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EXECUTIVE SUMMARY

This report presents the results of a cdibrated modding andysis of the Ouachita River from
Serlington to the Columbia Lock and Dam near Riverton. The modding was conducted to establish
a TMDL for biochemicd oxygendemanding pollutants for the Ouachita River watershed. The river
is liged on the 2000 305(b) lit as not supporting fish and wildlife propagation due to organic
enrichment/lov DO, requiring the devedopment of a tota meximum daly load (TMDL) for
dissolved oxygen. It is dso listed on the court-ordered 303(d) list as impaired due to nutrients. This
TMDL edablishes load limitations for oxygen-demanding substances and goas for reduction of
those pollutants. LDEQ's postion, as supported by the ruling in the lawsuit regarding water qudity
criteria for nutrients (Serra Club v. Givens, 710 So.2d 249 (La. App. 1st Cir. 1997), writ denied, 705
So.2d 1106 (La 1998), is that when oxygen-demanding substances are controlled and limited in
order to ensure that the dissolved oxygen criterion is supported, nutrients are aso controlled and
limited. The implementation of this TMDL through wastewaer discharge permits and
implementation of best management practices to control and reduce runoff of soil and oxygen
demanding pollutants from nonpoint sources in the watershed will adso control and reduce the
nutrient loading from those sources.

Maps showing the portion of the river that was modeled and the location of dischargers may be
found in Appendix A. Bayou Batholomew is the most sgnificant tributary. The modeed portion
of the river comprises the lower 83 miles of Subsegment 080101, which is 102 milesin length.

The Ouachita River originates in the Ouachita Mountains of Arkansas near the Oklahoma border and
flows gpproximady 605 miles to the confluence with the Tensas River near Trinity, Louidang,
where the two rivers form the Black River. The Black River flows an additiond 42 miles to the Red
River. There are dams on the river & ORM 25 near Jonesville, a8 ORM 117 near Riverton, a ORM
227 near Felsenthd, Arkansas, and at ORM 288 in Arkansas.

The water qudity criteria for dissolved oxygen for Segment 080101 of the Ouachita River are 3.0
mg/l for June and July, 4.5 mg/l for August, and 5.0 mg/l for September through May.

Maor dischargers, exising or planned, in the modeed reach, are Ouachita Power (not yet
operating), Entergy Sterlington, the Town of Sterlington POTW, Koch Nitrogen, Angus Chemicd,
Entergy Monroe, West Monroe POTW, Riverwood International, and the City of Monroe POTW.
The West Monroe facility and Riverwood discharge to Judy Slough, the discharge from which to the
Ouachita River is controlled by Riverwood at their Outfal 001.

The modd used was Qua2E using a windows interface written at Tetra Tech and Genera Science
Corporation. The history of Qua2E begins with Qua-1, developed by F.D. Masch and Associates
and the Texas Water Development Board, 1970-71. The version used was developed under a
cooperdive agreement between Tufts Universty, Depatment of Civil Engineering, and the EPA
Center for Waer Quadity Modding. This verson of Qua2E is avalable from the U.S.
Environmenta Protection Agency.



Ouachita River TMDL iii
Subsegment 080101

Originated: January 31, 2002

Revised: 4-12-02, 5-7-02, 7-31-02

The model has been cdibrated to data from a survey conducted by the Louisana Department of
Environmenta Qudity on July 17-19, 2001. Projections have been made for the months of May
through September and November. The most critical conditions were encountered in August for the
summer months and November for the winter months. The projections for these two months were
used to cdculate the summer and winter season TMDLs  The projections indicate that the river is
dominated by nonpoint but that point source impacts are sSgnificant.  The minimum dissolved
oxygen occurs in a portion of the river jus upsream of the dam a Riverton, where the river
velocities are lowest. In order to meet the August DO criteria of 4.5 mg/l it was necessary to reduce
headwater loading by 15 percent, and nonpoint loading by 30 percent. It was dso necessay to
reduce the loading from Riverwood Outfal 001, Judy Slough, by 15 percent. Other point source
discharges can reman a their current permit limits. No reductions were required for the winter
season.  The summer and winter dlocations and TMDLs are as follows:

Table 1 - Summer Allocations and TMDLS

PARAMETER WLA LA MOS TMDL
(Ibsday) | (Ibsday) | (Ibs/day) | (Ibs/day)
UCBOD 21,406 101,947 | 16,679 140,032
ORG-N 7,334 21,990 4,277 33,601
NHs-N 3,125 666 855 4,646
SOD 0 5.0 0.6 5.6
TOTAL 31,865 124,608 | 21,812 178,285
Table 2 - Winter Allocationsand TMDLs
PARAMETER WLA LA MQOS TMDL
(Ibsday) | (Ibsday) | (Ibsday) | (Ibsday)
UCBOD 28,841 139,057 | 22,661 190,558
ORG-N 8,505 27,779 5,213 41,497
NHs-N 3,714 765 1,014 5,493
SOD 0 5.0 0.6 5.6
TOTAL 41,060 167,606 | 28,888 237,554

The winter TMDL does not represent the totd assmilative cgpacity of this portion of the Ouachita
River. Excess winter capacity over that dlocated to point and nonpoint sources and margin of
safety, does exis as evidenced by the difference between the projected and criteria dissolved
oxygen. The amount of this excess varieswith river mile and is hdd in reserve.

Additiond modd runs were conducted to evduate the impact of nutrients on OQuachita River
dissolved oxygen & August criticd conditions, as discussed in Section 7. These moded runs did not
indicate that the dissolved oxygen is sSgnificantly impacted by increased nutrient discharges or by
increased nutrient levels in the Ouachita River. This work does not, therefore, suggest that a TMDL
for nutrientsis needed.
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LDEQ will work with other agencies such as locd Soil Conservation Didricts to implement
agriculturd  best mamegement practices in the watershed through the 319 programs. Louisanas
Nonpoint Source Pollution Management Plan outlines Louisanas approach to nonpoint source
pollution control. It describes the types of projects that have been and will be implemented, and it
presents information on BMPs that have been determined to be technicdly feasble and effective in
reduction of pollutant loadings and runoff. LDEQ will dso continue to monitor the weaters to
determine whether standards are being attained.

