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EXECUTIVE SUMMARY

Section 303(d) of the Federal Clean Water Act nexgustates to identify waterbodies that
are not meeting water quality standards and toldpuwetal maximum daily pollutant loads for
those waterbodies. A total maximum daily load (TMD@4.the amount of pollutant that a
waterbody can assimilate without exceeding thebisteed water quality standard for that
pollutant. Through a TMDL, pollutant loads can b&tributed or allocated to point sources and
nonpoint sources discharging to the waterbody. fdpsrt presents TMDLSs that have been
developed for dissolved oxygen (DO) and nutrieatd_bst Lake and Four League Bay
(Subsegment 120708) in the Terrebonne basin irnsoutouisiana.

Subsegment 120708 (Lost Lake and Four League Bdgtated approximately
25 to 30 miles south of Morgan City in southern istana, adjacent to the Gulf of Mexico This
subsegment covers 189.6 square miles and the phealoitand uses are wetlands (58.7%) and
open water (39.7%). There are no towns or comnesiti this subsegment. The only point
source discharges in this subsegment are fromitfesiinvolved in oil and gas exploration,
production, and/or development.

Subsegment 120708 was cited as being impairedeofindl 2004 303(d) list for
Louisiana as not fully supporting the designatesl afspropagation of fish and wildlife. It was
ranked as priority #2 for TMDL development. The se&ifor impairment cited in the 303(d) list
included low DO and nutrients. The DO criterion@fied in the Louisiana water quality
standards for this subsegment is 5 mg/L year-rolihdre are no numeric criteria for nutrients in
Louisiana.

A water quality model (LA-QUAL) was set up to siraté DO, carbonaceous
biochemical oxygen demand (CBOD), ammonia nitrogial, organic nitrogen in Lost Lake and
Four League Bay. The model was set up and calidbregiang data from a field survey conducted
by FTN Associates, Ltd. (FTN) during July 2006. Tsa collected during the field survey
included stream flows, depths, widths, and watalitgudata (both in situ parameters and

laboratory analyses of samples).
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The summer and winter projection simulations wereat critical temperatures to
address seasonality as required by the Clean \WateA 23% reduction of existing nonpoint
source loads was required for the summer projediimilation to show the DO criterion of
5 mg/L being maintained. No nonpoint source loatlicions were necessary for the winter
projection. In general, the modeling in this stuehs consistent with guidance in the Louisiana
TMDL Technical Procedures Manual.

A TMDL for oxygen-demanding substances (CBOD, amiaaiitrogen, organic
nitrogen, and sediment oxygen demand) was calcllgtmg the results of the summer and
winter projection simulations. An implicit margiri safety (MOS) was established for the DO
TMDL through the use of conservative assumptiorthéwater quality modeling. Additionally,
10% of the allowable loading was set aside as pahaxdMOS and another 10% of the allowable
loading was set aside for future growth (FG). Rissoil the DO TMDL calculations are
summarized in Tables ES.1 and ES.2.

A nutrient TMDL was developed for this subsegmesihg allowable nitrogen loads
from the DO modeling and a naturally occurringaatf total nitrogen to total phosphorus from
reference waterbodies. No reductions of existingient loads are needed because average
concentrations of total nitrogen and total phospbavere lower in this subsegment than in the
reference waterbodies. The nutrient TMDL includaceaplicit MOS equal to 10% of the
TMDL and an explicit FG allowance equal to 10%lwé TMDL. The nutrient TMDL is
summarized in Table ES.3.

The DO TMDL establishes load limitations for oxyg@@manding substances and goals
for reducing those pollutants. When oxygen-demapndirbstances are controlled and limited to
ensure that the DO criterion is supported, nutsiemé also controlled and limited. Implementing
the DO TMDL through future wastewater dischargenpts, if required, and implementing best
management practices to control and reduce oxygeradding pollutants from nonpoint
sources in the watershed will also control and cedhe nutrient loading from those sources.
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Table ES.3. Nutrient TMDL for Subsegment 120708.

Loadsin kg/day Loadsin Ibs/day
Total Total
Season Component | Total Nitrogen | Phosphorus | Total Nitrogen |  Phosphorus
LA 3,079.5 272.5 6,789.1 600.7
WLA 0.0 0.0 0.0 0.0
Summer | MOS 384.9 34.1 848.6 75.1
FG 384.9 34.1 848.6 75.1
TMDL 3,849.3 340.7 8,486.3 750.9
LA 3,997.5 353.7 8,813.0 779.8
WLA 0.0 0.0 0.0 0.0
Winter MOS 499.7 44.2 1,101.6 97.5
FG 499.7 44.2 1,101.6 97.5
TMDL 4,996.9 442.1 11,016.2 974.8
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1.0 INTRODUCTION

This report presents total maximum daily loads (TiMPfor dissolved oxygen (DO) and
nutrients for Lost Lake and Four League Bay (Subveag 120708). This subsegment was
included on the final 2004 303(d) list for Louiséafl.ouisiana Department of Environmental
Quality (LDEQ) 2005) as not fully supporting thesgated use of propagation of fish and
wildlife. The priority ranking and the suspectedisies and suspected causes for impairment
from the 303(d) list are presented in Table 1.Je TMDLs in this report were developed in
accordance with Section 303(d) of the Federal CWater Act and the United States
Environmental Protection Agency (USEPA) regulatiahSitle 40 Code of Federal
Regulations (CFR) Part 130.7. The impairment feafeoliforms in this subsegment has been
addressed in a previous TMDL report (Tetra Tech7200

The purpose of a TMDL is to determine the pollutaatling that a waterbody can
assimilate without exceeding the water quality déad for that pollutant and to establish the
load reduction that is necessary to meet the stenda waterbody. The TMDL is the sum of
the wasteload allocation (WLA), the load allocat{ai), future growth (FG), and a margin of
safety (MOS). The WLA is the load allocated to paources of the pollutant of concern. The
LA is the load allocated to nonpoint sources, ideig natural background. The FG is reserved
for future increases in loads to the waterbody. MI@S is a percentage of the TMDL that
accounts for any lack of knowledge concerning thationships between pollutant loading and

water quality, including uncertainty associatedwitodel assumptions and data inadequacies.

Table 1.1. Summary of 303(d) listing for Subsegnigti708.

Subsegment Waterbody Suspected Priority Ranking
Number Description Causes Suspected Sour ces (1 = highest)
Low DO Unknown source 2
Lost Lake and |  Nutrients Unknown source 2
120708 , , ,
Four League Bay Marina/Boating Sanitary
Fecal . Rt
Coliforms On-vessel Discharges; Wildlife 1
Other than Waterfowl

1-1
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2.0 STUDY AREA DESCRIPTION

2.1  General Information

Subsegment 120708 (Lost Lake and Four League Bdgtated in the Terrebonne basin
in southern Louisiana, adjacent to the Gulf of Mexisee Figure A.1 in Appendix A). The lake
and bay are located in the southern end of Termeb&arish approximately 25 to 30 miles south
of Morgan City. Four League Bay is connected tohafalaya Bay on the west, connected to
Lost Lake on the east by Blue Hammock Bayou, anthersouth to the Gulf of Mexico via
Oyster Bayou. There are no towns or communitighisisubsegment. There has been significant
oil and gas exploration activity southwest of Fhaague Bay. The subsegment area is
189.6 square miles.

The area southwest of Four League Bay has seenwetiands restoration work as part
of Louisiana's Coastal Wetlands Planning, Protectamd Restoration Act. The work has
involved plugging several oil field canals and awdgiiprap to canal banks for bank stabilization.

