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EXECUTIVE SUMMARY

A Total Maximum Daily Load (TMDL) for oxygen demanding substances has been
developed for the Marsh Bayou Watershed based on hydrologic and water quality data
available as of August, 2000. Marsh Bayou was not included on the 1996 Section 303(d),
the 1998 Section 303(d), or the Court Ordered Section 303(d) lists as not meeting the
water quality standard for dissolved oxygen. However, Marsh Bayou has been included
in the year 2000 305(b) list as being impaired due to low dissolved oxygen. The year
2000 305(b) list was based upon data collected in 1999 and new assessment
methodology. The suspected cause of impairment is natural sources and the waterbody
has been proclaimed by LDEQ to be naturally dystrophic. Much of the landuse in the
subsegment consists of agriculture, wetland, rangeland, and forests (naturally wooded).
The stream is believed to be naturally dystrophic due to low slopes, with much of the
nonpoint loading coming from natural sources,

According to the year 2000 Environmental Regulatory Code, Part IX Water Quality
Regulations, the dissolved oxygen standard for Marsh Bayou is 5.0 mg/L for both the
summer (May — October) and winter (November — April) seasons (LA DEQ, 2000). Itis
projected that a 67 percent reduction of the total nonpoint loading will bring the stream
into compliance with the existing dissolved oxygen criteria for the summer critical
conditions.

The Marsh Bayou watershed is subsegment 030603 of the Calcasieu River Basin (Basin
3). Subsegment 030603 is comprised of Marsh Bayou and all tributaries, including Little
Marsh Bayou and numerous unnamed tributaries. Subsegment (030603 was void of any
known point source dischargers.

TMDLs for the Calcasieu River Basin are scheduled for completion by December 31,
2001. Therefore, the completion of a TMDL for Marsh Bayou is considered to be high
priority by LA DEQ.

Marsh Bayou was modeled from a headwater boundary site (River Kilometer 9.52) to its
confluence with the Calcasieu River (River Kilometer 0.00). The survey was conducted
on June 13-15, 2000. Subcritical (drought) conditions appeared to exist throughout the
bayou. Thus, the data collected may not be representative of typical, low-flow conditions
in the bayou. Many of the traditionally perennial waterbodies in the Calcasieu River
Basin were pooled or dry. None of the tributaries to Marsh Bayou had a velocity that
could be measured with typical survey equipment. It was anticipated that these
tributaries either become pooled or do not flow during typical low flow conditions.
Consequently, none of the tributaries were included as boundary sites. Velocity could be
measured at only the headwater site on the main stem. Stream velocity was too low to be
measured at the other sites along the mainstem of Marsh Bayou.
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However, there was a beaver dam near the lower end of the bayou. According to survey
personnel, the beaver dam had a head differential of approximately 1.0 foot and water
was seen trickling through the beaver dam. Based upon this information, it was
determined that the bayou contained a small amount of streamflow from the headwater
site through the beaver dam. Therefore the streamflow measured at the headwater site
was continued throughout the calibration model.

The headwater boundary loads were the only loads represented as point source loads for
the purpose of the model input. These loads were actually the result of the nonpoint
loads in the drainage area upstream of the headwater survey site. A review of LA DEQ’s
Permit Tracking System did not reveal any facilities that discharged into Marsh Bayou.

Nonpoint loading dominated the bayou. The nonpoint source loads included headwater
loading (as a boundary condition), nonpoint loading not associated with flow
{representing resuspension) throughout the modeled reaches, and sediment oxygen
demand.

The various spreadsheets that were used in conjunction with the modeling program may
be found in the appendices in the general order in which they were used. The flow
calibration was based on measurements taken during the survey of Marsh Bayou as well
as observations made regarding the hydrologic conditions of the stream. Water quality
calibration was also based on measurements taken during this survey.

Summer and winter projection models were developed to meet the current dissolved
oxygen (D.O.) criterion during the summer and winter critical conditions. Currently, the
D.O. criterion for Marsh Bayou is 5.0 mg/L throughout the year. The critical conditions
were based upon streamflow and temperature. Projection models were developed by
reducing boundary loads, sediment oxygen demand loads, and nonpoint source loads
from the loads used in the calibration model. Typically, load allocations are developed
once the projection model demonstrates that the D.O. criterion can be met.

Various summer and winter projections were simulated. Each model run with a percent
reduction of the man-made load less than 100 percent includes a margin of safety (MOS)
of 20 percent that has been applied to the man-made portion of the load. The MOS was
not applied to the natural background loads. The table on the following page summarizes
the results of simulating the various reductions of the man-made and background loading
for the summer and winter critical conditions.

All natural background and man-made loads mentioned in this report are considered to be
a best estimate. Generally, the natural background loads are based on reference stream
data. Some other data may be used if it is representative of the waterbody. In that
regard, the natural background load is a best estimate. The man-made loads are generally
the difference between the calibration loads and the natural background loads. Therefore,
the man-made loads are also considered to be a best estimate.
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% % Reduction % Summer Winter
Reduction of Natural Reduction | Minimum Minimum
Margin of of Man- Background | of the Total D.O. D.O.
Safety Made Loading Nonpoint | Concenirat | Concentrati
Applied Loading Loading ion on
(mg/L) (mg/L)
0 0 0 0.00 NA
50 0 22 172 478
60 0 29 248 5.46
20% 70 0 37 2.99 5.87
80 0 44 3.50 NA
90 0 51 4.00 NA
100 0 58 4.51 7.13
100 10 63 4.82 NA
0%
100 20 67 5.12 7.59
100 25 69 5.27 7.70
100 50 79 6.03 8.27

The results demonstrate that approximately 67 percent of the total nonpoint loading must
be eliminated in order to meet the existing Stream criterion in Marsh Bayou during the
summer critical conditions. The existing stream criterion is 5.0 mg/l.. Results of this
type demonstrate that the stream is naturally dystrophic and that an inappropriate D.O.
criterion has been established for Marsh Bayou.

As an alternative, a stream criterion of 3.0 mg/L. is presented for the summer critical
conditions. The modeling results demonstrate that a 37 percent reduction of the total
nonpoint loading would result in an instream dissolved oxygen concentration of 2.99
mg/l.. According to previous statements made by Region 6 of EPA, this can be accepted
as meeting a D.O. criterion of 3.0 mg/L.

A land use map is presented in Appendix A. According to the map, land use in the Marsh
Bayou watershed is fairly homogeneous. Agricuitural land dominates the subsegment. It
covers approximately 45.04 percent of the subsegment. Wetlands cover approximately
19.90 percent of the watershed, primarily along the bayou. Rangelands occupy
approximately 19.04 percent of the watershed. They appear to be scattered throughout
the subsegment. Forestlands occupy approximately 14.35 percent of the watershed. The
primary concentration of forestland appears to be in the northeast region of the
subsegment. Landuse activities may change periodically due to weather and/or economic
conditions.
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During the reconaissance survey, much of the Jand adjacent to Marsh Bayou appeared to
have minimal man-made impacts. A forested buffer zone with adjacent pasture land
existed along most of the surveyed reaches. The size of the buffer zong varied. This
would indicate that much of the loading is natural.

Any statement regarding “man-made” or “natural background” loading is based upon the
use of reference stream data (or other applicable data) to represent “natural background”
loading. Since this bayou appeared to be relatively unimpacted, a reduction in the total
nonpoint loading is probably more appropriate.

Total Maximum Daily Loads (TMDLs) and Load Allocations (LAs) were developed for
the existing stream criterion of 5.0 mg/L (throughout the year) and alternative stream
criteria of 3.0 mg/L / 5.0 mg/L (summer / winter). The summer and winter secason
TMDLs and accompanying LLAs are shown in the tables below. In some cases the sum of
the LAs and MOSs may differ from the TMDL by a value of one in units of 1bs/day. This
is simply due to round off error in the spreadsheets used to calculate the values. The total
MOS loads are not 20 percent of the TMDLSs because the MOS is applied to the man-
made portion of the load and not the natural background load. For modeling purposes the
summer and winter seasons were considered to be May through October and November
through April, respectively. The summer and winter seasons were selected based upon
the Louisiana Total Maximum Daily I.oad Technical Procedures Manual (LLTP), revision
6, dated September &, 2000.

TMDLs and LAs For the Existing Criterion

Summer season (May — Oct,) Winter season (Nov. — April}

Loading Description BOD Load (Ibs./dav} BOD Load {Ibs./day)
Total point source allocations (WLA) 0 0

Point source margin of safety (MOS) 0 0
Headwater/Tributary Loads 05 110
Benthic Loads (based upon nonpoint and 114 490

SOD loads used in the projection)

Total maximum daily load {TMDL) 809 600
Nonpoint source margin of safety (MOS 0 0

for benthic and boundary loads)

Natural Nonpoint Load 809 600

Man-Made Nonpoint Load 0 0

v
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TMDLs and LAs For the Alternative Criteria

Summer season {(May — Oct.)

Winter season (Nov. — April)

Loading Description BOD Load (lbs./day)
Total point source allocations (WLA) 0
Point source margin of safety (MOS) 0
Headwater/Tributary Loads 168
Benthic Loads (based upon nqnpoint and 1182
SOD loads used in the projection)

Total maximum daily load (TMDL) 1435
Nonpoint source margin of safety (MOS 86
for benthic and boundary loads)

Natural Nonpoint Load 1004
Man-Made Nonpoint Load 345

BOD Load (1bs./day)
0

0
192

825
1085
68

747
269
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1. Introduction

A total maximum daily load (TMDL) for oxygen-demanding substances to meet the
dissolved oxygen (D.O.) criterion has been developed for the Marsh Bayou watershed.
The TMDL was based on hydrologic and water quality data available as of August 23,
2000. The Marsh Bayou watershed is subsegment 030603 of the Calcasieu River Basin
(Basin 03). Marsh Bayou was not included on the 1996 Section 303(d), the 1998 Section
303(d), or the Court Ordered Section 303(d) lists as not meeting the water quality
standard for dissolved oxygen. However, Marsh Bayou has been included in the year
2000 305(b) list as being impaired due to organic enrichment/low dissolved oxygen
(D.0.). The year 2000 305(b) list was based upon data collected in 1999 and new
assessment methodology. The suspected cause of impairment is natural sources, and the
waterbody has been proclaimed by LDEQ to be naturally dystrophic. In addition, the
sampling was done during drought conditions, which contribute to low dissolved oxygen
conditions in the stream.

The Marsh Bayou watershed is subsegment 030603 of the Calcasien River Basin (Basin
03). Subsegment 030603 is comprised of Marsh Bayou and numerous unnamed
tributaries. TMDLs for the Calcasieu River Basin are scheduled for completion by
December 31, 2001. Therefore the completion of a TMDL for Marsh Bayou is
considered to be high priority by LA DEQ.

Much of the landuse in the subsegment consists of agriculture, wetlands, rangelands, and
forests (naturally wooded). The bayou has buffer zones of varying sizes. The buffer
zones consist of forests and riparian vegetation. The stream is believed to be naturally
dystrophic due to low slopes, with much of the nonpoint loading source (NPS) coming
from natural sources {decaying plant matter). This TMDL establishes load limitations for
oxygen-demanding substances and goals for reduction of those pollutants.

A calibrated water quality model for the Marsh Bayou watershed was developed and
projections were run to quantity the nonpoint source load allocations (ILAs) required to
meet established and/or proposed dissolved oxygen criteria. This report presents the
model development and results.

1.1 Seasonality and Margin of Safety

The Clean Water Act requires the consideration of seasonal variation of conditions
affecting the constituent of concern and the inclusion of a margin of safety (MOS) in the
development of a TMDL.

Critical conditions for dissolved oxygen were determined for Marsh Bayou using water
quality assessment data from the station 0839 on the LDEQ Ambient Monitoring
Network. The critical conditions for dissolved oxygen concentrations were those of
negligible nonpoint run-off and low stream flow combined with high temperature.
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When the rainfall runoff (and nonpoint loading) and stream flow are high, turbulence is
higher due to the higher flow and the temperature is lowered by the runoff. In addition,
runoff coefficients are higher in cooler weather due to reduced evaporation and
evapotranspiration, so that the high flow periods of the year tend to be the cooler periods.
D.O. saturation rates are, of course, much higher when water iemperatures are cooler, but
BOD decay rates are much lower. For these reasons, periods of high loading are periods
of higher reaeration and dissolved oxygen but not necessarily periods of high BOD

decay.

This phenomenon was interpreted in TMDL modeling by assuming that annual nonpoint
loading, rather than loading for any particular day, is responsible for the accumulated
benthic blanket of the waterbody, which is, in turn, expressed as SOD and/or resuspended
BOD in the model. This accumulated loading has its greatest impact on the waterbody
during periods of higher temperature and lower flow. The man-made portion of the NPS
loading is the difference between the calibration load and the reference stream load where
the calibration load is higher.

Critical summer conditions were simulated as a part of the model projections. The
critical conditions were based upon flow and temperature. Critical summer flow
conditions were simulated in the Marsh Bayou dissolved oxygen TMDL projection
model by using the greater of the estimated 7Q10 flow or 0.1 cfs for all headwaters as
stated in the LTP. The estimated 7Q10 was 2.17 c¢f5(0.061 cms). The LLTP recommends
a temperature of 30°C or, when appropriate data is available, the 90™ percentile
temperature for the summer months. Marsh Bayou had assessment data, therefore the
90™ percentile temperature for the summer months was used. The summer months were
assumed to be May through October. Incremental flow was assumed to be zero; model
loading was from nonpoint sources and sediment oxygen demand. In addition, a 20%
margin of safety was applied to the man-made portion of all loads. (LDEQ, 2000)

Critical winter conditions were also simulated based upon flow and temperature. Critical
winter flow conditions were simulated by using the greater of the estimated 7Q10 flow or
1.0 cfs as stated in the LTP. The estimated winter 7Q10 was 2.51 ¢f5(0.071 cms). The
recommended temperature was 20°C or, if appropriate data is available, the 90®
percentile temperature for the winter months. The winter months were assumed to be
November through April. Again, incremental flow was assumed to be zero; model
loading was from nonpoint sources and sediment oxygen demand. Again, a 20% margin
of safety was applied to the man-made portion of all loads.(LDEQ, 2000)

In reality, the highest stream temperatures occur in July-August and the lowest stream
flows typically occur in October-November. The model is established as if these
conditions happened at the same time. Other conservative assumptions regarding rates
and loadings are also made during the modeling process. A list of assumptions used
during the model and TMDL development process is provided in the following text. The
explicit MOS was applied in addition to these conservative assumptions. The MOS was
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intended to account for any future growth, safety, model unceriainty, and data
inadequacies.

List of Assumptions

L.
2

b

The bayou was surveyed under steady-state conditions.

“Natural background” loading was estimated using available data from LA DEQ’s
reference stream data. However, natural background loading may be greater than
the loading provided by the reference stream data or the loading indicated by land
use statistics.

Generally, the man-made loads were estimated to be the difference between the
calibration loads and the natural background loads.

A 20% margin of safety (MOS) was applied to the man-made portion of the
loading.

Critical streamflow and stream temperature occur at the same time.