In accordance with Section 106 of the federd Clean Water Act and under the authority of the
Louisana Environmenta Qudity Act, the LDEQ has edtablished a comprehensve program for
monitoring the quality of the state€'s surface waters. The LDEQ Surveillance Section collects surface
water samples a various locaions, utilizing agppropricte sampling methods and procedures for
ensuring the qudity of the data collected. The objectives of the surface water monitoring program
are to determine the qudity of the state's surface waters, to develop a long-term database for water
qudity trend andyss, and to monitor the effectiveness of pollution controls The data obtained
through the surface water monitoring program is used to develop the stat€'s biennid 305(b) report
(Water Quality Inventory) and the 303(d) list of impared waters. This information is dso utilized in
establishing priorities for the LDEQ nonpoint source program.

The LDEQ has implemented a watershed approach to surface water quality monitoring.  Through
this gpproach, the entire date is sampled over a five-year cycle with two targeted basins sampled
eech year. Long-term trend monitoring Stes a various loceations on the larger rivers and Lake
Pontchartrain are sampled throughout the five-year cyde. Sampling is conducted on a monthly basis
or more frequently if necessary to yield at least 12 samples per dte each year. Sampling Stes are
located where they are conddered to be representative of the waterbody. Under the current
monitoring schedule, targeted basins follow the TMDL priorities.  In this manner, the fird TMDLSs
will have been implemented by the time the firg priority basns will be monitored agan in the
second five-year cycde.  This will dlow the LDEQ to determine whether there has been any
improvement in water qudity following implementation of the TMDLs. As the monitoring results
are evaluated at the end of each year, waterbodies may be added to or removed from the 303(d) li<t.
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1. Introduction

This report presents the results of a cdibrated modeling andysis of the Ouachita River from
Serlington to the Columbia Lock and Dam near Riverton. The modeling was conducted to establish
a TMDL for biochemicd oxygendemanding pollutants for the Ouachita River watershed. The river
is ligsed on the 2000 305(b) list as not supporting fish and wildlife propagation due to organic
enrichment/low DO, requiring the devdopment of a totd maximum daly load (TMDL) for
dissolved oxygen. It is dso listed on the court-ordered 303(d) list as impaired due to nutrients. This
TMDL edablishes load limitations for oxygen-demanding substances and goas for reduction of
those pollutants. LDEQ's postion, as supported by the ruling in the lawsuit regarding water quality
criteria for nutrients (Sierra Club v. Givens, 710 So.2d 249 (La App. 1st Cir. 1997), writ denied, 705
So.2d 1106 (La 1998), is that when oxygen-demanding substances are controlled and limited in
order to ensure that the dissolved oxygen criterion is supported, nutrients are aso controlled and
limited. The implerventation of this TMDL through wastewater discharge permits and
implementation of best management practices to control and reduce runoff of soil and oxygen
demanding pollutants from nonpoint sources in the watershed will adso control and reduce the
nutrient loading from those sources.

Maps showing the portion of the river that was modeed and the location of dischargers may be
found in Appendix A. Bayou Batholomew is the most sgnificant tributary. The modeed portion
of the river comprises the lower 83 miles of Subsegment 080101, which is 102 milesin length.

The water qudity criteria for dissolved oxygen for Segment 080101 of the Ouachita River are 3.0
mg/l for June and July, 4.5 mg/l for August, and 5.0 mg/l for September through May.

Magor dischargers, exising or planned, in the modeded reach, are Ouachita Power (not yet
operding), Entergy Sterlington, the Town of Sterlington POTW, Koch Nitrogen, Angus Chemicd,
Entergy Monroe, West Monroe POTW, Riverwood International, and the City of Monroe POTW.
The West Monroe facility and Riverwood discharge to Judy Slough, the discharge from which to the
Ouachita River is controlled by Riverwood at their Outfal 001.

2. Study Area Description
2.1 Ouachita Basn and Ouachita River, Subsegment 080101

The Ouachita River's source is found in the Ouachita Mountains of west centra Arkansas near the
Oklahoma border. The Ouechita River flows agpproximatdy 605 miles through northeastern
Louisana to the confluence with the Tensas River near Trinity, Louisana, where the two rivers form
the Black River. The Black River flows an additiond 42 miles to the Red River. There are dams on
the river & ORM 25 near Jonesville, a& ORM 117 near Riverton, & ORM 227 near Felsenthd,
Arkansas, and a& ORM 288 in Arkansas. The Ouachita Basn covers over 10,000 square miles of
dranage area.  Mogt of the basin condgts of rich, dluvid plains cultivated in cotton and soybeans.

The northwest corner of the badn is forested in ping, which is commercidly harvested (LA DEQ,
1996). Elevation and merged infrared/spot images of the basin can be found in Appendix A.

Subsegment 080101 is the Ouachita River from the Louisana-Arkansas date line to the Columbia
Lock and Dam a Riverton. The river is designated a scenic water from the date line to confluence
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with Bayou Batholomew just aove Serlington, a digance of aoproximatdy 19 river miles. The
GAP land cover mapping in Appendix A gives an indication of the land use in the subssgment.

Table 3 - Land usein Subsegment 080101

Land use Area (1) Percent
Wetland 284,258,700 20.7
Upland Forest 584,829,900 42.6
Upland Scrub 205,994,700 15.0
Agriculture/Grasdand | 203,208,300 14.8
Urban 14,597,100 11
Water 80,486,100 59

2.2 Water Qudity Standards, Uses, and Support | ssues

Water qudity criteriaand designated uses are specified in Table 4.

Table4 - Water Quaity Numerica Criteriaand Designated Uses

Parameter/Use CriterialDegree of support
June July August September-May

Chlorides (mg/l) 160 160 160 160

Sulfaes (mg/l) 35 35 35 35

Dissolved oxygen (mg/l)* 3.0 3.0 4.5 5.0

PH 6.0-85 |6.0-85 |6.0-85 | 6.0-85

Temperature (°C) 33 33 33 33

TDS (mgll) 350 350 350 350

Drinking water Fully supporting

Primary contact recrestion Fully supporting

Secondary contact recreation | Fully supporting

Fish and wildlife propagetion | Not supporting due to Organic enrichment/low DO.
Other suspected causes of impairment are cadmium,
Copper, lead, mercury, and metals.

