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1.0 Executive Summary

The Alabama Department of Environmental ManagentARtEM) has identified two
segments within the Sougahatchee Creek watershibe dfower Tallapoosa River basin
as being impaired for nutrients and organic enriehtfiissolved oxygen and requires
development of a TMDL to address these water guatitpairments. Sougahatchee
Creek embayment, a tributary to Yates Reservorursently on the State of Alabama’s
8303(d) list of impaired waters for nutrients amgiamic enrichment/dissolved oxygen
(OE/DO). Pepperell Branch, a tributary to Sougeline¢ Creek, is currently on the State
of Alabama’s 8303(d) list of impaired waters fortments. Shown in Table 1-1, below,
are the causes and sources of impairment for efattte €303(d) listed segments within
the Sougahatchee Creek watershed.

Table 1-1 §303(d) Listed Segments of the SougahasehCreek Watershed within the
Lower Tallapoosa River Basin

Waterbody ID Waterbody County Uses Causes Sources Size | Support
Name Status
Public Water Industrial,
Supply Municipal,
AL0315011-0204-101 Sougahatchee| Tallapoosa (PWS), Nutrients Nonirrigated | 203.78 Non
Creek Swimming | and Organic crop acres
Embayment (9), Enrichment/ | production,
Fish and Dissolved and Pasture
Wildlife Oxygen Grazing
(F&W) (OE/DO)
AL0315011-0201-700 Pepperell Lee Fish and Nutrients Industrial 6.67 Non
Branch Wildlife miles
(F&W)

The Department’s approach to the development of TtM®L for these two impaired
segments is to develop a TMDL for the entire Soagdtee Creek watershed. Pepperell
Branch does not appear to have nutrient impairmése&df due to its hydrology; a
continuously flowing stream with large elevationanges and few pools. The 2004
bioassessment study performed on Pepperell Bran&DIEM supports this assumption.
The data provided by the bioassessment study cdoumel in Appendix A. However,
because of the significant point source of phosphan Pepperell Branch, this stream
segment appears to be a contributing factor to nheient impairment within the
Sougahatchee Creek embayment. By addressing theemutimpairment in the
Sougahatchee Creek embayment with a watershed TMiitrient loading from
Pepperell Branch will be reduced and should no donige a significant source of
nutrients in the Sougahatchee Creek embayment.

Prepared by ADEM/Water Quality Branch
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The pollutants of concern listed for the impairedraents are OE/DO and nutrients. OE
includes the sources of carbonaceous biochemigagjesxdemand (CBOD) that consume
dissolved oxygen. Nutrients are of concern duthéir ability to promote algal growth,
which in turn affects the dissolved oxygen balatftteugh photosynthesis, respiration,
and the regeneration of organic materials.

According to ADEM’s Nutrient Criteria Implementatio Plan (September 2007),
chlorophyll a (algal growth indicator) has been chosen as theagw variable for
addressing cultural eutrophication and will be ussdthe primary tool for protecting
designated uses of lakes and reservoirs from matoeer-enrichment. Chlorophyd
was chosen as the candidate variable because widiésacceptance among federal/state
agencies, limnologists and scientists as being adgsurrogate for estimating
phytoplankton biomass. Chlorophydl is also considered a good early indicator of
nutrient enrichment and is relatively easy and pamsive to collect and analyze. The
Sougahatchee Creek watershed nutrient target, €squeas a growing season average
chlorophyll a concentration of 12 pg/L in the Sougahatchee Creakbayment,
specifically at Station Yates 2. The target wasgettgped using a “reference condition”
approach for determining the appropriate levelsatrients necessary to support the
designated uses of waters within the Sougahatchesk@vatershed.

To address the diverse conditions and listed paoikst within the Sougahatchee Creek
watershed, a system of models was developed tbatded simulation of the overland
flow, instream hydrodynamics, and instream wataliu The system design was such
that flow and water quality conditions experiencedhin the Sougahatchee Creek
watershed during the 2000 and 2002 growing seasold de simulated using one set of
tools. These time periods were chosen because itidyde a period of critical
conditions, and a period during which monthly datavailable for Sougahatchee Creek
embayment including chlorophyld, nutrients, and water column profile data for
dissolved oxygen and temperature.

The TMDL results necessary to meet water qualanaards for the Sougahatchee Creek
Watershed are presented below in Table 1-2 analoheTl-3. West Point Stevens has an
active NPDES permit for a process water dischangeepperell Branch; however, as of
July 2007 the facility has currently halted prodoct Table 1-3 presents an alternate
TMDL scenario which excludes the West Point Stewatis\ should the NPDES permit
be withdrawn and the discharge be permanently reshoonsidering the TP reductions
included in the TMDL and the corresponding redutiio algal biomass production, the
existing CBOR loading is expected to achieve natural DO conad#tiwithin the
Sougahatchee Creek embayment. The existing GBQddls, expressed as a TMDL, are
shown in Table 1-4.

