Approved TMDL

PH ASE O NE December 15, 2000

COASTAL

HANCOCK, | SSI SSIPPI

P.O. B&X*1038
JACKSON, M S 39289-0385
(601)961-5171
www.deg.state.ms.us




Fecal Coliform TMDL for Jourdan River

FOREWORD

Thisreport has been prepared in accordance with the schedul e contained within the federa consent decree
dated December 22, 1998. The report contains one or more Total Maximum Daily Loads (TMDLSs) for
waterbody segments found on Missssippi’s 1996 Section 303(d) List of Impaired Waterbodies. The
implementation of the TMDLSs contained herein will be prioritized within Missssppi’s rotating basin
approach.

The amount and qudity of the data on which this report is based are limited. As additiond information
becomesavailable, the TMDL smay beupdated. Such additiona information may includewater qudity and
quantity data, changes in pollutant loadings, or changes in landuse within the watershed. In some cases,
additiona water quality data may indicate that no imparment exists.

Prefixesfor fractionsand multiples of Sl units

Fraction Prefix Symboal Multiple Prefix Symboal
10! deci d 10 deka da
107 centi c 107 hecto h
10° milli m 10° kilo k
10° micro m 10° mega M
10° nano n 10° gga G
102 pico P 10* tera T
10" femto i 10" peta P
107 atto a 10" exa E

Conversion Factors

Toconvert from To Multiply by ToConvert from To Multiply by
Acres . miles 0.0015625 Days Seconds 86400

Cubic feet Cu. Meter  0.028316847 | Feet Meters 0.3048

Cubic feet Gdlons 7.4805195 Gdlons Cu feet 0.133680555
Cubic feet Liters 28.316847 Hectares Acres 2.4710538
cfs Gd/min 448.83117 Miles Meters 1609.344

cfs MGD .6463168 Mg/l ppm 1

Cubic meters Gdlons 264.17205 nyl * cfs Gm/day 2.45
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MONITORED SEGMENT MS112M1 IDENTIFICATION

Name:
Waterbody ID:

Location:

County:

USGS HUC Code:
NRCS Watershed:
Length:

Use Impairment:
Cause Noted:
Priority Rank:

NPDES Permits;

Standards Variance:

Pollutant Standard:

Waste Load Allocation:

Load Allocation:

Margin of Sefety:

Totd Maximum
Load (TMDL):

Jourdan River

MS112M1

Near Kiln: From confluence of Catahoula Creek and Bayou Bacon to
confluence with Rotten Bayou

Hancock County, Mississppi
03170009

100

13 miles

Contact Recreation
Fecd Caliform, an Indicator for the Presence of Pathogens
78

Thereareno NPDES Permitsissued for facilitiesthat potentidly discharge
fecd coliform in the watershed represented in this TMDL

None

Fecd coliform colony counts shal not exceed a geometric mean of 200
per 100 ml, nor shal more than ten percent of the samples examined
during any month exceed a colony count of 400 per 100 ml

Assigning 50 percent of the allocated septic tank failures to this category
(al future dischargers must meet water qudity standards for disinfection)

Assgning dl of the loads contributing to surface runoff and the direct
sources, including the other 50 percent of thefailing septic tanksand dl of
the animas in the stream, to this category

Implicit modding assumptions

Summeation of theloadsfrom the sourceslisted abovethat result inthe Dally

water qudity standard of a geometric mean of 200 fecd coliform

colony counts per 100 ml being met
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EVALUATED SEGMENT MS115JM1 IDENTIFICATION

Name:
Waterbody ID:

Location:

County:

USGS HUC Code:
NRCS Watershed:
Use Impairment:
Cause Noted:

NPDES Permits;

Standards Variance:

Pollutant Standard:

Waste Load Allocation:;

Load Allocation:

Margin of Sefety:

Totd Maximum
Load (TMDL):

Jourdan River

MS115IM1

Near Kiln: From confluence with Rotten Bayou to boundary of 115Jnear
Edwards Bayou

Hancock County, Mississppi

03170009

130

Contact Recrestion

Fecd Coliform, an Indicator for the Presence of Pathogens

Thereareno NPDES Permitsissued for facilitiesthat potentidly discharge
fecd coliform in the watershed represented in this TMDL

None

Fecd coliform colony counts shall not exceed a geometric mean of 200
per 100 ml, nor shal more than ten percent of the samples examined
during any month exceed a colony count of 400 per 100 ml

Assigning 50 percent of the allocated septic tank failures to this category
(dl future dischargers must meet water quaity standards for disinfection)

Assggning dl of the loads contributing to surface runoff and the direct
sources, including the other 50 percent of thefailing septic tanksand al of
the animds in the stream, to this category

Implicit modding assumptions

Summetion of theloadsfrom the sourcesligted abovethat resultinthe Daily

water qudity standard of a geometric mean of 200 fecd coliform

colony counts per 100 ml being met
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EVALUATED SEGMENT MS115M1 IDENTIFICATION

Name:
Waterbody ID:

Location:

County:

USGS HUC Code:
NRCS Watershed:
Use Impairment:
Cause Noted:

NPDES Permits;

Standards Variance:

Pollutant Standard:

Waste Load Allocation:;

Load Allocation:

Margin of Sefety:

Totd Maximum
Load (TMDL):

Jourdan River

MS115M1

Near Kiln: From 115J boundary near Edwards Bayou to mouth at St.
Louis Bay

Hancock County, Mississppi

03170009

130

Contact Recrestion

Fecd Caliform, an Indicator for the Presence of Pathogens

Thereareno NPDES Permitsissued for facilitiesthat potentidly discharge
fecd coliform in the watershed represented in this TMDL

None

Fecd coliform colony counts shal not exceed a geometric mean of 200
per 100 ml, nor shal more than ten percent of the samples examined
during any morth exceed a colony count of 400 per 100 ml

Assigning 50 percent of the allocated septic tank failures to this category
(al future dischargers must meet water qudity standards for disinfection)

Assgning dl of the loads contributing to surface runoff and the direct
sources, including the other 50 percent of thefailing septic tanksand al of
the animas in the stream, to this category

Implicit modding assumptions

Summation of theloadsfrom the sourceslisted abovethat result inthe Daily

water qudity standard of a geometric mean of 200 fecd coliform

colony counts per 100 ml being met
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EXECUTIVE SUMMARY

Several waterbodies and waterbody segments, including . LouisBay itsdf, inthe S. LouisBay watershed
areon the Mississippi 1998 Section 303(d) List of Waterbodies asimpaired due to pathogens, which are
indicated by the presence of fecd coliform bacteria. The TMDLSsfor these waterbodies were devel oped
through one monitoring and modeling project. However the TMDL sare being presented in two phasesdue
to the diveraty of the systems and processes involved. Phase Oneis comprised of TMDLsfor the Wolf

River and the Jourdan River, which are the primary fresh water sourcesfor St. LouisBay. Phase Two will

follow with TM DL sfor the Bay itsdf and the near shore watersheds, which drain directly to the sdtwater of

the Bay. The phased approach is beneficiad not only because different modd were used to represent the
sdtwater and the freshwater systems, but also because the different systems have different targets. This
TMDL, which is for one monitored segment of the Jourdan River and two evaluated segements of the
Jourdan River, is part of Phase One of the St. Louis Bay Watershed Feca Coliform TMDL Modeling

Project. The modding for this project was conducted by the Civil Engineering Department at Mississppi

State Univergty.

The Jourdan River flows in a southeasterly direction from its formation by the confluence of Catahoula
Creek and Dead Tiger Creek in Hancock County through Hancock County, whereit flowsinto &. Louis
Bay. The BASINS Nonpoint Source Model (NPSM) and the Environmental Fluid Dynamics Code
(EFDC) model were selected as the modes for performing the TMDL dlocations for this study. The
wegther dataused for thismodel were collected at severd locationsin the Sudy area. The representative
hydrologic period used for this TMDL was awet year, 1995, and adry year, 1968, asdetermined by an
andyssof meanannud rainfal digtributionsa severd sationsinduding Poplarville, Gulfport, Ficayune, and
Bay St. Louis. Bacteria data MDEQ collected at ambient station 02481660, located near Kiln, indicate
there is a violation o the water quaity standards for contact recreation for feca coliform bacteriain the
waterbody.

Fecd coliform loadings from nonpoint sources in the watershed were calculated based upon wildlife
populations, livestock populations, information on livestock and manure management practices, and urban
development for the Jourdan River Basin. The estimated fecal coliform production and accumulation rates
due to nonpoint sources that would runoff from the watershed were incorporated into the model. Also
represented in the model were the nonpoint sourcesthat would be directly deposited in the stream, such as
faling septic systems and other animds that have direct access to the main stem and tributaries of the
Jourdan River. A 50% failure rate of septic tanks in the drainage area was assumed for input into the
modd. Thereareno NPDES Permitted dischargesincluded as point sourcesin themodd. Under exigting,
or basdline, conditions, output from the mode indicates a violation of the geometric mean feca coliform
standard. After gpplyingaTMDL reduction scenario, there were no violations of the sandard according to
the modd.