The percent reduction of the man-made loading used for the summer projection
was also applied to the winter projection. This was done because previous data
analysis by LA DEQ has demonstrated the impact of the nonpoint loading is
activated during periods of higher stream temperatures and lower streamflows,
although the load accumulation occurs throughout the year. In reality, the percent
reduction of the man-made loading required to meet the D.O. criterion under the
winter critical conditions would be less than the percent reduction required for the
summer critical conditions. This also results in a summer TMDL. that is higher
than the winter TMDL.,

The cross-sectional geometry for reaches 5 - 6 and 9 did not vary greatly with
streamflow. The geometry for the remaining reaches, primarily reaches 1 - 4,
varied slightly with flow. The geometry for reach 10 varied with flow, provided
that the water was running over or across the beaver dam. Otherwise, the width
and depth was zero. Geometry for the reaches downstream of the beaver dam
were affected more by the water level in the Calcasieu River than the streamflow
in Marsh Bayou.

Little Marsh Bayou doesn’t flow during periods of low flow conditions due to the
effects of the beaver dam and the Calcasieu River.

The projections are intended to simulate the combined effects of critical
streamflow and critical stream temperature.

2. Study Area Description

2.1 Calcasieu River Basin

The Calcasieu River Basin is located in southwestern Louisiana. It begins in the hills

west of Alexandria, LA and flows south for approximately 257.44 km (160 miles) to the
Gulf of Mexico. The mouth of the river is approximately 48.27 km (30 miles) east of the
Texas-Louisiana state border. (LA DEQ, 1996). The basin encompasses the hill region of
the state, the terrace region, and a section of the coastal marsh. The upper end of the

3
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basin consists of pine forested hills, while the lower end of the basin consists of brackish
and salt marshes. Originally, much of the area was covered by tall prairie grasses, among
which were scattered clumps of trees. (Soil Survey, 1962).

The hill region includes the longleaf pine forests, maximum elevations and relief,

dendritic and trellis drainage, interior salt domes, wolds or cuestas (hard sedimentary
rock), ironstone, excellent surface and groundwater resources, mature soils and the oldest
rocks in the state. The soil types consist of coastal plain soils and flatwoods soils.
Vegetation includes longleaf pine forests (longleaf pines, slash pines, some hardwoods)
and bottomland hardwoods (cottonwood, sycamore, willow, water oaks, gum, maple,
loblolly pine). (Kniffen, 1988)

The terrace region includes intermediate elevations and relief, older alluvium, and a large
percentage of tabular surfaces. The terraces range from flatwoods to prairies. The
flatwoods consist of low relief, mixed longleaf forests, bagols, pimple mounds, dendritic
drainage, and flatwoods soils. Vegetation includes flatwoods (longleaf pine, oak,
palmetto, wiregrass), cypress forests (cypress, tupelo), and bottomland hardwoods. The
prairies consist of low relief, prairie grassland, prairie soils, pimple mounds, dendritic
streams, ice-age channels, and platin or marais (small, shallow undrained ponds in the
prairies). Vegetative cover consists of prairie vegetation (bluestem, broomsedge),
cypress forests, and bottomland hardwoods (Kniffen, 1988)

The coastal region includes fresh and salt/brackish marshes. Ii consists of muck and peat
soils. Vegetation includes cattail, Roseau cane, three-corner grass and other types of
marsh grasses. The region exists in the lower end of the basin. (Kniffen, 1988)

The Calcasieu River Basin is bounded on the north and west by the Sabine River Basin,
on the north by the Red River Basin, and on the east by the Mermentau River Basin. The
Gulf of Mexico marks the southern boundary of the Calcasieu River. The Calcasieu
River Basin is approximately 10,123 km? (3,910 mi®) in area. (LA DEQ, 1996)

The slope of the land toward the Gulf is very gradual, especially in the coastal zone. This
condition is ideal for agricultural use (LA DEQ, 1999). Land use in the Calcasieu River
Basin is largely agricultural, with many areas that have been impacted by industrial
dischargers.

Although the low slope condition provides fewer problems for agricultural activities (LA

DEQ, 1999), it causes many of the streams in the Calcasieu River Basin to be

characteristically sluggish. Many of the tributaries to the Calcasieu River, have low

flows or become stagnant during critical times of the year. This statement is not accurate

for the Calcasieu River itself, which tends to have a significant amount of flow

throughout the year. Because many waterbodies in the basin have liitle gradient and |
sluggish flows, their reaeration potential is low. \
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Prior studies have shown nonpoint sources dominate the northern subsegments of the
basin while a few municipal dischargers also exist in these subsegmenis. The nonpoint
sources include runoff from pine forests, agricultural areas, and pastureland. Point source
dischargers and saltwater intrusion dominate the southern subsegments of the basin

below Lake Charles, LA. The point source discharges primarily include industrial and
municipal dischargers, with the highest concentration of industry in the Lake Charles

area.

2.2 Marsh Bayou Watershed, Subsegment 030603

Subsegment 030603 lies in Beauregard, Allen, Calcasieu, and Jefterson Davis parishes.
It is comprised of Marsh Bayou as the main stem with several tributaries. The tributaries
include Little Marsh Bayou and several unnamed tributaries. Little Marsh Bayou is the
only tributary that may be perennial, based upon the USGS quadrangle maps. However,
field observations, drainage areas, and estimated 7Q10 streamflow values indicate that it
probably does not flow under low flow conditions. Marsh Bayou is a tributary of the
Calcasieu River. Marsh Bayou has a drainage area of approximately 102.31 km*(39.52
mi?). It begins east of Dequincy and flows approximately 37.9 km (23.6 mi) to the
confluence with Calcasien River.

Average annual precipitation in the segment is approximately 59 inches, according to
information provided by Jay Grymes, III, State Climatologist at the Southern Regional
Climate Center, Louisiana Office of State Climatology. This value was based on the
period of record from 1961 to 1990.

This area is typical of the vast majority of the basin with its low relief and sluggish
waterbodies. Land use in the Marsh Bayou watershed is fairly homogeneous. In the
subsegment under study, agricultural land and wetland account for 45.04 and 19.90
percent of the total subsegment area, respectively. Rangeland and forestland account for
19.04 and 14.35 percent of the subsegment area, respectively. Land uses in Subsegment
030603 are shown in Table 1 (LA DEQ, 2000).

Table 1. Land uses in Segment 030603 of the Marsh Bayou Subsegment

Land use Acres %
Urban 0.0 0.0
Rangeland 4697.549 19.04
Agricultural 11112.861 45.04
Forestland 3540.659 14.35
Water 410.848 1.67
Wetland 4909.311 19.90
Barren Land 0.0 0.0
Totals 24671.228 100
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However, reconaissance surveys revealed that the majority of the land near the bayou was
rangeland (pasture land) with varying amounts of buffer zones along the bayou. The
butfer zones typically consisted of bottomland hardwoods, cypress forests, and other
riparian vegetation. One of the bridge crossings was littered with trash, including
discarded automotive fluid containers, automotive parts, a metal barrel, and other
common garbage. Based on these observations, many of the reaches of Marsh Bayou
may be considered to be in a “natural state”. At least one of the bridge crossing locations
may be an exception to this.

Based upon the reconaissance survey observations, some reaches of Marsh Bayou may
have been dredged many years ago. Some reaches had steep banks and spoils, which
were covered with trees and vegetation. The size and amount of the trees and vegetation
indicate that the dredging may have occurred many years ago. The procedure may have
inhibited the bayou’s abilities to perform natural processes, such as reaeration. It may
also have increased the amount of sediment and organic material deposited in the
streambed, thereby increasing the SOD.

2.3 Water Quality Standards

Water quality standards for the State of Louisiana have been defined (LA DEQ, 2000).
The standards are defined according to designated uses of the waterbodies. Both general
narrative standards and numerical criteria have been defined. General standards include
prevention of objectionable color, taste and odor, solids, toxics, oil and grease, foam, and
nutrient conditions as well as aesthetic degradation. The numerical criteria are shown in
Table 2.

Table 2. Current Numerical Criteria for Marsh Bayou (LA DEQ, 2000)

Parameter Criteria

Cl, mg/L 60

SO4, mg/L 60

pH 6.0-8.5

BAC, # col./100 mL 200 (5/1-10/31) and 1,000 (11/1-4/30)
Temperature, deg Celsius 32

TDS, mg/L 250

Dissolved Oxygen 5.0

Designated uses for Marsh Bayou from its headwaters to the Calcasieu River (waterbody
subsegment 030603) include primary contact recreation (5/1-10/31), secondary contact
recreation (11/1-4/30), and the propagation of fish and wildlife.

Section 303(d) of the Clean Water Act requires the identification, listing, ranking and
development of TMDL.s for waters that do not meet applicable water quality standards
after implementation of technology-based controls. Marsh Bayou was not listed on the
1996 303(d). 1998 303(d), or Court Ordered 303(d) lists as a waterbody requiring a

6




Marsh Bayou Watershed TMDL
Subsegment 030603

Originated: May 25, 2001
Revised: September 24, 2001

dissolved oxygen TMDL. It was listed on the year 2000 305(b) Assessment as a
waterbody not meeting the established criterion for dissolved oxygen. The 2000 305(b)
list was based on new assessment methodology. Marsh Bayou was placed on the list
based on data collected in 1999. The assessment data for Marsh Bayou has been
provided at the end of Appendix B. The data can also be obtained from the LDEQ public
website.

Current dissolved oxygen criteria are shown in Table 2. TMDLs for the Calcasieu River
Basin are scheduled for completion by December 31, 2001. Therefore, the completion of
a TMDL for Marsh Bayou was considered a high priority.

Due to diurnal variations in dissolved oxygen, the time in which the assessment samples
were taken was an important factor. Algae and macrophytes that produce dissolved
oxygen in the water column in the presence of sunlight (photosynthesis) and utilize
dissolved oxygen in the absence of sunlight (respiration) cause diurnal variations in
dissolved oxygen. This process can cause the dissolved oxygen levels of the water to be
depressed during the early morning hours and elevated during the evening hours. Either
extreme is not representative of the stream, It is uncertain if the samples that were used
to assess Marsh Bayou and place it on the 305(b) waterbody list were representative of
the stream or the diurnal effects of algae and macrophytes.

2.4 Discharger Inventory

Based on available LA DEQ permit data, there were no facilities that were known to be
discharging into Marsh Bayou or any of its tributaries.

3. Model Documentation
3.1 Program Description

The model used for this TMDL. was LA-QUAL version 4.10, a steady-state one-
dimensional water quality model. Its history dates back to the QUAL-I model
developed by the Texas Water Development Board with Frank D. Masch &
Associates in 1970 and 1971. William A. White wrote the original code.

In June, 1972, the United States Environmental Protection Agency awarded Water
Resources Engineers, Inc. (now Camp Dresser & McKee) a contract to modify
QUAL-I for application to the Chattahoochee-Flint River, the Upper Mississippi
River, the Towa-Cedar River, and the Santee River. The modified version of
QUAL-I was known as QUAL-IL

Over the next three years, several versions of the model evolved in response to
specific client needs. In March, 1976, the Southeast Michigan Council of
Governments (SEMCOG) contracted with Water Resources Engineers, Inc. to
make further modifications and to combine the best features of the existing
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versions of QUAL-II into a single model. That became known as the QUAL-
IVSEMCOG version,

Between 1978 and 1984, Bruce L. Wiland with the Texas Department of Water
Resources modified QUAL-IT for application to the Houston Ship Channel
estuarine system. Numerous modifications were made to enable modeling this
very large and complex system including the addition of tidal dispersion, lower
boundary conditions, nitrification inhibition, sensitivity analysis capability,
branching tributaries, and various input/output changes. This model became
known as QUAL-TX and was subsequently applied to streams though out the
State of Texas.

In 1999, the Louisiana Department of Environmental Quality and Wiland
Consulting, Inc. developed LA-QUAL based on QUAL-TX Version 3.4. The
program was converted from a DOS-based program to a Windows-based program
with a graphical interface and enhanced graphic output. Other program
modifications specific to the needs of Louisiana and the Louisiana DEQ were also
made at that time. Subsequent modifications have also been made as deemed
necessary by LA DEQ. LA-QUAL is a user-oriented model and is intended to
provide the basis for evaluating total maximum daily loads in the State of
Louisiana.

3.2 Model Schematic and Description

The Marsh Bayou watershed was modeled according to the vector diagram on the
following page. The modeled portion of Marsh Bayou extended from river kilometer
9.52 (RM 5.92) to river kilometer 0.0 (RM 0.0). Everything above RKM 9.52 was input
as headwaters. River kilometer 0.0 is located at the confluence of Marsh Bayou and the
Calcasieu River.

Little Marsh Bayou was the tributary with the greatest potential of being perennial, It has
been indicated on the vector diagram as site 6. However, the survey was conducted
during drought conditions. As a result, there were no tributaries flowing into Marsh
Bayou. For reasons previously stated, Little Marsh Bayou and the remaining tributaries
were not simulated as point source inputs in the calibration or projection models.

3.3 Calibration and Projection

The various spreadsheets that were used in conjunction with the modeling program may
be found in the appendices in the order in which they were used and are described in the
following sections.

The flow and water quality calibrations were based on headwater, tributary, and main
stem data and samples obtained from the field survey conducted on June 13-15, 2000.
These data have been provided in Appendix B.
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Each of the tributaries to Marsh Bayou had a velocity that was too low to be detected by
LA DEQ equipment. Only one of the mainstem sites had a velocity that was great
enough to be measured and provide a streamflow measurement. The remaining sites on
Marsh Bayou did not have a visible velocity.

It should be noted that the flow measurements obtained at sites 1 and 2 were obtained by
using a single drogue. Streamflow measurements based upon single drogue velocity
measurements usually overestimate the streamflow. However, site 1 had a velocity that
was too low to be measured. Site 2 was determined to be located on the Calcasieu River
instcad of Marsh Bayou as originally intended. Therefore, the flow for site 2 was not
used in the modeling of Marsh Bayou.

Although none of the remaining sites on Marsh Bayou had flow that could be detected by
LA DEQ equipment, the survey personel did indicate that flow was observed to be
trickling through the beaver dam. The beaver dam was located during the survey. They
also indicated that the water surface elevation upstream of the beaver dam was
approximately one foot higher than the water surface elevation on the downstream side of
the dam. This indicated that some streamflow existed in Marsh Bayou. In order to
develop the calibrated model, it was assumed that the streamflow measured at site 5
proceeded through the length of the entire bayou.

According to the survey personnel, none of the tributaries had a measurable flow. Most
of the tributaries are historically intermittent and were dry or not flowing at the time of
the survey. Therefore, none of the tributaries were modeled as boundary loads because of
this observation and previously stated reasons.

Insitu (field) and laboratory water quality data was obtained at sites 1 through 5. These
values are summarized in Table 3. Insitu water quality data was also obtained at sites 3a
and 3b (upstream and downstream of the beaver dam). Insitu water quality data included
temperature, dissolved oxygen, conductivity, and pH.

BOD samples were obtained at sites 1 through 5, along with parameters for laboratory
analysis (i.e. TSS, TDS, Color, Cl, SOy, Na, hardness, NO,-NQj, total phosphorus, TKN,
NH3-N, TOC, and total nitrogen.

Continuous monitors were deployed at sites 1, 2, 5, and 6 at mid-depth, not to exceed a
depth of 1 meter. The sites were monitored every 15 minutes for dissolved oxygen, pH,
temperature, specific conductivity, and percentage of the dissolved oxygen saturation
concentration.