* These sasond criteria may be undtainable during or following naturdly occurring high
flow (when the gauge a the Felsenthd Dam exceeds 65 feet ad adso for the two weeks
following the recesson of flood waters below 65 feet), which may occur from May through
August. Naturdly occurring conditions that fail to meet criteria should not be interpreted as
violations of the criteria. (LADEQ Environmental Regulatory Code, 2000)
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The river is liged on the 2000 305(b) list as not supporting fish and wildlife propagation due to
organic enrichment/lov DO, requiring the development of a totd maximum daly load (TMDL) for
dissolved oxygen.

Historic data may be found in Appendix N. Datafor August were plotted for the years 1970 to
present, where available. Dissolved oxygen is showing atrend upward at Sterlington since 1990, but
the DO a Monroe and Columbia does not show atrend. TOC istrending upward a Columbia,
while TKN is trending dightly downward. Monitoring deta for the Columbia Lock and Dam are
avalablefor 1999 only. Dissolved oxygen data at the dam show criteriaviolationsin May, August,
and September.

2.3 Wastewater Discharges
Thefollowing are the Sgnificant dischargers to the modeed portion of the Ouachita River.

Table 5 - Mgor Discharger Inventory for Subsegment 080101

Permit limits

Fecility Ouitfal Permitno. | Outfdl | Desgn | Temp | CBODs NHs-N

no. ORM | flow °F

(mgd)
OuachitaPower | 001&002 | LA0112780 | 192.90 | 1.24 99
Entergy 001&002 | LAO007579 | 192.46 | 159 112
Serlington
Town of | 001 LAO046809 | 191.81 | 0.15 30 30 mg/l
Selington
POTW
Koch Nitrogen | 001 LA0094846 | 191.36 | 2.49 342
Ib/d

Angus 002 LA0007854 | 189.24 | 0.75 288 |b/d
Chemicd
Entergy Monroe | 001&002 | LA0O0Q07765 | 169.29 | 116 106
Riverwood 001 LAO007617 | 160.91 | 22.6 5.95Q**-240
International Ib/d
West Monroe | * LA0043982 6.87
POTW
City of Monroe | 001 LAO038741 | 159.56 | 12.0 10 mg/l 2mg/l
POTW

* Effluent combined with Riverwood Outfal 401 and permitted as Riverwood Ouitfall 001.
** Q =the 7 day running average of the Ouachita River flow a the state linein cfs.
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2.4 Prior Studies

Severd dudies of the Ouachita River between the Fesenthd Dam in Arkansas and Sterlington,
Louisana have been conducted; HydroQua of Mahwah, NJ, 1992 and AquAeTer of Brentwood,
TN, 1999. This reach of the river includes the upper 19 miles of Subsegment 080101. Both studies
were done to assess the impact of the Georgia Pacific Paper Mill at Crossett, Arkansas. That study
found tha the limitations for GP proposed by the Arkansas DEQ would not cause a violation of
Ouachita River water qudity criteria in Arkansas or Louisana, but would leave very little additiona
assmilative capacity in the river between the state line and Sterlington, Louisana

3. Modd Calibration
3.1 Program Description

The modd used was Qua2E using a windows interface written & Tetra Tech and Generd Science
Corporation. The history of Qua2E begins with Qua-1, developed by F.D. Masch and Associates
and the Texas Water Development Board, 1970-71. The verson used was developed under a
cooperative agreement between Tufts Universty, Depatment of Civil Engineering, and the EPA
Center for Waer Quadity Modding. This verson of Qua2E is avalable from the U.S.
Environmenta Protection Agency.

QuaZ2E is capable of modding the interactions between nutrients, adgae, and carbonaceous and
nitrogenous oxygen demand, as shown in Figure 1.
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Figure 1 - Mgor Condtituent Interactions in Qual2E
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3.2 Ovearview

The modd has been cdibrated to data from a survey conducted by the Louisana Department of
Environmental Qudity on Juy 17-19, 2001.  Fadlity information, including current permit
limitations, was obtained from LDEQ permit files Ouachita River flow records were obtained from
the U.S. Geologicd Survey. A HEC-2 hydrologic modd of the Ouachita River was obtained from

the U.S. Army Corps of Engineers. Wesather data was obtained from the Louisana Office of State
Climetology.
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This mode of the Ouachita River from Sterlington to the Columbia Dam made use of the &bility of
Qual2E to modd the interactions shown in Figure 1 so tha the impact of nutrient on dissolved
oxygen levels in the river was accounted for. Water temperature was adso modeded so thet the
impact of severd power plants using once-through, noncontact, cooling water could be assessed.

3.3 Survey Data, Appendix B and Appendix O

The data collected during the July 17-19, 2001 survey may be found in Appendix O, dong with
climate data from the Louisana Office of State Climatology (LOSC) and Ouachita River flow data
from the U.S. Geologica Survey (USGS). A summary of that dataiis presented in Appendix B.

Plots of the continuous monitoring data, dissolved oxygen, pH, conductivity, and temperature, are
presented. Continuous monitors were deployed a seven locations in the Ouachita River. Evidence
of dgd eactivity was found a dl dtes however, tha activity gopears to be intermittent, with
production in evidence on some days but not others. The variation in pH tracks the dissolved
oxygen very dosdy, confirming the presence of dgd activity,. At mogst dtes, the in-Stu
measurements of dissolved oxygen are close to the continuous monitor data

Instu runs were made above and below the Entergy power plants, both of which were in operation,
to look for changes in dissolved oxygen and temperature.  The measurement at the power plant was,
in each case, taken as close to the discharge plume as possble. The results are presented as plots in
Appendix B. The power plants are discharging a a dightly lower dissolved oxygen than their intake
by an average of about 0.2 mg/l. The discharge temperature used in the cdibration was obtained
from Entergy.

All waer qudity anayss work was done by the LDEQ Water Laboratory. Sixty day BOD time
series plots and the cdculaion of ultimate BOD and decay rates are included in Appendix B dong
with laboratory andytica results. Discharge flow data and water qudity samples were obtained
from those facilities discharging to the Ouachita.

