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INTRODUCTION

The identification of waterbodies not meeting
their designated use and the development of
total maximum daily loads for those 
waterbodies are required by Section of
the Clean Water Act and the Environmental 
Protection Agency's Water Quality Planning and 
Management Regulations. The Mississippi 
Department of Environmental Quality (MDEQ) 
has identified a segment of Indian Creek as 
being impaired for a total length of 3 miles as
reported in the Mississippi 1998 Section 
List of Waterbodies. This segment is located in
northeastern Mississippi within the Tennessee
River Basin: beginning at the luka POTW 
and ending at the confluenceof Branch,
Figure 1. The pollutant of concern in Indian
Creek is enrichment of organic matter, which
causes low instream levels of dissolved oxygen
(DO). Oxidizable organic matter is measured in
terms of total ultimate biochemical oxygen 
demand is the oxygen 
consumed by microorganisms while stabilizing 
carbonaceous and nitrogenous compounds 
under aerobic conditions over an extended time 
period. is equal to the sum of
carbonaceous biochemical oxygen demand 

and nitrogenous biochemical oxygen 
demand

The TMDL process is designed to restore and 
maintain the quality of impaired waterbodies 
through the establishment of pollutant specific
allowable loads. The TMDL for Indian Creek is
the maximum allowable load of that can 
be placed in the waterbody, while allowing the 
waterbody to maintain state water quality
standards. The allowable load of for
Indian Creek was developed based on the state 
standard for DO as defined in the State of
Mississippi Water Quality Criteria for Intrastate,
Interstate, and Coastal Wafers (MDEQ 
The state standard specifies that for waters
designated for use as fish and wildlife support, 
the DO concentration shall be maintained at a
daily average of not less than 5.0 mgll with an 
instantaneous minimum of not less than 4.0

In order to adequately protect the
designated use of Indian Creek, these standards
must be attained under low-flow, critical 
conditions. MDEQ Regulations define "low-flow,
critical conditions" as the flow and
temperatures of 26°C in the summer (May -
October) and 20°C in the winter (November -
April). The flow is the minimum flow
expected for seven consecutive days during a
time period of ten years. A water quality model, 

was selected to determine the
assimilative capacity of the creek for the 
pollutant of concern under critical conditions. 

The model includes both point and
nonpoint sources of One point source
of is located within the modeledsegment
of Indian Creek, the luka POTW facility, a 
cell conventional lagoon with a chlorine contact
chamber. Discharge monitoring reports (DMRs)
and effluent samples collected in September
1998, during a study of Indian Creek, were used
to characterize the facility's effluent. DMRs
indicate that this facility is currently operating
within the limits for 5-day biochemical oxygen 
demand loading set within its NPDES
permit. Nonpoint sources of were
quantified by measuring the background
concentration in the headwaters of the creek.

MODEL CALIBRATION STUDY

The model was developed to simulate
the existing, instream conditions documented 
during an intensive study of Indian Creek
performed by MDEQ. In order to investigate the
impact of organic enrichment in Indian Creek
during critical conditions, this study was
performed during a low-flow, high-temperature
period in September 1998. Seven monitoring
stations were established upstream and within 
the impaired segment of Indian Creek. The
locations of the monitoring stations, labeled
through are shown in Figure 1.

Data collected at each monitoring station 
consisted of analysis of the habitat and benthic 
macroinvertebrate community, measurement of
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hydraulic and meteorologicalparameters, in-situ
data, and water chemistry parameters. The
situ parameters; DO, temperature, and 
specific conductivity, were monitored with 
datasondes in 30-minuite intervals for at least 
24-hours at each of the monitoring stations. 
Water chemistry parameters included total
organic carbon, total phosphorous, total
nitrogen, ammonia nitrogen, nitrite nitrogen,
nitrate nitrogen, total suspended solids, and 
chlorophyll-a. Additional water chemistry
samples were collected at several of the
monitoring stations for analysis of and

Effluent samples from the luka POTW 
were also analyzed for these in-situ and water 
chemistry parameters.

Collection of the water chemistry samples was 
coordinated with a time-of-travel study. The 
time-of-travel study was conducted by releasing
350 of Rhodamine Dye into Indian Creek 
at monitoring station The downstream
movement of the dye cloud was monitored by
recording the instream dye concentration using 
a Model Series Flourometer, Turner 
Instruments, Inc. The average water velocity in
each reach was calculated, based on the results 
of the dye study, by dividing the reach distances
by the travel time of the dye peak through each 
reach. Water chemistry samples were collected 
as the dye cloud passed and 12 hours following 
at each monitoring station. Assuming 
approximate plug-flow conditions, this sampling
strategy allows the use of water chemistry data
for estimating the rates at which chemical 
processes occur under natural conditions in the
creek. Two composite water samples, each
collected over a 24-hour period, were collected 
at the luka POTW lagoon. These samples were 
collected from the second cell of the lagoon near 
the outfall pipe using an sampler. All
water chemistry samples were analyzed by the
MDEQ Laboratory in Pearl, MS according to
protocols outlined in Standard Methods for the
Examination of Water and Wastewater ,
Edition (Clescon, Greenburg, eds. 1998).