The water quality calibration produced resuits that simulated the CBODy, NBODy, and

dissolved oxygen values obtained from the water quality data. This required the use of
nonpoint source CBODy and NBODy; loading and SOD loading.

10
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The Louisiana Equation was used to simulate reaeration in reaches 1 -9, 11, and 12. The
equation of K = 2.3/D was used to simulate the reaeration in reaches 13 — 15, “D” is
equal to the average depth for the reach.

Reach 10 was used to simulate the beaver dam. The reaeration was input manually in
order 10 simulate the insitu dissolved oxygen values that were obtained immediately
upstream and downstream of the dam. Additional loading was not applied in this reach.

Projections were adjusted to meet the dissolved oxygen criteria by reducing man-made
{(anthropogenic) nonpoint source and headwater loading to obtain load allocations.
Spreadsheets were used to aid in the calculation of man-made headwater and nonpoint
load reductions and the input values to be used in the projection models.

The reduction in nonpoint loads were estimated based upon average reference stream data
for all reference streams available at the time the model was developed and the
calibration model values. Total benthic loads were estimated by adding the CBODy,
NBODy, and sediment oxygen demand in terms of g Oy/m*/day. This was done for the
calibration model values and the reference stream values. The reference stream total
benthic values were assumed to be representative of the “natural background” total
benthic values. For the purpose of projection modeling, the difference in the calibration
total benthic values and the “natural background” total benthic values were considered to
be representative of the man-made (anthropogenic) benthic loading. This load was
reduced by a specified percentage. The reduced load was adjusted by the declared MOS.
The resulting value was then redistributed as CBODy, NBODy, and sediment oxygen
demand based. The redistributed values were based upon the ratios of the individual
parameter loads to the total benthic load that were exhibited in the calibration model.

The reduction in man-made (anthropogenic) headwater loads were based upon reference
stream data from Indian Bayou. The reference stream concentrations were assumed to be
representative of the “natural background” concentrations. The man-made portion of the
concentrations were estimated to be the difference between the calibration concentrations
and the natural background concentrations. The man-made portion was then reduced by
the stated percentage and adjusted by the stated MOS. The result was then added back to
the “natural background” concentration.

The projection results are presented and discussed in terms of total nonpoint load
reduction.

The summer season was the critical season and required a greater percentage reduction in

the man-made nonpoint and headwater boundary loads in order to meet the stream

criterion. LA DEQ has determined that nonpoint loading accumulates throughout the ‘
year. Therefore the same reduction percentage of man-made nonpoint and headwater
boundary loads was applied when projecting to critical conditions for the winter season.
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In actuality, the winter projection model required a smaller reduction percentage in the
man-made nonpoint and headwater boundary loads to meet the winter D.O. criterion.

“No Load” models were developed to simulate summer and winter scenarios void of all
man-made loads. They were developed in order to demonstrate the likelihood of the
bayou to meet the dissolved oxygen criteria under “natural conditions”.

3.3.1 Flow Calibration

The vector diagram is presented in Figure 1 and Appendix A. The spreadsheets in items
2 through 4 are presented in Appendix C in the order in which they are explained.

1. Vector Diagram

The vector diagram shows the main stem of Marsh Bayou. The length of the
bayou was digitally measured in order to set up the model reaches and elements.

2. Reach and Element Layout for the Marsh Bayou LA-QUAL Model

This spreadsheet lists the descriptions and details of every reach. The details
include river kilometers, reach descriptions, reach length, element sizes, and the
number of elements in each reach.

3. Marsh Bayou Flow Calibration
The spreadsheet was used to perform a preliminary flow calibration for the model
A characteristic flow was calculated for each reach.

4. Marsh Bayou Stream Geometry

The various cross-sectional data used for the hydrologic calibration of the model
is listed in the spreadsheet. Cross-sections were grouped based upon location
within individual reaches. In cases where there were multiple values, the
spreadsheet calculates the average for the reach. Otherwise, the single value was
used.

5. Marsh Bayou Reaches and Elements

The spreadsheet lists the model reaches that were selected, and details the layout
of elements. It was developed for presentation purposes. It shows the
coefficients, exponents, and constants used in the model to estimate the average
reach widths and depths.

The spreadsheet referenced some values from other spreadsheets. The columns

containing widths and depths were filled in based upon the average values from
item 4. The characteristic flow was obtained from item 3. The exponents
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selected to use in the modified Leopold equations were based upon values
suggested Appendix B of the USGS report by Leopold and Maddock titled “The
Hydraulic Geometry of Stream Channels and Some Physiographic Implications”.
Reach 10 was used to simulate the beaver dam. Therefore the exponents for
reaches 9 and 10 were modified to simulate the effects of the beaver dam. The
width exponents for the lower reaches were also modified. (Leopold and
Maddock, 1953).

An assumption was made that the cross-sectional geometry for reaches 5 through
6 and 9 through 10 did not vary greatly with flow as long as the flow near low
flow conditions. The remaining reaches, primarily reaches 1 - 4, appeared to vary
with flow to a small extent. This was primarily due to the effects of the beaver
dam and the extremely low water surface slopes of Marsh Bayou and the
Calcasien River. This assumption was based on the fact that the upper reaches
had small, defined channels with measurable velocities at low flow conditions,
while the lower reaches had larger channels with flows that were not measurable
with LA DEQ survey equipment due to low velocities. The lower reaches also
stretched out into forests and swamps along the main channel.

Therefore, the width and depth constants were set at to a value slightly less than
the average width and depth values for reaches 1 through 4, 7, and 8. The
coefficients were determined by calibration. In reaches 5-6 and 9-15, the width
and depth constants were assumed to be equivalent to the average width and depth
values obtained during the survey.

At this point, the input file was created and the model was run. The model was calibrated
with the one streamflow measurement that could be made during the survey. The model
was adjusted so that the widths and depths matched the values that were obtained in the
field. The model velocities, although extremely low, appeared to be representative of the
values that were observed in the field. This is not the ideal situation. However, the
model output confirmed the preliminary flow calibration and plots of flow, velocity,
width, and depth versus river kilometer were printed. The field measurements were
overlaid on their respective plots. They are presented in Appendix C.

Ion balances on the water quality data showed that the conservative water quality values
obtained at site 2 were questionable.

Mass flow balances for chlorides and sulfates were inconclusive because of the lack of
available flow data and the fact that the flow data that was obtained was extremely low.
The chloride and sulfate values showed some slight fluctuations from sight to sight. This
was probably due to the extremely low streamflow. The chloride and sulfate values
appeared to decrease near the lower reaches of Marsh Bayou. This was probably due to
the influence of Calcasieu River. Therefore, the chloride and sulfate values were not
considered to be appropriate for checking the flow balance.

14
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The water quality data showed that the beaver dam was acting as a barrier. The water
quality values in the reaches of Marsh Bayou downstream of the beaver dam appeared to
be more representative of the values observed in the Calcasieu River than the values
observed in Marsh Bayou upstream of the beaver dam.

3.3.2 Water quality calibration

The basic premise that governed water quality calibration and projections of Marsh
Bayou was that the dominant oxygen demanding load in the watershed at low flow is
from an accumulation of benthic material washed into the streams during periods of
higher flow. This load was exerted as sediment oxygen demand (SOD) and as
resuspension of material from the bottom. The LA-QUAL model can accommodate both
a baseline SOD and a steady state SOD from the settling of CBOD and NBOD.
However, it does not have a mechanism for simulating the decay or loss of SOD.

Much of the Calcasicu River Basin consists of sandy bottom streams. In the remaining
streams, it is suspected that the accumulation of benthic material is considerable and that
the settling of BOD at low flow as simulated by the model does not significantly alter the

sediment oxygen demand. SOD was therefore not tied to settling in the execution of this
model.

Except where indicated, the following spreadsheets, reports, and plots are presented in
Appendix D in the order in which they are explained.

1. CBODy, NBODy , and Dissolved Oxygen Loads, Marsh Bayou Watershed
Calibration Model

The headwater boundary loads and nonpoint loads are listed by reach.
2. BODy plots

All BODy plots from the watershed survey are presented in Appendix B,
along with the survey data.

3. Model Output File
The mode! output file is presented. It includes all input values.

4. Model Qutput Plots
The model output plots are presented. They include plots for flow, width,
depth, velocity, chloride concentrations, sulfate concentrations, dissolved
oxygen concentrations, CBODy concentrations, NBODy concentrations,

sediment oxygen demand (SOD), reaeration, and dispersion. In addition,
the dissolved oxygen plot can be seen in Figure 2.

15
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5. Marsh Bayou Water Quality Calibration Model Input Description

These spreadsheets present all the data that were used in the calibration
model. They also provide the source of the data or justifications for their
usage. Some of the data included are:

a. Advective dispersion
LA-QUAL uses the equation Dy = 18.53nuh™® for advective
dispersion, where n is Manning’s “n”, u is the velocity in m/s, and h
is the depth in meters.

b. Tidal Dispersion
The tidal dispersion values for Marsh Bayou were estimated based
upon the fact that the beaver dam appeared to be acting as a barrier,
The water quality in the reaches of Marsh Bayou downstream of the
beaver dam were greatly affected by the water quality in the Calcasieu
River. However, the beaver dam prohibited the water quality in the
Calcasieu River from influencing the water quality in Marsh Bayou
upstream of the beaver dam. The tidal dispersion values were
estimated accordingly.

¢. Initial Conditions
The initial condition values were obtained from the survey data. These
values are used as a starting point during the iterative solution
technique of LAQUAL

d. Reaeration Rates
The Louisiana Reaeration Equation was used in reaches 1 through 9,
11 and 12 of the watershed model. The Louisiana Reaeration Equation
is applicable to streams with depths between 0.3 feet and 3.0 feet
{0.091 meters and 0.914 meters) and velocities ranging from 0.02 (o
0.8 feet/sec (0.0061 to 0.244 m/sec).

Reach 10 was used to simulate the beaver dam and the reaeration value
was input manually so that the simulated dissolved oxygen levels
calibrated to field measurements taken at the immediate upstream and
downstream sides of the beaver dam.

The reaeration equation used in reaches 13 through 15 was set to 2.3
divided by the depth. These reaches were deeper with lower

velocities. This combination of conditions reduces the reaeration
potential for the reaches. The reaeration equation (K; = 2.3/depth) was
based upon a policy for the minimum reaeration value that can be

used. This policy was the result of a joint agreement by LA DEQ and
the USA EPA, Region 6.
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e. Decay Rates, Settling Rates, and SOD Rates
The initial decay and settling rates were based upon values in the
Louistana TMDL Technical Procedures Manual, 2000. These values
were then modified during the model calibration process using Best
Professional Judgement (BPJ).

f. Chlorophyll a
Algal production was not simulated in the calibration or projection
models. However the effects of algal production on dissolved oxygen
could be simulated if there was a significant amount of chlorophyll a

Field measurement values for chlorophyll a were obtained at sites 1, 2,
and 4. These values were not considered to be significant, but they
were included in the model nevertheless. Sites 1 and 2 were on the
Calcasieu River. The data from site 2 was used for the Lower
Boundary Condition. The chlorophyli a value from site 4 was used
throughout the modeled reaches of Marsh Bayou.

g. Incremental Loads (with flow)
Incremental flows and loads were not required to calibrate the Marsh
Bayou Watershed model.

h. Nonpoint Loads (without flow)
Nonpoint CBODy and NBODy were added to calibrate the model.
This Ioading is assumed to represent the combined impact of
resuspension of benthic material and other loading entering the water
column without an associated flow. This modeling parameter does not
include sediment oxygen demand.

i. Lower boundary conditions
Lower boundary condition values for the calibration model were taken
from site 1 of the watershed survey conducted on June 13 - 15, 2000.
This site was located i the Calcasieu River downstream of the
confluence with Marsh Bayou.

3.3.3 Sensitivity Analysis

Sensitivity analysis was performed for the calibration model. A spreadsheet presenting
the results of the analysis is provided in Appendix E.

The model was most dependent upon depth and temperature related parameters. Five of
the top ten parameters affecting the minimum dissolved oxygen value were related to
depth. They include reaeration, benthal, depth, velocity, and BOD settling. Four of the
top ten parameters were related to temperature. They include temperature, reaeration,
aerobic BOD decay, and benthal. One parameter, baseflow, was related to flow and
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depth. The baseflow was not affected by the depth as many of the other parameters were.
Instead, the baseflow affected the depth.

3.3.4 Water quality projections

Projections were developed for the summer critical (May-October) and winter critical
(November-Aprit) seasons. Only parameters that are used to define the critical
conditions were modified from the calibration model values. They include the headwater
flow, the headwater temperature, the headwater dissolved oxygen concentration, initial
temperature conditions , initial dissolved oxygen concentration conditions, and the
nonpoint loads. Projection models were also created to simulate summer and winter
critical conditions without man-made loading.

Spreadsheets, reports, and plots developed to estimate the nonpoint load input data
required for the projection models are presented in Appendix F. They are presented in
the order in which they are explained in the following text.

1. Reference Stream Nonpoint Loading

It is the purpose of the projections to produce load allocations (LAs) and
percent reductions of man-made loading for nonpoint sources. In order to
differentiate man-made nonpoint loading from natural background
nonpoint loading, some measure of natural background nonpoint loading
is needed. Toward that end, the available calculated loading from the
reference stream program is listed. From this spreadsheet, the total natural
benthic load was estimated to be 2.0 g O,/m*/day. This total natural
benthic load was considered to be representative of the natural background
nonpoint loading. The term benthic loading is used here to reference the
sum of the sediment oxygen demand and the nonpoint loading in units of g
Oy/m’/day. (Smythe, 1999).

2. Calibration Model Non-Point Load Equivalent Calculations

Also needed for the calculation of percent reduction of man-made
nonpoint loading is the calibration total benthic loading. The calibration
total benthic loading was calculated for each reach in this spreadsheet.

3. Summer Projection, Nonpoint Benthic Load Input and TMDL Calculations

This spreadsheet estimated the nonpoint and SOD loads used in the
projection model, based on the calibration total benthic loading values,

and the total natural background benthic loading values, and selected
percentage reductions of the man-made and natural background nonpoint
and SOD loading. It also calculated the loads that were used in the TMDL
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calculations. Individual versions of the spreadsheet have been provided
for the two load reduction scenarios presented in this report.

4. Winter Projection, Nonpoint Benthic Load Input and TMDL Calculations

The explanation applied to the summer projection in item 3 may be
applied to the winter projection.

5. Summer TMDL Calculations and Projection Model Calculations for
Headwater/ Tributary Loads

This spreadsheet estimated projection concentrations for the headwater
boundary site. The calculations were performed in terms of the CBODy
and NBODy; loads. They were based upon the calibration concentrations,
projection flows, reference stream data, and percent reduction values for
the man-made and natural background portions of the concentration. It
was assumed that the headwater boundary site was caused by the nonpoint
loading that existed upstream of the site during periods of higher
streamflow. The spreadsheet also calculated the headwater loads that
were used in the TMDL calculations. Individual versions of the
spreadsheet have been provided for the two load reduction scenarios
presented in this report.

6. Winter TMDL Calculations and Projection Model Calculations for
Headwater/ Tributary Loads

The explanation applied to the summer projection in item 5 may be ,
applied to the winter projection. :

The following spreadsheets, reports, and plots present the input data justifications and the
projection results for the summer critical conditions. They are presented in Appendix F1
in the order in which they are explained.

