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EXECUTIVE SUMMARY

Section 303(d) of the Clean Water Act and the Bi&ironmental Protection Agency’s
(USEPA) Water Quality Planning and Management Raguis (at Title 40 of th€ode of

Federal RegulationfCFR] Part 130) require states to develop Totakikham Daily Loads
(TMDLs) for impaired waterbodies. A TMDL establishihe amount of a pollutant that a
waterbody can assimilate while still meeting theexguality standard for that pollutant.

TMDLs provide the scientific basis for a state stablish water quality-based controls to reduce
pollution from both point and nonpoint sourcesdstore and maintain the quality of the state’s
water resources (USEPA 1991).

A TMDL for a given pollutant and waterbody is conspd of the sum of individual wasteload
allocations (WLASs) for point sources and load adiiians (LAs) for nonpoint sources and natural
background levels. In addition, the TMDL must irdduan implicit or explicit margin of safety
(MOS) to account for the uncertainty in the relasibip between pollutant loads and the quality
of the receiving waterbody and may include a fugn@avth (FG) component. The TMDL
components are illustrated using the following éiqura

TMDL = 2 WLAs +2 LAs + MOS + FG

The study area for this TMDL includes three PeaveRBasin subsegments. The Pearl River
flows along the border of Louisiana and Mississifiporiginates in Mississippi at the
confluence of Nanawaya and Tallahaga creeks amd ffmutherly for almost 500 miles. It has a
drainage area of almost 9,000 square miles. ITMBL study area, the largest percentage of
area is wetland, followed by forest, shrubland, agdculture.

The Louisiana Department of Environmental QualitipEEQ) has included three Pearl River
Basin subsegments on the state’s 2004 section B&(df impaired waterbodies. The
subsegments are listed for dissolved oxygen impats The impaired designated uses for the
subsegments (Table ES-1) are primary and secowdatgct recreation (PCR and SCR), and
fish and wildlife propagation (FWP). The subsegment either fully supporting (F) or not
supporting (N).

Table ES-1. Section 303(d) listing for subsegments included in this report

Designated use
Subsegment Subsegment name Subsegment description o o a
ol o | =
o @] L
090105 Pearl River Navigation Canal Pools Bluff to Lock No. 3 F F N
090204 Pearl River Navigation Canal Below Lock No.3 F F N
090207 Middle River and West Middle River West Pearl River to Little Lake | F F N

A water quality model (LA-QUAL) was set up to simté dissolved oxygen, carbonaceous
biochemical oxygen demand (CBOD), ammonia, and@ftitrate. The model was calibrated
using data from field work conducted in August 2006e projection simulation was run at
critical flows and temperatures to address seadpnas$ the Clean Water Act requires.
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Reductions of nonpoint source loads were requioedhie projection simulation to show the
dissolved oxygen standard, 5 mg/L, being maintaiiedeneral, the modeling in this study was
consistent with guidance in the Louisiana TMDL teichl procedures manual (LDEQ 2005).
TMDLs for oxygen-demanding substances (CBO&@nmonia, nitrate, and sediment oxygen
demand) were calculated using the results of thggtion simulation.

Table ES-2 presents a summary of the TMDLs foistiizssegments addressed in this report. The
numeric water quality criterion that applies to timpaired subsegments and was used to
calculate the total allowable pollutant loads m&/L.

In TMDL development, allowable loadings from alllljpéant sources that cumulatively amount
to no more than the TMDL must be established, thepegoviding the basis for establishing
water quality-based controls. WLAs were assigneptonitted point source discharges. The
LAs include background loadings and human-induaatpoint sources. An explicit MOS of 10
percent and an FG component of 10 percent werdradBaled. Table ES-3 presents a summary
of the reduction percentages for LAs. Reductiorc@atages for total oxygen demand ranged
from 20 to 66 percent. There were no reductiond\fbAs (ES-4).

Table ES-2. Summary of dissolved oxygen TMDLs, WLAS, LAs, MOSs, and FGs for Pearl River
Basin

Oxygen demand
Subsegment (Ib/d)
090105 SOD CBOD, Ammonia® Nitrate® Total
WLA 0.00 12.88 0.79 0.00 13.67
MOS for WLA 0.00 1.61 0.10 0.00 1.71
FG for WLA 0.00 1.61 0.10 0.00 1.71
LA 392.42 1,425.07 109.21 548.32 2,475.02
MOS for LA 49.05 178.13 13.65 68.54 309.38
FG for LA 49.05 178.13 13.65 68.54 309.38
TMDL 490.53 1,797.44 137.50 685.40 3,110.87
Oxygen demand
Subsegment (Ib/d)
090204 SOD CBOD, Ammonia® Nitrate® Total
WLA 0.00 15.63 9.81 0.00 25.44
MOS for WLA 0.00 1.95 1.23 0.00 3.18
FG for WLA 0.00 1.95 1.23 0.00 3.18
LA 2,171.11 1,237.23 868.31 134.41 4,411.06
MOS for LA 271.39 154.65 108.54 16.80 551.38
FG for LA 271.39 154.65 108.54 16.80 551.38
TMDL 2,713.89 1,566.08 1,097.64 168.01 5,545.62
Oxygen demand
Subsegment (Ib/d)
090207 SOD CBOD, Ammonia® Nitrate® Total
WLA 0.00 0.00 0.00 0.00 0.00
MOS for WLA 0.00 0.00 0.00 0.00 0.00
FG for WLA 0.00 0.00 0.00 0.00 0.00
LA 6,482.47 6,197.28 73.31 3,863.46 16,616.53
MOS for LA 810.31 774.66 9.16 482.93 2,077.07
FG for LA 810.31 774.66 9.16 482.93 2,077.07
TMDL 8,103.09 7,746.60 91.64 4,829.33 20,770.67

& Converted to oxygen demand. (concentration x 4.33 [conversion factor])
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Table ES-3. Summary of reduction percentages for LAs in the Pearl River Basin

Percent reduction
Subsegment SOD CBOD, Ammonia Nitrate Total
090105 17.93 27.35 0.00 0.00 20.12
090204 48.43 60.10 0.00 0.00 46.95
090207 67.47 75.38 0.00 0.00 66.12
Table ES-4. Summary of WLAs for the Pearl River Basin
BODs | Ammonia
Sub- Flow Limit Limit BODs | Ammonia
segment Permit # Outfall | Facility Name (gpd) | (mg/L) (mg/L) (Ib/d) (Ib/d)
090105 LA0106143 | 001 Double D Meat Co. 5,500 -- 4.0 5.60 0.18
090204 LA0055638 | 002 MacKenzie Co LLC 800 45 15 0.30 0.10
St. Tammany Parish
Government-Bush
090204 LAG480357 | 001 Maintenance 2,000 45 15 0.75 0.25
Bellsouth
Telecommunications
090204 LAG530499 J2840 5,000 45 15 1.88 0.63
090204 LAG530848 | 001 Highway 21 LLC 5,000 45 15 1.88 0.63
Hebron Baptist
Church of Bush La -
090204 LAG531949 | 001 Hebron B 1,800 45 15 0.68 0.23
Sixth Ward Junior
090204 LAG541203 | 001 High School 5,240 30 10 1.31 0.44

Hurricane Katrina made landfall on Monday, August 2005, as a Category 4 hurricane. The
storm brought heavy winds and rain to southeastsiama. Floodwaters breached several levees,
flooding large areas of coastal Louisiana. Theibane caused a change in sedimentation and
water quality in southern Louisiana. Several fedanal state agencies, including EPA and
LDEQ, are engaged in collecting environmental @aid assessing the recovery of the Gulf of
Mexico waters. The proposed TMDLs in this reportevdeveloped on the basis of pre- and
post-hurricane conditions. Therefore, some postitarre conditions and other factors could
delay implementation of these proposed TMDLs, resdene proposed TMDLs obsolete, or
require modifications of the TMDLs. Hurricane effeight be a valid justification for some
TMDL modification, however, any deviation from ti&DLs should be justified using site-
specific data or information.
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1 INTRODUCTION

Section 303(d) of the Clean Water Act and the Hi8/ironmental Protection Agency’s
(USEPA) Water Quality Planning and Management Raguis (at Title 40 of th€ode of

Federal RegulationfCFR] Part 130) require states to develop Totakikbam Daily Loads
(TMDLs) for waterbodies that are not supportingrtidesignated uses, even if pollutant sources
have implemented technology-based controls. A TMiStablishes the maximum allowable load
(mass per unit time) of a pollutant that a wategbigdable to assimilate while still supporting its
designated uses. The maximum allowable load igmé@ted on the basis of the relationship
between pollutant sources and in-stream watertyuAiTMDL provides the scientific basis for
a state to establish water quality-based contooteduce pollution from both point and nonpoint
sources to restore and maintain the quality okthge’s water resources (USEPA 1991).

Monitoring data collected by the Louisiana Deparitr@f Environmental Quality (LDEQ)
indicate that observed dissolved oxygen water tuatimetimes does not meet criteria for three
subsegments in the Pearl River Basin. The impalesignated uses for the subsegments are
primary and secondary contact recreation, anddighwildlife propagation. The subsegments
are either fully supporting (F) or not supportimd) (he designated uses. Table 1-1 presents
information from Louisiana’s 2004 section 303(d} flor the three subsegments. Al
subsegments have the suspected cause of “unknaweesg’ which indicates that various
sources might be present but not enough data arkalble to identify them.