An analysis of the chemical data collected 
during the intensive study showed a decrease in
the levels of DO and an increase in the specific
conductivity below the luka POTW outfall. The
mean DO decreased from at
monitoring station IC-2 (river mile which is 
upstream of the POTW outfall, to 2.98 mgll at
monitoring station (river mile which is 
downstream of the POTW outfall. The mean

instream DO increased to 6.21 at
monitoring station IC-7 (river mile indicating
recovery from the effects of organic enrichment
at this point. The diurnal variation of instream
DO also increased significantly at the monitoring 
stations below the POTW outfall (river mile 9.3).
Diurnal DO variations of up to 2.5 mgll were
recorded at monitoring station IC-3 (river mile 
9.4). The specific conductivity increased from a 
mean of 57.6 at monitoring station IC-2 to 
102.1 at monitoring station IC-4. In
addition, levels of total organic carbon, total
Kjeldahl nitrogen, total suspended solids, and 
chlorophyll-a also showed notable increases 
below the POTW outfall.

Analysis of the instream biology and habitat was
performed at four of the monitoring stations on
Indian Creek and at Pickens Branch, a tributary
of Indian Creek. Biological data collected at
Pickens Branch were used to establish
reference conditions in a non-impaired stream
for comparison purposes. The biological 
evaluations consisted of a habitat assessment 
and an analysis of the benthic 
macroinvertabrates found in the stream. The 
use of benthic macroinvertabrates in 
bioassessments provides an indication of the
long-term water quality of a stream. Certain 
types of these organisms are extremely 
sensitive to pollution, thus the presence or
absence of sensitive organisms in an area 
provides a long-term indication of the quality of
the water to which they have been exposed 
(MDEQ

Benthic macroinvertabrates were collected 
according to a specific protocol referred to as a
rapid biological assessment or RBA. The RBAs
were performed at stations IC-2, IC-3, and
IC-7. The RBAs performed at the station above
the luka POTW discharge, IC-2, and furthest 
downstream from the outfall.
indicated the best water quality conditions when
compared to the reference condition. However, 
notable differences from the reference site,
indicating poorer water quality, were found at
stations IC-3 and IC-5. Habitat assessments 
performed at all of the monitoring sites indicated
that all stations had relatively good habitat. The 
results of the RBAs and habitat evaluations are
described in further detail in Indian Creek TMDL
Development: Assessment
(MDEQ
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MODEL DEVELOPEMNT 

The water quality model selected for TMDL
development is a one-dimensional mathematical 
model for DO distribution in freshwater streams. 

the Enhanced Stream Water Quality 
Model, is the most recent in a series of models 
originally developed by the Texas Water 
Development Board in the 1960's. It has been 
extensively reviewed and tested and is presently
supported by Center for Water Quality 
Modeling in Athens, GA. can simulate
up to 15 water quality consistuents in well-
mixed, dendritic systems (USEPA 1987). All of
the major consistuents that impact the instream
DO are included among the model's capabilities. 
The model simulates water quality 
consistuents using a mass transport reaction 
equation that includes the processes of 
advection and dispersion. Advection refers to
the movement of the modeled consistuents with 
water flowing downstream. Dispersion relates to
the spreading of modeled consistuents primarily 
due to sheer forces (Chapra 1997). The
program simulates changes in water quality 
conditions with time by computing the conditions
in a series of reaches, with water passing from
one reach to the next. A hydraulic balance in
terms of discharge and a materials balance in
terms of concentration are calculated within 
each modeled reach (Maidment 1992). 

The model treats a waterbody as a 
collection of reaches. Each reach is divided into 
a series of equal-length computational elements. 
Uniform hydraulic and water chemistry 
characteristics are assumed within each 
computational element (Chapra 1997). Indian 
Creek was divided into five such reaches in the 

model. Each reach was further 
subdivided into computational elements of 0.1 
mile. Reach divisions were based on several
factors including the location of the NPDES
permitted point source, hydraulic characteristics 
of the channel, and accessibility of the creek.
The modeled segment of Indian Creek begins at
monitoring station IC-3 (river mile just
below the POTW and continues to the
confluence of Branch with Indian Creek, 
below monitoring station IC-7 (river mile 6.6).

Processes

The first step in developing a water quality 
model is establishing the hydraulic
characteristics of the steam system. These 

characteristics determine the rate and 
magnitude of many of the physical and chemical 
processes including setting and resuspension of 
particulate organic matter, decay of and
atmospheric reaeration. The hydraulic data 
collected during the intensive study of Indian
Creek, which were designed to characterize
these processes, included instantaneous stream
flow measurements, surveys of channel
geometry, and a time-of-travel study. The flows
measured during the study ranged from 1.03 cfs 
at monitoring station to 3.01 cfs at 
monitoring station Average reach
velocities ranged from 0.05 feetlsecond between 
stations IC-2 and IC-3 to 0.27 feetlsecond
between stations IC-3 and Differences in
the average reach velocity were attributed to
variations in the channel geomorphology,
channel slope, and obstructions in the channel 
such as fallen trees. 

The hydraulic processes were simulated in the 
model using a steady, nonuniform

representation in which the flow, velocity, and 
channel width and depth are constant with time
at any given point in the modeled system.
However, these parameters change in the
longitudinal direction within the modeled 
reaches. Flow at the upstream boundary and
incremental inflow from groundwater infiltration 
and ungaged tributaries were defined in the 
model input, based on data that were collected
during the intensive study. Water movement
within the creek was simulated in the model by
using stage discharge relationships described in
the Documentation and User Manual 
(USEPA 1987). In order to ensure accuracy of 
the simulated water velocity and channel
geometry, the simulated travel times and
channel geometry were compared to the travel
times and geometry measured during the study.

Water Processes

The model simulates the effect of 
interacting water quality processes that affect
the instream DO concentration. These 
processes are reaeration, decay and
settling, nitrification, algal photosynthesis and 
respiration, and sediment oxygen demand
(SOD).

Reaeration. The model includes eight 
options for calculating or specifying the
reaeration coefficient. The accuracy and 
applicability of these options have been the 
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