Also in Appendix B ae a summary of survey hydrologic data, USGS flow data from the dtate line
dope gauge in-Stu profile data, and climate data (wet and dry bulb temperature, barometric
pressure, and wind velocity) for July 18 from the LOSC. The in-sSitu profile data indicate no change
in temperaure and very little change in dissolved oxygen from top to bottom in the Ouachita River,
an indication of farly good mixing and/or negligible sediment oxygen demand. Ouachita River
flows were obtained using an acoustic-doppler flow meter.

3.4 Hydrology, Appendix P and E

A HEC-2 modd developed by the U.S. Army Corps of Engineers (USCOE) in 1979-80 was used as
a bagis for the hydrology. This model covers the Ouachita and Black Rivers from ther junction with
the Red River to river mile 3384 a Camden, Arkansas. The input and output files may be found in
Appendix P. The modd output data was used to develop the hydrologic (Leopold) equations that are
used by Qua2E to describe the river geometry (depth and velocity) as a function of flow. An
example of the data work-up for Reach 1 may be found following the output file. A smilar daa file
for each reach was developed but not included in the report. Following the data file may be found
plots of the caculated average depth and veocity for each reach. Curve fits yidd the hydrologic
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coefficients for Qua2E. These coefficients were used as a dating point for the hydrologic
cdibration of the model.

The modd was firs cdibrated to the flows and depths measured during the survey, then to the
velocity caculated from messured width, depth and flow. Cdlibration to depth and veocity was
achieved by varying the hydrologic coefficients cdculated from the HEC-2 modd. The cdibration
depths and velocities are marked on the plots.

The flow, depth, and velocity cdibration plots may be found in Appendix E. In the flow calibration
plot, flow data from the U.S. Geologicd Survey (Arkansas) dtae line dope gauge is projected
downstream, without disperson, in accordance with the time of travel, and superimposed on the
flow cdibration plot. The USGS plot is thus an estimate of what the flow in each reach would have
been on July 18 without any flow averaging by disperson. The LDEQ measured flow is quite close
to being an average of the projected USGS data, indicating that both USGS and LDEQ
measurements are probably religble.

The increase in measured flow bedlow Bayou Bartholomew is probably mostly due to variation in
headwater flow from the USCOE operated Felsenthd Dam. This was smulated in the modd by
adding incrementa flow to each reach a the water quality concentrations measured in that reech.
However, since Qua2E does not have the ability to input nonpoint load for calibration, incrementd
input was dso used to input CBOD, organic nitrogen, and organic phosphorus to achieve cdibration.
The source of the additiona CBOD, Org-N, and Org-P loading is unknown. It could be benthic but
is more likely to be accumulated loading from smal tributaries which had no measurable flow.

3.5 Other Cdibration Input, Appendix C

Appendix C contains a summary of the point source (including tributary) cdibratiion input data plus
the point source modd eement caculations and reseration caculaions. Reseration was caculated
as the grester of the O Connor-Dobbins equation or a minimum K. of 23 (Louisana Totd
Maximum Daily Load Technicd Procedures, LADEQ), modified by the Maitingly rdation (Rates,
Congants, and Kinetic Formulations in Surface Water Quality Modeing, USEPA) for wind-aided
aeration. For the most part, velocities in the Ouachita River are below the range of the O Connor-
Dobbins equation, and wind plays asgnificant role in the agration of the Ouachita.

3.6 Rates and Congtants

The globd rates and congtants of Qual2E input sections 1 and 1A are set within the range dlowed by
QuaZ2E as documented in the Qua2E Windows Interface Users Guide, at a median or average vaue
from the EPA Raes and Condants Manud, taking into account the default vaue liged by the
Windows Users Guide. Other comments concerning these congtants may be found in 3.6.1 and
3.6.2. Input sections 6, 6A, and 6B contain reach specific rates, and some comments on these may
befoundin 3.6.3.

3.6.1 Program Control Constants

The time gep is used only for a dynamic smulaion. One hour seems to be the best choice for
modd convergence.  The maximum route time is ether the run time of a dynamic smulaion or the
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maximum number of iterations dlowed for a Seady state Smulaion. The sandard meridian was set
to 90 degrees for the Centrd Time Zone. The evaporation coefficient AE controls the evaporation
rate when modeling temperature; BE controls evaporation related to wind speed. AE and BE were
vaied to cdibrate temperature. The basin devation was set just over the control eevation of 52 feet
for the Columbia Dam. The vadue of dust atenuation was st near the maximum of the Qua2E
range, condstent with low evation.

3.6.2 Globa Algd, Nutrient, and Light Constants

Oxygen uptake by ammonia and nitrite oxidation was set @ the doichiometric values. The dgee
growth and respiration rates were sat within the dlowable range to cdibrate chlorophyll a  Light
averaging option 3 is the default for dynamic smulaion if temperaiure is Smulated, and was
therefore sdected for both dynamic and steady date runs. The number of daylight hours and the
tota daly solar radiation ae needed only for light averaging options 2 or 4. Othewise this
informetion is caculated by the program. A nitrification inhibition coefficient (KNITRF) of 0.6 was
sdected to approximate QUALTX and LAQUAL inhibition option 1, as shown by the vaues of
“CORDOQ" in Table 6.

Table 6 - Nitrification Inhibition Options

NITRIFICATION INHIBITION OPTIONS
VALUES OF CORDO
LAQUAL | LAQUAL

DO |OPTION 1| OPTION2 | ENTER | QUAL2E

(mg/) _|"CORDO"| "CORDO" [ "KNITRF"["CORDOQ"
10.0 1.000 | 1.00000000 0.6 0.998
9.0 1.000 | 1.00000000 0.6 0.995
8.0 1.000 | 1.00000000 0.6 0.992
7.0 0.981 | 0.98130841 0.6 0.985
6.0 0.952 | 0.95238095 0.6 0.973
5.0 0.915 | 0.91463415 0.6 0.950
4.0 0.863 | 0.86330935 0.6 0.909
3.0 0.789 | 0.78947368 0.6 0.835
2.0 0.674_ | 0.67415730 0.6 0.699
1.0 0.469 | 0.05000000 0.6 0.451
0.5 0.291 | 0.00356489 0.6 0.259
0.2 0.136_| 0.00010862 0.6 0.113
0.1 0.072 | 0.00000774 0.6 0.058
0.0 0.000 | 0.00000000 0.6 0.000

KNITRF = First order nitrification inhibition coefficient
CORDO = Fraction of maximum nitrification rate

3.6.3 Reach Specific Congtants

The rate constants for CBOD, Org-N, NH3-N, NO»-N, and Org-P decay were determined by
cdibration.  The cdculation of reseration rates is discussed in 34.  Settling rates were set at
rativdy low default vdues The chlorophyll a to dgee ratio is conggent with information in the
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Rates and Congants manud. The nondgd light extinction coefficient was cdculaed from a
relation with Secchi disk depth that may be found in Thomann and Muéler.