This will help restore the natural circulation retbay.

2.2 Land Use

Land use characteristics for Subsegment 120708 ecengiled from the United States
Geological Survey (USGS) 2001 National Land Covatdbase (USGS 2006). These data are
the most recent land use data that are currendljadole for this area. The spatial distribution of
these land uses is shown on Figure A.2 (locaté&ppendix A), and land use percentages are

shown in Table 2.1. Almost all the subsegmenttisegiwater or wetlands.

2-1
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Table 2.1. Land use percentages for Subsegmen08207

Land Use Type Percent of Total Area

Water 39.7%
Urban/Transportation 0.0%
Barren 1.6%
Forest 0.0%
Shrubland/Grassland 0.0%
Pasture/Hay 0.0%
Cultivated Crops 0.0%
Wetlands 58.7%

TOTAL 100.0%

2.3  Water Quality Standards

Water quality standards for Louisiana are listethm Title 33 Environmental Regulatory
Code (LDEQ 2007). The designated uses for Subsetgh2€708 are primary contact recreation,
secondary contact recreation, fish and wildlifegargation, and oyster propagation. The primary
numeric criteria for the DO TMDL presented in theport are the DO criterion of 5 mg/L
(year-round) and the temperature criterion of 35°C.

The Title 33 Environmental Regulatory Code doesimdtide numeric criteria for

nutrients, but it does include the following naivratcriteria for nutrients (LAC 33: 1X.1113.B.8):

“The naturally occurring range of nitrogen-phosphus ratios shall be maintained. This
range shall not apply to designated intermittergiashs. To establish the appropriate
range of ratios and compensate for natural seafloctlations, the administrative
authority will use site-specific studies to estalbliimits for nutrients. Nutrient
concentrations that produce aquatic growth to gterg that it creates a public nuisance
or interferes with designated water uses shalbeadded to any surface waters.”

The Louisiana water quality standards also inclal@nti-degradation policy
(LAC 33:1X.1109.A). This policy states that waterehibiting high water quality should be
maintained at that high level of water qualitythis is not possible, water quality of a level that
supports designated uses of the waterbody shoutdbir@ained. Changing the designated uses
of a waterbody to allow a lower level of water dtyatan only be achieved through a use

attainability study.

2-2
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2.4

Point Sources

A list of point sources in selected portions of Trerebonne basin was developed using

data from LDEQ's internal point source databasdéis additional information obtained from

LDEQ'’s Electronic Document Management System. Uslinginformation, seven point sources

were identified within Subsegment 120708 (see Tali#te All of these point sources are

facilities involved in oil and gas exploration, gdrection, and/or development. A review of

permits, applications, and discharge monitoringrepp(DMRS) failed to produce evidence that

these facilities are actually discharging sanitaagtewater or other oxygen-consuming effluent

(even though discharges of sanitary wastewatealbreed in the general permits that start with

LAG33...). Based on these findings, none of thepsources were included either in the water

quality model or in the TMDLs.

Table 2.2. Point sources for Subsegment 120708.

=t

Permit Facility Facility Type| Location Receiving Water body
WP2472 I . : :

: Mobil Oil Exploration & | Oil/Gas Exp| Point Au Fer . .
LA(‘ESP’AO?O Production SE Inc Prod & Dev Field Mosquito Bay - Ship Sho
(Al = 17460)

WP2759 Oil/Gas Exp| Point Au Fer| Locust Bayou - Lake
(Al = 18464) | EN€ry XXI Gulf CoastIng o, 4 e boyl  Field | Chapeau - Burkes Bayo
WP3974 . . Oil/Gas Exp| Mosquito Bay :
(Al = 89882) Goodrich Oil Company Prod & Dev Field Mosquito Bay
LAG33A037 . . ... | Oil/Gas Exp| Mosquito Bay :
(Al = 33011) Mosquito Bay Field Facility Prod & Dev Field Mosquito Bay
LAG33A453 |Four League Bay Producti( Oil/Gas Exp| Four League Four Leadue Ba
(Al = 33017) Facility Prod & Dev| Bay Field 9 y
LAG33A548 | Mary A Smyth Nelson et al.Oil/Gas Exp| Point Au Fer
~ . » : Locust Bayou
(Al =84748) | #15 Production Facility | Prod & Dev Field
. Four League
LA0120138 Oil/Gas Exp
(Al = 124906) State Lease 18150 Well #1Prod & Dev Bay - quter Four League Bay
Island Field
2.5 Nonpoint Sources

The 303(d) list did not cite any specific nonpantirces as suspected sources of the DO

and nutrient impairments for Subsegment 120708I€TA4).

2-3
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Individual nonpoint sources are not identified guéntified here because this TMDL
focuses on total nonpoint source loading. Individuaurces should be identified and quantified

by state or local agencies if they develop an imygletation plan.

2.6  Historical Data Summary

There is one LDEQ routine water quality monitorsigtion in this subsegment; it is
Station 955 (Lost Lake west of Bayou De Cade, Liang). Its location is shown on Figure A.1
in Appendix A. The DO and nutrient data for thigtgtn are summarized in Tables 2.3 and 2.4,
and the individual data are listed in Table B.Appendix B. Using the entire period of record,
the percent of DO values below the 5 mg/L critelimthe water quality standards is less than
10%, which is the allowable percentage of DO violad in USEPA’s assessment guidance
(USEPA 2002).

Table 2.3. Summary of LDEQ DO data for Subsegma Q8.

No. of Per cent
Values | of Values
Period of | No. of Min. Median | Average | Max. Below Below
Monitoring Station| Record | Values | (mg/L) | (mg/L) (mg/L) | (mg/L) | 5mg/L 5 mg/L

Lost Lake west of| 1/12/00-
Bayou De Cade | 11/27/06

35 4.70 6.8 7.0 10.4 3 8.6%

Table 2.4. Summary of LDEQ nutrient data for Subsexgt 120708.

Period of No. of
Monitoring Station| Record Parameter Values | Min. | Median® | Average®| Max.
NO+NO;(mg/ll) | 36 | <0.05| <0.05 0.08 0.44
Lost Lake west ofl  1/12/00- TOt—ﬁLZhOS /([ng/L) 36 0.06 0.11 0.12 0.28
Bayou De Cade | 11/27/06 (bgmg ) 36 0.56 1.02 1.06 1.98
TOC™ (mg/L) 29 6.7 9.6 9.8 13.2
NH3 (mg/L) 36 <0.10 <0.10 0.08 0.34

*Notes: a. Statistics were computed using halhefdetection limit for values below the detectimmit.
b. No TOC data were collected after April 2006.

Data from two other LDEQ stations, Station 1204cthstfalaya Bay south of Burns,

Louisiana) and Station 957 (Caillou Bay south oy@aGrand Caillou, Louisiana), are included
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in Tables B.2 and B.3, respectively, in AppendixTBe tabular data for Station 1204 included
an estimated flow for the Atchafalaya River usitoyvfgage 07381600 (Lower Atchafalaya

River at Morgan City). These data were used fomidany conditions in the water quality model.

2.7 Flow Patterns

This system is tidally influenced by the Gulf of kKeo. Stage data collected by the
United States Army Corps of Engineers at Eugerands(8 miles northwest of Four League
Bay) are plotted on Figure C.1 in Appendix C. Thatev fluctuates by about 2.0 to 2.5 ft every
day in addition to a monthly cycle as seen on tia@ly This graph shows the system never

reaches steady state with respect to flows.