1. Summer Projection Model Output and Plots - 67 % Reduction of the Total
Nonpoint Loads (100% Reduction of the Estimated Man-Made Loads and
20% Reduction of the FEstimated Natural Background Loads)

The output file for this summer projection model is provided. It includes a
summary of the input data. Plots produced by the model are also
provided. The plot for dissolved oxygen is also presented in Figure 3.

The Lower Boundary Condition was utilized because of the effects of the
Calcasieu River.
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2. Marsh Bayou Water Quality Summer Projection Model Input Description -
67% Reduction of the Total Nonpoint Loads (100% Reduction of the
Estimated Man-Made Loads and 20% Reduction of the Estimated Natural
Background Loads)

The input data and data sources or justifications are provided in
spreadsheet format.

3. Summer Projection Model Output and Plots - 37% Reduction of the Total
Nonpoint Loads (70% Reduction of the Estimated Man-Made Loads)

The output file for this summer projection model is provided. A summary
of the input data is included. Plots produced by the model are also
provided. The Lower Boundary Condition was utilized because of the
affects of the Calcasieu River downstream of the beaver dam. The plot for
dissolved oxygen is presented in Figure 4.

4. Marsh Bayou Water Quality Summer Projection Model Input Description -
37% Reduction of the Total Nonpoint Loads (70% Reduction of the Estimated
Man-Made Loads)

The input data and data sources or justifications are provided in
spreadsheet format.

5. Plots for Additional Summer Projections

Additional summer projections were made to demonstrate the variation in
the dissolved oxygen projections with the reductions in nonpoint loading.

The following spreadsheets, reports, and graphs are presented in Appendix F2. They
present the input data justifications and projection results for the winter critical
conditions.

1. Winter Projection Model Output and Plots - 67% Reduction of the Total
Nonpoint Loads (100% Reduction of the Estimated Man-Made Loads and
20% Reduction of the Estimated Natural Background Loads)

The output file for this winter projection model is provided. It includes a
summary of the input data. Plots produced by the model are also
provided. The dissolved oxygen plot is presented in Figure 5 for
convenience. Once again the lower boundary condition card was utilized
for the winter model because of the effects of the Calcasieu River
downstream of the beaver dam.
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Assumptions were made when determining the percent reductions of the
man-made nonpoint and headwater boundary loads. LA DEQ) has
documented that the incremental loading occurs throughout the year, but
has its greatest effect during summer critical conditions in the form of
benthic loads (SOD) and nonpoint loads (resuspension). In this case, the
term benthic is used to represent the SOD as it is in the model input.
Recognizing this fact, and the fact that LA DEQ cannot implement
percentage load reductions on a seasonal basis, the percentage load
reductions for the winter critical conditions were set equivalent to the
percentage load reductions that protected the dissolved oxygen criteria for
the summer critical conditions.

2. Marsh Bayou Water Quality Winter Projection Model Input Description 67%
Reduction of the Total Nonpoint Load (100% Reduction of the Estimated
Man-Made Loads and 20% Reduction of the Estimated Natural Background
Loads)

The input data and data sources or justifications are provided in
spreadsheet format.

3. Winter Projection Model Output and Plots - 37% Reduction of the Total
Nonpoint Loads (70% Reduction of the Estimated Man-Made Loads)

The output file for this winter projection model is provided. For reasons
previously explained, the percentage reduction values used in the summer
model were also used in the winter model. Included is a summary of the
input data. Plots produced by the model are also provided. The lower
boundary condition card was utilized. The dissolved oxygen plot is
presented in Figure 6.

4. Marsh Bayou Water Quality Winter Projection Model Input Description -
37% Reduction of the Total Noapoint Loads (70% Reduction of the Estimated
Man-Made Loads)

The input data and data sources or justifications are provided in
spreadsheet format,

4. TMDLs and Allocations
Land use in the Marsh Bayou watershed is fairly homogeneous, comprised of principally
agriculture and forestry. Therefore, oxygen-demanding TMDLs have been calculated for

the entire watershed for both the summer and winter critical conditions. The summer
TMDL was higher than the winter TMDL.
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The modeling results demonstrated that the total nonpoint loads must be reduced by
approximately 67 percent in order to meet the existing stream criterion for dissolved
oxygen (5.0 mg/L) for both the summer critical conditions. Results of this type indicate
the waterbody is naturally dystrophic and inappropriate dissolved oxygen criterion has
been established for Marsh Bayou.

Any statement regarding “man-made” or “natural background” loading is based upon the
use of reference stream data (or other applicable data) to represent “‘natural background”
loading. Since this bayou appeared to be relatively unimpacted, a reduction in the total
nonpoint loading is probably more appropriate.

Additional modeling results indicated that a 37 percent reduction of the total nonpoint

loading would produce an instream dissolved oxygen concentration of 2.99 mg/L for the

summer critical conditions. According to previous statements made by Region 6 of EPA,

this can be accepted as meeting a D.O. criterion of 3.0 mg/L. An additional winter

critical projection indicated that the existing stream criterion would be met with a

37percent reduction of the total nonpoint loading. As a result, an alternative combination .
of D.Q. criteria are presented. The alternative D.O. criteria are 3.0 mg/L. (summer critical

conditions) and 5.0 mg/L (winter critical conditions).

In addition, summer and winter TMDLs and I.As have been calculated based upon the
existing stream criterion. Alternative TMDLs and LAs have also been calculated based
upon the aliernative criterion.

This TMDI. has been developed in accordance with the State of Louisiana’s
antidegradation policy (LAC 33:IX.1109).

Equivalent percent reduction valnes were applied in the winter projection models because
the loading occurs annually, although the greatest impact is felt during the summer.

The primary difference between the summer and winter TMDLs was the benthic load
{SOD and nonpoint loads). The cause of the difierence was the sediment oxygen demand
(SOD). When considering SOD, the percent reduction for both the summer and winter
models were based upon the same calibration SOD value at 20 degrees Celsius. After
this value was reduced, it was put into the summer and winter projections, which were at
different stream temperatures. The projection models then corrected the SOD values for
stream temperature. The temperature-corrected SODs were then used in the TMDL
calculations, producing a higher summer TMDL value.

The headwater boundary load was slightly higher in the winter projection due to higher \

flows. However, it is relatively insignificant when compared to the differences in the
SOD loads.
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The following text contains a brief outline of the projection and TMDL calculations. It
will help explain some of the calculations in the Appendices. The TMDLs and
allocations are summarized in Tables 4 and 5.

1.

The natural background total benthic loading was estimated from reference
stream nonpoint NBODy, nonpoint CBODy, and SOD (at 20°C) data. The
average total benthic load value of all available reference streams was used.
The units were gm Oy/m’sday.

The calibration man-made (anthropogenic) benthic loading was determined
for each reach as follows:

e  Calibration non-point CBODy and NBODy; (resuspension}, and SOD (at
20°C) were summed for each reach as gm O»/m’d to get the total
calibration benthic loading.

e The natural background benthic loading was subtracted from the total
calibration benthic loading to get the total man-made calibration benthic
loading (at 20°C).

For each reach, the man-made portions of the non-point CBOD and NBOD
(resuspension), and SOD were adjusted by the stated percentage of reduction
and a margin of safety to produce a projected in-stream dissolved oxygen that
was in compliance with the stream criterion. The percent reduction man-made
nonpoint benthic loading and the modified man-made benthic loads were
calculated as follows:

e The total estimated man-made projection benthic loading was multiplied
by a percentage of reduction.

e A margin of safety was applied to the reduced man-made portion of the
benthic loading.

» The result was then added back to the natural background benthic loading
to calculate an adjusted total benthic loading that would meet the in-
stream water quality criterion.

¢ Once the man-made portion of the benthic load was reduced by 100
percent, the value used to represent the natural background benthic load
was reduced by an additional percentage

e The percent reduction of the total nonpoint load was manually calculated
based upon the Total Calibration Benthic Loads (TCBL.) and the Reduced
TCBL Adjusted for the MOS that was used in the projection models.
These values are found in the “Summer Projection, Nonpoint Benthic
Load Input and TMDL Calculations” spreadsheets in Appendix F, The
Total Calibration Benthic Load was summed for all reaches. Reduced
TCBL Adjusted for MOS was summed for all reaches. The difference of
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the respective sums was then divided by the TCBL. and multiplied by 100
to calculate the percent reduction of the total nonpoint load.

4. The total projection benthic loading for each reach was calculated as follows:

The adjusted total benthic loading was partitioned out as CBODy,
NBODy, and SOD by the same ratios that were observed in the calibration
data.

The projection SOD at 20°C was adjusted to stream critical temperature by
the model.

The projection CBOD, NBOD, and SOD were summed to get the total
benthic loading at stream temperature critical in Ib/d for each reach. The
margin of safety loads were also calculated.

5. Boundary (Headwater) Concentrations were calculated as follows:

Natural background concentrations for CBODy and NBODy were
estimated from the Indian Bayou reference stream data.

Natural background loads were estimated for CBODy and NBODy using
the natural background concentrations and the projections flows.
Calibration loads were estimated for CBODy and NBODy using the
calibration concentrations and projection flows.

The man-made portions of the loads were estimated by subtracting the
calibration loads from the natural background loads

The estimated man-made loads were reduced by a stated percentage.

The margin of safety was applied to the adjusted man-made loads.

The natural background loads were then added back to the resulting loads.
The projection concentrations for CBODy; and NBODy were estimated by
dividing the resulting loads by the projection flows and a conversion
factor.

Once the man-made loading was reduced by 100 percent, the value used to
represent the natural background concentration was reduced by an
additional percentage.

6. Projection runs were made with:

The adjusted nonpoint CBODU, NBODU, and SOD (at critical
temperature) loads

Boundary (headwater and tributary) flows at an estimated seasonal 7Q10
value or 0.1(summer)/1.0(winter) cfs, whichever was greater.

The adjusted boundary (headwater and tributary) concentrations for
CBODU and NBODU
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¢ The dissolved oxygen concentrations were set at 90 percent of the
dissolved oxygen saturation concentration at the 90" percentile
temperature.

7. The total stream loading capacity at stream critical temperature was calculated
as the sum of the:

¢ Boundary (headwater) CBODy and NBODy loads in 1b/d.
¢ Projection benthic loads for all reaches of the stream in 1b/d.
¢ The margins of safety for the boundary and benthic loads.

The TMDL for the Marsh Bayou River watershed was set equal to the total stream
loading capacity. Tables 4 and 5 present the load allocations, margins of safety, and the
TMDLs for the summer and winter critical conditions for the existing and the alternative
criteria. In some cases the sum of the LAs and MOSs may differ from the TMDL by a
value of one in units of Ibs/day. This is simply due to round off error in the spreadshects
used to calculate the values.

The following spreadsheets are in Appendix G.

Summer and Winter TMDL Calculations
Summer and winter TMDLs have been calculated for the entire watershed.
The spreadsheets sum loading from headwaters, nonpoint loading (not
associated with flow), and sediment oxygen demand (SOD).

Table 4. TMDLs for the Existing Dissolved Oxygen Criterion
(5.0 mg/L.-summer and winter critical condtions)

Summer season (May - Qct, Winter season (Nov.—April)
BOD Load BOD Load

Loading Description Ibs day % of TMDIL, 1bs /day % of TMDL
Total point source allocations (WLA) 0 0 0 0
Point source margin of safety (MOS) 0 0 0 0
Headwater/Tributary Loads 95 12 110 18
Benthic Loads (based upon nonpoint

and SOD loads used in the 714 88 490 82
projections)

Incremental Loads 0 0 0 0
Total maximum daily load (TMDL) 809 100 600 100
Nonpoint source margin of safety

(MOS for benthic and boundary loads) 0 0 0 0
Naturat Nonpoint Loads 809 100 600 100
Man-Made Nonpoint Loads 0 0 0 0
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Table 5. TMDLs for the Alternative D.Q. Criteria
(3.0 mg/L-summer critical conditions, 5.0 mg/L-winter critical
conditions)

Sumimer season (May — Oct)  Winter season (Nov.—April)

Loading Description ——Bl(l))gdL:ﬂd % of TMDL ——BIC;E ,{‘“af’ad % of TMDL
Total point source altocations (WLA) 0 0 0 )]
Point source margin of safety (MOS) 0 0 0 0
Headwater/Tributary Loads 168 12 192 18
Benthic Loads (based upon nonpoint

and SOD loads used in the 1182 82 B25 76
projections)

Incremental Loads 0 0 0 0
Total maximum daily load (TMDL} 1435 100 1085 100
Nonpoint source margin of safety

(MOS for benthic and boundary loads) 86 6 68 6
Natural Nonpoint Loads 1004 70 747 69
Man-Made Nonpoint Loads 345 24 269 25

3. Conclusion

LDEQ will work with other agencies such as local Soil Conservation Districts to
implement agricultural best management practices in the watershed through the 319
programs. LDEQ will also continue to monitor the waters to determine whether
standards are being attained.

In accordance with Section 106 of the federal Clean Water Act and under the authority of
the Louisiana Environmental Quality Act, the LDEQ has established a comprehensive

program for monitoring the quality of the state’s surface waters. The LDEQ Surveillance
Section collects surface water samples at various locations, utilizing appropriate sampling
methods and procedures for ensuring the quality of the data collected. The objectives of
the surface water monitoring program are to determine the quality of the state’s surface
walters, to develop a long-term data base for water quality trend analysis, and to monitor
the etfectiveness of pollution controls. The data obtained through the surface water
monitoring program is used to develop the state’s biennial 305(b) report (Water Quality
Inventory) and the 303(d) list of impaired waters. This information is also utilized in
establishing priorities for the LDEQ nonpoint source program.

The LDEQ has implemented a watershed approach to surface water quality monitoring.
Through this approach, the entire state is sampled over a five-year cycle with two
targeted basins sampled each year. Long-term trend monitoring sifes at various locations
on the larger rivers and Lake Pontchartrain are sampled throughout the five-year cycle.
Sampling is conducted on a monthly basis or more frequently if necessary to yield at least
12 samples per site each year. Sampling sites are located where they are considered to be
representative of the waterbody. Under the current monitoring schedule, targeted basins
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follow the TMDL priorities. In this manner, the first TMDLs will have been
implemented by the time the first priority basins will be monitored again in the second
five-year cycle. This will allow the LDEQ to determine whether there has been any
improvement in water quality 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) list. The sampling schedule for the first five-year cycle is
shown below.

1998 - Mermentau and Vermilion-Teche River Basins
1999 - Calcasieu and Ouachita River Basins

2000 - Barataria and Terrebonne Basins

2001 - Lake Pontchartrain Basin and Pearl River Basin
2002 - Red and Sabine River Basins

(Atchafalaya and Mississippi Rivers will be sampled continuously.)
Calcasieu and Quachita Basins will be sampled again in 2004,

32




Marsh Bayou Watershed TMDL
Subsegment 030603

Originated: May 25, 2001
Revised: September 24, 2001

4, List of References

Greenberg, Arnold E., Lenore S. Clesceri, and Andrew D. Eaton. 1992. Standard
Methods For the Examination of Water and Wastewater, 18™ Edition. 1992. American
Public Health Association, American Water Works Association, and Water Environment
Federation.