Prepared by ADEM/Water Quality Branch
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Table 1-2 Growing Season (April-October) Total Pbsphorus TMDL Results for the
Sougahatchee Creek Watershed

Exizting TP Loads Allowable Loads Reductions
LA [Continuouz Sources) L [Continuens Sourcas) L [Continuus Seurces)
THDL Opelifa | Aubumn Tpelika | Auburn Tpalika | Auburn LA L4
WS | Westzide [ Morthzide [ LA [Stormwater L& [Stormwater WPE | Westside | Nerthzide | LA [Stormwater [ L [Stormwater WPE | Westside [ Nerthzide | [Starmwater | [Stormwater
WWTP | wwTP Sources) Fources) WP | wwTP Sources) Fources) wwTP | wwTP | sowrees) | sowrces)
Souguhueches| 225 | 143 | 267 nzo | 020 | ozo 010 010
Creck (moM) | (mgd) | (mgd) 0.1 (mg) 0.19 (mg) (mgM) | (mgd) | (o) [mgiL) [moL) 1% | 86% 93% 50% 50%
watershed | anmp | 4770 | 66.80 s ey = sy = 267 | 667 | 500 | losiday = Ibsdary =
lbsiday |bsiday |Ibsiday 0.1 945 54 GrO9E.34  [bsiday [bsiday | beiday | G*010%8.34 | @*0.10*5.34

*Existing TP concentrations were determined usiomPSource DMR data (April-October) for the periaid2000 and 2002
*Point source TP mass loadings were calculatetiut) TP concentrations times design flows timexi8.
*Q is equal to flow in MGD

Table 1-3 Growing Season (April-October) Total Phgshorus TMDL Results for the
Sougahatchee Creek Watershed with the West Point &tens Discharge
Removed from Pepperell Branch

Exizting TP Loads Allowable Loads Reductions
WL [Continuouz Sources) L [Continuens Sourcas) L [Continuaus Seurces)
THDL Opelika | Auburn Opelika | Auburn Opeliba | Auburn WLA L4
wPE | Westside | Northside | WL [Starmwater LA [Stormuwater WPE | Westside | Northside | LA (Stormwater | LA (Stormwater | WPE | Westside | Morthside | (Stormuater | (Stormurater
WWTP | wwTP Sources) Fources) WWTP | wwTP Sources) Fources) WWTP | WWTP | Sources) | Sources)
Zouguhatchee 1.43 267 018 019 025 025 010 o0
ek (mgm | (mo (mgn) (mgh) tmgt) | (mom | (moiL) (mglL) BI% | 91% | SD% | S0%
4770 | 6EB.&0 Ibziday = lhziday = 820 E14 lhsiday = lhziday =
Ihzfday | lbsiday 0.1 945 54 G101 945,54 lbsfday | bsiday | G*010%8.34 | @*0.10*5.34

*Existing TP concentrations were determined usiomPSource DMR data (April-October) for the periaid2000 and 2002
*Existing point source TP mass loadings were cal&d utilizing TP concentrations times design flaivses 8.34

*Q is equal to flow in MGD

*Allowable point source TP mass loadings calculdigdiistributing allowable WPS TP mass loading &ble 1-2 proportional to
facility design capacities (ex. Auburn Ib/day =bS/day + 2.67 Ibs/day * 3 MGD / 7TMGD = 6.14 Ibs/fay

*Note: Auburn Northside WWTP Design Capacity = &M; Opelika Westside WWTP Design Capacity = 4 MGD

Table 1-4 CBOD; TMDL Results for the Sougahatchee Creek Watershed

Exizting Summer CEOD; Loads Allowable Summer CEOD; Loads Reductions
LA [Continuouz Sources) L [Continuens Sourcas) L [Continuus Seurces)
THDL Opelifa | Aubumn Tpelika | Auburn Tpalika | Auburn LA L4
WS | Westzide [ Morthzide [ LA [Stormwater L& [Stormwater WPE | Westside | Nerthzide | LA [Stormwater [ L [Stormwater WPE | Westside [ Nerthzide | [Starmwater | [Stormwater
WWTP | wwTP Sources) Sources) WWTP | wwTP Sources) Sources) WWTP | WWTP | Sources) | Sowrces)
Sougahatchee| S.00 | 1000 [ 500 305 308 .00 | 1000 [ 5.00 308 302
Greek | (maf) | (mg) | (mod) (Mgl (mod) (ma) | (mad) | (mam) (mgl) (mod) 0% | 0% 0% 0% 0%
Watershed | o pe | 333.60 | 12510 I idary = lnziclay = E006 (33360 (12510 lasiday = =iy =
Ibsiday |lbsiday |Ibsiday GIF5.09%5 .54 Gr305%8.34  [bsiday [bsiday | beiday | G*3.05%8.34 | G*3.05°5.34
Existing 'inter GEOD; Loads llowable ‘inter GEODs Laads Feductions
WLA (Continuouz Sources) WL (Continuons Sources) LA (Continucus Sources)
DL Opelika | Auburn Opelika | Auburn Opelika | Auburn wLA LA
WP | Westside | Haorthside | wLA [Stormwater L& [Stormwater WPE [ Westside | Morthside | LA [Stormwater [ LA [Stormwaker | WPS | Westside | Northside | [Stormwater | [Stormwater
WWTP | WWwTF Sources] Fources] WWTP | wwTP Sources) Fources] WwTP | wwTP | sources) | Sources)
S, 1400 | 1500 [ 7.00 215 2158 14.00 | 1500 | 7.00 218 215
augahatchee
Creek | CMEA) | (mad) | (mod) (ma) (m) (mgd) | maf) | (mgd) (mal) (mgd) 0% 0% 0% 0% 0%
whatershed | 156,62 (20040 |175.14 lhsfday = lhsiday = 186.52 |200.40 (17514 | lhsiday = lhsiday =
lbsiday |lbsiday |lbsiday Gi*2.15%8 34 Q2154834 [lbsdday |lbsiday | lbeiday | Q*215*%8.34 | 0*215%5.34

*Existing CBOD; concentrations were taken from NPDES Permits

*Point source CBOPmass loadings were calculated utilizing CB@bncentrations times design flows times 8.34

*Q is equal to flow in MGD

*The estimated CBOBpallocations for stormwater (WLA and LA Stormwagmurces) represent the maximum allowable stormwater
loads at Lovelady Bridge including point source tabitions. The CBOBD TMDL allocations for stormwater sources should be
dictated by the 0% reduction.