2.8 Previous Studies

A previous study was found that investigated changeeasonal water transport and
flow patterns in Four League Bay (Denes and Cafti@88). Data were measured at several
locations where water could enter or leave FougleaBay. The study consisted of three
50-hour sampling events in 1982 under differentvflodal, and wind conditions to evaluate
where and at what rate water enters and leavesleague Bay. The study compared the
predicted water surface elevations in the bay basdatie measured data to the observed
elevations. Part of the data in the first event lwag so no conclusions were made from those
data. In the last two events, the predicted anémiesl bay elevations were quite different. The
study concluded that flows from the marsh may beensgynificant than flows from Oyster
Bayou, Blue Hammock Bayou, and Atchafalaya Bay,umfortunately, they had no measured
flows from the marshes around the bay. The repsot@ncluded that over the long term,
changes in elevation and flow patterns are dueind vibut tides and flow from the Atchafalaya

River also affect water elevation.

2-5
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3.0 FTN FIELD SURVEY

FTN conducted a field survey for 18 subsegmentklenTerrebonne basin July 10
through July 21, 2006. The hydrologic conditionsimig the field survey were typical for the
Terrebonne basin during summer (high temperaturéganerally low flows).

The field survey included water quality samplingl @orresponding in situ
measurements at various locations; measuremefitsngfdepth, and width at several locations;
and continuous in situ monitoring at several lawadi The water quality samples were analyzed
for 20-day time series for carbonaceous biochenuxgien demand (CBOD), total Kjeldahl
nitrogen (TKN), ammonia nitrogen (NHN), nitrate+nitrite nitrogen, total phosphorus,
chlorophylla, total organic carbon (TOC), and total suspen@ddéids(TSS). A list of the survey
sites and the type of data collected at eachsedsented in Table D.1 (in Appendix D). The
in situ measurements and water quality samplinglteare summarized in Tables D.2 and D.3,
respectively. The calculations of CBOD decay rated ultimate CBOD (CBODu)
concentrations from the time series data are showiable D.4. Tables D.5 through D.19
summarize the depth, widths, and flows measurell thvé acoustic Doppler current profiler
instrument. Table D.20 lists the continuous momigpdata from Station 120406-B (Lake
DeCade), which was the continuous monitoring statti@t was closest to Lost Lake and Four
League Bay.

FTN collected water quality data at six locatiomSubsegment 120708 (see Tables 3.1
and 3.2). All of the instantaneous DO values measur Subsegment 120708 were above the
5 mg/L criterion in the water quality standardseThgh DO values appear to be influenced by

algal photosynthesis. The chlorophgitoncentrations were relatively high (45 to 77 pg/L

3-1
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Table 3.1. FTN field data for Stations 955, 12020&nd 120708-B.

955 120708-A 120807-B
Date and time of sample / 7/17/06 7/17/06 7/17/06
measurements 12:05 PM 1:.07 PM 1:32 PM
Depth (m) of sample / measurements 0.61 0.61 0.76
Water temperature (°C) 32.9 31.7 31.0
DO (mg/L) 9.0 8.7 7.1
Conductivity (umhos/cm) 10,470 17,150 18,700
pH (su) 8.2 8.5 8.04
TSS (mg/L) - 46 55
TKN (mg/L) - 1.30 1.80
Total phosphorus (mg/L) - 0.17 0.20
TOC (mg/L) - 5.20 5.00
Chlorophylla (ng/L) - 52 77
NH3-N (mg/L) - <0.1 <0.1
Nitrate+nitrite nitrogen (mg/L) - <0.04 <0.04
CBOD on day 2 of analysis (mg/L) - 3.6 <2
CBOD on day 5 of analysis (mg/L) - 54 3.4
CBOD on day 9 of analysis (mg/L) - 5.5 6.6
CBOD on day 14 of analysis (mg/L) - 4.8 <2
CBOD on day 20 of analysis (mg/L) - 6.6 4.4
Ultimate CBOD (mg/L; calculated) - 5.75 5.51
CBOD decay rate (1/day; calculated - 0.39 0.60
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Table 3.2. FTN field data for Stations 120708-Q)A@8-D, and 120708-F.

120708-C 120708-D 120807-F
Date and time of sample / measurements 7117106 7/17/06 7117/06

12:25 PM 1:00 PM 11:35 PM
Depth (m) of sample / measurements 0.68 0.61 0.76
Water temperature (°C) 31.1 31.8 32.9
DO (mg/L) 7.8 8.7 7.8
Conductivity (umhos/cm) 12,170 14,700 8,320
pH (su) 7.98 8.6 7.9
TSS (mg/L) 23 - 24
TKN (mg/L) 1.70 - 1.50
Total phosphorus (mg/L) 0.15 - 0.15
TOC (mg/L) 7.60 - 8.20
Chlorophylla (ng/L) 45 - 56
NH3-N (mg/L) <0.1 - <0.1
Nitrate+nitrite nitrogen (mg/L) <0.04 - <0.04
CBOD on day 2 of analysis (mg/L) 3.6 - 3.1
CBOD on day 5 of analysis (mg/L) 51 - 4.2
CBOD on day 9 of analysis (mg/L) 7.8 - 54
CBOD on day 14 of analysis (mg/L) 8.1 - 4.2
CBOD on day 20 of analysis (mg/L) 8.4 - 7.2
Ultimate CBOD (mg/L; calculated) 8.04 - 5.88
CBOD decay rate (1/day; calculated) 0.38 - 0.22
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4.0 CALIBRATION OF WATER QUALITY MODEL

4.1 Model Setup

In order to evaluate the linkage between pollusantrces and water quality, a computer
simulation model was used. The model used for thé4&BeLs was version 8.11 of LA-QUAL
(Wiland and LeBlanc 2007), which was selected bgeatLincludes the relevant physical,
chemical, and biological processes and because ibeen used successfully in the past for other
TMDLs in Louisiana. The LA-QUAL model was set updinulate organic nitrogen, ammonia
nitrogen, CBODu, DO, salinity, and specific condvwity. The reason for simulating salinity and
specific conductivity was to calibrate the dispensand to allow the model to adjust DO
saturation concentrations based on salinity.

Figure E.1 in Appendix E shows the model reach/elgndesign and the location of the
modeled inflows. The main stem consists of sixeaclt begins at the western end of Lost
Lake, flows through Lost Lake, then through Loskédass and Blue Hammock Bayou, then
southward through Four League Bay, and finally tiglko Oyster Bayou into the Gulf of Mexico.
The other branch consists of one reach to simédate League Bay from Atchafalaya Bay to the
outlet of Blue Hammock Bayou. All these reachesendivided into smaller elements to take

into account variations in water quality along tHength.

4.2  Calibration Period and Calibration Targets

The two conditions that usually characterize aitjgeriods for DO are high temperatures
and low flows. High temperatures decrease DO staraalues and increase rates for
oxygen-demanding processes (CBOD decay, nitriboatand sediment oxygen demand (SOD)).
In most systems, low flow causes low reaeratioasiathe purpose of selecting a critical period
for calibration is so that the model will be calited as accurately as possible for making

projection simulations for critical conditions.
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The two data sets that were considered for modiration were the FTN field survey
(July 17, 2006) and the LDEQ routine monitoringadat Station 955 (January 2000 through
November 2006). The FTN field survey was choseritfermodel calibration period because the
survey was conducted during hot weather with tymoaamertime hydrologic conditions, and
field data were collected at multiple locationshintthe subsegment (as opposed to one location
for the LDEQ routine ambient monitoring data).

