systematic water quality
sampling at regular intervals, and for uniform pae#ric 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 provistoof 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-tedwalterations based on the

best scientific information available to MDEQ. Thstablishment of natural background for an altered
water body may be based upon a similar, unaltereldast 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 arenificantly based on actual
measurements using data from surveys on the regeivater body.

Critical Condition: Hydrologic and atmospheric conditions in which gadlutants 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 gecs
calculated as the average.

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

Discharge Monitoring Report: Report of effluent characteristics submitted by MRDES-permitted
facility.
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Dissolved Oxygen: The amount of oxygen dissolved in water. It alsi@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 receiviraev.

Effluent Standards and Limitations: All state or federal effluent standards and litiitas 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 performantmic effluent standards and prohibitions, pretresnt
standards, and schedules of compliance.

Effluent: Treated wastewater flowing out of the treatmeatlifees.

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

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

Groundwater: Subsurface water in the zone of saturation. Graaer 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 quasigndards due to an individual
pollutant, multiple pollutants, pollution, or ankimown 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 p@lutfrom 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 streeamfone or multiple sources.

Mass Balance: An equation that accounts for the flux of massiganto a defined area and the flux of
mass leaving a defined area; the flux in must etieaflux 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 actsiti
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.
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Nitrogenous Biochemical Oxygen Demand: Also called NBODu, the amount of oxygen consumgd b
microorganisms while stabilizing or degrading nifgaous 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 Miggi$é 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@amic 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 sasrcan
also include pollutant loads contributed by trilvigs to the main receiving stream.

Pollution: Contamination, or other alteration of the physiadlemical, 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 ownedttmemt works, which accepts discharges, which would
otherwise be subject to Federal Pretreatment Remeints.

Reaeration: The net flux of oxygen occurring from the atmogght 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 givdones
of the other variable.

Respiration: The biochemical process by means of which cellfueis 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, rempexygen from the surrounding water column.

Storm Runoff: Rainfall that does not evaporate or infiltrate tp@und because of impervious land
surfaces or a soil infiltration rate slower thamfall intensity, but instead flows into adjaceantl 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 iatpgource discharge. The equation assumes that the
stream flow is constant and that CBODu exertiothés only source of DO deficit while reaeration lie 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 cardoeous 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 logdto a
water body at which water quality standards cambatained.

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

Waste load Allocation (WLA): The portion of a receiving waters loading capagityributed 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 Coastatéfta 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 orsifecation, and the Mississippi antidegradationigol

Water Quality Criteriaz Elements of state water quality standards, esgasas constituent
concentrations, levels, or narrative statemenggesznting a quality of water that supports the@meand
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..........c.ceeee. Better Assessment Saelmtegrating Point and Nonpoint Sources
B P e Best Mgeaent Practice
CBODs ..o, 5yp@arbonaceous Biochemical Oxygen Demand
(61210 B ¥ Carboeags Ultimate Biochemical Oxygen Demand
G A e Clean Water Act
DMR ..t Discharge Mamihg Report
US EPA L U.S. Environmental Protectidbgency
GIS e 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.....oioiiiiiiieeeeeeeeeeeeeeeand) Mississippi Department of Environmental Quality
1YL 5 2 Millioallons per Day
1Y@ 1 T PP PPRPPPPPTTURTN Margin of Safety
NBODU.....ccuiiiiiieiiiiiiii e Nitergpus Ultimate Biochemical Oxygen Demand
N TP PUPPP PRSPPI Total Ammonia
NHZ-N . e Total Ammonia Atrogen
NO2H NOB ..t e e e e e e e e e e eenneaaas NitritduB Nitrate
NPDES ... National Pollutant Discharge Elimination System
RB A e Rapid BiologicAssessment
7Q10.............. 7-Day Average Low Stream Flowhwa 10-Year Occurrence Period
TBODE.....coiiiiie e 5-Day Total Biochemical Oxygen Demand
TBODU ..t Total Ultimate Biochemical Oxygen Demand
TN et et e e e e e t&bKjeldahl Nitrogen
LI PP PT TP Total Nitrogen
T O e e e e Total Organic Carbon
TP e s Total Phosphorus
USGS. . e United States Bgal Survey
VLA e e a e e e e B¥a Load Allocation
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Appendix A: Watershed Model and Siltation Analysisfor Lake
Washington Water shed

Yazoo Basin




Sediment/Siltation and Organic Enrichment/Low DODIMor Lake Washington and Two Unnamed Tributaries

Appendix B: Unnamed Tributary to Lake Washington Water Quality
Model
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