3.7 Cdibration Dynamic Plots, Appendix D

The cdibration was run in quas-dynamic mode and the results for dissolved oxygen, temperature,
and chlorophyll-a were plotted againgt time for the top and bottom eements of the modd and for
sverd dements in between usng a program written by LDEQ. QuaZ2E is initidly trying to reach
equilibrium, after which it digolays the diurnd variation of these parameters.  Comparing this
projected variation with the variation measured by the continuous monitors, it is clear that the modd
greatly underdates the variation of dissolved oxygen and dightly underdates the variation of
temperature.  The temperature variation a the 1 meter measurement depth is probably greater than
the variation of the average water column temperature. Likewise, the variation of dissolved oxygen
a the 1 meter measurement depth is probably greater than the variaion of the average water column
DO. This may explan the modd undersating the temperature cycle but it seems unlikdy that it
explains the gross undersatement of the dissolved oxygen cycle.  Chlorophyll-a was sampled during
the day WQ runs and we therefore have only daytime maximum vaues for this parameter.

The dynamic run was made in such a way that the last dement should coincide with the July 18
cdibration, and the diurnd variation should therefore bracket the steady State runs.  This behavior
was obsarved for dissolved oxygen and chlorophyll-a but not for temperature. Because of the
suspect nature of the dynamic runs, al cdibration and projection was caried out in Steady Sate
mode.

3.8 Steady State Calibration Plots, Appendix E

The smulated parameters, dissolved oxygen, UCBOD, organic- nitrogen, anmonia-nitrogen, nitrates
plus nitrites, organic phosphate, dissolved phosphate, and chlorophyll-awere calibrated to measured
data. The modd was calibrated to the average temperature and DO measured at the one meter depth
since LDEQ water quality assessment is carried out at that depth.

Cdlibration to the measured DO required that benthic loading be dropped to nearly zero (a smal
amount of SOD was used to fine tune the cdibration) and that CBOD and organic-nitrogen decay
rates sgnificantly lower than bottle rates be used. Since dissolved oxygen does not vary greatly over
the water column, the fact that dissolved oxygen was measured a the one meter depth instead of
mid-depth was not a factor, and the decay rates obtained by calibration are probably correct.

Point source dischargers were represented in the cdibration at the concentrations and flows obtained
by the 2001 survey. The Entergy power plant discharge concentrations are assumed equa to
Ouachita River concentrations at the point of intake except for dissolved oxygen, for which a drop of
0.2 mg/l was used as discussed in Section 3.3, and temperature, which was obtained from Entergy.
The Entergy Monroe power plant was in operation during the survey. The Ouachita Power
generating facility has not yet come on line.

The Sterlington POTW was not discharging at the time of the 2001 survey.
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For those dischargers for whom temperature and dissolved oxygen could not be measured, defaults
of 86 °F and 2 mg/l were assumed. Survey data for temperature and DO were obtained for the
Riverwood outfall 001.

As mentioned previoudy, climate data consgsing of wet and dry bulb temperature, barometric
pressure, and wind velocity were obtained from the Louisana Office of State Climatology.

4. Modd Projections
4.1 Criticd Conditions, Seasondity and Margin of Safety

The Clesn Waer Act requires the consderation of seasona variation of conditions affecting the
condtituent of concern, and the incluson of a margin of safety (MOS) in the devdopment of a
TMDL.

Graphicd and regresson andyss techniques have been used by LDEQ hidoricdly to evauae the
temperature and dissolved oxygen data from the Ambient Monitoring Network and run-off
determinations from the Louidana Office of Climatology water budget. Since nonpoint loading is
conveyed by run-off, this was a reasonable corrdation to use. Temperature is drongly inversdy
proportiond to dissolved oxygen and moderatdy inversdy proportiond to run-off.  Dissolved
oxygen and run-off are aso moderately directly proportiond. The andyss concluded that the
critical conditions for stream dissolved oxygen concentrations were those of negligible nonpoint run-
off and low stream flow combined with high stream temperature.

When the ranfal run-off (and nonpoint loading) and dream flow are high, turbulence is higher due
to the higher flow and the temperaure is lowered by the run-off. In addition, run-off coefficients are
higher in cooler weather due to reduced evaporation and evapotranspiration, so tha the high flow
periods of the year tend to be the cooler periods. Reaeration rates and DO saturation are, of course,
much higher when water temperatures are cooler, and BOD decay rates are much lower. For these
reasons, periods of high loading are periods of higher reagration and dissolved oxygen but not
necessarily periods of high BOD decay.

In the case of the Ouachita River, the above conditions are sometimes overwhemed by the
conveyance of highly loaded floodwaters from swamps upstream. This condition is exempted from
the criteria and is not consdered by this modd. With the exception of these flood conditions,
critica conditions in the Ouachita are probably periods of low flow and/or high water temperature.
With this in mind, the months of May through September were chosen for summer season
projections. The lowest 7Q10 flow and the highest 90 percentile temperature for the Ouachita both
occur in August.