The calibration targets (i.e., the concentratian@hich the model was calibrated) for
each parameter were set equal to the concentratieasured during the field survey with the
exception of DO, which was set equal to the eseghaiily minimum DO plus 1 mg/L.
Continuous in situ data were not available at thdisld survey sites in Subsegment 120708.
Therefore, a minimum daily DO was estimated at essighby assuming that the ratio of
instantaneous DO to daily minimum DO at any giveretwas the same at these six sites as it
was at the nearest site with continuous in sita ¢@tation 120406-B — Lake DeCade). These

calculations are shown in Table D.20 in Appendix D.

4.3 Program Constants (Data Type 3)

A value was input to replace the LA-QUAL defaultuafor net oxygen production per
unit of chlorophylla. The default value (0.05 mg oxygen / pg chlorophylday) was replaced
because the chlorophyll specified in the initiahditions was contributing an unreasonably large
amount of oxygen in the preliminary simulationsldD&ations of oxygen production from
photosynthesis and oxygen consumption from respiratere developed in a spreadsheet for a
24-hour period during the calibration period (shawwppendix F). The calculations assumed a
steady state concentration of algae; the increéasagal biomass due to growth were equal to
the decreases in algal biomass due to respiratidrsettling over a 24-hour period. The net rate
of oxygen added to the system from the combinatfqrhotosynthesis and respiration over a
24-hour period was calculated to be 0.026 mg oxygemchlorophylla / day. This value was
input to the model in Data Type 3.

Another model parameter that was specified in Dgfze 3 was the effective BOD due

to algae. The default value of this parameter (zewas overridden because preliminary model
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simulations indicated that a large amount of th€®©OB came from algae. The LA-QUAL
User’s Manual (Wiland and LeBlanc 2007) recommemdsnge of values from 0.10 to
0.25 mg/L of BOD per pg/L of chlorophydl for this parameter. The value used in the model
was 0.05 mg/L of BOD per pg/L of chlorophgll Using a value slightly below the range of
values in the User’'s Manual was considered to ns@wative.

The headwater exchange ratio was set to 1.0 in Dgta 3 to allow the model to
calculate dispersive exchange at the headwaterdaoies in addition to the downstream
boundaries. The LA-QUAL default value (zero) waswidden because dispersive exchange is

an important process that needed to be simulatethécAtchafalaya Bay headwater.

4.4  Temperature Correction of Kinetics (Data Type 4)
The temperature correction factors used in the inedee consistent with the Louisiana
Technical Procedures Manual (LTP; LDEQ 2006). Theeseection factors were:

Correction for BOD decay: 1.047 (value in LTR#@ne as model default)
Correction for SOD: 1.065 (value in LTP is samsemodel default)
Correction for ammonia N decay:  1.070 (specifre®ata Group 4)

Correction for organic N decay: 1.020 (not spedifin LTP; model default used)
Correction for reaeration: automatically calcethby the model

4.5 Hydraulics (Data Type 9)

The hydraulics were specified in the input for tle QUAL model using the power
functions (width = a * ®+ ¢ and depth = d * ©+ f). The widths and depths for each reach were
estimated based on digital ortho quarter quads (R€)¢depths and widths measured in the
FTN intensive survey, and spot depths from topdgamaps. It was assumed that the depths
and widths would be constant (independent of fldug to backwater from the Gulf of Mexico.

The values used in the model are shown in TablarGAbpendix G.

4.6 Dispersion and Lower Boundary Conditions (Data Types 10 and 27)
Dispersion was specified in the model because @itenwodies in Subsegment 120708

are tidally influenced and experience significainiriolal flow reversals that provide much mixing
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and dispersive transport. The dispersion coefftsi@rere calibrated by simulating salinity and
specific conductivity and adjusting the disperstoefficients within reasonable ranges to get
similar values of predicted and observed concentratat each field survey site.

Boundary conditions for the Gulf of Mexico (dowrestm boundary) and for Atchafalaya
Bay (a headwater) were specified using LDEQ roudimdient monitoring data because there
were no FTN field survey stations near those waidigs. The closest LDEQ station in the Gulf
of Mexico was Station 957, Caillou Bay south of @t@8ayou Caillou. Values for July from this
station were averaged to use as inputs for therlbaendary conditions. Since LDEQ does not
measure CBODu, CBODu was estimated from the TO&. @da€CBODu to TOC ratio was
developed from the FTN field survey by determinihg ratio of CBODu to TOC for every
station in the lower Terrebonne basin (excludirgsthstations in Lake Verret and Grassy Flat)
where a water sample was taken. Then all thesesratre averaged and the resulting ratio
(2.09) was multiplied by the TOC measured at Sta®67 to get a CBODu value. The
computation for the TOC to CBODu ratio is showAppendix H and the raw data for
Station 957 is shown in Table B.2 in Appendix BeMalues used in the model for dispersion

coefficients and lower boundary conditions are shawTable G.2 in Appendix G.

4.7 Initial Conditions (Data Type 11)

Because temperature was not simulated in the mitietemperature for each reach was
specified in the initial conditions for LA-QUAL bad on values measured in the FTN field
survey. Chlorophyla was also specified in the initial conditions tmel the model to account
for algal productivity. The average of the chlorgipta values measured in the FTN field survey
was used for all reaches in the model.

Initial conditions for DO and ammonia nitrogen weet to the calibration targets. The
initial concentrations of these two parameters aloaffect the model output; the model uses
them only as starting points for its iterative $an technique.

For constituents not being simulated, the init@h@entrations were set to zero.
Otherwise the model would have assumed a fixedesdration of those constituents and the

model would have included effects of the unmodelmaktituents on the modeled constituents.

4-4



Lost Lake and Four League Bay
TMDLs for Dissolved Oxygen and Nutrients March 25, 2008

4.8 Water Quality Kinetics (Data Types 12 and 13)

Kinetic rates used in LA-QUAL include CBOD decayes reaeration rates, nitrification
rates, and mineralization rates (organic nitrogecag).

The CBODu decay rate was based on an averagearfitaby decay rates from the FTN
field survey for subsegments in the lower Terrelgobasin. The measured rates were averaged
to yield a rate of 0.32/day. These data are showirable H.1 in Appendix H.

Since most of this subsegment consisted of two lgge, open, shallow waterbodies,
wind-aided reaeration was specified in the modeé Glosest station with wind speed data on
July 17, 2006 (the calibration day), was Houmaated approximately 30 to 35 miles northeast
of this subsegment. All the wind speeds measurdtiatrday were averaged and used to
calculate a wind-aided surface transfer coeffigiamtich was entered in the model using
option 20. These calculations are shown in Appehdix

The nitrification rate was based on nitrogenous B@BOD) decay rates from LDEQ
field survey data collected in the Terrebonne hasitotal of 144 rates were averaged to yield a
nitrification rate of 0.13/day. These data are shawAppendix J.

The mineralization rates (organic nitrogen decayhe model were set to 0.02/day for
all reaches. This value was similar to the valles in the “Rates, Constants, and Kinetics”
publication (USEPA 1985) for dissolved organic ogien being transformed to ammonia

nitrogen.