Table 1-1. Subsegments and impairments addressed in this report

Designated use
Subsegment Subsegment name Subsegment description o o 0
ol o | 2
o &) o
090105 Pearl River Navigation Canal Pools Bluff to Lock No. 3 F F N
090204 Pearl River Navigation Canal Below Lock No.3 F F N
090207 Middle River and West Middle River West Pearl River to Little Lake F F N

Oxygen concentrations in the water column fluctuetder natural conditions, but severe
depletion usually results from human activitied thiroduce large quantities of biodegradable
organic materials into surface waters. In polluteders, bacterial degradation of organic
materials can result in a net decline in oxygerceatrations in the water. Oxygen depletion can
also result from chemical reactions that placeerabal oxygen demand on receiving waters.
Other factors, such as temperature and saliniiiyence the amount of oxygen dissolved in
water. Prolonged hot weather decreases oxygen gatiens and can cause fish kills even in
clean waters because warm water cannot hold as oxygfen as cold water (Scorecard 2005).
Other factors affecting dissolved oxygen conceianatinclude the following (Murphy 2005):

* Volume and velocity of water flowing in the watedyo
» Climate/season

* The type and number of organisms in the waterbody
* Altitude
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» Dissolved or suspended solids
* Amount of nutrients in the water
* Organic wastes

* Riparian vegetation

e Groundwater inflow

Low dissolved oxygen concentrations in streamshealinked to both natural conditions and
human activities. In Louisiana, natural stream ¢k like low flow, high temperature, and
high organic content often result in dissolved etydpevels already below current water quality
criteria, making it difficult to develop standarids Best Management Practices (BMPs) (Mason
et al. 2007). Additional data for these 303(d)elisareas are needed to determine whether the
low dissolved oxygen occurs naturally or is rela@tuman activity (is anthropogenic).




FINAL-TMDLs for Dissolved Oxygen in Selected Subsegments in the Pearl River Basin, Louisiana

2 BACKGROUND INFORMATION
2.1 General Description

The Pearl River flows along the border of Louisiand Mississippi. It originates in Mississippi
at the confluence of Nanawaya and Tallahaga craett$lows southerly for almost 500 miles. It
has a drainage area of almost 9,000 square mitesutS0 miles above its mouth, the Pearl
River splits and forms the East Pearl River andtWearl| River. Both portions flow to Lake
Borgne and eventually to the Gulf of Mexico. In lisiana the Pearl River Basin includes
portions of Washington and St. Tammany parishegjedisas a small portion of Tangipahoa
Parish. The watershed’s U.S. Geological Survey (88&drologic unit codes are 03180004
and 03180005.

The area of interest for this TMDL consists of stdd subsegments in the Pearl River and East
Pearl River watersheds in Washington and St. Tamgrparishes. Table 2-1 lists the parish and
approximate drainage area of each subsegment,igne& 2-1 and 2-2 shows the locations of
the subsegments.

Table 2-1. Parish and drainage area for each listed subsegment in the Pearl River Basin

Subsegment number Subsegment name Parish Subsc(agg:sn)t area
090105 Pearl River Navigation Canal Washington 8,108
090204 Pearl River Navigation Canal St. Tammany 26,386
090207 Middle River and West Middle River | St. Tammany 18,185
2.2 Land Use

Land use data were obtained from the 2001 USGSh&tLand Cover Dataset (NLCD; Table
2-2 and Figure 2-3). The predominant land useennipaired subsegments is wetland. The
percentage of wetlands in the watersheds ranges3tbpercent to 97 percent, followed by
forest, shrubland, and agriculture. There is vitlg I[developed land in any of the three
subsegments. Subsegments 090105 and 090204 hgeataas of forest and woody wetland.
Subsegment 090207 is almost entirely wetland ama @gater. It has only just over 1 percent
developed area, which consists of highways.

Table 2-2. Land use percentages for each listed subsegment in the Pearl River Basin

. Emergent
Sub- Open Barren Grass/ | Pasture/ | Cultivated | Woody
segment | water DEvEleped land el shrub hay crops wetland nEBEEERE
wetland
090105 2.60 6.83 0.09 22.56 15.31 12.76 2.42 36.04 1.40
090204 2.27 5.14 0.07 33.17 19.79 5.37 3.81 29.88 0.51
090207 6.30 1.07 0.02 0.02 0.00 0.00 0.00 63.07 29.52
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Figure 2-1. Locations of the northern Pearl River Basin subsegments.
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Figure 2-3. Land use in the Pearl River Basin subsegments.
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2.3 Hydrologic Setting

The USGS online hydrology database (NWISWeb) do¢sontain any stations with flow data
in the subsegments that are impaired for dissobvggen.

The subsegments in this TMDL do not have typiaalfpatterns. Subsegments 090105 and
090204 are the Pearl River Navigational Canal (PRM@d subsegment 090207 is the Middle
and West Middle rivers.

2.3.1 Pearl River Navigational Canal

The PRNC runs just over 30 kilometers through tulosegments. The subsegments were once
part of a canal and lock system, which is no loragmrational. The system has three locks. The
northernmost lock, Lock 3, acts as the boundarywéen the two subsegments. The PRNC is a
dredged channel that has a fairly uniform depthwioith * It is assumed to have a constant
water elevation based on shoreline vegetation ixed-{ocation dock$.Most of its shoreline is
bounded by levees and piled soils from when thaloaas initially dredged.

Even though the locks are no longer operationadlisgaps in the gates permit a limited amount
of flow though the locks. The northern sectionted PRNC is connected to the Pearl River, near
Pools Bluff, Louisiana, through only a small chantterough which small boats can pass.
However, little flow enters the canal, except dgrilvod conditions.

The canal does not have any major tributaries. Rankd, at the northern portion of the canal, is
a backwater pond, and no flow enters the canal ffepond- Mill Creek drains portions of
subsegment 090105, but the flow from the creekrsrtdake and does not enter the canal.

Subsegment 090204 has more tributaries; howevest aidthem have little associated flow.
Evans Creek has negligible flow; Talisheek Creelw8 into a swamp, from which a negligible
flow enters the PRN€EIn addition to these tributaries, there is a @i} from the PRNC to
Ernest Slough. This spillway operates mainly duhigh-flow conditions and is mostly for
erosion controt.

The major tributary to the PRNC is Bogue ChittogBe Chitto enters the PRNC in subsegment
090204 and exits the canal shortly after entefihgst of the water entering the canal from
Bogue Chitto exits the canal with Bogue Chittd.large amount of sediment has accumulated in
the PRNC upstream of its confluence with Bogue t8RiThis sediment bar forms a barrier
similar to the one between the Pearl River andPRBIC; like that barrier, it has a narrow
channel cutout through which boats can navigate.

The PRNC eventually enters the West Pearl Rivantishbefore Holmes Bayou enters into the
West River.

! David Ogé, Louisiana Department of EnvironmentahlQy (Southeast Regional Office), personal
communication, February 8, 2007.
2 Nathan Siria, field sampler for FTN Associategspeal communication, February 9, 2007.
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2.3.2 Middle and West Middle Rivers

The Middle and West Middle rivers partly originatethe West Pearl River. The West Pearl
River is connected to the Middle River though Peaake Cutoff. Only a small amount of flow
enters the Middle River during low flows, but arsficant amount enters during high flows.
Just south of Route 10, the Middle River split® itite Middle and West Middle rivers. A recent
field study found that 60 percent of the flow go@she West Middle River (FTN Associates
2006). The two rivers are connected at Graves Ritchthrough several small, unnamed
channels. Very little flow goes through Graves Bi&t low flow, and most of the flow is tidally
influenced”

During the course of the Middle and West Middleers; numerous small bayous and sloughs are
connected to the rivers. Many of these bayous knajss have become blocked with sediment
bars over the years, and flow occurs only durirgpHlow periods® Most of the flow in the
subsegment is tidally influenced, except duringtenmigh flows, when there is significant rain
upstream of the subsegmént.

The Middle West River flows from its split with tiMiddle River south to the East Mouth of the
West Pearl River. During its course, it connecthweveral bayous and sloughs, including Mill
Bayou, Upper Black Bayou, Lower Black Bayou, an@$3ly Bayou. Some flow from the river
flows into Johnson Pass, which also dischargestirgdast Mouth. The East Mouth then joins
Little Lake.

The flow pattern of the Middle River is slightly mocomplicated than that of the West Middle
River. After splitting with the West Middle Rivethe Middle River is joined by Steamboat
Bayou and Morgan Bayou. The river then splits thi Middle River and the East Middle River,
which later combine after flows from Chalon Bayauw &oitevants Ditch enter the East Middle
River. Chalon Bayou and Poitevants Ditch conneetihst Middle River with the main stem of
the Pearl River. The Middle River and the East Nad/iver combine to form the Old Pearl
River, which joins with the Pearl River and flovesliake Borgne.