The modd accounted for seasond variations in hydrology, climatic conditions, and watershed activities.
The use of the continuous s mulation modd alowed for consderation of the seasond aspectsof rainfal and
temperaure patternswithin the watershed. Caculation of thefeca coliform accumulation parameters and
source contributions on a monthly basis accounted for seasond variations in watershed activities such as
livestock grazing and land application of manure.
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The Phase One TMDL scenario for the fecal coliform load from the Jourdan River Watershed involves a
reduction in the tota fecd coliform load of gpproximately 78 percent. That reduction could be achieved
through many different scenarios, which are not specificaly addressedinthisTMDL, but will beincludedin
an implementation plan at a later date. The categories of loads that may be reduced include those that
contribute to surface runoff and those that reach the stresm directly. Additiona monitoring and informationis
necessary to verify the specific sources that need to be controlled. Because the Phase Two results will

provide a more comprehensive picture of sources affecting the entire St. Louis Bay System, theindividua
TMDL components will not be assigned until Phase Two.
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1.0 INTRODUCTION

1.1 Background

The identification of waterbodies not meeting their designated use and the devel opment of total maximum
daily loads(TMDLs) for those waterbodies are required by Section 303(d) of the Clean Water Act and the
Environmenta Protection Agency’ s(EPA) Water Qudity Planning and Management Regulations (40 CFR
part 130). The TMDL process is designed to restore and maintain the qudity of those impaired
waterbodies through the establishment of pollutant specific dlowable loads. The pollutant of concern for
thisTMDL ispathogens. Feca coliform bacteriaare used asindicator organismsfor pathogens. They are
readily identifiable and indicate the possible presence of other pathogenic organismsin thewaterbody. The
TMDL process can be used to establish water quaity based controls to reduce pollution from both point
and nonpoint sources, and restore and maintain the quaity of water resources.

The Missssppi Department of Environmental Qudity (MDEQ) hasidentified amonitored segment of the
Jourdan River as being impaired by feca coliform bacteria for a length of 13 miles as reported in the
Missssippi 1996 and 1998 Section 303(d) List of Waterbodies. Thissegment islisted asimpaired because
higtorica monitoring datawas available to show that there was aviolation of thewater quality standard for
pathogens in this segment. The listed segment is near Kiln, from the confluence of Catahoula Creek and
Bayou Bacon to the confluence with Rotten Bayou. The monitored section of the Jourdan River isshownin
Figure 1.1ain magenta. Two other segments of the Jourdan River were listed in the Missssppi 1996
Section 303(d) List of Waterbodies as monitored, but were corrected to be listed as evauated in the
Mississppi 1998 Section 303(d) List of Waterbodies. They are included in this TMDL as evauated
segments and are dso shown in Figure 1.1ain green and blue.
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Figure 1.1a Jourdan River Monltored and Evaluated Segments
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The monitored segment of the Jourdan River isin the Coastd Streams Basin Hydrologic Unit Code (HUC)
03170009 in southwest Mississippi. The drainage areaof the monitored segment representedinthisTMDL
isgpproximately 217 squaremiles. Asshowninydlow in Figure 1.1b, the drainage arealieswithin portions
of Pearl River and Hancock Counties. The monitored and evaluated segments are so shown in Figure
1.1bin green, gray and ydlow. The watershed is predominately forested and rurd with the urban area
shown being shown bel ow predominately composed of trangportation acres. Forest isthe dominant landuse
within the watershed. The land digtribution is shown in Table 1.1.

Table 1.1 Landuse Distribution in Acres for the Jourdan River Watershed

Urban Forest Cropland Pasture Barren Wetland Total
Area (Acres) 765 115,727 5,554 15533 371 607 138,557
% Area 1 &4 4 11 0 0 100
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Figure 1.1b Jourdan River Subwatersheds
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Thedrainage arearepresented in this phase of the TM DL has been divided into six subwatershedsbased on
the major tributaries and topography. Figure 1.1b shows the subwatersheds of the Jourdan River
represented in this TMDL in yelow and identifies them with a three-digit identification number. Three
subwatersheds in the Wolf River Watershed are represented in another Phase One TMDL, while the
remaining subwatersheds delineated in Figure 1.1b will be addressed in Phase Two of the St. Louis Bay
Feca Coliform TMDL Modding Project.

The monitored segment of the Jourdan River, MS112M1, isshown in green, while the evaluated segments
MS115M1 and MS115M1 are shown in gray and yellow respectively. Even though these ssgmentsare
not within the subwatersheds represented inthisTMDL,, they aredirectly downstream and areimpacted by
the activitiesin the subwatersheds modeled in thisTMDL. The Jourdan River isformed by the confluence
of Dead Tiger Creek and Catahoula Creek. Bayou Bacon merges with these two creeks approximately
four milesfurther downstream. Near thisjunction, the stream becomestidally influenced. The Jourdan River
iscompletely tidd, i.e., the entire sysem isinfluenced by tidd action. ThisPhase One TMDL isaddressng
the portion of the watershed that can be modeled with a freshwater water quality modd.
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1.2 Applicable Waterbody Segment Use

The water use classfication for the Jourdan River, as established by the State of Mississippi in the Water
Quality Criteriafor Intrastate, Interstate and Coastal Water sregulaion, isRecregtion. Thedesgnated
beneficid use for the Jourdan River is Contact Recrestion.

1.3 Applicable Waterbody Segment Standard

Thewater quaity standard applicableto the use of the waterbody and the pollutant of concernisdefinedin
the Sate of Mississippi Water Quality Criteria for Intrastate, Interstate, and Coastal Waters. The
dandard states that for the use of contact recreation the feca coliform colony counts shal not exceed a
geometric mean of 200 per 100 ml, nor shall more than ten percent of the samples examined during any
month exceed a colony count of 400 per 100 ml. This water quality standard will be used as targeted
endpoints to evauate impairments and to establish this TMDL. The TMDLs which will be addressed in
Phase Two will be for the designated use of Shdlfish Harvesting.
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2.0 TMDL ENDPOINT AND WATER QUALITY ASSESSMENT

2.1 Selection of a TMDL Endpoint and Critical Condition

One of the mgor components of a TMDL is the establishment of instream numeric endpoints, which are
used to evduate the atainment of acceptable water quality. Instream numeric endpoints, therefore,
represent the water quality gods that are to be achieved by implementing the load and waste load
dlocations specified in the TMDL. The endpoints alow for a comparison between observed instream
conditions and conditionsthat are expected to restore designated uses. Theinstream fecd coliform target
for this TMDL isa30-day geometric mean of 200 colony counts per 100 ml.

Because fecal coliform may be attributed to both sources that are runoff dependent and sourcesthat are
congtantly discharging to the stream, the criticd condition must account for both high and low flow
conditions. Critical conditions for waters impaired by nonpoint sources that are runoff related generdly
occur during periods of wet-wegther and high surface runoff. But, critica conditionsfor nonpoint and point
sources that continualy discharge generdly occur during low-flow, low-dilution conditions. While the
watershed model wasrun for afull eeven year period to capture various high and low flow Stuations, most
of the modding was done using a wet year and a dry year that were determined to be representative
through the evauation of precipitation records for the period of record of severd stationsin the area.

2.2 Discussion of Instream Water Quality

According to the State’ s 1998 Section 305(b) Water Quality Assessment Report, the monitored 13 mile
long segment of the Jourdan River is partidly supporting the use of Contact Recreetion. Thisconclusonis
based on ingtantaneous data collected approximately bimonthly at station 02481660, which isthe Jourdan
River near Kiln.

2.2.1 Inventory of Available Water Quality Monitoring Data

Monitoring for flow and fecd coliform was performed on a bimonthly basis (Sx per year) a dation

02481660 through MDEQ' sAmbient Monitoring Program. Thenin 1997 the monitoring frequency &t that
gation was increased to a monthly basis. The data resulting in the latest 303(d) listing, from October of

1991 through September of 1996, isshownin Table 2.2a. More recent datais shown in Table 2.2b, and
datafrom the 1997 and 1998 intensve surveys are shown in Table 2.2c. There are no flowsshown inthe
table because to the influence of tidal action &t the station prevents measurement by typical methods.

Through the devel opment of aData Compendium for St. Louis Bay some additiond historical water qudity
data sources on the Wolf River wereidentified and evaluated. Two intensive surveyswere aso conducted
for the St. Louis Bay Feca Coliform TMDL Project that included the stations on the Jourdan River. The
results from those intensive surveys were used in modd cdibration.
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Table 2.2a Fecal Coliform Data used in the latest 303(d) from the Jourdan River near Kiln, Station 02481660

Date Fecal Coliform
(counts/100ml)
11/4/1991 300
1/6/1992 110-MF
3/4/1992 110
5/4/1992 130
7/13/1992 1300
9/14/1992 170
11/2/1992 700
1/12/1993 5000
3/8/1993 40
5/3/1993 5000
7/12/1993 60
9/13/1993 230
11/2/1993 3000
1/10/19%4 40
3/7/1994 170
5/4/1994 170
6/21/1994 300
8/22/1994 170
11/8/199%4 1300
1/10/1995 300
3/7/1995 500
4/18/1995 40
7/11/1995 200
9/12/1995 40
11/6/1995 1300
1/10/1996 40
3/6/1996 170
5/7/1996 80
7/10/1996 300
9/9/1996 80

*All datain MPN (Most Probable Number), unless noted by MF (Membrane Filtration)
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Table 2.2b Available More Recent Fecal Coliform Data from the Jourdan River near Kiln, Station 02481660