4.9 Nonpoint Source Loads (Data Type 19)

The nonpoint source loads that are specified inribdel can be most easily understood
as resuspended load from the bottom sedimentsrand@leled as SOD, benthic ammonia
source rates, CBOD loads, and organic nitrogersloflde SOD (specified in Data Type 12), the
benthic ammonia source rates (specified in DateeThg), and the mass loads of organic
nitrogen and CBODu (specified in Data Type 19) wadléreated as calibration parameters; their
values were adjusted until the model output waslairto the calibration target values. The

values used as model input are shown in TableGAppendix G.
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4.10 Headwater Flow Rates (Data Type 20)

The headwater flow rates for both Bayou de Cadefdoldafalaya Bay were set to 1 cfs
because hydraulic transport in this system waslabed primarily with dispersion rather than
advection. This approach was used because 1) tHiweover one or more tidal cycles was
assumed to be small in comparison with the dispemsxchange, and 2) no data were available
to estimate tidally averaged flows for this subseginThe significance of tidal dispersion is
evident from the large diurnal water level flucioas shown in Figure C.1 and is reinforced by

the findings of a previous hydraulic study in Fheague Bay (Denes and Caffrey 1988).

4.11 Headwater and Tributary Water Quality (Data Types 20, 24, and 25)

Concentrations of DO, CBODu, organic nitrogen, animonia nitrogen were specified
in the model for both headwater flows. The dataefiom both LDEQ and the FTN field
survey. The headwater data for the main branchssdon the FTN field survey. However the
FTN field survey did not include a station that kcbibe used for headwater data for Atchafalaya
Bay, so data from the LDEQ Station 1204 (Atchafal®gay south of Burns, Louisiana) were
used as headwater inputs. Because water quatitysattation varies based on the flow in the
Atchafalaya River, the model inputs were basedrdy the water quality data that were
collected when the flow in the Atchafalaya RiveMairgan City (USGS 07381600) was low
(less than 150,000 cfs). Since LDEQ does not meaSBIODu, the TOC ratio discussed in
Section 4.6 was used to convert the TOC measurédE to CBODu needed for the
headwater. The raw data for this station are shawrable B.3 in Appendix B. The values used
as model input are shown in Table G.5 in Appendix G

No point sources were simulated in the model bexaosevidence was found to confirm
that the point source facilities in this subsegnaptactually discharging effluent with an

oxygen demand.
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4.12 Model Results for Calibration
Plots of predicted and observed water quality lierdalibration and a printout of the
LA-QUAL output file are presented in Appendix K. & balibration was considered to be

acceptable based on the amount of data that warkakble.
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5.0 WATER QUALITY MODEL PROJECTION

USEPA's regulations at 40 CFR 130.7 require therd@nation of TMDLSs to take into
account critical conditions for stream flow, loaglimnd water quality parameters. Therefore, the
calibrated model was used to project water quédityritical conditions. The identification of

critical conditions and the model input data usmdcfitical conditions are discussed below.

5.1 Identification of Critical Conditions

Section 303(d) of the Federal Clean Water Act aSEPA’s regulations at
40 CFR 130.7 both require the consideration of@sassariation of conditions affecting the
constituent of concern and the inclusion of an M@ ®e development of a TMDL. For the
TMDL in this report, analyses of LDEQ long-term asrii data were used to determine critical
seasonal conditions. Both an implicit MOS and aplieit MOS were used in developing the
projection simulations.

Critical conditions for DO have been determinedLlfouisiana waterbodies in previous
TMDL studies. The analyses concluded that thecalitonditions for stream DO concentrations
occur during periods with negligible nonpoint ruiédw stream flow, and high water
temperature. For coastal waterbodies, thoughgatitionditions for DO tend to be correlated
more closely to high water temperature than to flates during the critical periods. High
temperatures cause DO saturation values to be lamee6OD, CBOD decay, and nitrification to
be higher. High flow rates usually generate moaeration in streams (due to increased velocity
and turbulence), but changes in flow rates for @dagaters normally have little or no effect on
reaeration because the advective velocities agesraall. Periods of high nonpoint loading to
Louisiana waterbodies tend to be cooler periodb®lear because rainfall during summer
usually creates less runoff due to evapotranspmati the watershed. Therefore, periods of high
nonpoint loading do not necessarily coincide wiitical periods for DO.

LDEQ interprets this phenomenon in its TMDL modglly assuming that the annual
nonpoint loading, rather than loading for any maitar day, is responsible for the accumulated

benthic blanket of the waterbody, which is, in tierpressed as SOD and/or re-suspended BOD
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in the model. This accumulated loading has itstgstampact on the waterbody during periods
of higher temperature.

The projection simulations were run with the satow$ as the calibration simulation
because DO is not closely correlated with flow satecoastal waters, and the hydraulic
transport in the model is being simulated primanlth dispersion rather than advection.

The impact of various conservative assumptionsrd@ga rates and loadings yields an
implicit MOS that is not quantified. Over and abdkies implicit MOS, an explicit MOS of 10%

was incorporated into the DO TMDL in this reportaitcount for model uncertainty.

5.2 Temperature Inputs

The LTP specifies that the critical temperatureusthde determined by calculating the
90" percentile seasonal temperature for the waterbeihg modeled. Water temperature data
were collected in Lost Lake (Station 955) for oBlyears, which is not enough data to calculate
90" percentile temperatures. Therefore, long-term ftata an LDEQ monitoring station on a
similar waterbody (Lake Palourde, Station 338) wesed to estimate J@ercentile
temperatures for Lost Lake and Four League Bagt,A6" percentile temperatures for Lake
Palourde were calculated as shown in Table L.2fpekdix L). These 90percentile
temperatures were then adjusted based on diffesdreteieen seasonal average temperatures in
Lost Lake (Station 955) and Lake Palourde (Sta®®®8) during their overlapping period of
record (see Table L.1). These calculations yieklgelue of 30.7°C for the adjusted™0
percentile temperature during summer. Th8 pércentile winter temperature was calculated to
be 22.46°C, which was used in the LA-QUAL winteojpction.

5.3 Initial Conditions and Boundary Conditions
All of the model inputs for headwaters, lower boarydconditions, and initial conditions
were the same in the projection simulations akéncalibration simulation, except that the

temperatures in the projection simulations werecéte 98' percentile temperatures.
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5.4 Nonpoint Source Loads

Because the initial projection simulation in thensner showed predicted DO values
below the 5 mg/L criterion, the nonpoint sourcediogs for the summer projection were
reduced until all of the predicted DO values wegaat to or greater than 5.0 mg/L. The same
percent reduction was applied to the SOD and nengoiurce mass loads of CBODu and

organic nitrogen.

5.5 Other Inputs

The only model inputs that were changed from thiedion to the projection
simulation were the inputs discussed above in 8esth.2 through 5.4. Other model inputs (e.g.,
hydraulic coefficients, decay rates, reaeratioraéiqus, etc.) were unchanged from the

calibration simulation.

5.6 Model Results for Projection

Plots of predicted water quality for the projectamd printouts of the LA-QUAL output
file are included as Appendix M.

Nonpoint source load reductions of 23% in the sumané 0% in the winter were
required to bring the predicted DO values to asti®0 mg/L. These percentage reductions for
nonpoint source loads represent percentages eifntive nonpoint source loading, not a
percentage of the manmade nonpoint source load@lrgynonpoint source loads in this report
were not divided between natural and manmade bectwsuld be difficult to estimate natural

nonpoint source loads for the study area.
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6.0 DO TMDL DEVELOPMENT

6.1 TMDL Calculations

A TMDL for DO was calculated for Subsegment 120@88g the results of the summer
and winter projection simulations. The DO TMDL iepented as oxygen demand from CBODu,
organic nitrogen, ammonia nitrogen, and SOD. Surasaf the TMDL are presented in
Tables 6.1 and 6.2.