2.4 Desighated Uses and Water Quality Criteria

Louisiana’s 2004 section 303(d) list indicates thatthree listed subsegments—all assigned a
use of primary or secondary contact recreatioffishrand wildlife propagation—do not meet
applicable water quality standards because of wukrspurces. Primary contact recreation
involves any recreational or other water contaebiving full-body exposure to water and a
considerable probability of ingesting water. Exadsphre swimming and water skiing.
Secondary contact recreation involves activitiks fishing, wading, or boating, where water
contact is accidental or incidental and therensiramal chance of ingesting appreciable
amounts of wateFish and wildlife propagation includes the use atev for aquatic habitat,
food, resting, reproduction, cover, or travel adors for any indigenous wildlife and aquatic life
species associated with the aquatic environment.

% David Ogé, Louisiana Department of EnvironmentahlQy (Southeast Regional Office), personal
communication, February 28, 2007.
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The assessment methodology presented in LDEQ’$3@&¢ort (LDEQ 2004) specifies that
primary contact recreation, secondary contact etitne, and fish and wildlife propagation uses
are to be fully supported. The state minimum dotefor the subsegments in this TMDL is 0.5
ppm (5 mg/L).

The Louisiana water quality standards also incla@ntidegradation policy.@uisiana
Administrative Cod¢LAC] Title 33, Part IX, Section 1109.A), whichades that state waters
exhibiting high water quality should be maintairsgdhat high level of water quality. If that is
not possible, water quality of a level that suppdine designated uses of the waterbody should
be maintained. The designated uses of a waterbagybe changed to allow a lower level of
water quality only through a use attainability stud

2.5 ldentification of Sources
2.5.1 Point Sources

LDEQ stores permit information using internal datsds. A list of permits in the Pearl River
Basin was obtained from LDEQ using its TEMPO an&FRatabases. Information on point
source discharges to the listed subsegments wamebtfrom the Electronic Document
Management System (EDMS) database at LDEQ. Date pdled from these databases and
analyzed for the TMDLs. Each facility was evaluabedged on its discharges and the relevant
subsegment’s 303(d) listing to determine whetherféltility would be used in developing the
TMDLs. The evaluation yielded seven point soursellarges (Table 2-3) that could affect
dissolved oxygen levels. Of these, only two weredudirectly in the model, on the basis of
distance to the main model channel. None of thiitias’ discharge permits specify dissolved
oxygen.

Table 2-3. Point source discharge information for the Pearl River Basin

NPDES Ammonia
permit Receiving Flow BOD:s limit limit Used in
number Outfall | Facility name | water body (gpd) (mg/L) (mg/L) model?
Subsegment 090105
11.2 Ib/d
(daily); 8 (daily); No — Does not
Double D Meat ditch — 5,500 5.6 Ib/d 4 discharge to
LA0106143 | 001 Co. PRNC (design) (monthly) (monthly) main channel.
Subsegment 090204
3,645
001 (average) - 10 (daily)
800
002 Talisheek (design) 45 (daily) -- No — Does not
MacKenzie Co Creek — 1,080 discharge to
LA0055638 | 003 LLC PRNC (average) -- 10 (daily) main channel.
St. Tammany 2,000
Parish ;
001 Government — Talisheek (design) 45 (weekly) No — Does not
Bush Creek — 200 discharge to
LAG480357 | 002 Maintenance PRNC (average) -- - main channel.
Bellsouth ditch — Little No — Does not
Telecommun- Brushy 5,000 discharge to
LAG530499 ications J2840 Branch (max) 45 (weekly) -- main channel.
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Table 2-3. (continued)

NPDES Ammonia
permit Receiving Flow BOD:s limit limit Used in
number Outfall | Facility name | water body (gpd) (mg/L) (mg/L) model?
No — Does not
Highway 21 Waterhole 5,000 discharge to
LAG530848 | 001 LLC Branch (max) 45 (weekly) -- main channel.
ditch — Little | 1,800
Hebron Baptist Brushy (design);
Church of Bush, | Branch — 2,500
LAG531949 | 001 LA PRNC (max) 45 (weekly) -- Yes
5,240
Sixth Ward (design); 45 (weekly);
Junior High ditch — 10,000 30
LAG541203 | 001 School PRNC (max) (monthly) -- Yes

2.5.2 Nonpoint Sources

Louisiana’s section 303(d) list does not identifg suspected cause of the dissolved oxygen
impairment in the subsegments of the Pearl RiveirBd he source is listed asknown In
addition to natural wetlands, land uses in the sgilpent include pasture, urban land, and row
crops. These land uses could also introduce migrend oxygen demand to the subsegment.

10
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3 CHARACTERIZATION OF EXISTING WATER QUALITY
3.1 Water Quality Data

Water quality data were obtained from LDEQ’s roatambient water quality monitoring
program (Figures 3-1 and 3-2). Appendix A includesmmaries of the data for the 303(d) listed
constituents, along with additional constituentsdus the TMDL development process.
Dissolved oxygen data were available for each efttinee listed subsegments, each with 17 or
18 monitoring events. In addition, nutrient data summarized because they were also used in
developing the dissolved oxygen TMDLs. Appendixddtains the field notes.

Water quality monitoring data for each listed sgmsent were obtained from LDEQ (Table 3-1).
Tables 3-1 through 3-6 provide a summary of the QD&ater quality data available for three
stations in three subsegments (Figure 3-1). ThH®sethad between 14 and 18 data points.
Dissolved oxygen concentrations are lower in tharser and early fall months.

Table 3-1. Summary of dissolved oxygen data for the Pearl River Basin

Sub- Period of [No.of| DO minimum |DO maximum| DO average
segment | Station Station name record obs. (mg/L) (mg/L) (mg/L)

Pearl River Navigation 1/16/2001—-

090105] 1118|Canal at Lock 3, Louisiana |6/21/2006 18 3.02 9.17 6.00
Pearl River Navigation 1/2/2001-

090204 1053|Canal at Lock 1 6/27/2006 18 2.58 10.01 6.63
Middle Pearl River at Hwy |1/2/2001—

090207  1055|90 5/22/2006 17 3.95 10.73 6.79

Table 3-2. Summary of total organic carbon data for the Pearl River Basin

TOC TOC TOC
Period of |No. of [minimum |maximum | average
Subsegment | Station Station name record obs. | (mg/L) (mg/L) (mg/L)
Pearl River Navigation Canal at 1/16/2001-
090105/1118  |Lock 3, Louisiana 3/29/2006 16 3.10 15.60 9.83
Pearl River Navigation Canal at 1/2/2001—
090204/1053  |Lock 1 3/21/2006 14 5.50 34.60 11.82
1/2/2001—~
090207|1055 Middle Pearl River at Hwy 90 3/28/2006 15 6.90 12.60 8.76
Table 3-3. Summary of nitrite+nitrate data for the Pearl River Basin
Total Total Total
NO2+NO3z | NO2+NO3 | NO>+NO3
Period of |[No. of | minimum |maximum | average
Subsegment | Station Station name record obs. (mg/L) (mg/L) (mg/L)
Pearl River Navigation Canal at 1/16/2001-
090105 1118 Lock 3, Louisiana 3/29/2006 16 0.05 0.18 0.09
Pearl River Navigation Canal at 1/2/2001-
090204 1053 Lock 1 3/21/2006 14 0.05 0.12 0.06
1/2/2001-
090207 1055 Middle Pearl River at Hwy 90 3/28/2006 15 0.05 0.23 0.12

11
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Table 3-4. Summary of ammonia data for the Pearl River Basin

Ammonia | Ammonia | Ammonia
Period of |No. of | minimum | maximum | average
Subsegment | Station Station name record obs. (mg/L) (mg/L) (mg/L)
Pearl River Navigation Canal at  |{1/16/2001—
090105(1118 Lock 3, Louisiana 3/29/2006 16 0.10 0.28 0.12
Pearl River Navigation Canal at  (1/2/2001-
090204/1053  |Lock 1 3/21/2006 14 0.10 0.56 0.14
1/2/2001—-
090207|1055 |Middle Pearl River at Hwy 90 3/28/2006 15 0.10 0.56 0.14

Table 3-5. Summary of total organic nitrogen data for the Pearl River Basin

TKN TKN TKN
Period of [No. of| minimum |maximum| average
Subsegment |Station Station name record obs. | (mg/L) (mg/L) (mg/L)
Pearl River Navigation Canal at 1/16/2001—-
090105/1118 |Lock 3, Louisiana 3/29/2006 16 0.21 1.04 0.58
Pearl River Navigation Canal at 1/2/2001—-
0902041053  |Lock 1 3/21/2006 14 0.31 0.73 0.54
1/2/2001—~
090207|1055  |Middle Pearl River at Hwy 90 3/28/2006 15 0.10 1.50 0.69
Table 3-6. Summary of total phosphorus data for the Pearl River Basin
Total Total Total
No. phos. phos. phos.
Period of | of |minimum |maximum | average
Subsegment |Station Station name record |obs.| (mg/L) (mg/L) (mg/L)
Pearl River Navigation Canal at 1/16/2001—-
090105 1118 |Lock 3, Louisiana 3/29/2006 16 0.05 0.12 0.08
Pearl River Navigation Canal at 1/2/2001-
090204 1053 |Lock 1 3/21/2006 14 0.05 0.08 0.06
1/2/2001—
090207 1055 |Middle Pearl River at Hwy 90 3/28/2006 15 0.05 0.21 0.11

Additional environmental data were obtained fronre@ent monitoring event, conducted
August 14, 2006, though August 18, 2006. Waterityudata were collected at 18 locations for
total phosphorus, chlorophyll a, 25-day carbonasdnochemical oxygen demand (CBOD),
ammonia, total Kjeldahl nitrogen (TKN), nitrate plaitrite nitrogen, and total organic carbon
(TOC). In addition, these 18 locations, along wlithother locations, were monitored for in situ
measurements of temperature, dissolved oxygenapticonductivity; 3 of the locations were
continuously monitored in situ for 24 to 48 hours.