Date Fecal Coliform

(counts/100ml)
12/11/1996 240
1/8/1997 1600-M F
2/5/1997 8100-MF
4/3/1997 170
5/6/1997 350
7/7/1997 540
8/11/1997 1600
9/4/1997 170
10/1/1997 31
11/17/1997 240
1/6/1998 1600
2/3/1998 240
3/3/1998 21
4/14/1998 33
6/15/1998 9000
7/13/1998 170

*All datain MPN (Most Probable Number), unless noted by MF (Membrane Filtration)

Table 2.2c Fecal Coliform Data from the Jourdan River (02481660) during two Intensive Surveys

July 1998 Water Quality Study

Station # Date Time Sample Depth FC- MPN (#/100 FC-MF
(ft) ml) (#1200 ml)
JR3 (02481660) 07/14/1998 17:25 05 350 610
JR3 (02481660) 07/15/1998 11:55 1 240 400
JR3 (02481660) 07/16/1998 10:50 1 33 300
April 1999 Water Quality Study
Station # Date Time Sample Depth FC- MPN (#/100 FC-MF
(ft) ml) (#1200 ml)
JR3 (02481660) 04/19/1999 13.00 7 23 46
JR3 (02481660) 04/21/1999 11:50 7 7.8
JR3 (02481660) 04/22/1999 11:12 8 46 25
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2.2.2 Analysisof Instream Water Quality Monitoring Data

A datigtical summary of thewater qudity datathat resulted inthe 303(d) Listing is presented in Table 2.2d.
Samples are compared to the ingtantaneous maximum standard of 400 counts per 100 ml. The percent
exceedancewas ca culated by dividing the number of exceedancesby thetotal number of samplesand does
not represent the amount of time that the water qudity isin violation.

Table 2.2d Statistical Summary for Station 02481660 (Oct. 1991 — Sept. 1996) corresponding to 303(d) Listing

. n Number of Minimum Value Maximum Value Number of Per cent Instantaneous
Samples (counts/100ml) (counts/100ml) Exceedances Exceedance
Annual 29 40 5000 8 28%

A gatigtical summary of dl of the data shown in Table 2.2a, 2.2b, and 2.2c is provided in Table 2.2e,

Table 2.2e Statistical Summary

for Station 02481660 (Oct. 1991 — April 1999

corresponding to all available data

5 n Number of Minimum Value Maximum Value Number of Per cent I nstantaneous
Samples (counts/100ml) (counts/100ml) Exceedances Exceedance
Annual 53 7.8 9000 15 28%
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3.0 SOURCE ASSESSMENT

The TMDL evduation summarized in thisreport examined dl known potentid fecd coliform sourcesinthe
portion of Jourdan River Watershed represented in this TMDL. The source assessment was used asthe
bass of development for the modd and ultimate analyss of the TMDL dlocation options. In evauation of
the sources, |loads were characterized by the best available information, monitoring data, literature vaues,
and locd management activities. Thissection documentstheavailableinformation and interpretation for the
andyss. The representation of the following sources in the modd is discussed in Section 4.0, Moddling
Procedure: Linking the Sources to the Endpoint.

3.1 Assessment of Point Sources

Typicdly, point sources of feca coliform bacteriahavethar grestest potentid impact onwater qudity during

periods of low flow. There are no point sources permitted for feca coliform bacteriain the portion of the
Jourdan River Watershed represented inthisTMDL. Point sourcesdischarging in thetidaly influenced area
were consdered to be adirect discharge to the Bay and were not included as part of the watershed model

input data.

3.2 Assessment of Nonpoint Sour ces
There are many potential nonpoint sources of feca coliform bacteriafor the Jourdan River, induding:

Wildife

Land gpplication of hog and cattle manure
Grazing animds

Land gpplication of poultry litter

Urban development

Direct Inputs

The 139,000 acre drainage area of the Jourdan River represented in this TMDL contains many different
landuse types, including urban, forest, cropland, pasture, barren, and wetlands. The modeled landuse
informetion for the watershed is based on two different data setswhich are representative of different time
periods. Geographic Information Retrieva and Analysis System (GIRAS) land use data from the 1970s,
whichisavailable onthe EPA BASINSweb ste, was used for thisproject. The BASINS default land use
data, originaly obtained from USGS, usesthe Anderson Levd | and Level |1 classficaions. Thisdatawas
applied to smulations for the period 1965 through 1985. Updated land use data from 1992-1993 were
obtained from the Mississppi Automated Resources Information System (MARIS) data set and merged
with the BASINS 2.0 data by using the EPA Watershed Characterization System (WCS) utility program.
This landuse information is based on data collected by the State of Missssippi's Automated Resource
Information System. Thisdataset isbased on Landsat Thematic Mapper digital imagestaken between 1992
and 1993. The MARIS data are classfied on amodified Anderson level | and Il sysem. The MARIS
landuse dataset was used for the hydrologic cdibration period of 1987 through 1999. For modeing

purposes the landuse categories were grouped into the landuse categories of urban, forest, cropland,

pasture, barren, and wetlands. The contributions of each of these land typesto thefeca coliform loading of

31
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the Jourdan River was considered on a subwatershed basis. Figure 3.2 and Table 3.2 show the landuse
digtribution for the watershed.

The nonpoint fecd coliform contribution from each landuse was estimated using the latest information
avalable. The MARIS landuse data for Missssppi was utilized by the WCS to extract landuse sizes,
populations, and agriculture censusdata. Severd agencieswere contacted and thewatershed wasvisited to
refinethe assumptions madein determining thefecd coliformloading. The GAP Study provided information
on wildlife dengity in the Jourdan River Watershed. The Missssppi State Department of Hedlth was
contacted regarding the failure rate of septic tank systems in this portion of the state. Missssppi State
University researchers provided informeation on manure gpplication practices and loading ratesfor hog farms
and cattle operations. The Natural Resources Conservation Service aso provided information on manure
treatment practices and land gpplication of manure.
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Figure 3.2 Landuse Distribution
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Table 3.2 Landuse Distribution for the Entire Jourdan River Watershed Represented in Phase One in Number of Acres

Subwater shed Urban Forest Cropland Pasture Barren Wetland Total
03170009026 0 31,712 1,617 3,464 27 0 36,820
03170009027 738 25,608 584 614 319 526 28,389
03170009028 0 1174 18 1 0 39 1,232
03170009029 27 27,699 957 3,897 13 30 32,623
03170009030 0 17,379 872 3,052 12 3 21,318
03170009031 0 12,155 1,506 4,505 0 9 18,175

Total 765 | 115,727 5,654 15,533 371 607 138,557
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3.2.1 Wildlife

Wildlife present in the Jourdan River Watershed contributes to feca coliform bacteriaon the land surface
and asadirect input to the stream. In the Jourdan River modd, al wildlife was represented by considering
contributionsfrom deer. Estimates of deer popul ation were designed to account for the deer combined with
dl of the other wildlife, such as ducks and geese, contributing to the area. An upper limit of 30 deer per
square mile was used as the estimate.  The wildlife population was modeled as a congtant variable
throughout the year.

3.2.2 Land Application of Hog and Cattle Manure

In the Jourdan River Watershed processed manure from confined hog and dairy cattle operations is
assumed to be collected in lagoons and routinely applied to pastureland during April through October. This
manure is a potentia contributor of bacteriato receiving waterbodies due to runoff produced during arain
event. Hog farms in the Jourdan River Watershed operate by ether keeping the animals confined or by
alowing hogsto grazein asmal pasture or pen. For thismoded, it was assumed thet dl of the hog manure
produced by ether farming method was applied evenly to the available pasturdland. Application rates of
hog manure to pastureland from confined operations varied monthly according to management practices
currently used in this area.

The dairy farmsthat are currently operating in the Jourdan River Watershed only confine the animalsfor a
limited time during the day. The modd assumed a confinement time of four hours per day, during which
time the cattle are milked and fed. The manure collected during confinement is applied to the available
pasturdand inthewatershed. Likethehog farms, application ratesof dairy cow manureto pastureland vary
monthly according to management practices currently used in thisarea.

3.2.3 Grazing Beef and Dairy Cattle

Grazing cattle deposit manure on pasturdand where it is available for wadhoff and ddivery to receiving
waterbodies. Thedairy farmsthat are currently operating in the Jourdan River Watershed only confinethe
animas for a limited time during the day. The modd assumed a confinement time of four hours per day.
During dl other times, dairy cattle are assumed to graze on pasturelands. Beef cattle have access to
pastureland for grazing dl of the time. The manure produced by grazing caitle was modeled as a fecd

coliform load to available pasturdand in the watershed.

3.2.4 Land Application of Poultry Litter

Like hog and cattle manure, poultry litter is modeled by applying only to pastureland and not to cropland.
Poultry litter isapotential contributor of pathogensto streamsin thewatershed when arain event washesa
portion of it to areceiving waterbody. It is assumed that al of the poultry litter from chicken houses is
applied evenly to the available pasturdland. Whilethere are some dternative uses of poultry litter, such as
utilizetion as cattle feed, dmog dl of the litter in the Sate is used asfertilizer.

Predominantly two kinds of chickens are raised on farms in the Jourdan River Watershed, broilers and
layers. The growth time of the broiler chickensfrom when the chicken isborn towhen itissold off thefarm
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isgpproximately 48 days, whichisabout 1/7 of ayear. Conversdly, layer chickensremain on farmsfor ten
months or longer. To estimate the number of chickensin the watershed on any given day, the number of
broiler chickens sold is divided by seven and added to the number of layers.