Prepared by ADEM/Water Quality Branch
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2.0 Basisfor 8303(d) Listing

2.1 Introduction

Section 303(d) of the Clean Water Act (CWA), as adeal by the Water Quality Act of
1987, and EPA’s Water Quality Planning and ManagerRegulations [(Title 40 of the
Code of Federal Regulations (CFR), Part 130)] megstates to identify waterbodies
which are not meeting water quality standards apple to their designated uses and to
determine the total maximum daily load (TMDL) fooljutants causing use impairment.
The TMDL process establishes the allowable loadingollutants for a waterbody based
on the relationship between pollution sources amstieam water quality conditions, so
that states can establish water-quality based @sntiv reduce pollution from both point
and non-point sources and restore and maintainqtiaity of their water resources
(USEPA, 1991).

Pepperell Branch was originally placed on the Stéaislabama’s 1992 and 1994 8303(d)
lists for unknown toxicity, OE/DO, and thermal mfcition. In 1996, nutrients were
added to the listing for Pepperell Branch. In 198BA approved TMDLs for OE/DO
and delistings for unknown toxicity and thermal nficdtion. Pepperell Branch has
remained on the State of Alabama’s 1998, 2000, 22024, 2006 and 2008 8303(d) lists
for nutrients. Pepperell Branch had a use classibn of Agricultural and Industrial
Water Supply (A&l); however, in April 2002, ADEM gpaded its use classification to
Fish and Wildlife (F&W). West Point Stevens, a tilex manufacturing facility, is
permitted to discharge treated process wastewateepperell Branch approximately 3.8
miles upstream of its confluence with Sougahatcreek.

Sougahatchee Creek embayment was placed on tleedbtakabama’s 1996, 1998, 2000,
2002, 2004, 2006 and 2008 8303(d) lists for OE/M@ mautrients. Sougahatchee Creek
embayment has a use classification of Public Watgply (PWS), Swimming (S), and
Fish and Wildlife (F&W). From the embayment to §abatchee Lake, a water supply
for the City of Opelika, Sougahatchee Creek issifeesl as F&W. From Sougahatchee
Lake to its source, Sougahatchee Creek is clagsagePublic Water Supply (PWS) and
F&W. The City of Opelika discharges treated wastiawto Sougahatchee Creek near its
confluence with Pepperell Branch at stream mileahd the City of Auburn discharges
treated wastewater to Sougahatchee Creek at strél@m6.0.

Prepared by ADEM/Water Quality Branch
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2.2 Problem Definition

Waterbody Impaired:

Waterbody Length:

Waterbody Drainage Area:

Water Quality Standard Violation:

Pollutant of Concern:

Water Use Classification:

Waterbody Impaired:

Waterbody Size:

Waterbody Drainage Area:

Water Quality Standard Violation:

Pollutant of Concern:

Water Use Classification:

Pepperell Branch;
Sougahatchee Creek to Its Source

6.67 miles

14.5 mf

Nutrients

Total Phosphorus

Fish and Wildlife (F&W)
Sougahatchee Creek embayment;
Tallapoosa River to End of Embayment
203.78 acres

216 mf

Nutrients, Dissolved Oxygen

Total Phosphorus, Organic Enrichment
Fish and Wildlife (F&W)

Swimming (S)
Public Water Supply (PWS)

Usage of waters in the Fish and Wildlife categ@ydescribed as follows in ADEM
Admin. Code R. 335-6-10-.09(5) (a), (b), (c), ady (

(a) Best usage of waters: Fishing, propagation igi, faquatic life, and
wildlife, and any other usage except for swimming aater-contact sports or
as a source of water supply for drinking or foodgaissing purposes.

(b) Conditions related to best usage: The watelik bei suitable for fish,
aquatic life and wildlife propagation. The qualdi/salt and estuarine waters
to which this classification is assigned will aldme suitable for the
propagation of shrimp and crabs.

Prepared by ADEM/Water Quality Branch
EPA Region 4



Final Sougahatchee Creek Watershed TMDL OE/DONartdents

(c) Other usage of waters: It is recognized that waters may be used for
incidental water contact and recreation during thneugh September, except
that water contact is strongly discouraged in ticeity of discharges or other
conditions beyond the control of the Departmenther Alabama Department
of Public Health.

(d) Conditions related to other usage: The watargler proper sanitary
supervision by the controlling health authoritied] meet accepted standards
of water quality for outdoor swimming places andllwie considered

satisfactory for swimming and other whole body watentact sports.

Usage of waters in the Swimming category is desdribs follows in ADEM Admin.
Code R. 335-6-10-.09(3) (a) and (b).

(a) Best usage of waters: swimming and other whole eatgr-contact sports*

*NOTE: In assigning this classification to watenéeinded for swimming and water-contact sports, the
Commission will take into consideration the relatiproximity of discharges of wastes and will
recognize the potential hazards involved in logawimming areas close to waste discharges. The
Commission will not assign this classification taters, the bacterial quality of which is dependent
upon adequate disinfection of waste and whererntfeeruption of such treatment would render the wate
unsafe for bathing.