The results of the data compilation and reviewudelthe following:

* In situ data collected throughout each subsegment
e Continuous in situ data
» Laboratory analyses of water samples

12
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Figure 3-1. Locations of monitoring stations in the northern Pearl River Basin.
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Figure 3-2. Locations of monitoring stations in the southern Pearl River Basin.
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» Continuous water level data
» Cross section and flow data from the acoustic Depglirrent profiler (ADCP)
* Dye study data (time of travel).

These data were collected during an intensive 4fie&ysurvey in August 2006. There were no
large storms or other atypical weather during anadiately prior to the field survey (FTN
Associates 2006).

3.1.1 In Situ Data

The in situ measurements of water temperaturegldisd oxygen, specific conductivity, and pH
are presented in Appendix A (Table A-1). These dagee collected at 16 stations in the PRNC
system (subsegments 090105 and 090204) and lénstati the Middle River/West Middle

River system (subsegment 090207). At the a depBfeét, the only two stations in the PRNC
system that had dissolved oxygen values below #tenquality standard of 5.0 mg/L were
090105-C (main stem) and 090204-F (stagnant embayate€onfluence with Talisheek Creek).
For the Middle River/West Middle River system, thk dissolved oxygen values at 3 feet were
below the water quality standard of 5.0 mg/L exatation 090207-Q (at the entrance to Little
Lake).

3.1.2 Continuous In Situ Monitoring

Continuous in situ data were collected at two stetiin the PRNC system and two stations in the
Middle River/West Middle River system. Each contina monitor recorded measurements of
pH, temperature, specific conductivity, and disedloxygen at 30-minute intervals. Data for the
northern part of the PRNC (station 090105-D) shioere was minimal diurnal variation in
temperature, specific conductivity, and pH (Figute$ through A-4 in Appendix A). The
dissolved oxygen varied from 3.8 mg/L to 6.3 mdfig(re 3-3). Data for the southern part of
the PRNC (station 090204-E) show there was mingnahal variation in temperature, specific
conductivity, and pH (Figures A-5 through A-8 inpgndix A). The dissolved oxygen varied
from 5.6 mg/L to 7.0 mg/L (Figure 3-4).

Data for the Middle River at Interstate 10 (statd®@9207-B) show the following results (Figures
A-9 through A-12 in Appendix A). The temperatureigd from 29.5 °C to 32.0 °C. The
conductivity showed minimal diurnal fluctuation evnough the tides have a significant impact
on diurnal fluctuations of water levels at thistista. The dissolved oxygen varied from less than
3 mg/L to afternoon peaks of 4.5 mg/L to 4.9 mdfig@re 3-5). All the continuous dissolved
oxygen values at this station were below the waility standard of 5.0 mg/L. The pH and
dissolved oxygen data at this station indicatetiredly low algal productivity.

Data for the West Middle River at Highway 90 (statD90207-M) show the following results
(Figures A-13 through A-16 in Appendix A). The caietivity varied from 6,00Qumhos in the
afternoon to 70@mhos the next morning. The timing of the fluctuaiavas unexpected.
Normally, the higher conductivity values would bgected to occur near the time of the
maximum water level (i.e., near the end of the mitw tide) and the lower conductivity values
would be expected to occur near the time of thamum water level (i.e., near the end of the
outgoing tide). The data at station 090207-M, thmuwlyd not follow the expected pattern. The
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Figure 3-3 Continuous dissolved oxygen for PRNC at station 090105-D.

*. .
* 0000000

DO (mglL)
N

0 + + + + + + + +
8/14 4:00 8/14 8:00 8/14 12:00 8/14 16:00 8/14 20:00 8/15 0:00 8/15 4:.00 8/15 8:00 8/15 12:00 8/15 16:0

Date/Time

Figure 3-4 Continuous dissolved oxygen for PRNC at station 090204-E.
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Figure 3-5 Continuous dissolved oxygen for Middle River at station 090207-B.
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Figure 3-6 Continuous dissolved oxygen for West Middle River at station 090207-M.
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highest conductivity value occurred near the middithe outgoing tide and the lowest
conductivity value occurred just after the endraf incoming tide. One possible explanation for
this would be fluctuations in the vertical distrilmn of conductivity at station 090207-M. The in
situ data in Appendix A (Table A-1) show that tlemductivity values at station 090207-M were
2,130umhos at a depth of 3 feet and 20,186hos at depth of 20 feet. The peak conductivity
measured by the continuous recorder might have theero a mixing phenomenon, which could
have been caused by wind or boat traffic. The ptHdissolved oxygen data for station 090207-
M show minimal diurnal fluctuations. All the contious dissolved oxygen values at this station
were below the water quality standard of 5.0 mdfiggre 3-6). The pH and dissolved oxygen
data at station 090207-M indicate low algal produiyt

3.1.3 Sample Data

Data from laboratory analyses of water samplepergented in Appendix A (Table A-2).
Samples were collected at nine stations in the PBy¢m and nine stations in the Middle
River/West Middle River system. Three samples wetkected as quality assurance/quality
control (QA/QC) duplicates.

In general, the measured concentrations were rabkoand within expected ranges of values
for waterbodies in southern Louisiana. The CBOuga) however, were lower than expected.
At the end of the 25-day CBOD time series analydlghe CBOD values were less than 5 mg/L
and seven of them were below the detection lev2lmfy/L. Although the 25-day CBOD values
are expected to be somewhat lower than ultimate @B&ues, this comparison suggests that
further investigation is needed to determine appabtg CBOD values for model calibration.

3.1.4 Continuous Water Levels

Water levels were recorded at 15-minute intervathrae stations in the Middle River/West
Middle River system. The data show a diurnal wheeel fluctuation of about 2 feet at all three
stations. The diurnal fluctuation at the northerstrgiation (090207-B) was expected to be
significantly smaller and slightly delayed compatedhe diurnal fluctuations at the two
southern stations (090207-M and 090207-Q); howalkthree showed nearly the same
magnitude and timing of fluctuations.

3.1.5 Flow Measurements

Acoustic Doppler Data
An acoustic Doppler current profiler (ADCP) instremt was used to measure cross-sectional
widths, depths, and flows at 14 stations in the ERMstem and 15 stations in the Middle River/
West Middle River system.

In subsegment 090105 (the portion of the PRNC nairttock 3), only about 4-5 cfs of water
was flowing, based on the flow measurements at @®®Land 090105-F. The measured inflow
from the Bogue Chitto River (station 090204-A; soat Lock 3) was 625 cfs, which was similar
to the provisional mean daily flow of 641 cfs thaid been reported for the USGS flow gauge on
the Bogue Chitto River a few miles upstream ofieta®90204-A. Most of the inflow from the
Bogue Chitto River flows out of the PRNC near stat090204-B, where the Bogue Chitto River
continues flowing eastward. There was no acceskib&ion for measuring the amount of water
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flowing eastward out of the PRNC into Bogue ChRiwer because of a weir along the eastern
edge of the PRNC where the Bogue Chitto River fleastward.

South of the Bogue Chitto River confluence, abdut®670 cfs was flowing south in the PRNC,
on the basis of the flow measurements at stati®Q2@-D, 090204-G, and 090204-K. The
water level was at least 10 feet higher on therapst side of Lock 1 than on the downstream
side, and water was leaking through the gates et LloThere is a spillway along the eastern
side of the PRNC about 0.5 mile downstream (soaftisjation 090204-J. A small amount of
flow was leaving the PRNC at that location, butfloes could not be measured.

In the Middle River/West Middle River system, thardal flow reversals did not allow a flow
balance to be established using only the ADCP fl@vee of the purposes of the ADCP flow
measurements for this system was to estimate lewdplits at the confluence of the West
Middle River and Middle River just south of Inteatd 10. Flow measurements at stations
090207-C and 090207-D show that 60 percent ofltdve fnoving south at this confluence flows
to the West Middle River (715 cfs) and 40 percémw$ to the Middle River (527 cfs). The
measured inflows to the Middle River at station82®/-F and 090207-1 (606 cfs and 750 cfs)
show that significant amounts of flow are exchanigetiveen the main stem and numerous side
channels. The flows measured at stations 09020@eN80207-O were unexpected because the
water at station 090207-N was flowing inland anelwater at station 090207-O was flowing
toward the Gulf of Mexico, even though the meas@mim at both stations were taken within a
period of about 50 minutes. The difference in dicgcmight be partly due to the fact that
measurements at both stations were taken neantbet which high tide occurred.

Dye Study
A dye study was conducted to measure tidally awestaglocity in the Middle River/West
Middle River system. The measured velocity was addd estimate tidally averaged flow.

A slug of dye was injected in the Middle River beem the Interstate 10 bridge and the Middle
River/West Middle River split. The dye was injectd}:50 p.m. on August 16, 2006. Based on
tide predictions obtained before the field stuthg, dye was expected to move north during the
evening and overnight and then return southwatteovicinity of the injection location during

the next day. Dye concentrations in the river waeasured after an elapsed time of
approximately 25 hours, and the center of the rna#se dye slug was 3,288 meters downstream
of the injection point. This resulted in an averagtcity of 0.12 ft/s over a full tidal cycle.