The lack of a naturd background river amilar to the Ouachita leaves us with no bass for estimating
natural background loading. Modd loading will therefore be consdered on an overal bass, man+
made plus natura background. Because of this, an explicit MOS of 10% was used for adl nonpoint
loads, while 20% was used for the man-made point source loads to account for future growth, safety,
model uncertainty, and data inadequacies.
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4.2 Overview and Comments on the Projections

The modd was successfully calibrated and was projected a monthly criticad temperature and flow
conditions for May through September to represent the summer season and for November to
represent the winter season. The lowest summer season TMDL was obtained for the month of
August and this TMDL and dlocations will thus be the summer ssason TMDL. The most stringent
temperature and flow conditions for the winter season occur in November. The summer season is
consdered to be the months of May through October and the winter season November through April
as per the Louisana Total Maximum Daily Load Technical Procedures.

Ouachita River water quality data from the 2001 survey for survey Site OR1 above the junction with
Bayou Bartholomew was used as a starting point for the projections. Survey data was also used as a

garting point for tributary inputs.

Incremental flow was assumed to be negligible for the projections. A very smdl incrementa flow
was used solely to convey nonpoint loading of CBOD, Org-N, and Org-P. As a darting point, the
concentrations were increased to give a loading rate equad to cdibration loading plus a magin of
safety. NHz-N, NOy, dissolved-P, and Chl-a concentrations were set to zero. It was assumed that
nonpoint BOD and nutrient loading would predominately be in the form of CBOD and organic
nitrogen and phosphorus compounds.

Point source dischargers were represented in the projections in accordance with their permit
limitations. Non-permitted parameters were input a the levels measured in the survey of 2001. The
Entergy power plant discharge concentrations are assumed equa to Ouachita River concentrations at
the point of intake except for temperature, which is set in accordance with the permit, and dissolved
oxygen, for which an 0.2 mg/l drop from intake concentration was assumed. The Ouachita Power
generating plant is represented in the projections in accordance with their permit.

The Selington POTW was not discharging a the time of the 2001 survey.  Non-permitted
parameters typicd of oxidation pond samples taken during the 1994 Chauvin Bayou survey were
used.

For those dischargers for whom temperature and dissolved oxygen could not be measured, defaults
of 86 °F and 2 mg/l were assumed. The Riverwood outfal 001 was modeled at the dissolved oxygen
measured during the survey and the projection temperature was assumed the same as Cheniere
Creek.

Monthly average wet and dry bulb temperature and wind velocity were worked up from raw data
supplied by the Louisana Office of State Climatology.

A szies of runs was made to assigt in judging the impact on the Ouachita River minimum dissolved
oxygen of the various point and nonpoint loads. The August run without load reduction was used as
a bass and each load was evauaed in comparison to that bass. The minimum DO was determined
to be just above the dam a Riverton, where the river velocity is lowest. The loads are listed below
in descending order of impact, and the impact in terms of the decrease in minimum dissolved oxygen
concentration is noted.
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Nonpoint (incremental + benthic) loading ..o 1.68 myg/l
Riverwood International .............coeiie i e e 0.41 mg/l
Heaowater [0a0iNg ........coovi it e e 0.20 mg/l
MONIOB POTW .o e e e e e e e e 0.12 mg/l
1= 10 Y01 [ (0= 0.10 mg/l
Tributary 10ading .......o.viriii 0.03 myg/l
All other diSChargers ........ooveie e 0.00 mg/l

The grestest impact is from headwater, nonpoint, and the Riverwood discharge. Reductions of 15 %
in headwater loading, 30% in non-point loading, and 15% in loading from Riverwood alowed the
August criteria to be met.  The Monroe POTW has limitations of 10mg/l CBODS and 2 mg/l NH3-N
and was not reduced further. The impact of the Entergy Monroe generating plant is due to the
discharge temperature limitation.

4.3 Projection Input Summary, Appendix G

4.3.1 The “Modd Criteria and Criticad Conditions’ sheet presents the dissolved oxygen criteria for
the Ouachita River, and monthly criticd conditions for temperature, flow, and dissolved oxygen for
the Ouachita, Bayou Bartholomew, Bayou delLoutre, Bayou d Arbonne, Cheniere Creek, and
Chauvin Bayou. The source of the data is dso given. The Julian “day of year dart time’ for the
modd islisted for each month.

The monthly 7Q10 flows for the Ouachita River a the Arkansas-Louisana date line are taken from
Appendix F of the 1992 HydroQua modding report, for which the reference is an Advent Group,
Inc. report of 1992.

Headwater and tributary dissolved oxygen were caculated at 80% of saturation, the highest percent
saturation observed during the survey.

The monthly critical temperatures for Bayou Bartholomew were used for Chauvin Bayou.

4.3.2 The “Wet and Dry Bulb Temperatures for Shreveport and Jackson” sheet presents the data
used to estimate wet bulb temperatures for Monroe. Only dry bulb temperatures were available for
Monroe.

4.3.3 The “Average Monthly Wind Speed’ sheet summarizes the wind speed data from the Office
of State Climatology that was used for the projections.

4.3.4 The “Projection Point Source Input” sheets give the flows, temperatures, DOs, and other
water quality data for point sources and tributaries.  As indicated, the point source flows include a 20
percent margin of safety. The tributary loads include a 10 percent margin of safety. Load and flow
reduction isindicated where it was gpplied.

435 The “Wind Aided Reseration Cdculations’ ae run for each month based on the critica
flows and average wind speed for that month. The resulting reserdtion rate is used in place of the
reseraion equations available in Qua2E.
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4.4 Steady State Projection Plots, Appendix H

Projection plots are provided for each month, and for projection runs without load reduction and
with load reduction to meet criteria. The May, June, July, August, and September runs represent the
summer season of May through October. The November run represents the winter season. The
location of dischargers and some of the tributaries is marked on the water qudity plots. The dte
locations are marked on the hydrologic plots. The DO criterion is marked on the dissolved oxygen
plots. The criticd temperature is marked on the temperature plots. The three estimates of Ouachita
River 7Q10 are marked on the flow plots. The date line 7Q10 is used as the basis for the flow
projection.

4.5 Projection Input and TMDL Worksheets, Appendix |

Worksheets are provided for each month, and for projection runs without load reduction and with
load reduction to meet criteria. No reduction was required to meet criteria in May, June, or July.
Identical load reductions were required to meet criteria in August and September.  For those months,
incrementa input of CBOD, organic nitrogen, and organic phosphorus was reduced by 30%,
headwater loading was reduced by 15%, and the flow from one point source, Riverwood
Internationd, was reduced by 15%. The August TMDL, being the smdlest of the summer season
monthly TMDLS, is consdered to be the summer season TMDL.