(b) Conditions related to best usage: the waters, upigrer sanitary supervision
by the controlling health authorities, will meetcapted standards of water
quality for outdoor swimming places and will be smlered satisfactory for
swimming and other whole body water-contact spofitke quality of waters
will also be suitable for the propagation of fighldlife, and aquatic life. The
quality of salt waters and estuarine waters to twhigis classification is
assigned will be suitable for the propagation aadvésting of shrimp and
crab.

Usage of waters in the Public Water Supply categsrgescribed in ADEM Admin.
Code R. 335-6-10-.09(2) (a), (b), (c), and (d).

(a) Best usage of waters: source of water supply forkarg or food-processing
purposes.*

*NOTE: In determining the safety or suitability whters for use as sources of water supply for drink
or food-processing purposes after approved tredtniem Commission will be guided by the physical
and chemical standards specified by the Department.

(b) Conditions related to best usage: the waters, bjested to treatment
approved by the Department equal to coagulatiodimsntation, filtration
and disinfection, with additional treatment if nssary to remove naturally
present impurities, and which meet the requiremehthe Department, will
be considered safe for drinking or food-procesgingoses.

Prepared by ADEM/Water Quality Branch
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(c) Other usage of waters: it is recognized that théessamay be used for
incidental water contact and recreation during Ybneugh September, except
that water contact is strongly discouraged in tieenity of discharges or other
conditions beyond the control of the Departmenther Alabama Department
of Public Health.

(d) Conditions related to other usage: the waters, mungi®per sanitary
supervision by the controlling health authorities) meet accepted standards

of water quality for outdoor swimming places andllwe considered
satisfactory for swimming and other whole body watentact sports.

2.3 Water Quality Criteria

2.3.1. Dissolved Oxygen

Alabama’s water quality criteria for the Swimmirigublic Water Supply, and Fish and
Wildlife use classifications (ADEM Admin. Code R3%6-10-.09-(3)(c)(4) and ADEM
Admin. Code R. 335-6-10-.09-(5)(e)(4)) state that & diversified warm water biota,
including game fish, daily dissolved oxygen concatmns, shall not be less than 5.0
mg/l at all times; except under extreme conditidog to natural causes, it may range
between 5.0 mg/l and 4.0 mg/l, provided that théewguality is favorable in all other
parameters. The application of dissolved oxygeterza referred to above, shall be
measured at a depth of 5 feet in waters 10 fegreater in depth; and for those waters
less than 10 feet in depth, dissolved oxygen aaitevill be applied at mid-depth.
Furthermore, Alabama’s water quality standards ge@e that “[n]atural waters may, on
occasion, have characteristics outside the limgwml#ished by these criteria. The
criteria...relate to the condition of waters as atfedcby the discharge of sewage,
industrial wastes or other wastes, not to conditioasulting from natural forces.”
(ADEM Admin. Code R. 335-6-10-.05(4)).

2.3.2 Nutrients

ADEM'’s decision to list Pepperell Branch and Sowgahee Creek embayment as being
impaired for nutrients was authorized under ADEMWater Quality Standards Program,
which employs both numeric and narrative criteaensure adequate protection of
designated uses for surface waters of the StataumeNc criteria typically have
guantifiable endpoints for a given parameter, saglpH, dissolved oxygen, or a toxic
pollutant, whereas narrative criteria are qualratstatements that establish a set of
desired conditions for all State waters. Theseatige criteria are more commonly
referred to as “free from” criteria and provide t8t&awith a regulatory avenue to address
pollutants or problems that may be causing or daouming to a use impairment that
otherwise cannot be evaluated against any numateria. Typical pollutants that fall

Prepared by ADEM/Water Quality Branch
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under this category are nutrients and sedimenstoHcally, in the absence of established
numeric nutrient criteria, ADEM and/or EPA wouldeuavailable data and information
coupled with best professional judgment to deteemonerall use support for a given
waterbody. Narrative criteria continue to serve asbasis for determining use

attainability and subsequently listing/delisting waters from Alabama’s 303(d) List.

ADEM'’s Natrrative Criteria, as shown in ADEM’'s Admtrative Code 335-6-10-.06, are
as follows:

335-6-10-.06 _Minimum Conditions Applicable to A State Waters The following
minimum conditions are applicable to all Sate waters, at all places and at all times,
regardless of their uses:

(a) Sate waters shall be free from substances attributable to sewage, industrial
wastes or other wastes that will settle to form bottom deposits which are unsightly,
putrescent or interfere directly or indirectly with any classified water use.

(b) Sate waters shall be free from floating debris, oil, scum, and other floating
materials attributable to sewage, industrial wastes or other wastes in amounts sufficient
to be unsightly, or which interfere directly or indirectly with any classified water use.

(c) Sate waters shall be free from substances attributable to sewage, industrial
wastes or other wastes in concentrations or combination, which are toxic or harmful to

human, animal, or aquatic life to the extent commensurate with the designated usage of
such waters.

3.0 Technical Basisfor TMDL Development

3.1 Applicable Water Quality Criteria

3.1.1. Organic Enrichment/Dissolved Oxygen (OE/DO)

ADEM identified organic enrichment and nutrientdsaas the potential causes of low
dissolved oxygen observed in Sougahatchee Creekaymemt. Nitrogen and

phosphorus, in the presence of ample sunlight, mtipjhe growth of algae in an

embayment. Over time, the growth and decay ofeatgantribute organic material to the
system. As this material decomposes, oxygen iswaord and nutrients stored in the
biomass are released and used to support additadgal growth. In an unimpaired

system, this cycle is fairly stable and oxygen levemain high enough to support other
life forms in the waterbody. Excessive nutrierdgde that lead to algal blooms, however,
disturb the equilibrium, and can cause oxygen catnmagons to drop below 5.0 mg/l. As
a general rule, oxygen concentrations below thisllare stressful to aquatic organisms
(Thomann and Mueller, 1987). However, dissolvegigex levels in some waterbodies
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may occasionally fall below 5.0 mg/l due to natuwrahditions; in such cases, TMDLs
target the natural conditions as the water qualiypoint.