The average velocity was used to estimate a tidaiyaged flow for the Middle River/West
Middle River system. The average of the cross-geatiareas at stations 090207-C and 090207-
E (958 f) was multiplied by the average velocity (0.12)fttsobtain a tidally averaged flow

rate of 115 cfs in the Middle River. The tidallyeamged flow in the West Middle River was then
estimated by assuming that the ratio of tidallyraged flows for the Middle River and West
Middle River is the same as the ratio of the ADGW$ at stations 090207-C and 090207-D
(527 cfs and 715 cfs, respectively). This calcaolatielded a tidally averaged flow rate of 155
cfs for the West Middle River, which resulted itigally averaged flow rate of 270 cfs for both
the Middle River and West Middle River combined.
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A dye study was not conducted in the PRNC systerause there are no diurnal fluctuations in
flows due to tides. The acoustic Doppler flow measents are sufficient for developing a flow
balance in the PRNC system.

3.1.6 Additional Data

Data searches of additional databases were comtiddie USGS water quality database had
data for some stations in the TMDL areas, but @ita evere older than 1996 or were not for the
parameters of interest. A search of STORET retuomdygldata supplied by LDEQ. Therefore,
only data obtained from LDEQ were used in develgpirese TMDLSs.

3.2 Comparison of Observed Data to Criteria

Water quality monitoring data for each listed sgmsent were obtained from LDEQ (Table 3-1).
Table 3-7 provides a summary of the LDEQ dissolmegben data compared to criteria. All
three stations had dissolved oxygen observatiolosvidde water quality criterion of 5 mg/L.

Table 3-7. Summary of dissolved oxygen data for the Pearl River Basin

Percent
Sub- Period of |No. of |[Minimum |Maximum | Average | No. of obs. samples
segment | Station record obs. | (mg/L) (mg/L) (mg/L) | <5.0 mg/L <5 mg/L
1/16/2001-
090105] 1118|6/21/2006 18 3.02 9.17 6.00 6) 33
1/2/2001—
6090204| 1053|6/27/2006 18 2.58 10.01 6.63 4 22
1/2/2001—
090207 1055(5/22/2006 17 3.95 10.73 6.79 2 12
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4 WATER QUALITY MODEL SETUP AND CALIBRATION
4.1 Model Setup

LA-QUAL (Version 8.00) was chosen to simulate diged oxygen in the TMDL subsegments.
LA-QUAL is a steady-state model that was develdped DEQ based on the QUAL-TX
(Version 3.4) model. Several modifications were enlthe QUAL-TX model, including the
addition of new aeration equations that betteraggmt conditions in Louisiana.

LA-QUAL evaluates the relationships between polttisources and water quality. Model
configuration involved setting up the model segraesétting initial conditions, boundary
conditions, and hydraulic and kinetic parametelss Bection describes key components of the
model by their associated data type, which aregnms of model parameters.

A separate model and segmentation were used farsdisegment. Only the main stem of the
systems was explicitly simulated and thus segmefioteshodeling purposes. Segmentation
refers to separating a waterbody into smaller cdaatmnal units. Segmentation occurred around
major hydrological features, such as tributariegliaries were represented through boundary
condition designation. Appendix C contains diagrafthe model segmentations and stream
kilometers.

4.2 Calibration Period

The calibration period was selected to coincidéhie intensive field monitoring that had
occurred in August 2006. The data used for caldmedre the averages of the samples taken
during the measurement period from August 14 thnoiggust 16, 2006. These dates were
selected for calibration because they were the datgs for which data were available. This
period is considered the critical period becaugé tkemperatures decrease dissolved oxygen
saturation values and increase rates for oxygeraddimg processes, such as BOD decay,
nitrification, and SOD. In addition, lower flow et do not cause strong reaeration, so the
exchange of oxygen between air and water is low.

4.3 Model Options (Data Type 2)

Data type 2 is used to identify the constitueniadpenodeled to achieve calibration—for this
TMDL, dissolved oxygen, BOD, and a nitrogen se(@amonia, and nitrateaitrite).

4.4 Program Constants (Data Type 3)

LA-QUAL is programmed with certain default prograenstants. Data type 3 is used to
override the default constants and is optionak i)avalues need to be entered only if values
other than the default values are desired. Taldldigks the constants that were changed from
their default values. Default values were usedafbother program constants. Refer to the LA-
QUAL user manual for descriptions of the constamid their default values (Wiland Consulting
2005).

4.5 Temperature Correction of Kinetics (Data Type 4)

Data type 4 contains factors that are used for ésatpre correction in rate equations. The
temperature correction factors used in the mode¢ wensistent with th8tandard Operating
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Table 4-1. Program constants used for modeling TMDL subsegments

Program constant 090105 090204 090207 Default
Maximum iteration limit 5,000 5,000 5,000 100
Hydraulic calculation method 2 2 2 1
Non-conservative material (NCM)
oxygen uptake rate 1.0 1.0 1.0 0.0
Inhibition control value 3.0 3.0 3.0 4
K (reparation rate) maximum 25.0 25.0 25.0 10.0
Dispersion equation 2 1
Tide height 0.6 0.0

Procedure for Louisiana TMDL Technical Procedu(e$P) when these factors were available
(LDEQ 2005). The correction factors were:

» Correction for BOD decay:

» Correction for SOD:

» Correction for ammonia N decay:
» Correction for organic N decay:

» Correction for reaeration:

1.047 (LTP and modebdé)
1.065 (LTP and model default
1.083 (model dig¥au
1.020 (model d#jau
1.024 (LTP and modfhdlt)

4.6 Hydraulics and Dispersion (Data Types 9 and 10)

These data types describe the hydraulic and digpeckaracteristics of the model reaches.
Typically dispersion is used only in tidal enviroants, such as subsegment 090207.

The stream hydraulics were specified in the inpatfér the model using the following power
functions:

width=a x Q@ +c

depth =d x @ +f

where:
a= width coefficient = 0.0
= width exponent = 0.0
c = width constant = average width of segment
= depth coefficient = 0.0
e = depth exponent = 0.0
f= depth constant = average depth of segment

The hydraulic data type also contains informatiarslmpe and Manning’s “n.” For these models,
the slope was set to 0.0001 and Manning’s “n” w2 0.025 for all segments. The average
width and depth for each segment were derived fsbeerved measurements in August 2006;
they are shown in Table 4-2.

The dispersion data type was used only for subseg@89207, where tidal fluctuations occur.
For all segments the tidal range was 1.0. Tidgletsion is calculated from the following:
E = aD” x Q%
where:
a= dispersion coefficient = 1.0
b= dispersion exponent = 0.0
c = dispersion exponent = 0.0
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d = dispersion exponent = 0.0

D = depth

Q= flow

V1 = tidal velocity
Table 4-2. Average channel widths and depths for each model segment

090105 090204 090207
Model Width Depth Width Depth Width Depth
reach (m) (m) (m) (m) (m) (m)

1 44.70 0.99 55.1 2.21 52.60 1.71
2 44.70 0.99 55.1 2.21 45.20 4.92
3 44.70 0.99 55.1 2.21 63.00 2.48
4 44.70 0.99 59.3 2.11 103.50 4.05
5 43.75 1.18 62.9 1.91 116.50 5.47
6 62.75 2.07 62.9 1.91 116.50 5.47
7 82.70 2.77 69.5 3.75 116.50 5.47
8 67.70 2.29 49.6 1.64 224.75 6.65
9 58.90 2.08 98.1 2.25 224.75 6.65
10 65.10 2.34 98.1 2.25 260.20 4.33
11 -- -- 98.1 2.25 236.94 5.70
12 -- -- 58.9 1.81 236.94 5.70
13 -- -- 85.7 2.26 236.94 5.70
14 -- -- -- -- 110.00 5.70
15 -- -- -- -- 110.00 5.70
16 -- -- -- -- 110.00 5.70

4.7 Initial Conditions (Data Type 11)

Initial conditions were set for temperature, digsdl oxygen, ammonia, nitrateitrite nitrogen,
total phosphorus, and chlorophyll a using obsewatér quality data observed data for all three
subsegments. For subsegments 090105 and 0902G@ntaaing parameters were set to
constants; for subsegment 090204, these paranveiges with the model reach on the basis of
observed data. Because LAQUAL is a steady-statesmthee initial conditions affect only the
number of iterations to reach steady-state conditi®etting initial conditions on the basis of
observed data reduces the amount of iterationsteel must perform to reach steady-state.

Salinity, phosphorus, phytoplankton, and macrophwere the parameters not simulated in the
model. Their initial conditions were set to zeradlsat the model would not assume a fixed
concentration and include their effects.

4.8 Water Quality Kinetics (Data Types 12 and 13)

Several kinetic rates were used in the model, dinlyireaeration, SOD, CBOD decay,
nitrification, and mineralization (organic nitrogdecay) rates. Data types 12 and 13 focus on
different rates used by the model. Data type Ieeded only if BOD or dissolved oxygen is
being simulated, and data type 13 is needed omigrdgen or phosphorus is being simulated.
For this TMDL, both data types were included.