The TMDL calculations were performed using a FORTNRgrogram that was written by
FTN personnel. This program reads two files; ortbesLA-QUAL output file from the
projection simulation and the other is a small infjda with miscellaneous information needed
for the TMDL calculations (shown in Appendix N). &butput files from the program are also
shown in Appendix N for the summer and winter pcogns. The source code for the program is
shown in Appendix O. A one-page summary of the wadlogy for the TMDL calculations is
shown at the beginning of Appendix O.

The oxygen demand from organic nitrogen and ammuaiiegen was calculated as 4.33
times the nitrogen loads (assuming that all orgartrogen is eventually converted to ammonia).
The value of 4.33 is the same ratio of oxygen dehtamitrogen that is used by the LA-QUAL
model. For the SOD loads, a temperature corre¢ticior was included in the calculations (in

order to be consistent with LDEQ procedures).

6.2 MOS and FG

The MOS accounts for any lack of knowledge or utaiety concerning the relationship
between pollutant loading and water quality. Thelelgrojections were run with the'®0
percentile seasonal water temperatures (conseevaives), and the calibration targets were set
to 1 mg/L above the estimated daily minimum val(reere conservative than instantaneous
measurements). These modeling procedures yielohplicit MOS, which is not quantified. In
addition to the implicit MOS, the DO TMDL in thigport includes an explicit MOS equal to
10% of the TMDL and an explicit allowance for FGtis also equal to 10% of the TMDL.

6-1



Lost Lake and Four League Bay

March 25, 2008

TMDLs for Dissolved Oxygen and Nutrients

VN 701€99 8S¥ SPI18¢ TO9LEY 6V€L8T 6LL0O0E 80°C L6TLIT 005861 08618 TANL
VN 11€99 970 SI8¢ 69LEY SEL8I 8L00¢ 170 0€LT 05861 8678 Dd
VN 11€99 90 SI8¢ 69LEY SELBI 8L00¢ 170 0€LT 05861 8618 SO
%0 £870¢€¢ 99°¢ S1S0¢ S10S€ LL86V1 €0901C 99°1 6£8¢€1 008851 £86L9 V1
s32ano§ jutoduoN
VN 0 0 0 0 VN 0 0 0 0 VN DA
VN 0 0 0 0 VN 0 0 0 0 VN SO
%0 0 0 0 0 VN 0 0 0 0 VN VIM
$32.n0S JUI0g
PIpRIN €10, w3oniN | wdonIN | nqodd aos [ZN w3onIN | wdonIN | nqodd aos
uonINpay eluowiwy | druesiQ eluowwy | duediQ
UG :woJdj (Aep/sq[) pusuwdq UISAXQ :wodj (Aep/3Y) puewd( UISAXQ
"80,02T uswbasqgns 1o} 1AINL OQ 18U "2'9 3lgeL
VN T6SEV9 8S'Y SLE6T CTCOLEE 981LLT 8L816C 80°C (443! S¥8TS1 80LSTI TANL
VN 09€19 970 LE6T €0LEE 61LLT 8816C 170 (433! ¢8¢CS1 1LSTI1 D4
VN 09€19 9r'0 LE6T €0LEE 61LLT 8816C 170 433! 68¢S1 1LST1 SO
%¢ET CL8YIS 99°¢ 10S€T 91969¢C 8¥LI1TT C0SEET 99°1 85901 SLTTTI 995001 V1
s32ano§ jutoduoN
VN 0 0 0 0 VN 0 0 0 0 VN Dd
VN 0 0 0 0 VN 0 0 0 0 VN SO
%0 0 0 0 0 VN 0 0 0 0 VN VM
$32.1N0S JUIog
PapaaN ejoL w3onIN | wdonN [ ngqodd aos B0l w3oniN | wdonIN | nqodd aos
uondINpay gluowwy | duediQ eluowwy | druediQ
JUNIJ :woa) (Aep/sq[) puewd UISAXQ :woJdj (Aep/3y) puewd UISAXQ

'8020¢T Juawbasqns 4o} TANL OQ JBwwns "T°9 d|geL

6-2



Lost Lake and Four League Bay
TMDLs for Dissolved Oxygen and Nutrients March 25, 2008

6.3 Ammonia Toxicity Calculations

Although Subsegment 120708 is not on a 303(djdistmmonia, the ammonia
concentrations predicted in the projection simaolatiwere checked to make sure that they did
not exceed USEPA criteria for ammonia toxicity (F3E1999). The USEPA criteria are
dependent on temperature and pH. The water tempesatsed to calculate the ammonia
toxicity criteria for summer and winter for Subsegth120708 were the same as the critical
temperatures used in the projection simulation®rAge pH values for each season were
calculated from routine monitoring data at LDEQt®t@955. The resulting criteria for ammonia
nitrogen were 1.26 mg/L for summer and 3.11 mghwimter. The ammonia nitrogen
concentrations predicted by the LA-QUAL model wesal below these criteria. This indicates
that the ammonia nitrogen loadings that will maimthe DO standard are low enough that the
USEPA ammonia toxicity criteria will not be exceddender critical conditions. The ammonia

toxicity calculations are shown in Appendix P.
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7.0 NUTRIENT TMDL DEVELOPMENT

7.1  Seasonality and Critical Conditions

USEPA's regulations at 40 CFR 130.7 require therd@nation of TMDLSs to take into
account critical conditions for stream flow, loaglimnd water quality parameters. Also, both
Section 303(d) of the Clean Water Act and regutatiat 40 CFR 130.7 require TMDLSs to
consider seasonal variations for meeting waterityustindards. Aquatic life impairments
typically occur as a result of long term exposurelevated nutrient concentrations rather than
short-term fluctuations in nutrient concentratiohiis nutrient TMDL was developed for
average annual conditions. The most obvious re$ulutrients is algal blooms. When the algae
die, the resultant biological oxygen demand consuoxggen, which adversely affects aquatic
life. The effect occurs in a short time but theldhwip of nutrients and the conditions to start the

algal bloom may occur over an extended time.

7.2 Comparison with Reference Stream Data

Since there are no numeric nutrient criteria fouis@na, the need for nutrient reductions
in subsegment 120708 was evaluated by compariagrtitogen (TKN+NGQ+NOs3) and total
phosphorus concentrations in subsegment 120708vaidties from least disturbed reference
sites. Five references sites in the lower Terrebdrasin were identified and sampled as part of
study conducted under contract to USEPA Region theyCadmus Group, Inc. and ARCADIS
U.S., Inc., along with other team members (Cadmusi®E2007). Each site was sampled four
times during 2005 and 2006. These data are showppendix Q. Overall average
concentrations of total nitrogen (TKN plus nitratétite) and total phosphorus for the reference
sites were calculated to be 0.15 mg/L total phogphand 1.70 mg/L total nitrogen. Using
LDEQ routine monitoring data at station 955 (Loake west of Bayou De Cade), the average
concentrations in subsegment 120708 were calculatbd 0.11 mg/L of total phosphorus (see
Table 2.3) and 1.07 mg/L of total nitrogen (1.02/ImgKN + 0.05 mg/L NQ+NOs; see
Table 2.3). Because the subsegment 120708 aveuagent concentrations are lower than the

reference site average concentrations, no nutréehictions are needed for this subsegment.
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7.3  Calculations for TMDL Components