3.1.2. Nutrients

ADEM continues its efforts to develop comprehengiveneric nutrient criteria for all
surface waters throughout Alabama, including rikstreams, lakes/reservoirs, wetlands,
and coastal/estuarine waters. However, until niomartrient criteria or some form of
guantitative interpretations of ADEM’s narrativateria are developed, the Department
will continue to use all available data and infotima coupled with best professional
judgment to make informed decisions regarding dverse support and to establish
targets for TMDLs.

Typically, development of a water quality criteridor a given pollutant involves
extensive research using information from many saref aquatic toxicology. For
example, development of numeric criteria for topatlutants, such as mercury, involves
numerous toxicological studies such as dose/regpoekationships, bioaccumulation
studies, fate and transport studies, and an urahelisigp of both the acute and chronic
effects to aquatic life. As part of the toxicologi evaluations, EPA performs uncertainty
analysis to help guide selection of the recommendaigr quality criterion for a given
pollutant. For toxic pollutants, the more unceryirevealed during the evaluation, the
more conservative (i.e. the lower the value) tlo®m@mended criterion becomes.

Nutrients such as phosphorus and nitrogen are tsselements to aquatic life, but can
be undesirable when present at sufficient conceoi® to stimulate excessive plant
growth. Even though these pollutants are generahsidered nontoxic (the exception
being un-ionized ammonia toxicity to aquatic lifé)ey can impact aquatic life due to
their indirect effects on water quality, either wha overabundance or when availability
is limited.

ADEM'’s water quality criteria applying to nutrienése narrative, therefore a numerical
translator is needed to define the TMDL target.sd&ghon the historical data collected
within the Sougahatchee Creek Watershed, therevitergce that designated uses are
impaired by nutrient over-enrichment, but some uagoaty remains in the exact
guantification of the nutrient target due to thenpdexity of the relationship of cause and
effect and the state of the science. This is § eemmon dilemma in nutrient water
guality management, and often warrants an altemygpeoach. EPA recommends, in the
absence of sufficient “effects-based” informati@nreference condition approach for
determining protective nutrient criteria. With ghapproach, a numerical value can be
empirically developed that can be assumed to imhigrg@rotect uses supported in the
reference waters. This approach can provide dralinarget while continuing studies
will allow further evaluation of the cause and effeelationships that might result in
refinement of the initial target.
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In developing a nutrient target for the SougahadGeeek Watershed Nutrient TMDL, a
“reference condition” approach for determining thppropriate levels of nutrients
necessary to support designated uses was utiliZBus approach is based on using
ambient water quality data from candidate referetrdmutary embayments that are
located in characteristically similar regions ofaBhma known as ecoregions. An
ecoregion is defined as a similar and comparaligively homogeneous area defined by
similar climate, landform, soil, potential naturakgetation, hydrology and other
ecologically relevant variables (USEPA, 2000). “®ehce embayments” are defined as
waterbodies that have been relatively undisturbedhiaimally-impacted that can serve
as examples of the natural biological integrityagdarticular ecoregion. These “reference
embayments” can be monitored over time to estaldigtaseline to which other waters
can be compared. Reference embayments are natsaede pristine or undisturbed by
humans, however they do represent waters withirbaiza that are healthy and fully
support their designated uses, to include protectb aquatic life. The “reference
condition” approach used to determine appropriateient targets for the Sougahatchee
Creek TMDL is reasonable, scientifically defensjljpeotective of designated uses, and
consistent with USEPA guidance.

An evaluation of several watershed characteristicas performed to gain an
understanding of the current condition of the Styatighee Creek watershed, as well as,
the several selected reference tributary embaymeitisble 3-1, below, provides the
summary statistics of the tributary embayments Whete considered in developing the
nutrient target for the Sougahatchee Creek Watdrdharient TMDL. Maps of the
embayments listed in Table 3-1 may be found in AyipeC.

Table 3-1 Summary Statistics for the Sougahatchee Creek Watehed and Selected
Reference Tributary Embayments within the Tallapoos River Basin

2000 CHLA | 2005 CHLA CHLA Agriculture (Developed | Forested

Tributary Mean Mean Peak Drainage | Landuse | Landuse | Land use Other Point Reference

Reservoir | Embayment ingL} ingL) irgl) |Areami’) imi®) imi’) imi’) {mi’) Sources |Embayment
R.L.Harriz | Wedowes 2215 16.89 4271 51.04 1493 3.29 27N 5.71 1 no
Mz Indian 9.99 1218 21.89 31.03 4.2 1.23 2151 385 0 YES
Martin Hillabee IAL) ] 24 56 250.41 2066 13.45 208.5 k] 0 YES
Elkahatches 15.89 1366 267 5487 3.26 5.23 3755 783 0 YES
hanay 2.94 5.51 1095 1437 115 213 9.1 1.56 u] no
Sandy 259 73 10.41 191.08 2148 9.92 125.35 34.33 2 no
Blue 1.44 383 5.54 5893 318 318 39.4 1316 0 no
Yates Sougahatchee 17 B2 1274 277 217.05 2507 1515 14778 26.05 ) nia
Channahatches 4.45 816 2029 4457 3.73 175 3302 6.07 0 YES