The model calculates the reaeration rate by usiregod a standard set of equations. For this
TMDL, the O’'Conner-Dobbins equation was used. Hggation is applicable to moderately
deep to deep channels (1 ft to 30 ft with flow bedw 0.5 ft/s and 12.2 ft/d). The equation is
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_3.932xV/°%°

K2 Dl.5

where:

V = stream velocity (meters per second)
D = stream depth (meters)

The input files that list these values are provigedppendix D. Table 4-3 summarizes these
rates. The CBOD decay rate varied per subsegmenwas computed from the measured
CBOD;, CBODs, CBOD, 2, CBOD,o, and CBODs data. The SOD was calibrated in the model
and varied per subsegment reach. SOD was calibaftezdthe CBOD levels were finalized. The
SOD rates changed iteratively until modeled dissdloxygen concentrations agreed well with
measured water column dissolved oxygen concentisatio

Table 4-3. Water quality kinetics rates

Program constant 090105 090204 090207
Background SOD (g/m?/d) 0.15-1.0 0-3.2 0.1-4.0
BOD #1 decay rate (aerobic) (1/d) 0.065-0.072 0.06 0.04
BOD #1 settling rate (m/d) 0.01 0.01 0.01
Settled BOD #1 conversion to SOD 1.0 1.0 1.0
Anaerobic BOD #1 decay rate (1/d) 0.001 0.001 0.001
Ammonia nitrogen oxidation rate (1/d) 0.1 0.1 0.1

4.9 Incremental Data (Data Types 16, 17, and 18)

These data types include information on inflows antflows from the model reaches. For this
TMDL incremental information was included for flolemperature, dissolved oxygen, BOD,
organic nitrogen, ammonia, and nitrate/nitrite. Ap@ix D contains the input files with these
values. Incremental flow was determined from flo@asurements obtained during the August
2006 monitoring. As stated in Section 2.3, mabutary flows are negligible.

4.10 Nonpoint Source Loads (Data Type 19)

This data type accounts for nonpoint source loadsssociated with incremental and tributary
flows. Because of the lack of available informatitims data type was kept blank. SOD, from
data type 12, is influenced by nonpoint source $daaim sediment entering the waterbody
system.

4.11 Headwater Flow, Water Quality, and Junction Data (Data Types 20, 21, 22, and 23)

These data types account for flow and water qualiiyn upstream of the modeled subsegment.
For each modeled subsegment, only one headwatareywasented in the model; therefore, data
type 23 (Junction Data) was left blank.

Headwater flow data were derived from ADCP flow sw@aments. In general, the flow
measured at the most upstream station was takitre aeadwater flow. Water quality data
(mainly CBOD and dissolved oxygen) were estimatethfthe monitoring data at the most
upstream stations.
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4.12 Wasteload Flow and Water Quality Data (Data Types 24, 25, and 26)

These data types account for flow and water qufliiyn point sources discharging into the
listed waterbodies. Only subsegment 090204 cordgmoeat sources. Subsegment 090207 did
not contain any permitted facilities discharginghe modeled segments. Subsegment 090105
contained discharge from the Double D Meat Com{&aAp106143); however, the flow was
discharged to an unnamed ditch that flowed apprateig 1.3 miles to the PRNC. It was
assumed that the oxygen demand of this dischargévegynificantly change during the course
of its flow to the PRNC, and therefore it was matluded in the model.

Subsegment 090204 contains two modeled point ssuB&Vard Junior High School
(LAG541203) and the Hebron Baptist Church (LAG53094 he flow for these point sources
was taken from their permitted flow. The B@&bncentration in the effluent was estimated
using the Discharge Monitoring Report data foristat AG541203. The estimated B@Was
also assigned to LAG531949. Permitted BQIxcharge limits were converted to ultimate
CBOD using a conversion factor of 2Z28r ammonia, the available data for all the pomirses
were averaged and the average ammonia was assatiexse two point sources.

4.13 Lower Boundary Condition (Data Type 27)

Data type 27 is required only if the model contdiigh dispersion in the most downstream
reach. All of subsegment 090207 is tidally influedcand the dispersion is weak based on the
longitudinal profile of dissolved oxygen and CBOBta The impacts of lower boundary
conditions are not significant. The final valuesdolindary dissolved oxygen and CBOD were
taken as similar to the average of the measuremldisd oxygen and CBOD inside subsegment
090207.

4.14 Calibration and Model Results

Model calibration entailed calibrating using amnar€BOD, and SOD concentrations. The
ammonia loads were first adjusted so predicted ammrmoncentrations would match observed
concentrations. Ammonia was calibrated first beeangact from ammonia on dissolved
oxygen is minimal. In addition, dissolved oxygemat low enough to impact ammonia
nitrification. After ammonia was calibrated the CB@ads were adjusted until the predicted
CBOD concentrations were similar to the observetteatrations. Finally, SOD was adjusted
until the predicted dissolved oxygen concentratiwese similar to the observed concentrations.

Plots of observed and calibration water quality@esented in Appendix E. Table 4-4 lists the
oxygen demand loadings for existing conditions. @Wethe model did well in predicting the
observed values for temperature, ammonia, BOD dessblved oxygen, and the model was
considered adequately calibrated based on theagtatiable.

Table 4-4. Existing oxygen demand

Oxygen demand
(Ib/d)

Subsegment SOD CBODy Ammonia Nitrate Total
090105 597.67 2,551.19 145.27 725.50 4,019.63
090204 4,316.87 3,960.56 1,200.56 190.92 9,668.91
090207 24,908.93 32,908.63 273.97 5,011.66 63,103.19
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5 WATER QUALITY MODEL PROJECTION

EPA'’s regulations at 40 CFR 130.7 require the deiteation of TMDLSs to take into account
critical conditions for stream flow, loading, an@ter quality parameters. The calibrated model
was used to project water quality for critical ctimshs. Two scenarios were run for the critical
conditions: baseline and TMDL. The model was mmblaseline conditions, which used the
same water quality and model parameters as theratiin model; however the flow and
temperature were changed to critical conditionsedfident water quality from permitted
dischargers were changed to permit limits. The TMibdel run was the same as the baseline
run, however, pollutant loadings were reduced ab dissolved oxygen met criteria at all
locations. The identification of critical conditisand the model input data used for critical
conditions are discussed in this sectidppendix F contains the baseline output files and
Appendix G contains the TMDL output files. The auttfiles include the input parameters.

5.1 Identification of Critical Conditions

The LDEQ LTP defines critical conditions in ternfdlow and temperature. Critical flow
conditions are simulated by using the annual 7Qd® or 0.1 cubic feet per second (cfs),
whichever is greater. Since subsegment 09020@a#iytinfluenced, one-third the average or
typical flow averaged over one tidal cycle was uagdhe critical flow as per the LTP.

In addition, all point sources are assumed to behdirging at design capacity and at their permit
limits. The LTP specifies that the critical temgera should be determined by calculating the
90th percentile seasonal temperature for the watigrbeing modeled, if data are available.
Otherwise 30 degrees Celsius (°C) was used.

Ambient water quality data from LDEQ show that Idigssolved oxygen concentrations occur
during the summer months. (See Appendix A for gdgs.)

5.2 Temperature Inputs

The critical temperatures for the headwaters waset on the $bpercentile temperature of
LDEQ ambient monitoring in the representative sghsent. A critical temperature of 30 °C was
used for incremental and wasteload inputs. Bectnes® subsegments have a year-round
standard for dissolved oxygen, a winter projecionulation was not performed. The most
critical time of year for meeting a constant dissol oxygen standard is the period of high
temperatures and low flows.

5.3 Headwater and Tributary Inputs

The inputs for the headwater and tributaries ferglhojection simulation were based on guidance
in the LTP. According to the LTP, the critical floates for summer should be set to either the
7Q10 flow or 0.1 cfs, whichever is higher. Becad®d.0 values for the waterbodies are not
available, the headwater and tributary flows usechiibrating the model were set to 0.1 cfs. It
was assumed that during critical times, there nigittoe headwater flow for 7 days, making the
7Q10 equal to O cfs, so 0.1 cfs would be usedsded oxygen from headwater and tributaries
were set to the water quality criteria 5 mg/L. CB®&m headwater and tributaries were reduced
until modeled dissolved oxygen met the criteriae Bmmonia levels were low from both the
headwaters and tributaries. Therefore, the ammiopigs were not changed from calibration.
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5.4 Point Source Inputs

Input point sources were kept at the same flovhasalibration inputs. Ammonia levels were
changed from observed or assumed concentratigm®pmsed concentrations. The ammonia
concentrations were assumed to be one-third thelanod the oxygen demand. These
assumptions are consistent with information pre=seint the LTP. If necessary, input
concentrations were reduced to keep the dissolvggem concentration above 5 mg/L. The
flows from the point sources were very low compdarethe flows in the segments and did not
impact the dissolved oxygen significantly.

5.5 Downstream Values

Modeling parameters for downstream boundary camutwere the same as the calibration
parameters except for temperature and dissolvedemxyl he temperature was set to the critical
condition. The dissolved oxygen value was set ¢onhter quality standard of 5.0 mg/L.

5.6 Baseline Model Results

Baseline line conditions were ran under criticahperature and water flow conditions for
calibrated parameters and water quality valuedsPibbaseline water quality are presented in
Appendix H. Table 5-1 presents the baseline oxytgmand for each subsegment.