The TMDL for total phosphorus and total nitrogen $mbsegment 120708 was
calculated based on allowable loads of nitrogemftile DO modeling and a naturally occurring
ratio of total nitrogen to total phosphorus. Théunally occurring ratio of total nitrogen to total
phosphorus was used because the Louisiana WatdityG&tandards require that ratio to be
maintained in streams and lakes (see Sectionh&)naturally occurring ratio of total nitrogen
to total phosphorus was calculated to be 11.3 usieagnean values of total nitrogen and total
phosphorus from the reference streams in Appendik. ¥ mg/L and 0.15 mg/L). The
allowable loads of total nitrogen were calculatedree simulated loads of organic nitrogen and
ammonia nitrogen in the projection simulations @asumed values of nitrate+nitrite nitrogen.
The allowable loads of total phosphorus were tr@outated as simply the allowable loads of
total nitrogen divided by 11.3 (the naturally oaouy ratio of total nitrogen to total phosphorus).
The MOS and FG components for this nutrient TMDLlrevealculated as 10% each (or 20%
combined) of the total loading after including M®S and FG. The details of these calculations
are shown in Appendix Q and the results are sunziin Table 7.1.

The WLA for point sources was set to zero becagse of the point sources appear to
be actually discharging sanitary wastewater orrogfféuent containing nutrient concentrations
above background levels. Because no reductionstt@nts were required, it is assumed that the
point sources may continue to discharge at theneaticoncentration level of nutrients and not
make any deleterious effect on water quality. Amyréase in effluent concentrations could
require additional monitoring and modeling and\asien to this TMDL.
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Table 7.1. Nutrient TMDL for Subsegment 120708.

Loadsin kg/day Loadsin Ibs/day
Total Total
Season Component | Total Nitrogen | Phosphorus | Total Nitrogen | Phosphorus
LA 3,079.5 272.5 6,789.1 600.7
WLA 0.0 0.0 0.0 0.0
Summer | MOS 384.9 34.1 848.6 75.1
FG 384.9 34.1 848.6 75.1
TMDL 3,849.3 340.7 8,486.3 750.9
LA 3,997.5 353.7 8,813.0 779.8
WLA 0.0 0.0 0.0 0.0
Winter MOS 499.7 44.2 1,101.6 97.5
FG 499.7 44.2 1,101.6 97.5
TMDL 4,996.9 442.1 11,016.2 974.8

7.4  Summary of Load Reductions

The analysis outlined in Section 7.2 above indt&b&t no reduction of nutrient loads is
necessary.

The DO TMDL (see Section 6) establishes load litiates for oxygen-demanding
substances and goals for reducing those pollutéiten oxygen-demanding substances are
controlled and limited to ensure that the DO ciiteris supported, nutrients are also controlled
and limited. Implementing the DO TMDL through futwvastewater permits, if required, and
implementing best management practices to contidraduce oxygen-demanding pollutants
from nonpoint sources in the watershed will alsotad and reduce the nutrient loading from

those sources.
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8.0 SENSITIVITY ANALYSES

All modeling studies necessarily involve uncertaiabhd some degree of approximation.
Therefore it is of value to consider the sensijiwt the model output to changes in model
coefficients, and in the hypothesized relationship®ng the parameters of the model. The
sensitivity analyses were performed by allowingltheQUAL model to vary one input
parameter at a time while holding all other pararseto their original value. The calibration
simulation was used as the baseline for the seitgitinalyses. The percent change of the
model’s minimum DO projections to each paramet@résented in Table 8.1. Each parameter
was varied by £30%, except for temperature, whiels waried +2°C.

Values reported in Table 8.1 are sorted by pergentariation of minimum DO from
largest percentage variation to smallest. The modigut was most sensitive to reaeration, SOD,
wasteload DO (decrease only), and temperaturemidoeel output was least sensitive to

headwater parameters, wasteload parameters (exgladiecrease in DO), and the decay rates.
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Table 8.1. Summary of results of sensitivity anatys

Predicted Percent Changein
Changein Minimum DO Predicted DO
I nput Parameter Parameter (mg/L) (%)

Baseline - 4.37 N/A
Reaeration -30% 2.90 -33.6%
SOD +30% 3.44 -21.3%
Wasteload DO -30% 3.48 -20.4%
Temperature +2°C 3.82 -12.6%
Reaeration +30% 4.73 +8.2%
SOD -30% 4.68 +7.1%
Temperature -2°C 4.65 +6.4%
Stream Velocity +30% 4.26 -2.5%
Stream Velocity -30% 4.47 +2.3%
Wasteload DO +30% 4.37 0%
Stream Depth -30% 4.37 0%
Stream Depth +30% 4.37 0%
BOD Decay Rate -30% 4.37 0%
BOD Decay Rate +30% 4.37 0%
Ammonia Nitrogen Decay Rate -30% 4.37 0%
Ammonia Nitrogen Decay Rate +30% 4.37 0%
Organic Nitrogen Decay Rate -30% 4.37 0%
Organic Nitrogen Decay Rate +30% 4.37 0%
Headwater Flow -30% 4.37 0%
Headwater Flow +30% 4.37 0%
Headwater DO -30% 4.37 0%
Headwater DO +30% 4.37 0%
Headwater BOD -30% 4.37 0%
Headwater BOD +30% 4.37 0%
Headwater Ammonia Nitrogen -30% 4.37 0%
Headwater Ammonia Nitrogen +30% 4.37 0%
Headwater Organic Nitrogen -30% 4.37 0%
Headwater Organic Nitrogen +30% 4.37 0%
Wasteload Flow -30% 4.37 0%
Wasteload Flow +30% 4.37 0%
Wasteload BOD -30% 4.37 0%
Wasteload BOD +30% 4.37 0%
Wasteload Ammonia Nitrogen -30% 4.37 0%
Wasteload Ammonia Nitrogen +30% 4.37 0%
Wasteload Organic Nitrogen -30% 4.37 0%
Wasteload Organic Nitrogen +30% 4.37 0%
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9.0 OTHER RELEVANT INFORMATION

This TMDL has been developed to be consistent thighstate anti-degradation policy
(LAC 33:1X.1109.A).

This TMDL report does not include an implementafen. Implementation plans are
not required for TMDLs under current federal regjolas. Implementation plans can be
developed most effectively and efficiently on ti&tes and local level.

LDEQ will work with other agencies such as locall &onservation Districts to
implement nonpoint source best management pradgtidbe watershed through the Section 319
programs. LDEQ will also continue to monitor thetera to determine whether standards are
being attained.

In accordance with Section 106 of the Federal CWarter Act, and under the authority
of the Louisiana Environmental Quality Act, LDEQshestablished a comprehensive program
for monitoring the quality of the state’s surfacaters. The LDEQ Surveillance Section collects
surface water samples at various locations, uttdiappropriate sampling methods and
procedures for ensuring the quality of the datéectéd. The objectives of the surface water
monitoring program are to determine the qualityhef state’s surface waters, to develop a
long-term data base for water quality trend analyend to monitor the effectiveness of pollution
controls. The data obtained through the surfacemmbnitoring program is used to develop the
state’s biennial 305(b) report (Water Quality Inteeg) and the 303(d) list of impaired waters.
This information is also utilized in establishingagpities for the LDEQ nonpoint source
program.