3.2.5 Urban Development

Urban areas include land classified as urban and barren. Only a small percentage of the Jourdan River
Watershed is classfied as urban. It is primarily concentrated around the Bay and will be addressed in the
Phase Two TMDL report for the tidaly influenced area. However, the contribution of the urban areasin
the other parts of the watershed to fecd coliform loading in the Jourdan River was considered.

3.2.6 Direct Inputs

Failing septic systems, illicit dischargers, and animas with access to the stream are nonpoint sources that
have the potentia to directly deposit in the stream with no time or mechanism for die off of the organisms.
Therefore, these sources account for alarge percentage of the actua load in the stream.

Septic systems have a potentid to deliver fecd coliform bacteria loads to surface waters due to

mafunctions, failures, and direct pipe discharges. Properly operating septic systemstreat wastewater and
dispose of the water through a series of underground field lines. The water is gpplied through these lines
into a rock substrate, thence into underground absorption. The systems can fail when thefidd lines are
broken, or when the underground substrateis clogged or flooded. A failing septic system’ sdischarge can
reach the surface, where it becomes available for wash off into the stream. Also, apotentia problemisan
illicit direct pipe bypassng the septic system or thefied linesand discharging directly to astreamin an effort
to keep the wagte off the land.

Another consderation istheuse of individua onstewastewater trestment plants. Thesetrestment systems
areinwideusein Mississippi. They can adequatdly treat wastewater when properly maintained. However,
these systems may not receive the maintenance needed for proper, long-term operation. These systems
require disnfection to properly operate. When thisexpenseisignored, thewater isdischarged with higher
pathogenic concentrations than intended.

Cattle and other animals often have direct access to flowing and intermittent sireams that run through
pastureland. These small pasture $reams are tributaries of larger streams. Fecd coliform bacteria
deposited inthe streams aremodel ed asadirect input of bacteriato the Jourdan River. In order to estimate
the amount of bacteriaintroduced into streamsfrom animals, it was assumed thet four percent of the manure
load produced by cettle represents the available load. This four percent represents manure loading by dl
animasin the watershed.
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4.0 MODELING PROCEDURE:
LINKING THE SOURCESTO THE ENDPOINT

Egtablishing the rdationship between the insream water qudity target and the source loading isa criticd

component of TMDL development. 1t dlowsfor the eva uation of management optionsthat will achievethe
desired source load dlocations. 1dedlly, the linkage will be supported by monitoring data that dlow the
TMDL developer to associ ate certain waterbody responsesto flow and loading conditions. In thissection,
the sdlection of the modding tools, setup, and modd application are discussed.

4.1 Modeling Framework Selection

As described earlier, the monitored and evauated segments of the Jourdan River and the Jourdan River
Watershed areincluded within the &. Louis Bay Fecd Coliform TMDL Modeling Project. However, this
Phase One Jourdan River TMDL is addressing only the freshwater portion of the syslem. The St. Louis
Bay Fecd Coliform TMDL Modeling Project utilizestwo computer smulation models. The NPSM modd,

described bel ow, was used to model the watershed hydrology and |oad washoff of the entire St. LouisBay
Watershed. It wasaso used to modd the hydraulic response and water qudity of the freshweter riversand
sreamsin the watershed including the Jourdan. The watershed mode was linked with the Environmenta

Fluid Dynamics Code (EFDC) modd to smulate hydrodynamics, salinity, temperature, and water qudity in
the Bay and tidally influenced portions of the freshwater systems. The Bay modd will be described in more
detail inthe MSU report and Phase Two of the . Louis Bay Fecd Coliform TMDL Modding Project.

Severa sormwater models were considered for use in the freshwater portion of this project. The Non
Point Source Modd (NPSM) within the Better Assessment Science Integrating Point and Nonpoint
Sources (BASINS) platform was chosen due to its superior water qudity routines as applied to large,
complex basns. TheBASINSmodd platform and the NPSM mode were used to predict the sgnificance
of fecad coliform sources to fecd coliform levels in the Jourdan River Watershed. BASINS is a
multipurpose environmental andysis system for use in performing watershed and water quality-based
dudies. A geographic information system (GIS) provides the integrating framework for BASINS and
dlowsfor the display and andysis of awide variety of landscape information such aslanduses, monitoring
gtations, point source discharges, and stream descriptions. The NPSM model s mulates nonpoint source
runoff from selected watersheds, aswell asthe transport and flow of the pollutants through stream reaches.
A key reason for usng BASINS as the modeling framework is its ability to integrate both point and
nonpoint sources in the smulation, aswdl asits ability to assessingdream water quality response.

4.2 Model Setup

The freshwater headweters of the Jourdan River, located in HUC 03170009, were modeled within the
watershed modeling system. The results for the freshwater portion of the Jourdan River Watershed are
presented separately inthis Phase One TMDL. Thefreshwater portion of the Jourdan River Watershed was
divided into Sx subwatersheds in order to isolate the mgor stream reaches and to dlow for the rdlative
contribution of nonpoint sources to be addressed within each subwatershed.

At least the first 12 months of the modd results were considered a stabilization period and disregarded.
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4.3 Hydrologic Calibration

Hydrologic calibration has been achieved by comparing predicted flow to historica flow dataat a USGS
Station, 02481570, near SantaRosawhich isshownin Figure4.3. The most sgnificant factorstodevelopa
well cdibrated computationd NPSM modd include: (1) accurate sub-watershed ddlinegtion, (2) stream
data assessment, (3) representative precipitation data, (4) land use data, and (5) proper sdection of

modding parameters. Some of the factors found to be mogt influentid in this caibration were storage,

infiltration and interception of the lower and upper soil zones, and the friction and hydrograph parameters
for stream reaches.

4.3.1 Subwatershed Dedlineation

The watershed ddinegtion for the Jourdan River cdibration at Santa Rosais depicted in Figure 4.3. The
Santa Rosa gaging station reflects adrainage area.of 155 square miles. Thisdrainage areawas subdivided
into five sub-watershedsfor devel opment of the NPSM cdibration smulation. Delineation was based upon
Reach File 1 resolution river data and watershed topography. Reach characteristicsfor each river segment
aresummarized in Table 4.3a
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Figure 4.3 Jourdan River Calibration Subwatersheds
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4.3.2 Stream Data Assessment

Daily discharge measurements are available for the Jourdan River from a USGS gage dation that was
maintained near SantaRosafrom July 1, 1962 to September 30, 1966. These datawere obtained fromthe
USGS web site and converted into a format required or input into the NPSM modd. The river
characteristics for the Jourdan River subwatersheds are shown in Table 4.3a

Table 4.3a River Characteristics for Hydrologic Cdlibration on Jourdan River at Santa Rosa

Subwater shed Stream Name Rivc(armli_lz;gth De(lfttz)ah River I(Eflsvation
03170009027 Jourdan River 3.00 13.00 30.00
03170009028 Jourdan River 240 7.00 42.50
(03170009029 Hickory Creek 17.70 104.67 98.34
(03170009030 Catahoula Creek 14.30 104.95 98.48
03170009031 Mill Creek 10.60 109.14 9357
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4.3.3 Precipitation Data

Precipitation and other meteorologica data are available from severa climatologica dationsin the area.
Although the datawould be consdered extensive for many purposes, it isvery limited within the context of
developing a computationa watershed modd. The most relevant data were obtained from the Wiggins
Ranger Station, Poplarville Experimentad Station, Saucier Experiment Forest, Picayune, Bay St Louis
NASA, White Sand, Standard, and Sliddll wesather stations.

A reasonable computationa modd requiresthat hourly boundary data (primearily precipitation) be supplied
to themodel. However, Saucier Experiment Forest, White Sand, Wiggins, and Sidell are the only regiona
wesgther stationsfor which hourly datawere recorded. Daily deatawere obtained from the remaining Sations.

The dally data were disaggregated into hourly data by using the METCMP and WDMutil programs
obtained fromthe USGS and USEPA,, respectively. Disaggregation was based upon the hourly precipitation
patterns data at Saucier Experiment Forest, Wiggins Ranger Station, or White Sand as gppropriate. Table
4.3b summarizes the location, frequency, duration, and disaggregetion dation for the avalable
meteorologica data.

Aswith other hydrologic models, NPSM applies spatialy uniform precipitation at the sub-watershed level.
Unfortunately, none of the weather stations arelocated within the Santa Rosa subwatershed. Consequently,
precipitation dataof primary importance must be extrapol ated from nearest available weather gations. The
applied weather ationsfor hydrologic caibration on the Jourdan River watershed arelisted in Table 4.3c
aong with the landuse information.
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Table4.3b St. Louis Bay Watershed Meteorological Data

. L ocation . Station for
Station Name COOPID (Lat, Long) Frequency Available Data Dissaggr egation
Saucier Experiment 30°38 N
Forest MS227840 89° 03 W Hourly 5/1/1954-Present
Wiggins/ MS229639 s Hourly 1/1/1948-1982
e 30°51' N
Wiggins Ranger 89° 09 W
Station MS229648 Hourly 10/1/1973-Pres
White Sand MS229617 30° 48 N Hourl 1/1/1940-Present
80P 41’ W y
Poplarville Exp 30°51' N . .
Station MS227128 89° 33 W Daily 1/1/1948-Present White Sand
30°32 N . .
Standard MS228352 89° 22 W Dally 1/1/1948-1988 Saucier Exp Forest
Picayune MS226921 30°3L N Dall 7/1/1962-Present White Sand
y 890 421 W y
. 30°18' N .
Bay St Louig/ MS220519 89° 20' W Daly 4/1/1931-1979 .
By | Ms220521 3 22 N White Sand
St Louis NASA 89° 35 W Daly 8/1/1969-Pres
Gulfport Naval 30°23 N . .
Center MS223671 89° 08 W Dally 6/1/1956-Present Saucier Exp Forest
. 30°20' N
Sidel WSFO LA168539 89° 49 W Hourly 4/1/1974-Present

4.3.4 Land Use Data for Hydrologic Calibration

GIRAS land use data from 1970sis made available by EPA through BASINS 2.0 and was obtained from
the BASINS web site for thisproject. The BASINS default land use data were origindly obtained from
USGS Geographic Information Retrieval and Andlysis System (GIRAS) and usethe Anderson Level | and
Leve Il dassfications. This data was applied to smulations for the period 1965 through 1985.