Grymes, John M., State Climatologist. 2000. Fax communication. Louisiana Office of
State Climatology, Louisiana State University, Department of Geography.

Kniffen, Fred B., and Sam Bowers Hilliard. 1988. Louisiana, Its I.and and People. Baton
Rouge and London. Louisiana State University Press.

LA DEQ Ambient Network Database
LA DEQ Assessment Network Database

Lee, Fred N., and Duane Everette. “A Compilation of 7 Day, 10-Year Discharges for 363
Louisiana Streamflow Sites,” Baton Rouge, LA: Prepared for the Louisiana Department
of Environmental Quality, Water Pollution Control Division, Engineering Section.

Leopold, Luna B., and Thomas Maddock, Ir. 1953. “The Hydraulic Geometry of Stream
Channels and Some Physiographic Implications,” Washington, ID.C.: United States
Government Printing Office. Professional Paper No. 252. Appendix B.

Louisiana Department of Environmental Quality. 1996. “Water Quality Inventory,” State
of Louisiana Water Quality Management Plan, Volume 5, Part B. L. A DEQ Office of
Water Resources, Water Quality Management Division, Baton Rouge, Louisiana, p. A-
32.

Louisiana Department of Environmental Quality. 2000. Environmental Regulatory Code:
Part IX. “Water Quality Regulations”. Baton Rouge, LA: LA DEQ Office of Water
Resources, Water Quality Management Division. pp. 179.

Louisiana Department of Environmental Quality. 2000. “LDEQ Basin Subsegment
030603, Gap Land Use Data,”. Map date: September 20, 2000. Louisiana Department of
Environmental Quality, GIS Center.

Louisiana Department of Environmental Quality. 2001. “Marsh Bayou Vicinity Map”.
Map date: March 23, 2001. Louisiana Department of Environmental Quality, Office of
Environmental Assessment, Environmental Technology Division, Engineering Group 2.

Louisiana Department of Environmental Quality Water Permit Files

33




Marsh Bayou Watershed TMDL
Subsegment 030603

Originated: May 25, 2001
Revised: September 24, 2001

Louisiana Department of Environmental Quality Permit Tracking System (PTS)

Sloss, Raymond. Reprinted 1991. Drainage Areas of Louisiana Streams,” Baton Rouge,
LA: U.S. Geological Survey and Louisiana Department of Transportation and
Development,

Smythe, E.D. 1999. “Overview of the 1995 and 1996 Reference Streams,” June 28, 1999.
prepared for the Louisiana Department of Environmental Quality, Office of
Environmental Assessment, Environmental Technology Division, Engineering 2 Section.

Soil Survey, Acadia Parish, Louisiana, USDA, SCS, Series 1959, No. 15, Issued
September, 1962.

USGS Discharge Database

Waldon, Michael G., Ph.D., “Louisiana Total Maximum Daily Load Technical
Procedures” CLIWS-WQR 91.10. September, 2000 (revised). Center of Lounisiana Inland
Water Studies (CLIWS), Department of Civil Engineering, University of Southwestern
Louisiana, for the LA Department of Environmental Quality, Office of Environmental
Assessment, Environmental Technology Division, Engineering Group 2.

Water Quality Evaluation Commission, November. 1990. “Wasteload Evaluation
Methodology,” Austin, TX: Water Quality Standards and Evaluation Commission, Texas
Water Commission.,

Wiland, Bruce, P.E. 1998. “LLA-QUAL for WINDOWS User’s Manual, Model Version
4.10” February 8, 2001. Wiland Consulting Inc., Austin, TX, for the Louisiana
Department of Environmental Quality, Office of Environmental Assessment,
Environmental Technology Division, Engineering Group 2.

34




Marsh Bayou Watershed TMDL
Subsegment 030603
Originated: May 25, 2001

3 LRI

Revised: September 24, 2001

APPENDIX A — MODEL SCHEMATIC

Marsh Bayou Vector Diagram
Marsh Bayou Landuse Map
Marsh Bayou Vicinity Map
Marsh Bayou Watershed Survey (6/13-15/00) Site Descriptions for Discharge, Water Quality, and Cross-Section
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RKM 9.52 - Site 5; Marsh Bayou
at Welcome Rd.

RKM 3.3 - Site 3; Marsh Bayou at {:}
Marsh Bayou Road >

RKM 2.8¢ >
RKM 2.55 - Site 3a; Upstream of —bd}
Beaver Dam

RKM 2.549 — Site 3b; Downstream
of Beaver Dam

Sites I and 2; Calcasieu River downstream of
the confluence with Marsh
Bayou

RKM 5.55 - Site 4; Marsh Bayou at
Topsy Road

Little Marsh Bayou

Site 6; Little Marsh Bayou at
Adams Rd.

Vector Diagram of the Marsh Bayou Watershed




LDEQ Basin Subsegment 030603

Gap Land Use Data

Agricultural land
Forest
Rangeland
B Urban
B Water
™ Wetland
Barren

1 Miles

Land Use Percent | Acres | A
F‘
Agricultural land 1504 | 11112.8610
| Forest land 14,35 3540).6590)
Rangeland 19.04 1697 .5490
Water .67 ‘ 110.8480
Wetland 19.90 1909.3110
Urban 0.00 0.0000
Jarren 0.00 (.0000
f‘~|.||l“.l|\|l|-='| 00001273 e ||
Map Date: 09/20/2000 The Louisiana Department of Enyimnmental (uali T
Map Projection: UTM, NAD 27 e s ey ey e proc o
Map Source: LDEQ Basin subsegment data, USGS ---I I. bt Dol a wl-;.- vk .|I:- ..‘... ryingde

Louisiana GAP Land Cover Data ecprger g bty i g




NITY MAP

By E A T s Z [/ 1 # g
Environmental Technology Division\Engineering Group 2
Map Number: 200103003 : - : !
Map Date: April 6, 2001 effort to ensure quality and accuracy in producing this map or data set. Neverthless, the user
Map Projection: UTM, NAD 27 should be aware that the information on which it is based may have come from any of a
i Map Source: LDEQ Survey Data, USGS, ESRI Street Map, variety of sources, which are of varying degrees of accuracy. Therefore LDEQ cannot
1 2 Kilometers Spot TM Merge Data guarantee the accuracy of this map or data set, and does not accept any responsibility for the

1 0
e T e | consequence of its use L SO AN T T
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Marsh Bayou Watershed TMDL
Subsegment 030603

Origin

ated-

L LAY

May 25, 2001

AVAG Y PAAVAV Y

Revised: September 24, 2001

APPENDIX B - SURVEY DATA AND ASSESSMENT DATA

Marsh Bayou Watershed Survey Discharge Sheets
Marsh Bayou Watershed Survey (6/13-15/00) Water Quality Data (Field and Laboratory)
Ambient Water Quality Network Data: Marsh Bayou Southeast of Topsy Road (Site 58010839)
Ambient Water Quality Network Data: Calcasieu River at Moss Bluff, LA (Site 58010093)
Marsh Bayou Survey Report
Marsh Bayou Reconaissance Survey Notes
Chlorophyll a Datasheet
Marsh Bayou Watershed Survey BODy Plots
Marsh Bayou Watershed Survey Cross-Sections
Marsh Bayou Watershed Survey Continuous Monitor Data
Marsh Bayou Reconaissance and Survey Pictures
Marsh Bayou Assessment Data
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STREAM DISCHARGE SPREADSHEET

Site Number: 3 Waterbody: Marsh Bayou
Stream Description: Marsh Bayou it Welcome Road
Type of Meter: O erice aa i1 Pygmy [ Price A:A 5:1 Standard: (] Standard 1 Standard 2
Type of Equipment: Wadirg [Deridge Board L] Boat Board
Initial Bank: CJros LoB WIDTH (ft): (Note 1) 2.30
Tapedown: [AREA (1t'): (Note &) 0.18
Guage Height: [AVG. DEPTH (ft); {Note 3) 0.08
Weather: Partly cloudy DISCHARGE {cfs); (Note 4} 0.05
Date: 1M1 4/ 24RMR |JAVG. VELGCITY (fpa): (Motwe 5) 0.28
Start Time: L1:0:2 End Time: 11:20 -
w Element
EH Adjusted Angle discharge al %
3 Distance from Width of elemend Depth uf clemend Arca of elemen Discharge through clement of total
3 initial paine (0t (10 o 'y Velngity of clement (fpa) (chs) discharge
Average  (Note
(Note £) (Nnte 7) 2D 4D BD L] Piniz 9) (Note LN [Note 11}
1 0.0 0.15 0,00 0.00 0.00 Q.00
2 0.3 0.30 a,05 0.02 0.00 0.00 0.00 9,00y
3 0.6 0.30 0.10 0.03 0.22 Q.22 0.91 13,09%
4 9.9 0.30 9.10 a.03 0.34 0.34 0.01 20.7%%
'3[ 1.2 0.30 .15 9,08 0.38 0.38 .02 34,554
6 1.5 9.30 9.10 0.03 0,37 9.37 0,01 22.55%
7 1.8 9.30 Q.05 6,02 9.30 9.30 q.00 9,03%
Ll 2.1 0.2% 8.05 0.01 a.00 9.600 9,00 0.00%
ot 2.2 0.10 .00 1,00 4,00 2.00 4. 00 0. 00%
i) -
11
l
3]
14
15
16
17
18
19
20,
21
22
[23
(24
25
[26
27
[28
[29]
<
131
=]
<K]
al
B5[
136
37
8
39
40
41
42
43
7]
45|
Total 2.30 0.18 g.05 100.00%
! Data Cellection Crew Qffica Data Work
Measurement made by: D. Kinard Data Inputed by / Dater D. Kinard / 6-14-00
Notetaker/Recorder: B. Blalock Data Input Checked by / Date:
Other:

Note 1: WIDTH {ft) = sum of the width column

Note 2: AREA (ft)) = sum of the area column

Note 3: AVG. DEPTH (ft) = areawidlh {using the values from this table)

Note 4; DISCHARGE (cfs) = surn of the discharge celumn

Note 5: AVG. VELOCITY (fps) = discharge/area (using the values from this table)

Note 6: Width of ¢lement

Nole 7: Area = width*depth for element. These areas are generally not representative of the stream.

Note 8; Average velocity = Usa 0.60 vetocity if depth is less than 2.5 ft or the average of 0.20 and Q.80 velocities if depth is greater than 2.5 f1.

Note 9. If blank assumae 1
Note 10; Discharge through element = area of element*average velocity of element

Note 11: Element discharge percent = discharge through elementiotai discharge X 100%. Element discharge should not excead 10%.

Stream Discharge Spreadsheet revised 042600
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Critica

o

1 Temperature and DO Determinations:

Site Description: S

Raw Data

Temperature

Z
e

Yr

-

Input values mto shaded area

Summer Season 10th Percentile, DO{mg/1):

0.965

Winter Season 10th Percentile, DO(mg/1):

0.345

Annual 10th Percentile, DO(mg/1):

0.441

Summer Season 90th Percentile, Temperature( °C):

254

Winter Season 90th Percentile, Temperature( °C):

15.3

—

Summer Season Median, DO(mg/1):

1.5

Winter Season Median, DO{mg/1):

14

[y

Annual Median, DO(mg/I):

1.5

[ Summer Seasonal Months . __ ||

L wm:g;_f%m'-MonmS'-'::‘ “
T

20
4

Page 1 of 2




Critical Temperature and DO Determinations:

Site Description:

SITE 0093 CALCASIEU RIVER AT MOSS BLUFF. LA

Raw Data

DO

Temperature

" Input values into shaded area

(mg/1)

()

Summer Season 10th Percentile, DO{mg/1):

3.248

Winter Season 10th Percentile, DO(mg/1):

6.08

3.76

Annual 10th Percentile, DO(mg/1):

Summer Season 90th Percentile, Temperature( °Cy.

Winter Season S0th Percentile, Temperature( °C):

18.8

Summer Season Median, DO(mg/1):

4.8

Winter Season Median, DO(mg/1).

69

Annual Median, DO(mg/):

5.9

o

TTT

S

- Summer SeasonatMonths T ¢

= Lo |os|io]in

B
i e

T Winter Seasonal Months, .|

R

4.

Page 1 of 4




Critical Temperature and DO Determinations:

Site Description:

Raw Data

DO

Temperature

. Inputvalues into shiadeil arca

Yr (mg/D)

Pogez2of4




Marsh Bayou Survey Report
Survey: June 13-15, 2000
Report: June 20, 2000

Continuous Monitor Data

Continuous monitors were deployed at site 1, site 2, site 6, and site 5 on June 13, 2000.
The monitor at site 5 was set upstream of the bridge and trash, while at site 6 the monitor
was set downstream of the bridge, trash, and dead animals. Continuous monitors were
collected on June 15, 2000.

Stream Discharge or Flow Data

Stream discharge data was collected at site 5, the uppermost site using a wading rod and
flow meter. Flow was determined at site 2 using dye and drogue method. No flow was
detected at any other sites. A beaver dam was located 1/8 mile downstream of site 3 with
a one-foot water elevation difference.

Water Quality and Chlorophyll-a

Water Quality was collected on all main-stem sites. Chlorophyll-a samples were
collected at site 1, site 2, and site 4. A set of Blank and Duplicate samples were also
collected for the survey.

Representative Cross-Sections

Using the fathometer, representative cross-sections were established for site 1 and site 2.
At sites 5, 4, and 3 a wading rod was used to establish the representative cross-section.

In situ Measuremenis

In situ profile measurements were collected every meter from the surface to the substrate
for each site. Temperature, conductivity, D.O., pH, battery voltage, and % saturated
D.O. was recorded at each respective depth. In situ measurements were also collected
immediately above and below the beaver dam.

GPS Data

GPS coordinates were collected for sites 1, 2, 3, and 6. Due to densely vegetative
surroundings GPS coordinates were not determined for sites 4 and 5, these coordinates
may be obtained by modeler using 1:24,000 DRGs.




Marsh Bayou Reconnaissance Survey
Survey Date: 2/21/00

Survey Crew: D. Greenwood

Marsh Bayou Reconaissance Notes —2/21/00

Marsh Bayou @ LA 171

Picture number DSCNO0220.jpg, looking downstream
Estimated representative width = 15 — 20 ft; estimated representative depth = 3.0 fi;

Little Marsh Bavou

Picture numbers DSCN0221.jpg and DSCN0222 jpg - looking downstream
New bridge; trash dumped over the side of bridge; estimated representative width = 15 ft

Marsh Bayou @ Marsh Bayou Rd.

Picture number DSCN0224 jpg - looking downstream

Estimated representative width = 40 — 45 ft; estimated representive depth = 2.0 ft;
bottomland hardwood; silt/clay bed with ditritus material (high SOD); sediment depth
approx. = 6 inches; water surface covered with an oil sheen due to the lignens and tanins
from the decay of organic material in the stream and on the streambed; area turns into a
swamp during high waters; low bank slope (less than approx. 30 deg); low erosion; low
ground cover due to tree cover; large riparian zone, totaling 250 — 350 yards wide

Marsh Bavou at Hunting Camp at the end of Marsh Bayou Rd,

Picture number DSCN0225.jpg - looking upstream
Picture number DSCN0226.jpg - looking downstream

Possibly upstream flow; possibly tidal; high water marks approx. 3 - 5 ft above the water
surface

Marsh Bayou on Jersey Drive

Picture number DSCN0227 jpg - looking downstream
Stream is pooled

Marsh Bavou at Jersey Drive

Picture number DSCN0228 jpg - looking upstream



Marsh Bayou Reconnaissance Survey
Survey Date: 2/21/00

Survey Crew: D, Greenwood

Marsh Bayou at East Welcome Rd.