LDEQ has implemented a watershed approach to uwater quality monitoring.
Through this approach, the entire state is sammled a 4-year cycle. Long-term trend
monitoring sites at various locations on the lamyesrs and Lake Pontchartrain are sampled
throughout the 4-year cycle. Sampling is conducted monthly basis to yield approximately
12 samples per site each year the site is monit@a&ahpling sites are located where they are
considered to be representative of the waterbodgetthe current monitoring schedule,

approximately one half of the state’s waters arglyassessed for each 305(b) and 303(d)

9-1



Lost Lake and Four League Bay
TMDLs for Dissolved Oxygen and Nutrients March 25, 2008

listing biennial cycle, with sampling occurring t8&ide each year. The 4-year cycle follows an
initial 5-year rotation that covered all basinghe state according to the TMDL priorities. This
will allow LDEQ to determine whether there has baagy improvement in water quality
following implementation of the TMDLs. As the momiing results are evaluated at the end of
each year, waterbodies may be added to or remogadthe 303(d) list.

USEPA Region 6 has funded a use attainability assest (UAA) study for the
development of site-specific DO criteria for Temahbe basin, Louisiana. On January 31, 2008,
the contractor (Tetra Tech, Inc.) submitted a diggfort for USEPA’s review. In addition, the
state is involved in analyzing available data for Barataria and Terrebonne basin waters to
evaluate and possibly revise the existing dissobwedjen criterion.

Once LDEQ adopts and USEPA approves the revisedrid®ia, LDEQ will reassess
the 303(d) listed subsegments for DO and nutrigntise Terrebonne basin. If the reassessment
of a subsegment indicates a subsegment is nothiegpan the basis of revised criteria, if
appropriate, the DO and nutrients TMDLs may be driglivn, and USEPA will publish a public
notice. If the reassessment of a subsegment irdichat the subsegment is impaired on the basis
of the revised criteria, if appropriate, the DO andrients TMDLs may be revised, and USEPA
will publish a public notice.

Hurricane Katrina made landfall on Monday, Augut 2005, as a Category 4 hurricane.
The storm brought heavy winds and rain to southeasisiana, breaching several levees and
flooding up to 80% of New Orleans and large arda®astal Louisiana. Both Hurricanes
Katrina and Rita have caused a significant amotiobhange in sedimentation and water quality
in southern Louisiana. Many wastewater treatmetiliti@s were temporarily or permanently
damaged. Some wastewater treatment facilitiesbillebuilt; others will be relocated. Several
federal and state agencies, including USEPA and@Q[dfe engaged in collecting
environmental data and assessing the recoveryedsthf of Mexico waters.

The TMDLs in this report were developed on the $asipre- and post-hurricane water
quality conditions. Post-hurricane water qualitp@itions and other factors could delay the

implementation of these TMDLs, render some TMDLsadbte, or require modifications of the
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TMDLs. Although hurricane effects may be valid smme TMDLs, any deviation from the

TMDLs should be justified using site-specific datanformation.
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10.0 PUBLIC PARTICIPATION

Federal regulations require USEPA to notify thelfmund seek comment concerning
TMDLs it prepares. The TMDLs in this report werevel®ped under contract to USEPA, and
USEPA held a public review period seeking commeanfsrmation, and data from the public
and any other interested parties. The notice fiptiblic review period was published in the
Federal Register on October 25, 2007, and thewepeziod closed on November 26, 2007.

Comments were received from LDEQ. These commenis used to revise this TMDL
report. The comments and responses to these TMi2Limeuded in a separate document that
includes comments on similar TMDLs with the sambligureview period.

USEPA will submit the final version of these TMDtsLDEQ for implementation and
incorporation into LDEQ’s current water quality nagiement plan.

10-1



Lost Lake and Four League Bay
TMDLs for Dissolved Oxygen and Nutrients March 25, 2008

11.0 REFERENCES

Cadmus Group. 2007. Assessment of Dissolved Oxyjeysical Habitat, and Biological
Characteristics for Man-Made Canals and Unaltetesb$s in Terrebonne Basin,
Louisiana. Prepared for USEPA Region 6 by The Cad@wup, Inc. and ARCADIS
U.S., Inc., and other team members. Final Repdeddisiay 30, 2007.

Denes, T.A. and J.M. Caffrey. 1988. Changes in @eddNater Transport in a Louisiana
Estuary, Fourleague Bay, Louisiaf&tuaries, Vol. 11, No. 3, pp 184-1 91. September
1988.

USEPA. 1985. Rates, Constants, and Kinetics Fotimuakin Surface Water Quality Modeling
(Second Edition). Written by G.L. Bowie et. al. EB80/3-85/040. U.S. Environmental
Protection Agency, Environmental Research Laboyatihens, GA.

USEPA. 1999. 1999 Update of Ambient Water QualitigeCia for Ammonia. EPA-822-R-99-
014. U.S. Environmental Protection Agency, Offi¢&\tater. December 1999.
Downloaded from USEPA web site
(www.epa.gov/ost/standards/ammonia/99update.pdf).

USEPA. 2002. Consolidated Assessment and Listinthémlogy — Toward a Compendium of
Best Practices. Prepared by U.S. EnvironmentakPtion Agency, Office of Wetlands,
Oceans, and Watersheds. July 2002. Downloaded {iIBEPA web site
(www.epa.gov/owow/monitoring/calm.html)

LDEQ. 2005. Louisiana 2004 303(d) List of Impaii&@ter Bodies: Including EPA's Additions.
Downloaded from Louisiana Department of Environraétuality web site
(www.deg.louisiana.gov/portal/Portals/O/planninglB4-FINAL-Appendix H-Cat 5
303d List with EPA - August 17 2005.xIs)

LDEQ. 2006. Louisiana Total Maximum Daily Load Teatal Procedures. Revision 10.
Prepared by Office of Environmental Assessmentjdiana Department of
Environmental Quality. Dated August 10, 2006. Davadled from LDEQ web site
(www.deq.louisiana.gov/portal/Portals/O/planningR.op_1727 r10-081006.pdf).

LDEQ. 2007. Title 33 Environmental Quality, Part Water Quality, Subpart 1 Water Pollution
Control, Chapter 11 Surface Water Quality Standdriduding amendments through
5/20/07. Downloaded from Louisiana Department ofiEommental Quality web site
(www.deg.louisiana.gov/portal/Portals/O/planning&kitle33/33v09.pdf)

USGS. 2006. National Land Cover Database 2001 (NRGQ@L). Downloaded from U.S.
Geological Survey web site (www.mrlc.gov/mrlc2k_ahiasp).

Tetra Tech. 2007. TMDLs for Fecal Coliform Bactefhlorides, Sulfates, Total Dissolved
Solids (TDS), Sediment, Total Suspended Solids {T&®1 Turbidity for Selected
Subsegments in the Terrebonne Basin, Louisianao®Rppepared by Tetra Tech, Inc.
under contract to USEPA. Dated March 29, 2007. labée at
www.epa.gov/Region6/water/npdes/tmd|/2007/louistanal/3terretmdls_f.pdf

11-1



Lost Lake and Four League Bay

TMDLs for Dissolved Oxygen and Nutrients March 25, 2008

Wiland, B.L., and K. LeBlanc. 2007. LA-QUAL for Wilows User’'s Manual. Prepared by
Wiland Consulting, Inc. with revisions by K. LeBlari_ouisiana Department of
Environmental Quality. Model Version 8.11, Manuavision M. August 22, 2007.
Downloaded from LDEQ web site
(www.deg.louisiana.gov/portal/Portals/O/planningtial.zip).

11-2