Updated land use data from 1992-1993 were obtained from the MARIS data set and merged with the
BASINS 2.0 data by using the USEPA Watershed Characterization Sysem (WCS) utility program. This
landuse information is based on data collected by the State of Missssppi's Automated Resource
Information System. Thisdataset isbased on Landsat Thematic Mapper digital imagestaken between 1992
and 1993. The MARIS data are classfied on amodified Anderson level | and Il sysem. The MARIS
landuse dataset was used for hydrologic calibration period 1987 through 1999.
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Table 4.3c Landuse Distribution in Acres for the Portion of the Jourdan River Watershed used for Hydrologic Calibration at Santa Rosa

Applied
Landuse Sub- Stream Ur.ban, Agriculture | Forest | Wetland | Barren Total Weather
Type W ater shed Name Built-up Area .
Station
Bay St
03170009027 ;’\szan 0 1,771 | 21,940 0 o| 23711 Louis
NASA
Jourdan )
03170009028 |+ 0 31| 1216 0 o| 1,247 | Picayune
GIRAS Hickory
03170000029 | 77 21 0,845 | 22,946 0 17| 32829 | Standard
03170009030 g?;adh:’”'a 0 7560 | 13774 0 6| 21,343 | Picayune
03170009031 | Mill Creek 196 8586 | 9,386 0 0| 18168 Picayune
All 97,298
Bay St
03170000027 | Jourdan 291 1115 | 22117 0 208 | 23731 | Louis
River
NASA
Jourdan :
03170009028 | -7 0 18| 1174 0 39| 1,231 | Picayune
MARIS Hickory !
03170000029 | 77 27 4854 | 27,699 30 13| 32,623 | Picayune
03170009030 g‘:';z:o”'a 0 3924 | 17,379 3 12| 21,318 | Picayune
03170009031 | Mill Creek 0 6011 | 12,155 8.9 0| 18166 | Picayune
All 97,069

4.35 Hydrologic Calibration Parameters

Initid hydrologic cdibration on Jourdan River near Santa Rosawas accomplished utilizing historicd datafor
the period from 1962 to 1966. Hydrol ogic parametersfound in theinitia hydrologic calibration onthe Wolf
River a& Lyman and Landon were used in the hydrologic cdlibration at Santa Rosa

4.3.6 Hydrologic Calibration Results

Using the boundary dataand watershed delinesation described, the Jourdan River watershed was modeled
from 1965 to 1966. As expected smulation results were most sensitive to the applied precipitation data.
Comparisons with stream gage data have been made graphically and by caculation of integrd stream
volumetric flux on both seasond and individuad storm variaions. The integra sream quantities were
caculated following the procedure outlined by EPA for TMDL sudies.

Measured versus cdculated stream flow, using the optima NPSM parameters and the preferred

precipitation scenario is depicted in Graphs A-1 through A-2 in Appendix A and Table 4.3d for selected
times and events within the modeled period. The percent error in smulated and observed flow rates and
volumes for the year 1965 are provided in Table 4.3d. The overall trend of the comparisonsis quite good
with many of the mgor storm events being captured.
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Table 4.3d Percent Error and Comparison of Observed and Computed Flow and Volume

Simulated Observed

Year 1965 1965

Total in-stream Flow 17.73 15.67

Total of highest 10% flow 7.60 8.72

Total of lowest 50% flow 2.89 158

Summer flow volume (months 7-9) 315 204

Fall flow volume (months 10-12) 532 2.87

Winter flow volume (months 1-3) 711 9.56

Spring flow volume (months 4-6) 215 115

Total storm volume 15.88 14.01

Summer storm volume (7-9) 2.68 1.63
Errors(Simulated - Observed) 1965
Error intotal volume 11.88
Error in 50% lowest volume 4542
Error in 10% highest flows -14.83
Seasonal volume error -Summer 35.27
Seasonal volume error - Fall 4597
Seasonal volume error - Winter -34.45
Seasonal volume error - Spring 46.54
Error in storm volumes 11.76
Error in summer storm volumes 39.14

As expected, there are isolated storm events for which data correlation is less than desired. For such
events, it isingructive to examine the tempora and spatia storm variation in the watershed to determine
whether discrepancies are mogt likdly attributable to model deficiencies or data deficiencies.

4.4 Selection of Representative Modeling Period

The mode was run from 1965-1966 for calibration at Santa Rosa. However, representative wet and dry
years were also used for predictive modeling work, aswel asan 11 year span from 1987 through 1999.
Because these large time spans are used, amargin of safety isimplicitly applied. Seasondity and critical
conditions are accounted for during the extended time frame of the smulation.

The criticd condition for fecd coliform impa rment from nonpoint source contributors occurs after aheavy
rainfal that ispreceded by severd daysof dry weather. The dry weether dlowsabuild up of feca coliform
bacteria, which isthen washed off the ground by aheavy rainfdl. By using the 11-year time period, many
such occurrences are captured in the mode results. Critica conditions for point sources, which occur
during low-flow and low-dilution conditions, are Smulated as well.

4.5 Source Representation

Both point and nonpoint sources can be represented in the model. Since there are no permitted point
sources in the freshwater portion of the Jourdan River Watershed, only nonpoint sources are identified in
thisPhase One TMDL. However, the contribution from failing septic tanksis divided equaly between the
wadte load alocation and the load dlocation to represent the potentia for that portion of the failing septic
tank load to become a permitted point source in the future. A feca coliform spreadsheet was utilized for
quantifying the nonpoint sources of bacteriain each of the subwatersheds. This spreadsheet calculatesthe
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model inputsfor feca coliform loading due to nonpoint sources using local and literature val ues, dong with
some assumptions, about land management, septic systems, farming practices, and permitted point source
contributions. Each of the potential bacteria sourcesis covered in the fecd coliform spreadshest.

Nonpoint sources of fecd coliform bacteria can be grouped into two components. urban and non-urban
areas. The Phase One TMDLs on the Wolf River and the Jourdan River primarily address non-urban
nonpoint sources, while the Phase Two TMDLSs primarily address urban nonpoint sources.

Fecd coliform loadings from non-urban nonpoint sources in the watershed were calculated based upon
wildlife populations, livestock populations, information on livestock and manure management practices, and
failing septic tanks and illicit dischargers for the Jourdan River Watershed. The phasing of the TMDLsIis
not only a benefit in differentiating between the areas contributing to freshwater and sdtwater, but the
phasing aso provides a benefit in being able to concentrate on the different types of nonpoint sources.

The nonpoint sources are represented in the modd with two different methods. Thefirgt of thesemethodsis
adirect fecal coliform loading to thewaterbodiesin the Jourdan River Watershed. Other nonpoint sources
are represented as an application rate to the land in the Jourdan River Watershed, which enter the
waterbody asadistributed source. For these sources, fecal coliform accumulation ratesin counts per acre
per day were cal culated for each subwatershed on amonthly basisand input to the model for each landuse.
Fecd coliform contributions from forests and wetlands were considered to be equal. Urban and barren
areaswere al so conddered to produce equa loads. Thefeca coliform accumulation rate for pasturdandis
the sum of accumulation ratesdueto litter gpplication, wildlife, processed manure, and grazing animals. For
cropland, the accumulation rateisonly dueto wildlife. Accumulation ratesfor pasturdand arecalculated on
amonthly bas's to account for seasond variations in manure and litter gpplication.

4.5.1 Wildlife

Based on information provided by the Department of Wildlifeand Fisheriesat Missssppi State University
the deer population throughout the Jourdan River Watershed was estimated to be 20 to 30 animals per
squaremile. For themode, the upper limit of 30 deer per square milewas used to account for the deer and
al other wildlife contributing to feca coliform accumulation in the area. The wildlife contribution in counts
per acre per day iscaculated by multiplying aloading rate by the number of animas. Theloading rate used
in the moded was estimated to be 5.00E+08 counts per day per animal. The per acreloading rate applied
to the landusesis 2.34E+07 counts per acre per day.