Phosphorus has commonly been considered the priimatiyng nutrient governing algal
growth in most freshwater stream systems in NomheAca, particularly in freshwater
lakes, in contrast with nitrogen-limited estuargmsystems (e.g., Correll, 1998). Case
studies cited in EPA guidance demonstrated thatra@loaf nutrient concentrations can
limit the growth of filamentous algae (USEPA, 20@nsiak, 2002). Recent evidence
suggests that nutrient limitation by nitrogen omgphorus may be seasonal and that
nitrogen limitation has been observed in some stsedDodds et al., 2000). An
appropriate initial strategy to controlling algatogth in the Sougahatchee Creek
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watershed is to effectively control phosphorus iogsl in the system. A model
simulation with a 30% reduction of TN, in additilmmthe reduced TP loading, yielded an
insignificant change in the chlorophyl value of Sougahatchee Creek embayment as
shown in Figure 5-1, and ADEM also has no curremtlence that nitrogen exported
from the system contributes to any known nutriemichment problems downstream.
Therefore, controlling nitrogen in the system skidog unnecessary because phosphorus
will be managed to prevent nitrogen from becomhmglimiting nutrient.

Based on the aforementioned, a nutrient targettesspd as a growing season average
chlorophylla concentration of 12 pug/L in the Sougahatchee Cepsliayment at Station

Yates 2, was established. A detailed explanatiothe determination of the nutrient
target is included in Appendix C.

3.2 Source Assessment

3.2.1. General Sources of Organic Enrichment/DiesbOxygen and Nutrients

Both point and non-point sources may contributeaoig enrichment to a given
waterbody. Dissolved oxygen depletion likewise wecas the result of oxygen
consumption from organisms which consume organitenah found either on or within
stream sediments, referred to as Sediment Oxygemabe& (SOD). This SOD
component is ultimately derived from discharges andoff in combination with
additional organic material produced by phytoplanktithin the waterbody. Potential
sources of organic loading are numerous and oftenran combination. In rural areas,
storm runoff from row crops, livestock pasturesjnaal waste application sites, and
feedlots can transport significant loads of orgapatiutants. Poorly or inadequately
treated municipal sewage comprises a major soura@gganic compounds that, when
hydrolyzed, create additional organic loading. &frlstorm water runoff, sanitary sewer
overflows, and combined sewer overflows may sirilaresult in considerable
significant sources of organic loading.

Non-point source pollution to surface waters ocasghe result of natural erosion and
weathering of soils, rocks, and uncultivated laad;the result of erosion from large

agriculturally cultivated land areas and pasturel$awith unconfined grazing livestock

which lessen or reduce normal vegetative groun@icamd promote stream bank damage
when allowed direct access to streams; as thetrewirban erosion from cleared or

barren construction sites and wash-off of accuredlatust and litter from impervious

street and roadway surfaces; and as the resulosiom from unpaved or dirt roadways.

Potential sources of organic loading in the watedshvere identified based on an

evaluation of current land use/cover informatiormatershed activities (e.g., agricultural

management activities). The source assessmenusegasas the basis of development of
the model and ultimate analysis of the TMDL allomas. The organic loading within the

watershed included both point and non-point sources
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3.2.2. NPDES Construction Activities and Municigaparate Storm Sewer Systems

Certain construction activities (those disturbimgas of 1 acre or more) and Municipal
Separate Storm Sewer Systems (MS4s) permits rebiargopulated metropolitan areas
with populations greater than 100,000 people (Phaseless than 100,000 (Phase Il) are
currently regulated by the State’s NPDES program.

Pollutant loadings from MS4s enter surface watarsesponse to storm events. MS4s
discharge to waterbodies during storm events by efagad drainage systems, curb and
gutter systems, ditches, and storm drains. Sustesys convey urban runoff from barren
surfaces as well as wash-off of accumulated stdest and litter from impervious
roadway surfaces during rain events. The purpddbeoNPDES permits is to either
eliminate or minimize the extent of pollutant diaohes. Wasteload allocations applied
to regulate construction activities and MS4s wdldddressed through NPDES permits in
the form of Best Management Practices (BMPSs).

3.2.3. Non-point Sources

Shown in Table 3-2, below, is a summary of the lasdge in the Sougahatchee Creek
watershed. The land use map of the watershed asepted in Figure 3-1. The
predominant land uses within the watershed aresfofmcludes shrub/grassland),
agriculture (cropland + pasture), and urban. Thespective percentages of the total
watershed are 76.8%, 11.7%, and 8.4%, respectidMlZD, 2001).

Table 3-2 Land use in the Sougahatchee Creek Watéesd

LAND USE PERCENTAGE (%) ACRES
Forest 76.8 106,620
Wetlands 1.5 2,098
Urban 8.4 11,670
Agriculture 11.7 16,172
Open Water 0.9 1301
Other 0.7 914
TOTAL 100% 138,775

Each land use has the potential to contribute écotiganic loading in the watershed due
to organic material on the land surface that caw&ghed off into the receiving waters of
the watershed. Information on agricultural and agament activities and watershed
characteristics were obtained through coordinatiaimn the ADEM Mining and Non-
point Source Section in the Field Operations Donsi the Alabama Cooperative
Extension System, and the USDA-Natural Resources€&wation Service (NRCS).