Picture number DSCN0229 jpg - looking downstream
Picture number DSCN0230.jpg - looking upstream

No Q, new bridge - smells of creosote; lots of trash

Marsh Bayou at Briar Marsh Rd.

No Q in network of four streams that pass through the upland hardwood swamp
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BOD Analysis of the for: Marsh Bayou 000 - Marsh Bayou @ Welcome Road

— L — T
Total BOD | NOxas N| NBOD cBoD NBOD oD

Days
e =vm
"-

1 21 0.37 0.00 210§ o060 078

4 43 0.38 0.00 4,30 0.00 278

[ & 0.58 037 563 000 382

[ B2 137 398 §22 408 4.92

11 16.20 271 10.10 E.10 838 £.20

13 16.8 272 10,15 B.45 10.57 6.93

15 18.1 285 10.74 7,36 11,08 157

17 18.6 272 10.15 B35 11.31 B.13

20 18 3.04 11.61 7.38 11.4: @ B4

25 202 283 11.11 .08 11.45 977

2 208 282 11.06 9.84 11.47 10,32 |

40 27 301 11.47 11.23 11.47 11.27

50 24.2 3.08 11.78 12.41 11.47 11.71
e T 255 1336 T 5

11.4 121 )
[L__oa2 0.06 k rate (1/day)
S = e — __w
Marsh Bayou 6/15/2000 - Marsh Bayou @ Welcome Road

©  Measured CBOD (mg
| Calculated CBOD (mg) 3
1200 4 B Measured NBOD (mgh) |— —— ey
— nk‘.umi._-q EHOD [rmgy

10,00

4.00

2.00 4

Days

Nota 1 - Days from the BOD tes! start date

Note 2 - Measurad total BOD at tima in "Days” column

Note 3 - Measured (NG, + NO, as nitrogen) at ime In "Days® column

Note 4 - Calculated by multipling the measured (N@+NOy as nitrogen) minus the day zera (NQ +NO,; as nitrogen) by 4 57

Note 5 - Determined by sublracting the calculated NBOD from the measured total BOD

Note 6 - Calculated from the formula {NBODi=UNBOD{1-a-(k(t-lag))]} using the listed values of UNBOD, k decay rate and lag time.
Mote T - Calculated from the farmula {CBODt=UCBOD[1-a-(kit-lag)))} using the listed values of UCBOD, k decay rate and lag time.




BOD Analysis of the for: Marsh Bayo 000 - Marsh Bayou

Road

e Clculated CBOD (Mg
B Measursd NBOD (mg)

. 5%
| s | s—Calculated NBOD (mg/) v
20.00
= 15.00
(=]
Q
m
10.00 .
|
5.00
0.00 T T ’
o 10 20 30 a0 60 70
Days
Note 1 - Days from the BOD test start date
Nota 2 - Measured total BOD at tima in *Days® column
Nota 3 - Measured (MO + NO, as nilrogen) al ime in *Days’ column
Nota 4 - Calculated by multipling the measured (NQ+NO, as nitrogen) minus the day zero (NG +NO, as nitrogen) by 4 57.
Note 5 - Determined by subtracting the calculated NBOD from the measured total BOD
Note 6 - Calculated from the formula [NBODt=UNBOD[1-e-{k(t-lag))]] using the listed values of UNBOD, k decay rate and lag time
Nota 7 - Calculated from the formula {CBODI=UCBOD[1-a-(kit-lag))]} using the listed values of UCBOD, k decay rate and lag time




BOD Analysis of the for: Marsh Bayou 6/15/2000 - Marsh Bayou @ Marsh Bayou Road

Measured Data _ [ Calculated Data |

Total BOD NBOD |

| - 99 0.12 027 9.63 0.30 10.50
" 1 156.70 0.41 1,60 14.10 1.88 13.06
13 17.8 0.68 274 15.06 268 14.45
15 19 0.82 3.47 16,53 232 1585
17 209 1.03
20 218 1.08
25 236 0.87
29 24.4 1.15
40 269 1.3
50 28.6 1.28
ﬂ 30.1 147
26,00 — = = a
©  Measured CBOD (mgd) Q
s (. piculmted CBOD (mg )
B Measured NBOD (mg)
20.00 s |
. 15.00
a
]
10.00
[
5.00 .
|
0.00 : - : -
0 10 20 30 40 50 &0 70
Days

Nate 1 - Days from the BOD test starl date

Mote 2 - Measurad tatal BOD at ime in "Days® column

MNote 3 - Measured (NG, + NOy as nitrogen) at time in “Days* column

MNote 4 - Caleulated by multipling the measured (N@+NC, as nitrogen) minus the day zero (NG +NC; as nitrogan) by 4.57,

Maote 5 - Daterminad by subtracting the calculated NBOD from the maeasurad total BOD

Note 6 - Calculated from the formula (NBODt=UNBOD{1-a-(kit-lag))]} using tha listed valuas of UNBOD, k decay rate and lag timea
Note 7 - Caloulated from the formula [CBOD=UCBOD]1-e-(kit-lag)}]} using the listed values of UCBOD, k decay rate and lag tima




BOD Analysis of the for: Marsh Bayou 6/15/2000 - Marsh Bayou @ confluence of Calcasieu River

{t
k rate (1/day)

Marsh Bayou 6/15/2000 - Marsh Bayou @ confluence of Calcasieu River

© Measured CBOD (mgh) |
e Caiculatod CBOD (mg)

30 T m MeasudNBOD (mg® [ A == e

Calculated NBOD (mpf)

3.00

2.50

2.00

BOD, (mg/)

1.50 4
1.00 4
0.50 1
B -
0.00 T T
50 60 70

\ 3

Note 1 - Days from the BOD test start date

Note 2 - Measured total BOD at tima in “Days” column

Nota 3 - Maasured (NG, + NO, as nitrogan) at time In "Days” column.

Note 4 - Caleulated by multipling the measurad (N@+NO, as nitrogen) minus the day zero (NG +NO, as nitrogen) by 4.57

Neote 5 - Determined by subfracting the calculated NBOD from the measured total BOD

Mote 6 - Calculated from the formula {NBODt=UNBOD[1-e-(k(t-lag))]} using the listed values of UNBOD, k decay rate and lag tima.
Note 7 - Calculated from the formula {CBODI=UCBOD]1-e-{k(t-lag))]} using the listed values of UCBCD, k decay rate and lag ime




BOD Analysis of the for: Marsh Bayou 6/15/2000 - Calcasieu River below confluence of Marsh Bayo

Measured Data Calculated

Days Total BOD | NOxasN| NBOD CBOD NBOD
(mg/) | (mg) | (mg4) |
i 03 0.03 0.00 .30 .00 0.15
4 08 0.03 0.00 0.80 00 ':LE
] 1.1 0.03 0.00 1.10 0.00 083
B 1.3 0.04 0.00 1.30 0.00 .06
11 14 0,03 0.00 1.40 0.00 e
13 1.5 0,04 0.00 1.50 0.00 54
15 1.8 0.04 0.00 1.60 0.00 71
17 1.8 Q.05 .00 1.80 0.02 B
20 2 Q.08 014 1.86 0.09 207
25 25 0.08 0.14 2.96 .18 235
29 26 0.1 023 237 0.23 2.654
40 32 0,13 0.37 2.83 032 281
50 34 012 0.32 3.08 0.37 a1z
0.06 0.05
&&
== = '
Marsh Bayou 6/16/2000 - Calcasieu River below confluence of Marsh Bayou
400 pmm——— ==
©  Maasured CBOD (mgT) l
e Clchit o CBOD (M) |
3.50 B Moasured NBOD (mg® | Q o
S—Calculated WBOD (mgh)
3.00
250
E 200
o
-]
1.50
1.00
0.50 _.
000 m“m - - -
0 10 20 30 40 50 60 70
Days
s J

Note 1 - Days from the BOD lest start date

MNote 2 - Measured total BOD al time in "Days” column

Note 3 - Measurad (NG, + NO, as nitrogen) at ime in “Days® column,

Note 4 - Caleulated by multipling the measured (N@+NC, as nitrogen) minus the day zero (NQ +NO, as nitrogan) by 4.57

Mote 5 - Determined by subtracting the calculated NBOD from the measured total BOD.

Mota & - Calculated from the formula [NBODt=UNBOD{1-a-(k(t-lag)}]} using the listed values of UNBOD, k decay rate and lag tima
MNote 7 - Calculated from the formula [CBODt=UCBOD(1-a-(k(1Hag)}]} using the listed values of UCBOD, k decay rate and lag time




BOD Analysis of the for: Marsh Bayou 6/15/2000 - Marsh Bayou Site 1 Duplicate

BODO (mg)

oD (mafl
0.03 0.08 K rate (1/day)
1;.“} Eﬂ Lag lime (days
bl T el | - - Ty
Marsh Bayou 6/16/2000 - Marsh Bayou Site 1 Duplicate
L P e s ——— ==
©  Measured CBOD (mgT)
Calculaled CBOD (mg)
3801 m MeasumdnNBOD(MEN [ g
e alculatod NBOD (moT)
.00
250
2100
1.80
1.00
0,50 B
0.00 - T
0 10 20 a0 40 50 60 70
Days

Note 1 - Days from the BOD test start date

Note 2 - Measured total BOD at tima in “Days® eolumn

Note 3 - Maasured (NG, + NOy as nitrogen) at time in *Days® column,

Naota 4 - Calculated by multipling the measured (N@+NO, as nitrogen) minus the day zero (NG +NO, as nitrogen) by 4.57
Note 5 - Determined by subtracting the calculated NBOD from the measured total BOD

Calculated from the formula {NBODI=UNBOD{1-e-(k{t-lag))]} using the listed values of UNBOD, k decay rate and lag lime
Calculated from the formula [CBODI=UCBOD[1-e-(k(t-lag))]} using the listed values of UCBOD, k decay rate and lag time

Note & -
Note 7 -




CROSS-SECTIONAL AREA (fathometer

SITE NUMBER: i DATE: Dt 1 4000
SITE DESCRIFTION: 100 8 upstenm of bridgs
WATERBODY: Marsh Hayou (5 vwelgoma nond
TYFE OF INSTRUMENT: &8 weadung roi
TAFE m:-:{ DISCHARGE:
WEATHER: seniy slsssis START TIME: 11.00
RN W [NDTI.\I!:T

NOTES DISTANCE wWIinTH DEFTH AREA ()
0.0 0.00
1. 1.00 0.50 0.50
2.0 1.00 1.20 1.20
3.0 1.00 1.70 1.70
4.0 1.00 2.00 2.00
5.0 1.00 2.320 2.20
8.0 1.00 2.30 2.3
7.0 1.00 2:30 2.20
8.0 1.00 2.40 2.40
%.0 1.00 2.40 2.40
16.0 1.00 1.70 1.70
1.0 1.00 1.30 1.0
12.0 1.00 1.2 1.20
13.0 1.00 1.00 1.00
14.0 2.465 0.40 0.28
14.3 09.18% 0.00 0.00

Temparnbsn = 13 2 C

Spec = 163

DoD=iT

B =

Battgry = L1

DAy =1 4

Total 13.80 22 .46

CROSS-SECTION CREW: Swne, Schwartzenburg

DATA INPUTED BY/ DATE: D Kinard / 6-135-00

DATA INPUT CHECKED BY':

CHECK DATE:




CROSS-SECTIONAL AREA (fathamerer)

SITE NUMBER: 4 DATE: ] 40
SITE DESCRIFTION: 100 H upstream of bridge
WATERBODY: marsh bayoi
TYPE OF INSTRUMENT,
TAPE DOW \:I DISCHARGE:
WEATHER! paiy ety START TIME: 10:05
ENDTIME: 1013
NOTES DISTANCE WIDTH DEFTH AREA ()

c.0 Q.00

1.0 1.00 1.5%0 1.5

2.0 1.00 2.20 2.20

| 3.0 1.00 2.40 2.40

| 4.0 1.00 2.60 2.60

5.0 1.00 2.80 2.80

&.0 1.00 2.80 2.80

7.0 1.00 2.50 2.50

8.0 1.00 2.40 2.40

9.0 1.00 2.30 2.30

| 10.0 1.80 2.00 2.00

| 11.0 1.00 1.80 1.80

12.0 1.00 2.10 2.10

13.0 1.00 2.20 2.20

14.0 1.00 2.50 2.50

15.0 1.00 .70 2.70

16.0 1.00 2.90 2.50

17.0 1,00 3.30 .30

16.0 1 1.00 1.50 3.50

1%.0 1,00 1.50 .50

20.0 1.60 3.80 1,80

1.0 1.00 1.50 3.50

2.9 1.00 3.10 3.10

21.0 1.00 2.60 2.60

24.0 1.00 1.80 1.90

25.0 1.00 1.10 1.10

28.9 Q.50 0.o0 0.00

Total 25.50 63.60

CROS5-5ECTION CREW:

DATA INPLUTED BY/ DATE:

DATA INPFUT CHECKED BY:

CHECK DATE:




CROSS-SECTIONAL AREA (futhomeier)

SITE NUMBER: 1 DATE: /4400
SITE DESCRIFTION: 100 fi downmresm of bridge
WATERBODY: Slarsh Bayou
TYPE OF INSTRUMENT
TAPE DOWN: DUSC A RGE:
WEATHER: Fanly Clouty START TINE: 8:15
ENDTIME: 930
NOTES DISTANCE WIDTH DEFTH AREA (1t 1)
0.0 0,00

2.0 2.00 9.30 0.60

4.0 2.00 0.40 0,80

6.0 2.00 1.00 2.00

| 8.0 2.00 1.30 2.60

| i0.0 2.00 1.80 1.20

T 2.00 1.5 3.00

14.0 2.00 1.009 2.00

15.0 2.00 1.30 2.60

18.0 2.00 2.00 4.00

20,0 2.00 2.080 5.60

22.0 2.00 3.30 &.80

24.0 2.00 31.%0 7.80

26.0 2,00 3.%0 7.00

28.0 2.00 .10 6.20

30.0 2.00 3.10 §.20

12.0 2.00 .50 7.00

34,0 2.00 i.00 §,00

36.0 2.00 2.70 5.40

38.0 2.00 2.20 4.40

40.0 2.00 1.20 2.40

2.0 2.00 0.40 | .80

4.0 1.28 0.20 | b.as

4.5 0.25 Q.00 .00
|
|
|
|
|

Total 43.50 B6.45

CROSS-SECTION CREW:

DATA INPUTED BY! DATE:
DATA INPUT CHECKED BY:
CHECK DATE:




CROSS-SECTIONAL AREA (fathomeier)