4.5.2 Land Application of Hog and Cattle Manure

The fecd coliform spreadsheet was used to estimate the feca coliform loadings contributed by hog and
cattle from each subwatershed. Fecd coliform production rates of 1.08E+08 count per day per hog and
5.40E+09 counts per day per cow were used to quantify the fecal coliform loadings (ASAE, 1998 and
Metcalf and Eddy, 1991). Manure gpplication rates to pasturedland vary on a monthly basis. Data from
Pascagoula River Basin study were used to estimate the manure application rates.
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4.5.3 Grazing Beef and Dairy Cattle

Manure produced by grazing beef and dairy cattle is assumed D be evenly spread on pasturdland
throughout the year. The number of grazing cattleis computed by subtracting the number of confined cettle
from the total number of cattle on each sub-watershed. The caitle population was determined from the
1997 Census of Agriculture Data. The fecd coliform content of manure produced by grazing cattle is
estimated by multiplying the number of grazing cattle by afecal coliform production rate of 5.40E+09 counts
per day per anima (Metcaf and Eddy, 1991). No manure was gpplied to cropland areain the modd.

45.4 Land Application of Poultry Litter

Thefecd coliform spreadsheet was used to estimate the concentration of bacteria, which accumulatesinthe
dry litter where poultry wasteis collected. Thefecd coliform production rate of 6.75E+07 MPN per day
per chicken (ASAE, 1998) was used to caculae the concentration of feca coliform. The chicken
population was determined from the 1997 Census of Agriculture Datafor the number of chickens sold for
each county per year. The chicken population was assumed to be normalized by watershed area. Varigble
monthly loading rates of litter were gpplied to pastureland. No litter was gpplied to cropland areain the
modd.

4.5.5 Urban Development

The urban and barren areas in the Jourdan River Watershed were combined and classified as high density,
low dengity, or trangportation. Feca coliform buildup ratesfor each classification were determined from the
following literaturerates of 1.54E+07 counts per acre per day for high density areas, 1.03E+07 counts per
acre per day for low density areas, and 2.00E+05 counts per acre per day for transportation areas (Horner,
1992).

4.5.6 Direct Inputs

The number of failing septic systems used in the modd was derived from the watershed area normalized
county populations. The percentage of the population on septic systems was determined from 1990 United
States Census Data. A failure rate of 50 percent was estimated based on the coasta environmental
conditions of a high ground water table and saturated geologic materia.  This information was used to
cd culate the estimated number of failing septic tanks per watershed. The number of failing septic tanksaso
incorporates an estimatefor thefailing individual onste wastewater treetment sysemsandillicit dischergers
inthe area. Discharges from failing septic systems were quantified based on severd factorsincluding the
estimated population served by the septic systems, an average daily discharge of 70 gallons per person per
day, and aseptic system effluent fecal coliform concentration of 10* countsper 100 ml. The septic system
contribution in the modd is based on the assumption that al feca coliform bacteria discharged from failing
septic systemsdirectly reachesthe stream. Additiondly, thesefailing septic sysem dischargeswereassumed
to be congant throughout the whole smulation.

The direct contribution of feca coliform from animasto astream is aso represented as adirect sourceto
the stream in the model. The fecd coliform loading is estimated by using a representative
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number of cattle and abacteriaproduction rate of 5.40E+09 counts per animal per day (Metcaf and Eddy,
1991).

4.6 Water Quality Calibration Process

Water quality cdibration wasbegun after completion of the hydrology cdibration described in Section 4.3.
Wheress, flow modeling dedls with a single condtituent, water quantity, and a Single primary source,
precipitation, water quaity must consider numerous congtituents, various forms or species, and multiple
sources. Feca coliform contributions from al sources are estimated or measured, hydrologic trangport
processes are superimposed, and then water quaity modding is performed to dlow adjustments in
parameters and sources as part of the cdibration process.

Water qudity cdibration is an iterative process, the modd predictions are the integrated results of al the
assumptions used in developing the mode input and in representing the modeled process. Difference in
mode predictions and the observationsrequirethe model user to re-eva uate these assumptions, intermsof
both the estimated model input and modd parameters, and consider the accuracy and uncertainty in the
observations.

To develop arepresentative linkage between the sources and the instream water quality responsein al the
reachesin the St. Louis Bay Watershed, modd parameters were adjusted until reasonable nonpoint and
point source loading rates were found. Parameters related to feca coliform surface loading as well as
background concentrations in the reaches were adjusted by comparing the modded in-stream
concentrationsto available observed data. This processwas limited by the albbsence of continuous datafor
high flow and storm flow conditions. Theloading parametersfor urban and non-urban areaswere compared
with those from previous modeling studies.

4.6.1 Comparison of Expected and Simulated Nonpoint L oading Rates

How nonpoint source loading rate changes as a function of land use, climate, soil characterigtics,
topography, management practices, and other human activities has been a mgor topic of environmental

concern and investigation for more than twenty years. However, in spite of this concern, exact quantitative
predictions of expected loading rates for Ste specific conditions are difficult to derive from available fidd
monitoring due to the wide variations observed even within a specific land use under smilar sails,

topographic, and climatic (Donigian et d, 1994).

The god of this section is to define the expected range of loading rates from available literature, asabasis
for evaluating and cdibrating the modd predicted |oading rates, and determineif any changes or adjusments
to the origind nonpoint parameters could bejustified. Unfortunately, thereisno availableloading rate data
for the St LouisBay Watershed. Thevauesof |oading rates recommended for nonpoint source moddingin

Georgia and other studies are shown in Table 4.6a The table provides a brief summary of results from

previous studies with ranges of loading rates for feca coliform for the mgor land use categories in the
NPSM watershed mode!.
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Table 4.6a Literature Values of Landuse L oading Rates
Red South Fork
—_ . Landuse Talahaa South Branch
Symbol | Definition Units Type Creek. MS E:Argek Potomac River,
West Virginia
101E+08— | 1.94E+08—
Urban BOOE+10 | 106E+10 | DOLEH8
A Aariculture 176E+09— | 211E+09— | 1.89E+09-—
C Rete of 9 113E+11 | 599E+10 | 946E+09
Q accumulation | Cfwec-day Postureland | 261E+12— | 169E+12— | 189E+09—
O of EC 2.86E+13 168E+13 9.46E+09
P Forest 212E+11— | 1L99E+12— | 3.26E+07—
2.10E+12 1.86E+13 6.87E+07
101E+08— | 1.94E+08—
Barren 80OE+10 | 106E+10 | POLEY08
s Urban 451E+09
Q . 1.70E+10—
o Agriculture 851E+10
L Maximum 1.70E+10—
Cfu/
I Storage wac Pastureland 8.51E+10
M 2.93E+08 —
Forest 6.18E+08
Barren 451E+09

The totd accumulation for each landuse type was determined by combining the contributions from each
subwatershed. The loading rates are constant throughout the year for forest, cropland, and urban land.
However, theloading rates for pastureland vary monthly. Generdly, the smulated loading ratesfor the .
Louis Bay Watershed are within the range of available literature vaues shown.

4.6.2 Instream Water Quality Concentrations

Once nonpoint and point source loading rates were deemed to be reasonable, the instream water quality
cdibration focused on adjustments to selected instream parameters to improve agreement with observed
concentrations. The primary parameter of concern was the decay rate for feca coliform.

Idedlly, fecdl coliform decay rate should be determined in-gtu. This, however, would require an extensve
monitoring effort under controlled environmental and loading conditions. For purposes of this modding
project, an extengve search of the literature was conducted to determine the magnitude and the range of
fecd coliform decay ratesin fresh water and marine environments. Mancini (1978) recommended afresh
water mortdity rate of 0.80/day at 20° C. Mitchdl and Chamberlin (1978) provided aligting of in-Stu
measured decay rates, provided in Table 4.6b.

For modding of the . Louis Bay, decay rates of 0.3/day - 0.8/day were investigated. Based on the
available field data for calibration, a decay rate of 0.6/day a 20°C, in combination with a temperature
correction factor of 1.07, were selected for fresh water. Graph A-3 showsthe water quaity smulation
results for one mgor setion in the St. Louis Bay Watershed. In thisfigure, daily
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smulated and observed vaues of fecd coliform were compared. The smulation resultsfor fecad coliform
are generdly quite good and within the range of observed vaues.

Table 4.6b Freshwater Decay Rates of Coliform Bacteria
. Teo k
System Temperaturelndication [h] [d]
Cumberland River Summer 10 552
Glatt River - 21 26.4
Groundwater stream 10°C 110 0504
Lesf River - 135 0.408
(Mississippi)
Lower Illinois River June - September 27 204
October and May 63 0.888
December - March 20 0.624
April - November 80 0.696
Missouri River Winter 115 0.48
Ohio River Summer (20°C) a7 1176
Winter (5°C) 51 1.08
Sacramento River Summer 32 1.728
"Shallow turbulent - 36 15.12
stream”
Tennessee River Summer 42 132
(Chattanooga)
Tennessee River Summer 53 1.032
(Knoxville)
Upper Illinois River June - September 27 204
October and May 22 252
December - March 95 0.596
April and November 53 1.032
Maturation ponds - 28 1.992
19°C 33 1.68
Oxidation ponds 20°C 213 2592
Wastewater lagoon 79-255°C 79-276 0.696 - 0.1992

4.7 Existing Loading

Appendix A includes graphs of themode! results showing theinstream fecal coliform concentrationsfor the
most downstream reach of freshwater in the Jourdan River Watershed. Graph A-4 shows the feca

coliform levels during the wet year. Graph A-5 showsthefecd coliform levelsduring thedry year. Graph
A-6 shows the feca caliform levels during the 11-year modding period. The graphs show a 30-day
geometric mean of the data. Thestraight line at 200 counts per 100 ml indicatesthe water quality standard
for the stream.