Table 5-1. Baseline oxygen demand

Oxygen demand
Subsegment (Ib/d)
SOD CBOD, Ammonia Nitrate Total
090105 597.67 2,474.03 137.50 685.40 3,894.61
090204 5,262.44 3,924.80 1,097.64 168.01 10,452.89
090207 24,908.93 31,470.77 91.64 4,829.33 61,300.68

5.7 Model Results for Projection

Several steps were used to develop the reductimem@ges for oxygen demand. The TMDL
was calculated by first iteratively reducing SODteA meeting the dissolved oxygen criteria by
reducing SOD, the CBOD reduction rate was calcdlaiethe SOD/CBOD relationship
(SOD=ax/CBOD). Slight adjustments were made to the SODatalu rate and an updated
CBOD reduction rate was calculated. This process peated until the optimal reduction rates
were determined.

To meet the dissolved oxygen standard of 5.0 mmg{kgen demand needs to be reduced
between 20 and 66 percent. This percentage reducticnonpoint source loads represents a
percentage of the entire nonpoint source loadiogarpercentage of the manmade nonpoint
source loading from baseline conditions. The nomipgdurce loads in this report were not
divided between natural and man-made because iovib@udifficult to estimate natural nonpoint
source loads. Plots of TMDL water quality are présd in Appendix I.
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6 TMDL DEVELOPMENT

A TMDL is the total amount of a pollutant that dag assimilated by the receiving waterbody
while still achieving water quality standards. IMDL development, allowable loadings from all
pollutant sources that cumulatively amount to ngertban the TMDL must be established,
thereby providing the basis for establishing watgality-based controls.

A TMDL for a given pollutant and waterbody is conspd of the sum of individual wasteload
allocations (WLASs) for point sources and load adii@ans (LAs) for nonpoint sources and natural
background levels. In addition, the TMDL must irdduan implicit or explicit margin of safety
(MOS) to account for the uncertainty in the relasibip between pollutant loads and the quality
of the receiving waterbody and may include a fugnavth (FG) component. The TMDL
components are illustrated using the following eipuma

TMDL = 2 WLAs +2 LAs + MOS + FG

6.1 TMDL Analytical Approach

A TMDL for dissolved oxygen has been calculatedtfar Pearl River Basin subsegments based
on the results of the projection simulation. Thesdlved oxygen TMDL is presented as oxygen
demand from CBO[R ammonia, nitrate, and SOD. A summary of the laagisesented in Table
6-1. The TMDL calculations are included in Appendix

6.2 TMDLs

Table 6-1 presents the TMDLs and allocations ferghbsegments in this report. Appendix J
contains the TMDL calculations. Table 6-2 presenssimmary of the percent reductions for
LAs.. The reduction percentages for total oxygemaled ranged from 20 to 66 percent.
Reductions from point source discharges are natired| as a result of this TMDL.

The WLA portion of the TMDL equation is the totablding of a pollutant that is assigned to
point sources (Table 6-3). WLAs include loads fralipermitted facilities in the subsegment,
including those not included in the model. No noial separate storm sewer systems (MS4s)
were identified. The WLAs are based on the avadldlolw levels and limits. When permit limits
were not available, BO{imits were obtained from the Louisiana generahpefor facilities

with similar discharge volumes and ammonia conegioins were determined using the method
outlined in the LTP. Facilities were assumed teehsecondary treatment in mechanical plants.

The LA is the portion of the TMDL assigned to nompsources such as natural background
loadings. For this TMDL, the LA was calculated lypsacting the WLA, MOS, and FG from
the total TMDL allocation. LAs were not allocatexdeparate nonpoint sources because of the
lack of available source characterization data.

Both section 303(d) of the Clean Water Act andrdgilations at 40 CFR 130.7 require that
TMDLs include an MOS to account for uncertaintyairailable data or in the actual effect that
controls will have on the loading reductions anterging water quality. The MOS may be
expressed explicitly as unallocated assimilatiyeacay or implicitly using conservative
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assumptions in establishing the TMDL. In additiorite MOS, an FG component may be added
to account specifically for future growth in the DV area.

Table 6-1. Summary of dissolved oxygen TMDLs, WLAs, LAs, MOSs, and FGs for the Pearl River
Basin

Oxygen demand
Subsegment (Ib/d)
090105 SOD CBOD, Ammonia® Nitrate® Total
WLA 0.00 12.88 0.79 0.00 13.67
MOS for WLA 0.00 1.61 0.10 0.00 1.71
FG for WLA 0.00 1.61 0.10 0.00 1.71
LA 392.42 1,425.07 109.21 548.32 2,475.02
MOS for LA 49.05 178.13 13.65 68.54 309.38
FG for LA 49.05 178.13 13.65 68.54 309.38
TMDL 490.53 1,797.44 137.50 685.40 3,110.87
Oxygen demand
Subsegment (Ib/d)
090204 SOD CBOD, Ammonia® Nitrate® Total
WLA 0.00 15.63 9.81 0.00 25.44
MOS for WLA 0.00 1.95 1.23 0.00 3.18
FG for WLA 0.00 1.95 1.23 0.00 3.18
LA 2,171.11 1,237.23 868.31 134.41 4,411.06
MOS for LA 271.39 154.65 108.54 16.80 551.38
FG for LA 271.39 154.65 108.54 16.80 551.38
TMDL 2,713.89 1,566.08 1,097.64 168.01 5,545.62
Oxygen demand
Subsegment (Ib/d)
090207 SOD CBOD, Ammonia® Nitrate® Total
WLA 0.00 0.00 0.00 0.00 0.00
MOS for WLA 0.00 0.00 0.00 0.00 0.00
FG for WLA 0.00 0.00 0.00 0.00 0.00
LA 6,482.47 6,197.28 73.31 3,863.46 16,616.53
MOS for LA 810.31 774.66 9.16 482.93 2,077.07
FG for LA 810.31 774.66 9.16 482.93 2,077.07
TMDL 8,103.09 7,746.60 91.64 4,829.33 20,770.67

& Converted to oxygen demand. (concentration x 4.33 [conversion factor])

Table 6-2. Summary of percent reductions for LAs in the Pearl River Basin

Percent reduction
Subsegment SOD CBOD, Ammonia Nitrate Total
090105 17.93 27.35 0.00 0.00 20.12
090204 48.43 60.10 0.00 0.00 46.95
090207 67.47 75.38 0.00 0.00 66.12

There are two ways to incorporate the MOS (USEP&1190ne way is to implicitly incorporate
it by using conservative model assumptions to agwallocations, including the following:

» Using slightly higher water temperatures than thggested water temperatuié.
dissolved oxygen meets the criteria with higherawémperature, it will meet the
criteria with lower water temperature when othetdes remain unchanged.
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» Using dissolved oxygen water quality criteria fonahel inflows Dissolved oxygen from
headwaters and tributaries was set to the watdityjaaterion, which is lower than the
90 percent saturation level of dissolved oxygeBatC.

Table 6-3. Summary of WLASs for the Pearl River Basin

BODs | Ammonia

Sub- Flow Limit Limit BODs | Ammonia
segment Permit # Outfall | Facility Name (gpd) | (mg/L) (mg/L) (Ib/d) (Ib/d)
090105 LA0106143 | 001 Double D Meat Co. 5,500 -- 4.0 5.60 0.18
090204 LA0055638 | 002 MacKenzie Co LLC 800 45 15 0.30 0.10

St. Tammany Parish
Government-Bush

090204 LAG480357 | 001 Maintenance 2,000 45 15 0.75 0.25
Bellsouth
Telecommunications
090204 LAG530499 J2840 5,000 45 15 1.88 0.63
090204 LAG530848 | 001 Highway 21 LLC 5,000 45 15 1.88 0.63

Hebron Baptist
Church of Bush La -

090204 LAG531949 | 001 Hebron B 1,800 45 15 0.68 0.23
Sixth Ward Junior
090204 LAG541203 | 001 High School 5,240 30 10 1.31 0.44

The other way is to explicitly specify a portiontoe TMDL as the MOS and use the remainder
for allocations. For this analysis, the MOS is &ipl10 percent of each targeted TMDL was
reserved as the MOS to account for any uncertaintye TMDL. Using 10 percent of the

TMDL load provides an additional level of protectito the designated uses of the subsegments
of concern. The MOSs for the subsegments are listédble 6-1.

The MOS is an allocation for scientific uncertainiyhile the FG is an allocation for growth. Ten
percent of the load was allocated for future grointthe area covered by the TMDL. This

growth includes future urban development, includingt sources, MS4 areas, agriculture, and
other nonpoint sources. The FG could also be usesbiurces not accounted for or unknown and
therefore not otherwise included in the TMDL. ThesHor the subsegments are listed in Table
6-1.