STTE NUMBER: 2 DATE: 0814000
SITE DESCRIFTION: Marsh Bavou pust above conlluende with Cabasins River
WATERBODY: Marh Rayou
TYFE OF INSTRUMENT) Ravibeon Fashomesr
TAPE DOAWN; NiA DSCHARGE: L]
WEATINER;: Fenty Clowsdy, Windly START TIME: 11:00 AR o
END TIME: 110 AN
NOTES DISTANCE WIDTH DEFTH AREA (I sq)
Data derwved from 0.0 5.00 8.00 0,00
fathometer chart recording 10.0 10,00 5.50 55,00
20.0 10.00 5.50 55,00
0.0 10,00 5.00 %0.00
40.0 10.00 5.25 52.50
50.0 10,90 .50 45.00
60.0 10.00 3.23 52.50
70.0 10.00 7.00 70.0Q
#0.0 10.00 7.50 75.00
#0.0 10.00 §.00 &0.00
100.0 .00 2.00 12.00
102.0 1.00 2.00 .00
Total 102.00 £27 .00
CROSS-SECTION CREW: | Nolan, S Pearce
DATA INPUTTED BY/ DATE: J Nolan & | 5900
DATA INPUT CHECKED BY: H Blalock
CHECK DATE: D&/ 572000




CROSS-SECTIONAL AREA (fathaméter)

SITE SUMBER: I DATE: CH ] Y
SITE DESCIUFTION: Calcamiow River 100 yily babow confluencs with Mareh Bajis
WATERBODY; Marsh Sayos
TYIFE OF INSTRUMENT; Rayihoun Fahomatar
TAPFE DOWHS: L THY HECHARGE n
WEATHER: Fsiiy Cusip, Wity START TIME: B30 AN
ESDTIME: #38 AM

SOTES DISTANCE WinTH DEFTH AREA (fi vq)
Data desived from: 2.0 2.50 8.00 .00
fainometer charl recarding 5.0 7.50 1.00 22.50

15.0 10.00 .00 | 60,00
5.0 10.00 #.25 az2.%0
35.0 10.00 106.78 107 .50
&5.0 13.00 12.50 125.00
35.0 10.00 13.50 135,00
65.0 10,00 14.00 140.00
75.0 18.0 14.25 142.50
#5.0 10,00 14.50 145.00
§5.0 10.00 14,75 147.50
105.0 10.00 12.50 125.00
115.0 10,00 11.50 115.00
125.0 10.00 §.50 95.00
1358.0 10.00 7.00 70,00
145.0 .00 &.00 1§.400
153.0 4.00 G.00 &.00
|
|
|
|
|
1
Total 153.00 1548 .50
CROSS-SECTION CREW!: J Nolan, § Pearce
DATA INPUTTED BY/ DATE: J Nolan 6/1 300
DATAINPFUT CHECKED BY: B Blalock
CHECK DATE: D61 572000
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Log File Mame | MARSHES

Satap Dabe (MMDOYY] : 081200
Solup Time (HHMMSS) : 115034
Sinrting Dabe (MMOOY'Y) | 061300
Stanting Tirne (HHMMES) | 010000
Blopoing Dae (MMODYY) : 081800
Slopping Time (HHMMSS) | 000000
Imberval (H=MRMSS) - 001500
Senaod wirrmug (HHMMES) - 000200
Circllr warmug (HHMMSS) : DO0200

Dade Tirma Ba Cire Temp
MDY HEMMES alls Stwhan el

OB A2000 | 1. 1 2208
D&M L2000 11500 11.7 L rra
CHLT 00 1 10000 118 1 2319
081 2000 171800 11.8 1 3B
OB 1 32000 173000 11.6 1 419
01 3/2000 174800 5 1 23
ol W] 1A0000 5 1 2187
M0 181500 "ns 1 2398
08N2000  1AI000 15 1 2t
081 32000 184500 114 | 2403
G v2000 19 ¥ 114 1 2418
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082000 T 11.5 I a4 04
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AN w2000 3000 11,4 t 24,94
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0000 11.5 1 24,12
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6/13/00 5:00 PM -
6/13/00 6:45 PM -
6/13/00 8:30 PM -
6/13/00 10:15 PM -

6/14/00 12:00 AM
6/14/00 1:45 AM
6/14/00 3:30 AM
6/14/00 5:15 AM
6/14/00 7:00 AM
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6/14/00 10:30 AM
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6/14/00 3:30 AM
6/14/00 5:15 AM
6/14/00 7:00 AM
6/14/00 8:45 AM

6/14/(00 10:30 AM -

6/14/00 12:15 PM
6/14/00 2:00 PM
6/14/00 3:45 PM
6/14/00 5:30 PM
6/14/00 7:15 PM
6/14/00 9:00 PM

6/14/00 10:45 PM

6/15/00 12:30 AM
6/15/00 2:15 AM
6/15/00 4:00 AM

6/15/00 5:45 AM
6/15/00 7:30 AM
6/15/00 9:15 AM
6/15/00 11:00 AM
6/15/00 12:45 PM
6/15/00 2:30 PM

6/15/00 4:15 PM |

DO mg/L, pH units, Temp deg C

- - [ ] tad ol A
= tn [—] L7 [—] tn = wn -
o { : T
; ‘ I
LTI |
Ex =33 J
: -
ReESED /
f-f :‘ 7 = % {
7 j
()
: o
: . , | {
= J
'- i
f
_ j
: ki
|
] 1
| \
1 | i
|
- 1 ;
E ]
/
3 i
: J"""l L L
S =2 B g & 28 2

Od % “Suansunpue)) syaadg

(mEp g 4% uodn paseq ‘noleg YSIERY JIiw 30UIRYUCD AY) JO WEIISUWACD JIATYH NHSEI[E) ) U0 M| 0] PIUNILIAP Jaje )
HAA NAISVOTVO FHL HLIM FAONANTANOD HHL A0 WVAHLSAN NOAVH HSHVIN T 4LIS




Datadonde 4a I7T58

Log Fite Mame | MARSHAZ

Setup Dade (MMDOYY) . 001200
Sehup Tire (HHWIMES) - 114458
Startng Date (MMDOY'Y) | 061300
Startng Time (HMMMES) - 010000
Saoppeng Dade (MBMADDYY) | 001800
Swpping Time (HHMMES) | 000000
Inbarvisl (HHMRSE) : 001500
Sarvmor wlermiap (HHMMES) - 000200
Claratlr wimup (HEMMES) - DOO200

Chate Tima el
MMDDYY HHUMSS oty

GONII000  1TC000
000 171800
081 23000 1T3000
0 2000 1 14800
081 371000 10000
081 000 181500
0ANA000 183000
0ANT00G 1RSI0
O 1 00 10000
08 2000 191500
Q1 1000 193000
DENITO00 14500
S8 22000 200000
Ol W2000 201500
DAMTAZ000 203000
O 22000 204500
0AN2000 210000
DRAIO00D 211500
DY 1000 21 2000
ot 12000 214500
oaMNI0O00  Z0000
QAN 000 111500
0841 32000 S23000
Qa1 12000 SO0
O/ 32000 THI00G
0AMI000 2500
DRAWI0G  I3X000
DAAT000 234500
QLA L2000 ]
D R000 1500
Q14000 3000
O AR000 4500
O 43000 [l ]
D1 4000 11500
0142000 13000
O 4000 14500
DT A 2000 20000
Ol 1 /2000 21800
O] Ar2000 23000
O 1 72000 24500
DA 42000 30000
(M 2000 11500
DA 42000 32000
L 42000 P2t t]
A 2000 40000
QR A000 41500
Q8 4000 K000
R 4000 A4 100
OB A000 SO0
A 5000 51500
D 4000 000
O 42000 L4500
O g BO000
O 2000 #1500
LE Sy RO L] B3000
O 2000 B 500
0810000 TO000
Ol 2000 T1800
CANAR000 T30
G 2000 Tas00
DaN 472000 BOooY
O 42000 1500

18
1ns
114
115
Ms
118
1.2
11.4
M4
1.8
114
114
114
e
1.5
114
13
s
118
14
115
tLS
s
s
1.4
LR
118
118
(AR ]
1158
11.3
114
1.5
1.3
%8
1.8
118
1.8
15
l|5
i1.4
115
14
115
114
114
14
174
114
14
118
1.4
1.4
114
115
114
114
114
114
AN
14
1.5

Cire
Statun

et e e e e i I T e S P N

Temp

a0
Fi b
06
190
F 1]
999
Fil ]
ol )
wmer
Pl o
Pl
W

0m
a2
a0 02
30 02
3002
307
003
Joad
anm
2009
il
0,68

Py X
nm
on

Fi ]
Fal
%81
w1
F ]
nn
20.48
2064
2082
.58
2045
2051
2947
2942

0348
0N
.
o e ]

e L]
aral

o
4
Fo RE
211

nm
2904
902
am
b
o)
]

hiadun Banee
See 2
O 300

SpCond

mSlem
A

851

ara
ars
ars
ars

ars
a7 8
ara
677
6T H
T.a
aTa
are
6T e

DO
Sal

ara
T4
aF2
L1 |
ar.a
ar2
LIS

Ban

B.A7

L 8L
413
a1
L)
a.07

605
597

pH
Uinits

103
7.03
T2










ANWILLALYA

6/13/00 5:00 PM
6/13/00 6:45 PM
6/13/00 8:30 PM 7

6/13/00 10:15 PM 3

6/14/00 12:00 AM
6/14/00 1:45 AM
6/14/00 3:30 AM
6/14/00 5:15 AM
6/14/00 7:00 AM 3
6/14/00 8:45 AM -

6/14/00 10:30 AM -

6/14/00 12:15 PM -
6/14/00 2:00 PM
6/14/00 3:45 PM
6/14/00 5:30 PM
6/14/00 7:15 PM
6/14/00 9:00 PM |

6/14/00 10:45 PM 7§

6/15/00 12:30 AM 1
6/15/00 2:15 AM

6/15/00 4:00 AM

6/15/00 5:45 AM
6/15/00 7:30 AM -
6/15/00 9:15 AM 1

6/15/00 11:00 AM %
6/15/00 12:45 PM +
6/15/00 2:30 PM F
6/15/00 4:15 PM 1

DO mg/L, pH units, Temp deg C

—
un

wo/sx puoydg ——

_I..I.I' k

sy gd

yaw 0q

''''''

0d % ‘Anapanpuo)) oypads

0E

99 duray

NOAVH HSHVIN HLIM FONANTANOD FHL A0 WVAMLSNMOA ¥IAE NAISVOTIVD 1 ALIS

OL +



Fl i

i 14
i 4 1
i i
13,9 4
i rl

i
i 1§
i r
i 4
4 4



V142000 i | ] A ; )
(W1 Wi 1 1 |
120 OO0 11.4 1" i
i i [ | L i 7 1
W 00 1 14 1 1
i ) 1 1 o HE 3
420 0000 | 1 1 31
i 1500 | ¥ i
] 1 | 5 2 1 A
450 1 i g LE i
i h ] 1 112 1% 3 il
14 F (AN} 4 1 (] B
) W0 i 31 1 B "
i 00 | 1 118 .
T dh N i 1 o 4 83
| i AE 4 i
1 i1 1.3 ] a i
A 124 |4 i L 1
i 1300 1 i 11
i 13 i P ¥ 1 A oi '
i 1.4 f v 1 .08 ]
J 134 | ! | B.14 T
14 { 14 1 4 } 08 i
i L ! ! i it
v | i B4 i ",
v | LI 4 29 44 Ad I 1
1 [ 0L i B 7 3
L i | L f
a1l ¥ WM i 51 A B3 4
14 4500 i f [
TIEF Ty i 1 F L 10
M L} W i wf g - 1
(] 00 i i 1
WL, 450 1 i i 8 73 .08
| id i 4 |
Wei i 4 1
| 1 1
Wil 1.4 ' . ' 1
00 11,4 |
i i i T F i
8 142000 v 11,4 i 3 4 a8
| [ 11.4 i 29 58 [ "
i i 1 'l
L 800 i 1 i ]
142000 00 | 1 188 Wl 3 78.3
14 1500 1.4 1 L] il i
20 00 | 1 i A8 i
14 4500 1 i il ] 1
i i 14 i i [
L 1 1.4 | A4 8 f ]
A i ¥ 1.4 i -] [ ¥
A i L [ 504 W
14 1 i B i
1 i L 4 F 4 )
1l i 1 ] B0t L
T i . L 3.1 B0 4
1 i WO
i ! N, i i
61 4200 i i 5.8 #5.1 1
1 42 LI i o 88 B5.1 ] 73
it K 1 ‘B 4 1
i ¥ i i 0 A BS.1 i
I ¥ 00K i 1 B ¥ 4 ) '
11
10 | y |
¥ 1 | 1 1] i1 3 4
1730 | " L L4
1 80 ELiv ! ! . .3
300 i | A i
i " % 1.4 1l i Th L 11 1
v ( 11,4 1 ] 1 12 |
a1 5000 i | ] b i :
1 L AN 1 d. 1 ) c
el } L i 1 I 1, L} i
13000 1.4 .68 f B9







WRANSUAOP FUPOO] [ L] ¥ 18 NOARE USIE 2101

WEANSUMOpD SUpoo] ‘1 LT VT 12 nOARE Usmy



ayou at LA 171

arsh B

Little M

Marsh Bayou at Marsh Bayou Rd, looking downsiream




£

Marsh Bayou at hunting camp at the end of Marsh Bayou Rd, looking upstream

'
i DVl U ks




Litle Marsh Bayou on Jersey Dr, looking downstream




Marsh Bayou at East Welcome Rd. looking downstream
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Marsh Bayou Watershed TMDL
Subsegment (30603

Originated: May 25, 2001
Revised: September 24, 2001

APPENDIX C —HYDROLOGIC CALIBRATION

Reach and Eiement Layout for the Marsh Bayou LA-QUAL Model
" Marsh Bayou Flow Calibration
Marsh Bayou Stream Geometry
Marsh Bayou Reaches and Elements
Marsh Bayou Reach Slopes, Elevation Estimated From USGS Topography Maps
Marsh Bayou Drainage Arca Versus Flow and Stream Geometry
Hydrelogic Calibration Plots:
Flow vs. River Kilometer
Width vs. River Kilometer
Depth vs. River Kilometer
Mean Velocity vs. River Kilometer
Dispersion vs. River Kilometer
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Marsh Bayou Stream Geometry

Reach Approximate | Cross-Section| Cross-Section
Number Site/Cross-Section Description River Width Average Depth
Kilometer (meters) (meters)
Site 5 - Marsh Bayou @ Welcome
L Rd. (100 ft upstream of the bridge) 9.52 4.206 0.496
Site 4 - Marsh Bayou @ Topsy Rd.
34 | (100 fi upstream of the bridge) 6.65 .77 0.760
78 Bayou Rd. (100 th downstream of 33 13.26 0.606
the bridge)
of the beaver dam (visual estimatio
9 of width and depth by the field 2.55 23.62 0.910
crew)
downstream of the beaver dam
11 (visual estimation of width and 2.549 23.62 0.610
depth by the field crew)
Calcasieu River downstream of the
15 confluence with the Marsh Bayou, NA 31.09 1570
may use as representative geometry
for the bottom reach of Marsh
Site 1 - Calcasieu River, 100 {1
downstream of Site 2 NA 46.63 10.118