As shown in Table 5, Riverwood is permitted to discharge BOD as a function of the Ouachita River
flow as measured by the state line dope gauge. The flow a Riverwood Outfal 001 is regulated to
day within permit limitations for pounds per day of CBOD. The reduction of the Riverwood
discharge is cadculated as a reduction of the mass discharge but is modeled as a reduction in flow by
assuming the CBOD concentration to be that measured during the survey.

No reduction was required to meet criteria in November. The most stringent flow and temperature
conditions of the winter season occur in November, and the November run was therefore used to
cdculate the winter season TMDL. The winter TMDL does not represent the total assmilative
capacity of this portion of the Ouachita River. Excess winter cgpacity over that dlocated to point
and nonpoint sources and margin of safety, does exist as evidenced by the difference between the
projected and criteria dissolved oxygen. The amount of this excess varies with river mile and is held
inreserve,

4.6 Input and Output Listings, Appendices J, K, and L

Projection output listings for the August run to meet criteria and the November run without load
reduction are provided n Appendices K and L. Input ligings are provided in Appendix J for the
May, June, July, and September runs.

5. TMDL and Allocation Summary

Projections have been made for the months of May through September and November. The most

critical conditions were encountered in August for the summer months and November for the winter
months. The projections for these two months were used to calculate the summer and winter season
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TMDLs. The projections indicate tha the river is dominated by nonpoint but that point source
impacts are dgnificant.  The minimum dissolved oxygen occurs in a portion of the river just
upstream of the dam a Riverton, where the river velocities are lowest. In order to meet the August
DO criteria of 45 mg/l it was necessary to reduce headwater loading by 15 percent, and nonpoint
loading by 30 percent. It was aso necessary to reduce the loading from Riverwood Outfall 001,
Judy Sough, by 15 percent. No reductions were required for the winter season.  The summer and
winter dlocationsand TMDLs are as follows:

Table 7 - Summer Allocationsand TMDLS

PARAMETER WLA LA MOS TMDL
(bsdy) | (lbsday) | (Ibs'day) | (Ibs'day)
UCBOD 21,406 101,947 [16,679 | 140,032
ORG-N 7,334 21,990 [ 4,277 33,601
NHz-N 3,125 666 855 4,646
SOD 0 5.0 0.6 5.6
TOTAL 31,865 |124,608 [21812 | 178,285

The summer season dlocation for Riverwood Internationd is [b CBODS/day = 5.06Q-204, where Q

is the saven day running average flow in cfs from the USGS date line dope gauge.

Table 8 - Winter Allocationsand TMDLS

PARAMETER WLA LA MOS TMDL
(bsday) | (Ibsday) | (Ibsday) | (lbsiday)
UCBOD 28,841 139,057 [ 22,661 | 190,558
ORG-N 8,505 27,779 [ 57213 41,497
NHs-N 3,714 765 1,014 5,493
SOD 0 5.0 0.6 5.6
TOTAL 41,060 167,606 | 28,888 | 237,554

The winter TMDL does not represent the totd assmilative cgpacity of this portion of the Ouachita
River. Excess winter cgpacity over that alocated to point and nonpoint sources and margin of
safety, does exist as evidenced by the difference between the projected and criteria dissolved
oxygen. The amount of this excess varieswith river mile and is hdd in reserve.

6. Sendtivity Andysis

All modeling dudies necessarily involve uncertainty and some degree of approximetion. It is
therefore of value to consder the sengdtivity of the modd output to changes in mode coefficients,
and in the hypothesized relationships among the parameters of the modd. The Qua2E modd dlows
several parameters to be varied with a single run.  The modd adjusts each parameter up or down by
the percentage given in the input set. The rest of the parameters liged in the sengtivity section are
held at their origind projection vaue. Thus the sengdtivity of each parameter is reviewed separately.

A sndtivity andyss was peformed on the modd cdibration.  The senstivity of the modd’s
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minimum DO projections to these parameters is presented in Table 9. Qual2E does not generate plot
files for sendtivity. The numbers in Table 9 were read from the sengtivity run output. Parameters
were varied by +/- 30%, except temperature, which was adjusted +/- 2 degrees Centigrade.

As shown by the data, DO is most senstive to stream reaeration, CBOD decay rate, temperature,
headwater flow, and incrementd flow.

Table 9 - Cdlibration Modd Senstivity

Parameter Base DO Percent DdtaDO Percent Percent DdtaDO Percent
(mg/l) variation (mg/l) change Variation (mg/l) change

Reaeration rate 452 +30 +0.47 +10.4 -30 -0.68 -15.0

CBOD decay 452 +30 -0.34 -75 -30 +0.42 +9.3

rate

Temperature 452 +3.6 °F -0.28 -6.2 -3.6°F +0.26 +5.8

Headwater 452 +30 +0.19 +4.2 -30 -0.25 -55

flow

Incremental 452 +30 -0.17 -38 -30 +0.19 +4.2

flow

Org-N decay 452 +30 -0.07 -15 -30 +0.08 +18

rate

Algae 452 +30 -0.04 -09 -30 +0.06 +1.3

respiration rate

Algae growth 452 +30 +0.03 +0.7 -30 -0.02 -04

rate

Org-P decay 452 +30 0.0 0.0 -30 0.0 0.0

rate

7. Nutrient Impacts

As evidenced by the increase in the level of chlorophyll-a in the projections, nutrients are predicted
by the modd to have some impact on water quaity. Additiond mode runs were conducted to
evauate the impact of nutrients on Ouachita River dissolved oxygen a August critica conditions.