6.3 Seasonal Variation

Critical conditions for dissolved oxygen have béetermined to be the following: negligible
nonpoint runoff and low stream flow combined wiilghhwater temperatures. Oxygen-
demanding substances can enter a water systengduginer flows and settle to the bottom,
where they exert a large oxygen demand during itjie temperature/low-flow seasons. Water
temperature is one of the leading factors thacaffessolved oxygen in the three segments. High
water temperatures lower the dissolved oxygen at@bur concentration, decreasing the amount
of dissolved oxygen that the stream can contaiadbfition, high temperature increases CBOD
decay and SOD. Therefore, it is most importanteteetbp a TMDL to address the high-water-
temperature conditions. Ambient water quality dedan LDEQ show that low dissolved oxygen
concentrations occur during the summer monthse fpendix A for data plots.)
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6.4 Sensitivity Analysis

A sensitivity analysis was performed on the modebmeters using the sensitivity function built
into LA-QUAL. LA-QUAL automatically changed the regsted parameters by a set amount
while keeping all other parameters constant. Thibregéion scenario was used as the baseline for
the sensitivity analysis. For the sensitivity asaéyall parameters were varied by +30 percent.
The results for dissolved oxygen and CBie shown in Table 6-4. Result plots are shown in
Appendix K. Changes to the stream reaeration, strgdocity, and background SOD had the
largest influence on dissolved oxygen levels. Streéspersion had no effect on dissolved
oxygen.

Table 6-4. Results of sensitivity analysis

090105 090204 090207

-30% | base | +30% [ -30% | base | +30% | -30% | base | +30%

— | BOD aerobic decay rate 345 | 2.98 2.32 0.09 | 0.06 0.04 147 | 1.44 1.42
% BOD settling rate 3.01 | 2.98 2.94 0.07 | 0.06 0.04 1.46 | 1.44 1.43
E | stream dispersion 298 | 2.98 2.98 0.06 | 0.06 0.06 144 | 1.44 1.45
83 Stream reaeration 298 | 2.98 2.98 0.06 | 0.06 0.06 144 | 1.44 1.44
8 Background SOD 2.98 | 2.98 2.98 0.06 | 0.06 0.06 144 | 1.44 1.44
Steam velocity 2.04 | 2.98 3.39 0.02 | 0.06 0.10 1.40 | 1.44 1.47
BOD aerobic decay rate 3.74 | 3.58 3.43 3.54 | 347 3.42 250 | 241 2.27

— | BOD settling rate 3.59 | 3.58 3.57 3.51 | 3.47 3.43 247 | 241 2.36
?Em Stream dispersion 3.58 | 3.58 3.58 3.47 | 3.47 3.47 241 | 241 241
6’ Stream reaeration 3.00 | 3.58 4.01 2.84 | 347 3.94 148 | 241 2.50
O | Background SOD 3.66 | 3.58 3.50 456 | 3.47 2.38 250 | 241 1.60
Stream velocity 3.93 | 3.58 3.35 2.86 | 3.47 3.92 2.16 | 2.41 2.50

6.7 Ammonia Toxicity Analysis

An analysis was performed on the model input andeteal results to determine whether the
modeled ammonia concentrations exceeded USEPAiarite ammonia toxicity (USEPA

1999). The USEPA criteria are dependent on tempexand pH. Temperature was taken from
the model output. Because pH is not included imtloelel, it was obtained from levels observed
during the August 2006 monitoring event. The resgltriteria ranged from 0.81 to 2.82
milligrams of nitrogen per liter. The predicted anma concentrations ranged from 0.00 to 0.34
milligrams of nitrogen per liter. These concentrati were below the USEPA ammonia toxicity
criteria and show that the criteria will not be e&ded during critical conditions. The ammonia
toxicity calculations are included in Appendix L.
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7 FUTURE ACTIVITIES
7.1 TMDL Implementation Strategies

Reasonable assurance is needed that the watetyquraiérion will be attained. WLAs will be
implemented through Louisiana Pollutant DischartieiBation System (LPDES) permit
procedures. Part of the LAs might be implementedugh the LDEQ 305(b) program and set
priorities for the section 319 program. BMPs frdre tmplementation plan will be implemented
throughout the subsegment. This approach will redbe loadings and improve dissolved
oxygen levels in the subsegment and subsequentsii@am subsegments.

Hurricane Katrina made landfall on Monday, August 2005, as a Category 4 hurricane. The
storm brought heavy winds and rain to southeastdiamea. Floodwaters breached several levees,
flooding large areas of coastal Louisiana. Theibane caused a change in sedimentation and
water quality in southern Louisiana. Several fedanal state agencies, including USEPA and
LDEQ, are engaged in collecting environmental @aid assessing the recovery of the Gulf of
Mexico waters. The proposed TMDLs in this reportevdeveloped on the basis of pre- and
post-hurricane conditions. Therefore, some postitarre conditions and other factors could
delay implementation of these proposed TMDLs, resdene proposed TMDLs obsolete, or
require modifications of the TMDLs. Hurricane effeight be a valid justification for some
TMDL modification; however, any deviation from ti&DLs should be justified using site-
specific data or information.

7.2 Environmental Monitoring Activities

LDEQ uses funds provided under section 106 of tlearCWater Act and under the authority of
the Louisiana Environmental Quality Act to run agnmam for monitoring the quality of the

state’s surface waters. The LDEQ Surveillance 8eatollects surface water samples at various
locations, using appropriate sampling methods andgalures to ensure the quality of the data
collected. The objectives of the surface water noomg program are to determine the quality of
the state’s surface waters, to develop a long-tiatabase for water quality trend analysis, and to
monitor the effectiveness of pollution controls eTdata obtained through the surface water
monitoring program are used to develop the stétieisnial section 305(b) repoiMater Quality
Inventory and section 303(d) list of impaired waters.

LDEQ has implemented a watershed approach to suwater quality monitoring. Through the
approach, the entire state is sampled on a 4-ye#.d_ong-term trend monitoring sites at
various locations on the larger rivers and Laketélwartrain are sampled throughout the 4-year
cycle. Sampling is conducted monthly to yield apioraately 12 samples per site during each
year the site is monitored. Sampling sites aretkmtavhere they are considered representative of
the waterbody. Under the current monitoring schedapproximately one-half of the state’s
waters are newly assessed for section 305(b) anis803(d) listing purposes during each
biennial cycle, with sampling occurring statewi@ele year. The 4-year cycle follows an initial
5-year rotation that covered all basins in theest&cording to the TMDL priorities. Monitoring
will allow LDEQ to determine whether there has baag improvement in water quality
following TMDL implementation. As the monitoringselts are evaluated at the end of each
year, waterbodies might be added to or removed frasection 303(d) list of impaired
waterbodies.
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8 PUBLIC PARTICIPATION

Federal regulations require USEPA to notify thelmudnd seek comments concerning TMDLs
that the Agency prepares. These TMDLs were devdlopéer contract to USEPA, and USEPA
held a public review period seeking comments, imfion, and data from the public and any
other interested parties. The notice for the putgicew period was published in thederal
Registeron February 1, 2008, and the review period claseMarch 3, 2008.

Comments were received from LDEQ and revisionfi® TMDL document were made as
necessary. Comments are included in Appendix Misfdocument and include comments on
similar TMDLs with the same public review period.

EPA will submit the final TMDLs to LDEQ for implenm¢ation and incorporation into LDEQ’s
current water quality management plan.

33



FINAL-TMDLs for Dissolved Oxygen in Selected Subsegments in the Pearl River Basin, Louisiana

REFERENCES

FTN Associates. 2006. Summary of field data colddbr DO TMDL in Pearl River Basin.
Memo to Tetra Tech, Inc.

LDEQ (Louisiana Department of Environmental Quali®004.Water Quality Integrated
Report Prepared pursuant to section 305(b) of the Feuéater Pollution Control Act.
<http://www.deq.louisiana.gov/protal/Default.aspxi?tiE2201>. Accessed April 5,
2007.

LDEQ (Louisiana Department of Environmental QualiB005.Standard Operating Procedure
for Louisiana Total Maximum Daily Load Technicaledures9" revision. Office of
Environmental Assessment, Baton Rouge, Louisiarsy. R005.

Mason, A.E., Y. Xu, P. Saksa, A. Viosca, J.M. GracdBeebe, and R. Stich. 2007. Streamflow
and Nutrient Dependence of Temperature Effectsisadlved Oxygen in Low-order
Forest Streams. Watershed Management to Meet Water Quality Starsdand TMDLs
(Total Maximum Daily Load): Proceedings of the 149-March 2007, San Antonio,
Texas 701P020American Society of Agricultural and Biologicah@ineers, St. Joseph,
Michigan.

Murphy, Sheila. 2005 General Information on Dissdl\Dxygen. City of Boulder/USGS
Water Quality Monitoring. kttp://bcn.boulder.co.us/basin/data/BACT/info/D@nl.
Accessed April 8, 2007.

Scorecard. 2005. The Pollution Information Site.
<http://www.scorecard.org/env-releases/def/cwa catlass def.htrm.
Accessed April 8, 2007.

USEPA (U.S. Environmental Protection Agency). 198atidance for Water Quality-
Based Decisions: The TMDL Proce&$A 440/-4-91-001. U.S. Environmental
Protection Agency, Office of Water, Washington, DC.

USEPA. 19991999 Update of Ambient Water Quality Criteria fanfonia EPA 822-R-99-
014. U.S. Environmental Protection Agency, Offi¢&\ater, Washington, DC.

Wiland Consulting, Inc., 2005LA-QUAL for Windows. User’s Manual. Model Versia02.
Prepared for Louisiana Department of the Envirorimé&fatershed Support Division,
Engineering Section, by Wiland Consulting, Inc.,sfa, TX.

34