Graphs A-7 through A-9 show the 30-day geometric mean of the fecd coliform levels after the TMDL
scenario has been modeled. The scale matches the previous graph for comparison purposes. The graph
indicates that there are no violations of the water quality standard for the monitored segment after the
TMDL scenariois applied.
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5.0 ALLOCATION

The dlocation for this TMDL includes awaste load dlocation (WLA) for point sources, aload dlocation
(LA) for nonpoint sources, and animplicit margin of safety (MOS) which will resultin atotal load reduction
of approximately 70 percent. That 70 percent reduction can be achieved through the application of various
scenarios. Those scenarioswill be described in more detall in animplementation plan to be developed at a
later date when more information is available.  While this TMDL does not specify the specific scenario
which may be gpplied, it does describe the potentid sourcesin detall.

5.1 Wasteload Allocations

There are no NPDES dischargersin the model ed watersheds, therefore no point sources wereincludedin
the model. However, awasteload alocation for each subwatershed should be based on the load from 50
percent of the dlocated failing septic tanks. Septic tank failures in redity are both point and nonpoint
contributions and have been calculated as equa contributors to the wasteload dlocation component and
load alocation component of the TMDL cdculaion. Futurefacility permitswill require end-of- pipecriteria
equivaent to the water qudity standard of 200 feca coliform colony counts per 100 ml.

5.2 Load Allocations

The load dlocation for this TMDL could involve the two different types of nonpoint sources described
earlier: those modeled as direct sources to the stream and those modeled as diffuse runoff to the stream.
While some nonpoint sources, such asanimasin the stream and failing septic tankswere modeled asdirect
inputs to the stream, other nonpoi nt source contributionswere applied to land areaon acounts per day per
acre bags and avalable for trangport to the stream in runoff from arain event. Contributions from direct
sources are input into the modd in a manner amilar to point source input, with aflow and feca coliform
concentration in counts per hour. The feca coliform bacteria deposited on the land, ether through land
gpplication or grazing, are subject to a die-off rate and an absorption rate before entering the stream.
Therefore, the sources that runoff into the stream are not as predominant of asource asthe direct sources.
The load dlocation is the load resultant from al of the aforementioned sources, direct sources and
digributed, which result in meeting the geometric mean water quality standard of 200 fecd coliform colony
counts per 100 ml.

5.3 Incorporation of a Margin of Safety (MOS)

The two types of MOS development are to implicitly incorporate the MOS using conservative mode
assumptions or to explicitly specify a portion of thetotal TMDL asthe MOS. The MOS selected for this
model isimplicit. Running the modd for 11 yearswith no violations of the water quaity standard provides
the primary component of the MOS. Ensuring compliance with the standard throughout dl of the critical
condition periods represented during the 11 yearsis a conservative practice. Another component of the
MOS is the conservative assumption that in the modd al of the fecd coliform bacteria discharged from
falling septic tanks reaches the stream, while it is likely that only a portion of the bacteria will reach the
stream due to filtration and die off during trangport. The use of a die-off rate lower than that suggested by
EPA is another conservative assumption.
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5.4 Calculation of the TMDL

TheSt. LouisBay Facd Coliform TMDL Modding Project isbased on acomplex threedimensiona moddl
that represents fecd coliform levelsin &. Louis Bay. The complexity of the modeling project would be
over-amplified and compromised by an attempt to represent anumber of bacteriain Phase One. A more
meaningful calculation method is determining the percent reduction needed to achieve the water qudity
gtandard of 200 fecd coliform colony counts per 100 ml. The total percent reduction needed for the
Jourdan River Watershed was determined based on a30 day critical period according to themodel results.

Asshown below, thewaste load alocation isbased only on 50 percent of thefailing septic load sncethere
are ro NPDES permitted sources in this watershed. The load dlocation includes the fecd coliform

contributions from surface runoff and direct sources, such asanimasin the stream and the other 50 percent
of the contribution from failing septic tanks. The margin of safety for thisTMDL isimplicit and derived from
the conservative | oading assumptions used in setting up themoded. Vaueswill be assgned to thewaste load
alocation and the load dlocation in Phase Two of the St. Louis Bay Modding Project after all sourcesare
congdered. Thiswill dlow MDEQ to establish meaningful reduction targetsfor the overall concentration of

fecd coliform in the Jourdan River Watershed which are commensurate with MDEQ's feca coliform

standard.

WLA =50 percent of the Septic Tank Failures

LA = Surface Runoff + Direct Sources (50 percent of the Septic Tank Failures
+ Animdsin Stream)

MOS =Implict
TM DL= Geometric Mean of 200 fecd coliform colony counts per 100 ml
5.5 Seasonality

For many sreamsinthe sate, fecd coliform limitsvary according to theseasons. Thisstreamisdesignated
for the use of contact recreation. For this use, the pollutant standard is not seasondl.

The modd was run for a representative wet and dry year to save on computer run time, then it was dso
established for an 11-year timespan. It took into account al of the seasonswithin the calendar yearsfrom
1987 t0 1998. The extended time period alowed the smulation of many different atmospheric conditions
such as rainy and dry periodsand high and low temperatures. It also alowed seasond critica conditionsto
be smulated.




Fecal Coliform TMDL for Jourdan River

6.0 CONCLUSION

The St. Louis Bay Fecd Coliform TMDL Modeling Project isavery comprehensive. This Jourdan River
TMDL isonly apart of thefirst phase. The TM DL sare being presented in two phases dueto the diversity
of the systems, processes, and targetsinvolved. Phase Oneiscomprised of TMDLsfor the Wolf River and
the Jourdan River, which are the primary fresh water sourcesfor St. Louis Bay and have adesignated use
of contact recreation for which the fecal coliform standard is a geometric mean of 200 counts per 100 ml.
Phase Two will follow with TMDL sfor the Bay itsdf and the near shorewatersheds, which drain directly to
the sltwater of the Bay that hasadesignated use of shellfish harvesting for which thefecal coliform standard
isamedian of 14 counts per 100 ml. The phased gpproach is beneficid not only because different model

were used to represent the saltwater and the freshwater systems, but aso because the different sysems
have different targets. The conclusions of this TMDL are applicable to the subwatersheds and processes
discussed herein, but more comprehendgve conclusonswill be provided with the find phase of the project.

6.1 Current Conservation Activities

Severd agencies, including the USDA Natural Resources Consarvation Service (NRCS) and the
Consolidated Farm Services Agency (CFSA), the Mississppi Department of Environmenta Qudity
(MDEQ), theMississippi Soil and Water Conservation Commission (M SWCC), theHancock County Soil
and Water Conservation Digtrict (SWCD) , the Pearl River County Soil and Water Conservation District
(SWCD) and the Harrison County Soil and Water Conservation District (SWCD), are cooperainginan
effort to promote the implementation of nonpoint source pollution control best management practices
(BMPs).

MDEQ produced guidance for future Section 319 project funding will encourage NPS restoration
projects that attempt to address TMDL related issues within Section 303(d)/ TMDL watershedsin
Missssppi.

6.2 Future Monitoring

Some monitoring programs are dready in place in the Jourdan River Watershed including a Wet-Westher
Monitoring Program. MDEQ has adopted the Basin Approach to Water Quality Management, aplan that
dividesMissssppi’ smgor drainage basnsinto five groups. During each year long cycle, MDEQ resources
for water quaity monitoring will befocused on one of the basin groups. During the next monitoring phasein
the Coadtdl StreamsBasin, Jourdan River will receive additional monitoring to identify any improvementsin
water quality.

6.3  Public Participation

The public has been very involved and avare of the TMDL work ongoing inthe . Louis Bay Watershed,
which includes the Jourdan River Watershed. Severd public and agency meetings have been held. This
TMDL was dso published for a 30-day public notice. The public was given an opportunity to review the
TMDL and submit comments.
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DEFINITIONS

Ambient stations. a network of fixed monitoring stations established for systematic water quality sampling at regular
intervals, and for uniform parametric coverage over along-term period.

Assimilative capacity: the capacity of a body of water or soil-plant system to receive wastewater effluents or sludge
without violating the provisions of the State of Mississippi Water Quality Criteriafor Intrastate, Interstate, and Coastal
Waters and Water Quality regulations.

Background: the condition of watersin the absence of man-induced alterations based on the best scientific information
available to MDEQ. The establishment of natural background for an altered waterbody may be based upon a similar,
unaltered or least impaired, waterbody or on historical pre-alteration data.

Calibrated modd: amodel in which reaction rates and inputs are significantly based on actual measurements using data
from surveys on the receiving waterbody.

Critical Condition: hydrologic and atmospheric conditions in which the pollutants causing impairment of awaterbody
have their greatest potential for adverse effects.

Daily dischar ge: the "discharge of a pollutant” measured during a calendar day or any 24-hour period that reasonably
represents the calendar day for purposes of sampling. For pollutants with limitations expressed in units of mass, the
"daily discharge" is calculated as the total mass of the pollutant discharged over the day. For pollutants with limitations
expressed in other units of measurement, the "daily average" is calculated as the average.

Designated Use: use specified in water quality standards for each waterbody or segment regardless of actual attainment.
Disaggr egate: statistically break down into smaller time steps

Discharge monitoring report: report of effluent characteristics submitted by a NPDES Permitted facility.