7.1 Sengtivity runs

Sengtivity runs were made on the “August projection to meet criterid’.  Nitrates, organic
phosphorus, and soluble phosphorus were varied in the headwater and in point sources (including
tributaries) and the impact on dissolved oxygen, chlorophyll a totd nitrogen, and totd phosphorus
noted. The results are summarized in Table 9. Plots showing the impact on these parameters may be
found in Appendix M. Changes in nutrient loading are projected to have a substantid impact on
adgeelevesin theriver, but the projected impact on dissolved oxygen levesis not Sgnificant.
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Table 10 - Projection Modd Sengtivity to Nutrients

PERTURBATION REACH & ELEMENT PARA - BASE CHANGE % CHANGE
FROM TO METER (mg/l or ug/l)
Point source NOz & 11-13 12-6 DO 48 +0.12 +25
Org-P & Sol-P @ 94 918 TN 141 +0.32 +22.7
+100% 94 912 TP 0.23 +0.15 +65.2
17-12 17-12 Chl-a 303 +37.9 +96.4
Point source NOz & 17-12 17-12 DO 5.72 011 -1.9
Org-P & Sol-P @ - 94 11-2 TN 141 -0.16 -11.3
50% 94 16-8 TP 0.23 -0.07 -30.4
17-12 17-12 Chl-a 303 -17.9 -455
Headwater NO3 & 2-4 2-11 DO 6.01 +0.06 +10
Org-P & Sol-P @ 1-1 2-5 TN 0.80 +0.14 +175
+100% 1-1 2-7 TP 0.06 +0.06 +100.0
17-12 17-12 Chl-a 303 +15.1 +38.4
Headwater NO3 & 1-20 2-11 DO 6.01 -003 -05
Org-P& Sol-P@ - 1-1 2-7 TN 0.80 -007 -88
50% 1-1 2-11 TP 0.06 -0.03 -50.0
17-12 17-12 Chl-a 303 81 -20.6

7.2 Cdibration and Projection Without Nutrient- Algee cyde

The modd was recdibrated without running the nutrient-algee cycle, and that cdibration used as a
bass for a rerun of the “August projection without load reduction”. The intent was to evduate the
impact of the nutrient-algae cycle on projection results. Note that the global congtants that control
solar radiation, evaporation, and adgae growth and respiration do not function in this mode. The
cdibration plots for waer qudity parameters may be found in Appendix M. The hydrologic
cdibration was unchanged, so only the water qudity cdibration was plotted. Since nether
chlorophyll a nor temperature were modeled, the calibration for these parameters reflects the survey
data input as initid conditions. Chlorophyll a levels are not impacting the cdlibration projection but
therates and DO saturation are, of course, afunction of temperature.

The projection charts show the difference between a full nutrient-dgae cycle modd and a modd of
the oxygen demanding load only. The nutrient cycle projected dissolved oxygen includes the net of
algee production and respiration, and that &, of course, the difference between the DO plots. The net
adgee production a the point of minimum dissolved oxygen is a podtive 0.1 mg/l. The plots for
organic nitrogen, ammonia, nitrite plus nitrate nitrogen, and tota nitrogen are aso shown.

Neither these modd runs nor the sengtivity runs indicaie that the dissolved oxygen is Sgnificantly
impacted by increased nutrient discharges or by increased nutrient levels in the Ouachita River. This
work does not, therefore, suggest that a TMDL for nutrients is needed.

8. Condudons
The Ouachita River behind the Columbia Dam is a long, degp, dow flowing pool at critica flow.

This adversdly affects the dissolved oxygen leves in the river. The water qudity is dominated by
nonpoint loading but point sources are aso very dgnificant.  Point source and nonpoint source
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reductions are required in order that the dissolved oxygen criteria may be met in the summer season
months of May through October. No reductions are required in the winter season.

Additiord modd runs were conducted to evduate the impact of nutrients on Ouachita River
dissolved oxygen a& Augus criticd conditions. These modd runs did not indicate thet the dissolved
oxygen is dgnificantly impacted by increesed nutrient discharges or by increased nutrient leves in
the OuachitaRiver. Thiswork does not, therefore, suggest that a TMDL for nutrients is needed.

This TMDL was developed in accordance with the Louisana anti-degradation policy, Title
33:1X.1109. LDEQ will work with other agencies such as locd Soil Conservation Didricts to
implement agricultura best management practices in the watershed through the 319 programs.
Louisiana’'s Nonpoint Source Pollution Management Plan outlines Louisand's gpproach to nonpoint
source pollution control. It describes the types of projects that have been and will be implemented,
and it presents information on BMPs that have been determined to be technicdly feasble and
effective in reduction of pollutant loadings and runoff. LDEQ will aso continue to monitor the
waters to determine whether standards are being attained.

In accordance with Section 106 of the federd Clean Water Act and under the authority of the
Louisana Environmental Quaity Act, the LDEQ has esablished a comprehensve program for
monitoring the qudity of the da€'s surface waters. The LDEQ Surveillance Section collects surface
water samples a various locations, utilizing agppropriste sampling methods and procedures for
ensuring the qudity of the data collected. The objectives of the surface water monitoring program
are to determine the qudity of the dtat€’'s surface waters, to develop a long-term database for water
qudity trend andyss, and to monitor the effectiveness of pollution controls. The daa obtained
through the surface water monitoring program is used to develop the stat€'s biennid 305(b) report
(Water Quality Inventory) and the 303(d) list of impared waters. This information is dso utilized in
establishing priorities for the L DEQ nonpoint source program.

The LDEQ has implemented a watershed approach to surface water quaity monitoring.
Through this gpproach, the entire date is sampled over a five-year cycle with two targeted basins
sampled each year. Long-term trend monitoring Stes a various locations on the larger rivers and
Lake Pontchartrain are sampled throughout the five-year cycle. Sampling is conducted on a monthly
bass or more frequently if necessary to yield a leest 12 samples per Ste each year. Sampling sSites
are located where they are conddered to be representative of the waterbody. Under the current
monitoring schedule, targeted basins follow the TMDL priorities  In this manner, the firsa TMDLS
will have been implemented by the time the first priority basns will be monitored agan in the
second five-year cycle.  This will dlow the LDEQ to determine whether there has been any
improvement in water qudity following implementation of the TMDLs. As the monitoring results
are evauated at the end of each year, waterbodies may be added to or removed from the 303(d) list.

In addition to surface water monitoring, municipd and indudtrid point source dischargers are
monitored to verify compliance with permitted effluent limitations and compliance schedules.
Magjor dischargers are inspected annudly (with sampling when necessary) to ensure compliance with
goplicable effluent limitations and state and federd permit requirements.
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