The major sources of organic enrichment from noimposources within the
Sougahatchee Creek watershed are nutrients andiongaterial from agricultural and
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urban lands. Other non-point source contributiomsllcc be failing septic tanks.
Compared to other land uses, organic enrichmenn fforested land is normally
considered to be small. This is because forestsd tends to serve as a filter of pollution
originating within its drainage areas. Runoff fre@stures, animal operations, improper
land application of animal wastes, fertilizer apation, and animals with access to
streams are all mechanisms that can introduce mrg@ading to waterbodies.

303d Listed Waters W E
Streams
Sougahatchee Landuse (2001, NLCD)
B Urban S
I Barren Land
Agriculture - Cultivated Crops
Agriculture - Pasture/Hay
P Forest
[ Shrub/Scrub
Grassland/Herbaceous

B Water
Wetlands

8 0 8 Miles
e —

Figure 3-1 Land use Map for the Sougahatchee Creekatershed
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3.2.4. Point Sources

Point source considerations typically representldisge from wastewater treatment
plants, industrial operations, concentrated floarsj more. These operations generally
result in some type of loading to the receiving evabody. The loadings could be
temperature, nutrients, organic matter, and mddeecific to this modeling effort, the
loadings of interest include the following:

Ammonia (NH)

* Nitrate+Nitrite (NOXx)

* Organic Nitrogen (OrgN)

* Orthophosphate (P

» Organic Phosphorus (OrgP)

» Chlorophylla (Chla)

» Biochemical Oxygen Demand (BOD)
» Dissolved Oxygen (DO)

*  Flows (Q)

* Temperature (T)

Generally, a point source discharger does not meaall of these parameters. The
NPDES permit dictates what parameters are to besunead based on the type of
operation. When possible, parameters that are ureghscan be used in model
applications.

A list of point sources identified in the Sougalnsie Creek watershed is presented in
Table 3-3. Of these point sources, two municijgajt Opelika Westside WWTP and
Auburn Northside WWTP, and one industrial faciliyyest Point Stevens Finishing
Plant, were considered in the water quality modglfar this TMDL. The above
mentioned dischargers are currently permitted $otdirge oxygen consuming waste and
contribute the majority of the wastewater flow tepBerell Branch and Sougahatchee
Creek. These facilities do not currently havaltphosphorus limits.
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Table 3-3 Point Sources in the Sougahatchee Creekaférshed
**Eacility Permit Type Discharge Type Receiving
Water
Opelika Westside | AL 0050130 Municipal Process Wate Sougahatchee
WWTP Creek
Auburn Northside AL 0050245 Municipal Process Wate Sougahatchee
WWTP Creek
*The Colony AL 0045641 SPP Process Wate UT to
Apartments Sougahatchee
Creek
West Point Stevens AL 0001074 Industrial Stormwater Pepperell
Grifftex Chem (Minor) Branch
Quantegy, Inc AL 0003310 Industrial Stormwater Pepperell
(Minor) Branch
West Point Stevens AL 0024198 Industrial Stormwater Pepperell
Filter Plant (Minor) Branch
West Point Stevens AL 0002968 Industrial Process Water Pepperell
Finishing Plant*** (Major) Branch

*Discharge currently inactive

**Stormwater discharges include and may noliléed to construction activities, mining
activities, and MS4 discharges and areugtedi in the TMDL as a percent reduction equal
to the LA reduction (See Table 1-2)

***Active NPDES permit but currently not disatging

3.3 Data Availability and Analysis

In 2000-2002, Auburn University, Department of Eghs and Allied Aquacultures,
collected data at a total of twenty-four stationsated throughout the Sougahatchee
Creek watershed to include, but not limited to, gahatchee Creek main stem and its
tributaries, such as Pepperell Branch and Loblo¢kexk. ADEM also collected data
throughout the Sougahatchee Creek watershed in @0@@®002 on Pepperell Branch,
Sougahatchee Creek main stem and embayment, aad Katervoir at a total of thirteen
stations. Listed in Table 3-4 are the samplingicgta within the Sougahatchee Creek
watershed along with a brief location descriptifollowed by a map depicting these
locations within the watershed presented in Fi@ige
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Table 3-4 Sougahatchee Creek Watershed Sampling tations

StationlD Description Latitude |Longitude | Agency
S0GL-1 Sougahatchee Creek @ Lee Co. Rd 188 326267 85588 ADEM
g0GL-2 Sougahatchee Creek @ Lee Co. Rd B4 326194 | B5.6336 ADEM
SOGL-3 Sougahatchee Creek @ Roxana Rd 32,605 85.693 ADEM
S0GL-4 Sougahatchee Creek @ Hayes Mill Road 326148 | 847268 ADER
S0GL-5 Sougahatchee Creek @ Alabama Highway 49 326318 | B5.7983 ADEM
S0GL-6 Sougahatchee Creek @ Lovelady Road 326402 | 85.8446 ADER
PPLL-1 Pepperell Branch @@ Thomason Road 326328 | 85.4051 ADER
PPLL-2 Fepperell Branch @@ U5 Highweay 29 326347 | 85.4254 ADER
PPLL-3 Pepperell Branch @ U5 Highway 80 326446 | B5.4247 ADEM

FFLL-4 | Pepperell Branchi@ a Mew Street Upstream of Waverly Parkway | 32.64594 | B85.4298 ADER
Pepperell Branch Upstream of Sougahatchee Creek Confluence
PPLL-4 thehind Opelika Westside WWTP 326603 | B5.4487 ADEM