Effluent standards and limitations: all State or Federal effluent standards and limitations on quantities, rates, and
concentrations of chemical, physical, biological, and other constituents to which awaste or wastewater discharge may be
subject under the Federal Act or the State law. This includes, but is not limited to, effluent limitations, standards of
performance, toxic effluent standards and prohibitions, pretreatment standards, and schedul es of compliance.

Effluent: treated wastewater flowing out of the treatment facilities.

Fecal coliform bacteria: agroup of bacteriathat normally live within the intestines of mammals, including humans. Fecal
coliform bacteriaare used as an indicator of the presence of pathogenic organismsin natural water.

Geometric mean: the nth root of the product of n numbers. A 30-day geometric mean isthe 30tN root of the product of
30 numbers.

Impaired Waterbody: any waterbody that does not attain water quality standards dueto an individual pollutant, multiple
pollutants, pollution, or an unknown cause of impairment.

Land Surface Runoff: water that flowsinto the receiving stream after application by rainfall or irrigation. It isatrangport
method for nonpoint source pollution from the land surface to the receiving stream.

Load allocation (LA): the portion of areceiving water's loading capacity attributed to or assigned to nonpoint sources
(NPS) or background sources of a pollutant. The load allocation is the value assigned to the summation of all direct
sources and land applied fecal coliform that enter areceiving waterbody. It also contains a portion of the contribution
from septic tanks.

Loading: the total amount of pollutants entering a stream from one or multiple sources.
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Nonpoint Source: pollution that isin runoff fromtheland. Rainfall, snowmelt, and other water that does not evaporate
become surface runoff and either drains into surface waters or soaks into the soil and findsitsway into groundwater. This
surface water may contain pollutants that come from land use activities such as agriculture; construction; silviculture;
surface mining; disposal of wastewater; hydrologic modifications; and urban devel opment.

NPDES per mit: anindividual or general permit issued by the Mississippi Environmental Quality Permit Board pursuant to
regulations adopted by the Mississippi Commission on Environmental Quality under Mississippi Code Annotated (as
amended) 88 49-17-17 and 49-17-29 for discharges into State waters.

Point Source: pollution loads discharged at a specific location from pipes, outfalls, and conveyance channels from either
wastewater treatment plants or industrial waste treatment facilities. Point sources can dso include pollutant loads
contributed by tributaries to the main receiving stream.

Pollution: contamination, or other alteration of the physical, chemical, or biological properties, of any waters of the State,
including change in temperature, taste, color, turbidity, or odor of the waters, or such discharge of any liquid, gaseous,
solid, radioactive, or other substance, or leak into any waters of the State, unlessin compliance with avalid permit issued
by the Permit Board.

Publicly Owned Treatment War ks (POTW): awaste treatment facility owned and/or operated by a public body or a
privately owned treatment works which accepts discharges which would otherwise be subject to Federal Pretreatment
Requirements.

Regression Coefficient: an expression of the functional relationship between two correlated variables that is often
empirically determined from data, and is used to predict values of one variable when given values of the other variable.

Scientific Notation (Exponential Notation): mathematical method in which very large numbers or very small numbers are
expressed in amore concise form. The notation is based on powers of ten. Numbersin scientific notation are expressed
asthefollowing: 4.16 x 10°(+b) and 4.16 x 10"(-b) [ same as 4.16E4 or4.16E-4] . In this case, b isdwaysapostive, red
number. The 10°(+b) tells us that the decimal point isb placesto theright of whereit is shown. The 10(-b) tdlsustha
the decimal point isb placesto theleft of whereit is shown.

For example: 2.7X 10% = 2.7E+4 =27000 and 2.7X10"4 = 2.7E-4=0.00027.

Sigma (S): shorthand way to express taking the sum of a series of numbers. For example, the sum or total of three
amounts 24, 123, 16, (d;, do, d3) respectively could be shown as:

3
S di = d1+d2+d3 =24 +123+16 =163
i=1

Total Maximum Daily Load or TMDL : the cal culated maximum permissible pollutant loading to a waterbody at which
water quality standards can be maintained.

Waste: sewage, industrial wastes, oil field wastes, and all other liquid, gaseous, solid, radioactive, or other substances
which may pollute or tend to pollute any waters of the State.

Wasteload allocation (WLA): the portion of a receiving water's loading capacity attributed to or assigned to point
sources of apollutant. It also contains a portion of the contribution from septic tanks.

Water Quality Standards: the criteria and requirements set forth in State of Mississippi Water Quality Criteria for
Intrastate, Interstate, and Coastal Waters. Water quality standards are standards composed of designated present and
future most beneficial uses (classification of waters), the numerical and narrative criteriaapplied to the specific water uses
or classification, and the Mississippi antidegradation policy.

Water quality criteria: elements of State water quality standards, expressed as constituent concentrations, levels, or
narrative statements, representing a quality of water that supports the present and future most beneficial uses.
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Waters of the State: all waters within the jurisdiction of this State, including all streams, lakes, ponds, wetlands,
impounding reservoirs, marshes, watercourses, waterways, wells, springs, irrigation systems, drainage systems, and all
other bodies or accumulations of water, surface and underground, natural or artificial, situated wholly or partly within or
bordering upon the State, and such coastal waters as are within the jurisdiction of the State, except lakes, ponds, or other

surface waters which are wholly landlocked and privately owned, and which are not regul ated under the Federal Clean
Water Act (33 U.S.C.1251 €t seq.).

Water shed: the area of land draining into a stream at a given location.
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ABBREVIATIONS
7QL0..ccciicecee e, Seven-Day Average Low Stream Flow with a TenY ear Occurrence Period
BASINS.......ccoo e, Better Assessment Science Integrating Point and Nonpoint Sources
BMP e re e Best Management Practice
S A s Consolidated Farm Services Agency
(O3 RO P PSP UPR PP Clean Water Act
DIMIR e e e re e res Discharge Monitoring Report
EFDC.....c ettt e Environmenta Fluid Dynamics Code
E P A e ————————— Environmenta Protection Agency
GAP .. Geographic Approach to Planning
GIRAS ... Geographic Information Retrieval and Andyss System
L] 1 TSR Geographic Information System
o 1SS Hydrologic Unit Code
USSP PP PR PRORORN Load Alloceation
MARIS ... .o State of Missssippi Automated Information System
MDEQ ...ttt Missssppi Department of Environmenta Qudity
1 S TSRS Margin of Safety
MSWCKC..... et Missssppi Soil and Water Conservation Commission
NRCS ... National Resource Conservation Service
NPDES ... ..o Nationd Pollution Discharge Elimination System
NPSIM e et e e e e ar e enre e Nonpoint Source Model
L TR P PP PPR Reach File 3
SWECD ... Soil and Water Conservetion Digtrict
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TIMIDL ..ttt et e r et e nn et e ne e re e reeree s Tota Maximum Dally Load
S € TSRS United States Geologica Survey
WWECS ... ettt et ettt s ae e reenne Watershed Characterization System
WV A bbbt R R R b e b r e ene e Waste Load Allocation
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Fecal Coliform TMDL for Jourdan River

APPENDIX A

This gppendix contains printouts of the various modd run results. Graphs A-1 through A-2 show the
modeled flow, in cubic feet per second, through reach 03170009027 compared to the USGSflow readings
from the Jourdan River, station 02481570. Graph A-3 shows a water quaity cdibration graph. The
fallowing graphs, A-4 through A-9, show the 30-day geometric mean for feca coliform concentrationsin
counts per 100 ml in the Jourdan River. The graphs contain a reference line a 200 counts per 100 ml.
Graphs A-4, A-5, and A-6 show thefeca coliform levelsin reach 03170009027 during the wet year, dry
year, and 11-year modding period respectively. Graphs A-7, A-8, and A-9 show the modeled fecd

coliform levels in reach 03170009027 during the wet year, dry year, and 11-year modeling period,
respectively, after the TMDL scenario has been applied.
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Fecal Coliform TMDL for Jourdan River

Graph A-1 Hydrologic Flow Cdlibration at USGS 02481570 Jourdan River at Santa Rosa-1965 (GIRAS Landuse)
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Fecal Coliform TMDL for Jourdan River

Graph A-2 Hydrologic Flow Cdlibration at USGS 02481570 Jourdan River at Santa Rosa—1966 (GIRAS Landuse)
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Fecal Coliform TMDL for Jourdan River

Graph A-3 Computed and Observed Feca Coliform Profile at USGS Gage 02481510
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Fecal Coliform TMDL for Jourdan River

Graph A-4 Mode Output under Basdline Conditions for Reach 03170009027 (Wet Y ear)
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Fecal Coliform TMDL for Jourdan River

Graph A-5 Modd Output under Basdline Conditions for Reach 03170009027 (Dry Y ear)
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Fecal Coliform TMDL for Jourdan River

Graph A-6 Modd Output under Basdline Conditions for Reach 03170009027 (11 Y ear Span)
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Fecal Coliform TMDL for Jourdan River

Graph A-7 Model Output after TMDL Scenario for Reach 03170009027 (Wet Y ear)
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Fecal Coliform TMDL for Jourdan River

Graph A-8 Mode Output after TMDL Scenario for Reach 03170009027 (Dry Y ear)
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Fecal Coliform TMDL for Jourdan River

Graph A-9 Modd Output after TMDL Scenario for Reach 03170009027 (11 Y ear Span)
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