JARIUWCD) WERNS (10A VI HSHVIN, /eeyspraxls oup woly pouleigo soafea mdap pme mplas 32 B)ON
LNOLLVHEEITYD MO NOAVE HSHVIAL, 10oyspeaxds am tio]] peurelqo dlam senfea sTrqasi( ‘9 910N
‘lepous nokeq ysrew ey Jo uoneiqired 2iBoj0pAY syl Buunp pedoassp alem sjueoyjeod dep pus P BYL 1§ 810N
"[Bpoll ey Ul pasn aieM plodoe Bun AQ pepuswodal senfeA Jusuodxa Uidep PUB Yipim eyl k910N
‘slajel 00 SBM (Wep 184B6q) O UOREH JO) SHRISUCD Yidep PUR YIpim By} IBY) POWLINSSE SBM Y £ 210N
‘saneA Yidap pue YIpiM palew|ise 10 painseal syl Uey) $58| 8q C} PELUNSSE 618M SILEISUOD
ydep pue yipm ey, pue Bumoy es1) 8q o) peiepisuas elem sayses Buurews) ey] "Gl - & puUe g - § SBYIREI WeeS oY) D= A v
10} ' PUB § ‘SIURISUOD UidEp pue WIpwh wnunuiy ey Iuesesdal ol pownsse Sem eep Aeains uodn paseq I+ OP=0 e
paretnes Jo L2ams 2@ FULIND paulmgo viep [SUCTIas-$50I0 1) “A3AINS a1 LMD SUOLIPUOD MO[F A 0] 21 01 0] T 90N I+ 08 = Mo
‘Wep iBARey oU) Juesalds) o] pasn sem 01 Udesy 'SBNEA 858U}
uodn paseq pelelulise e1em SIUBISUCS Uidep pue yipim Suupwal ey "} 1 pue 6 seydee) 10} SYidap pue syipim ey Juessida) (S1 %1 €L ‘21 ‘01 '9 'S ‘g SBYIEOY) BIEP BIQEEAE 18I0 PUE SBLOBS! WESISUMOR puE Weensd
O} POSN A8M WEp 19A8S] 2y} O WENSUMOP pUe Wesansdn ASieipawill pajeso] seps Je syidep pue supim paiew)ss ayl Jo Lramoa8 Sujsn paleumisa sea Knamosd 3@ el SNRPO] ([0 DAUIRY-85010
g PIE ‘g 4 ¢ *T $072uas 10) suxlap piv STIPLs 21 10asa1dar o) pasn 2R Aaams 2 Buunp pamseamr stydap pue syIpLas A1, T AN
TPPOW UORTAIIED 270 UF PISN #q O) FIUMSUOD pun ‘auatiodys
‘nmagpaco oj20jcIpiy 21 dojarap 01 pasn 1ot st 1T “sasodnd wopeitesasd 10 pasn sum 1eogzprasds sTy[
HEL = (I 9Fmoay 26
Q0G'Se {050 [0§9T] VN VN Q560 [ 840 { OFT wNC 10000 vaﬂ.c 0s0D ¥3ot VN 00'86 g 080 000 080 €1 TN DOAREE US|
00052 [0S0 |059T] ¥N ¥N ore'0 | BFD | OF'T wooo 10000 | THI000 0s0°0 0997 VN 0006 ) 0570 080 OE1 +l aw
005'¥2 |05°0|0591] VN ¥N 0e6'0 | 890 [ OP1 T000°0 10000 | 791000 681 PEIT VYN 00’8 t 0£0 0e'l [ €1 T
0002 (0570091 VN VN 008°C | 80 | OFT 0000 10000 | Zv1000 0800 00'0E VN 0078 v oo [C [554 Al g
029'Ee |0G°0 0651 VN YN Q190 | B¥0 | OF'1 £000°0 TO00 | T¥1000 060°0 TLBE 0190 QIYET YN 00'8L [y £50 0T $¢°T 11 o
0000 |S00|6eLE] ¥N VN 0000 | 920 | OI'T iO/AlQH | iO/AITE | ZP1O00 0500 I/ TCTH# VN 00'EL 1 000 54 s6°T 141 [T
000EZ [0S'0[0S9T] VN VN o160 [ 070 ) oTl 00070 10000 | zP1000Q 0500 96767 0160 0T9eT VN 00TL ¢ 4] (554 08¢ il
Q0CEY |SE0| 0T | YN WN 0950 | 8¥'0 | 00T 90000 0000 | EFTOGO [5E0] 6812 2090 SCTET VN 00'L9 ¢ 050 08T [ 33 =i noLed UsFey|
000€EL [9e'0[ 0LT | VN YN 096°0 | 870 | 001 9000'0 L0000 | TRIODD 0500 68°1T 9090 8STEL VN 009 6 060 [ (0744 an NOARY ST
00GEL [9E0| OFS | YN | VN JO0s0 | 80 | GIT | 0000 | 000G | tvl00C | 0500 LT6t VN O S [0 00°1 (&) (3 G | ToAed DSeN|
005’6 |gE0| ore | VN VN Qs90 | B¥0 | SITT 8OO0 THO0G | TG00 0800 9yl VN 00'er i : : nolded srep
O0EL |92'0] 00% | VN ¥N doL'c | 80 | OFl 80000 0000 | #1000 0500 TTol 0940 OLLL VN [¥i3%3 MOAEH USR]
o0EL JOE0| 006 | VN VYN 00Lo | svo | ovl 80000 0000 | Y100 050°0 (%40 09L%0 oLL'L VN 00'QE NOKEH [SFefy|
0005 [98'0] s¥r I YN YN 0ss0 | 8¥'0 | O[T L1000 <0000 | THIONO 080°0 [ VN 00T Tokeq UsTely
000y |SED| SFP | VN YN 00r'0 | 890 | OIT W00 1000 0500 8r'8 96P°0 LA VN 0001 noleg qsren




*AAITE S} SULIDP PRMTD A Of] AITHKILY Ol 20T ABAI 31 o) FIIRIOI0Y
*§ O7IS WIOL} JGEIE000 PAUTVDSS M0T) 9471 Tey) nondwnese oq) 10 Pigeq 23om GF 3 UG ‘g ' 1S TE SII0[0A PUN RO meale 3q],
Kpsojaa o) Fanenofes GO poT SRM LG o JOVEF Y UM £ UF K o5 poreasl) snGaap oit] ‘wnBoap ¥ BUln paatedll sea 2 IS W Apaofes L,

"GP I/S B B0 (5T FR W JSPUTH B 1 ORRNTEL) O3 10] MO[IEAE SEEIAT SUf} TAOUOEIA SDSI 01 SUPIOY]
*IEIIOAT YU T84 FTED H{1 YL SOWIPI (123X 750 ¥

"9 SATEIISAL0AA B III] GSYEL 104 $RA

AT

21109 LI
1 i (a%pnq Jo wreansdn 1§ 001)
s 1000| 050°0 a8 60T 1100 050 | €91 oro 1wr k Fio'+r Qrel LI65 | 0IE6 F YN PY WO @ F YSIH I g
: ' ; . : . . , . . B ; . sndorp (o#pua Jo weansdn 1y go1}
Tng% TEIO0D] 0500 or 16 1€100 | 9L'0 | érT | g0 LL'L 006'LS ] €€y | 0590 W LOL/SD 4oy by fadoy, @ g BN 4 r
3 e
e €30
B | TR100°0| 0500 6812 g Fo] P600'0 190 | 66°1 1o 9T¢l 13 apTre 150°T | 00€'E $3doy JO NIEANSUMOP 17 0OT) ¥ €
: R PH A YRR & RN
" . . . . . . i . MAD PIIY WEp 13aLq
triooo| 0500 | ¥ITZ 0TST oLige voo | e KOG 9TL9s SESE | OS5 |un 50 gorreumss ensip, | ot jo uwansdn g yurewy § B¢
. . . . . " . - L . . Man pIay Wrep 13A3q Ay
P R [P 1000 | 050D o0'LE 0081 SL'E61 64000 ¥T'o 22k 14 w., e PIL96 5851 | 055T o 15 o s | o o ' yssEly L 9¢
. N . noleg
867 65T ETET01 ! YeIEi JO YTt [emay 6
PR 2 4 {nokeq g uo
. . . . . , B ) o R S : . 24 o7 yFuon dgsurtory
6500 | S61°0 | v06'T |¥SS°I0T | ¥L'6L 96'8y i LET | LT'% [ ) o 0000 £ dey Qe JO SUMUCD 6 T
& & 0[] Y LASBOIED
| i | . . i . i = i . @ YSIE[A JO SOUIN[JU0
0000 | 0000 | 0000 [AR11 SR'EN] g0 1Z101 €00 Ll v 2 0000 §0 ‘doy puw sTmgaw #0129 "3 NASOED ps8n jon )
23spu | sangy | WM | %G L (wan A s | jaeg | WAL Feaopru | v Jwiy aenbs (o aenl 199] 139) AdAL ) #
OLLVH hict.Ad @ hchA g
} va ¥,
JALTO0THA MOTd oM TYNOLLDASSSOHD yaa H1ddd VUM ) LA AOVYNIVEA [LHOTHH 9NVH INMOTAdVE | WH | WIH Vi VYN LIS HO¥AY JRLIS

AYLIWOTD NVIHLS ANV MO1d SNSHEA VARV HDVNIVEA NOAVE HSHVIN

OV ELfR Ra AAINS




SI2)oWOTTY IIATH

) 1%0 T z £ v G 9 L 8 6 §°6
] — T —T I - — g ] 000
xmﬂ m ¥ ﬂ
_— - 10" 0
§°0r
e s e et s st SR, RO No . o
ol
. - “ o - et £0°0
- - - m‘fc“rrl - — s AR e b, T A A A et et i qg . °
$°T 8
i g
-]
i e e - . — §0°0
B ;
g 0zl m
b
- m ...... ———1Q0 *
. - . - 80 0
0"E-
[ T |...-fi....ﬁ-tl.rii-..iii.#‘t:fai-f.t..t,iiatf:..:,AAmO ‘0
$'E- | l | l |
0 T £ v G ot-o
0°0 SOTTH ISATY 6'6
*d nITsedTe)-"pyd aW0OTaM noded geasy
_goo —xeu 000 —trTur 4L ‘dED¥HE CD°M T00/50/07

S EIND mmﬂE/EOHm_d.mmHHﬂufﬂﬂbﬂﬂﬂfmﬂmQOEfmmmgfmmHQOmmmH.qE.lnm.HmQOEf"a aTTd

TOQZ/0E/EQ WO DT:QZ 3® und QT°F UOTSIBA TVND-VT

(suo) MmOT3



SIa)8WOTTH ToATY

050 T z € v G 9 L 8 & §'8
Y ] — T m _ _ ﬁ I T 0
LV T/ o
. am
\ v
. I :E.LQ.H
€
N — e 5T
09—
o e -1 e e - 0Z
7
m
08—
O VO e ——— P e et - e
& : 52
& B
g 5
b — OF
00T~ 2
— e o ~—§E
0ZT [
— - — n —{0¥%
ovT—
e e e - e n e it — e R emnem bt . 2 e bt m.ﬁ.
09T — | 1 1 | ] 0%
0 T F2 3 v G ]
0°0 SaTIH I9ATYH 6°§
"d NaTSRATBO-"PY wWoaTsy nodeg ysiew
7192 - 7% b —uTw ‘40 ‘dEoyEd "o°M (00/90/01

CETED SHYIWA\NOIIVHII TV T¥AOVT\STACOH \HSUYW\STI nommmaglnmqmaozz Q@ STTd

T00Z/0E€/E0 YO OT:0Z 38 unyi Qf'{ UOTSIIA TYRD-v'I

{u) yIpTH



SIIYSWOTTY ISATH

00 T z £ v g 9 L 8 6 976
0°0 _ » T q _ T T _ 00
b gt conia e e N N 1}
0°TH
1111111111111 J— — SUBE - e ¥ . °
0rz=T 1T ﬁ/llf
&
g o'el- B
) =4
o - o
= y
~ B
]
A B
0 vf g
- D .I._I‘J...X e T e e TR e A e - et e st e e m. lH
0S5
it . — : - -9 T
c.w.T - e -18°T
1 1 _ 1 .
0 T 3 v 3 0"e
0°0 SaTTH JT9ATH 6§
"d naTseaTed-"pPd IWOATIM :noded ysavy
_80°1 —xew oc-o —uTu ‘4o "93odHEg oM ‘00/90/01

2TV SUVA\NOILYEEITYD\ TYADYT\STHIOW\HSIYW\ SETAOGIALYM QaTACON\ :d STTA T00Z/DE/E0 WO QT:07 30 und Q' UOTSISA TYND-¥T



SIIYSUWOTTA XIATH

040 z € v g 9 L 8 6 6
00°0 T _ T T _ _ F 000
- 700
S0 0
S——— — T I - R f— S——— No - Q
OT ' 0OF e - - - -——1E0 "0
5 ; 5
] _— Y0'0op
J Am =]
§ st ol g o
b 4 LB
g - — - e - - {600 8
< m 3
~ . — 90° 0%
Hozo W g
2 2
o o e 10" 0
5S¢0
- i -~ 800
oe o[ T o 600
| | _ _ | .
0 Z 3 v g 010
00 SaTTH XaATYH 6°§
‘g naTsesTed-"pd SWMOOTIM :nodvg ysIww
00°0 =xeu 00" 0 —uru ¥ ‘d4E9MEd "D°M 00/90/0T

.- N_Hﬂolmm.aa.;zOH..nﬁmmH TV fﬂbcﬂﬂfmﬂmnozxmwmﬁ&fmmu”QONNNH%IQMHHNGOEJ *d STTd

TODZ/0E/E0 Wo OT:0Z 3® und (T"F UOTEIBA TVOD-vI



SIajawoTTA IeATH

060 z £ v g L 8 56
° T 7 T T T I _ 0o
...... e e ~ansrmee N - °
e B ] S Ap o
-.w —
e, S SR - g S w . o
=) =]
- .
o) e e e e 8°0 n
g 5 o
8 0
n o OT|- 8 h
£ s E
g : S — —— 0°T g
0 g 0}
o g R
" B - I —— Z°T M..
o
] W
w L
ST - o e % T
SRR U —— - e et et . ek e e A e e e A e ] w -H
e e e At b A A e e s e i . et P At b A P BBl 1 bl R P Aok —— -.Lm T
02 -
1 1 1 ] ] 0z
0 T Z € v S .
0°0 SaTTIH IaaTy 6§
"¥ naTsesTeD- Py IWGITaM noded ysasw
00°T 060 —trrw L ‘4EQWHE "O°M 00/90/07

L ZTHD deErEOHHdmmHqﬂufﬂdbdﬂﬂfMﬂmQDEfmmmdzmeHQOmmdeSIQMHmQOEf"Q aTTtd TO0Z/DE/E0 WO QL:QZ 38 uUnd QI°§F UOTSI3L TVWAD-Y'T



Marsh Bayou Watershed TMDL
Subsegment 030603

Originated: May 25, 2001
Revised: September 24, 2001

APPENDIX D — WATER QUALITY CALIBRATION

CBODy, NBODy,, and Dissolved Oxygen Loads, Marsh Bayou Watershed Calibration Model
Marsh Bayou Calibration Model Qutput File
Water Quality Calibration Plots:

Dissolved Oxygen vs. River Kilometer
CBODy; vs. River Kilometer
NBODy vs. River Kilometer

Sediment Oxygen Demand vs. River Kilometer
Reaeration Rate vs. River Kilometer
Temperature (°C) vs. River Kilometer
Marsh Bayou Water Quality Calibration Model Input Description
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