Deepest Point of Main Creek Channel of Sougahatchee Creek
YATES 2 | Embayment; 1.6 miles upstream of Tallapoosa River confluence | 32,6132 | 85.8766 ADEM
Diarm Forebay Resenmir River Mile 0-1.0 {In the vicinity and below

YATES 1 Sougahatchee Creek Embayment 324777 | 858901 ADEM
1 Yest point Stevens 326294 | 254181 Al
2 WestSide WWTP-Opelika J2. 8607 | 85.4504 Al
3 Marthside WWTP-Auburn 326306 | 855426 Al
4 Sougahatchee Creek upstream of Sougahatchee Lake 32712 854170 Al
5 Sougahatchee Lake Spillway 326657 | 85.4386 Al
4] Sougahatchee Creek @ Hwy 280 326575 | B5.4596 Al
7 Sougahatchee Creek @ Morth Donahue 32.6423 | B5.5044 Al
2 Sougahatchee Creek @ Lee Co. Rd 188 326267 | 85.4880 Al
9 Sougahatchee Creek @ Lee Co. Rd G5 326193 | 856334 Al
10 Sougahatchee Creek @ Lee Co. Rd 217 3268050 | 856531 Al
11 Sougahatchee Creek @ Hayes Mill Rd 326147 | 857268 Al
12 Sougahatchee Creek @ Lovelady Road 326402 | 858447 Al
13 nnamed Tributary upstream of Sougahatchee Lake 326248 | 854045 Al
14 Opelika City Park Stream J2 6586 | 854262 Al
15 Pepperell Branch upstream of'West Point Stevens outfall 326288 | 854177y Al
16 Pepperell Branch downstream of West Point Stevens autfall 326512 854304 Al
17 ALl Fisheries Station Stream 32466 | 8454885 Al
18 Bl Auburn Stream A2 R355 | 854908 Al
19 Aubar University Club pondistream 326325 | 85451048 Al
20 Unnamed Tributary to Lohlockee @ Lee Co. Rd 188 326556 | 85.5756 Al
21 Loblockee Creek i@ Les Co. Rd 188 32,6581 85,5830 Al
22 Cane Creek @ Lee Co. Rd 217 J26252 | B5HEEEA Al
23 Sycamore Creek 326325 | 85.7477 Al
24 Buck Creek 326521 850325 Al
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Chambers

Tallapoosa

Notasulga
Tallassee

Figure 3-2 Sougahatchee Creek Watershed Samplingptations Map

Parameters that were collected at the samplingpstavaried; however, the following
parameters were consistently sampled at all st@ma all the sample data used for this
TMDL may be found in Appendix A:

 Date

e Time

* Depth
« DO

e NH3

e TP

« TN

« CBODs

This wide range of data and information was usecdhtiracterize the watershed and the
in-stream conditions. The categories of data usetude physiographic data that
describe the physical conditions of the watershtlemvironmental monitoring data that
identify potential pollutant sources and their e loading contribution, and in-
stream water quality monitoring data. ADEM Resarw¥ater Quality Monitoring
(RWQM) data demonstrated chlorophgllconcentrations greater than the established
target in the Sougahatchee Creek embayment, repeelsdy Figure 3-3, and low
dissolved oxygen levels, shown in Table 3-5.
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Yates Station 2: Sougahatchee Creek Embayment
(Chlorophyll )

20.9

Chlorophyll a (ug/L)

= Chlorophyll a
Target of 12 (ug/L) B Growing Season Mean

1997 2000 2002 2005
Date

Figure 3-3 Yates 2 Sougahatchee Creek EmbaymentaBion Chlorophyll a Data
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Table 3-5

Yates-2 Dissolved Oxygen Data
{Control Point)

Date Time ‘Depth Do
ft mgL
4151997 nea 3.0 G650
a1 2Mear nea 3.0 7840
B 799y nea 5.0 E.370
Tr2maar nis 3n 6110
anz2Maar nis 3.0 E.250
aMeMaar nis 3.0 7.220
[Date Time Depth Do
it ma/lL
41072000 | 10:43 AW 3.0 a.200
S22000 [ 10:23 AM 3n 6180
EM9/2000 | 10:14 AM 3.0 4,390
Ti2472000 | 4002 Ak 3.0 2450
Sr2172000 | 1001 AM 3.0 340
Q252000 | 1002 AM 3.0 6.200
1072352000 | 10002 AM 3.0 6.560
Date Time Depth Do
it malL
452472002 013 Ak .0 6.040
2372002 | 10:28 AM 2.0 7430
252002 | 10:37 AM .0 6 650
Fra02002 | 10032 AM 5.0 5 600
Sr2T2002 | 1101 AM 5.0 3.730
QR2E2002 | 10:21 AM 5.0 4060
1052002 [ 10:41 AM 5.0 6.280
Date Time Depth Do
ft mgL
41872005 | 10:23 AM 5.0 a.720
SAE2005 | 10:57 AM 5.0 6810
EBX2172005 | 10:40 AW 5.0 E.370
92005 O:46 Ak 5.0 6.370
Q232005 | 10:39 AM S0 S 460
Qi20/2005 | 410:36 AM .0 4410
1082005 | 10:45 AM 2.0 7E20

DO Results at mid-depth if depth = 10 and at 5t if

depth = 10 ft

Yates 2 Sougahatchee Creek Embayment 8t Dissolved Oxygen Data
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4.0 Mode Development

Establishing the relationship between in-streamewguality and source loading is an
important component of TMDL development. It allothe determination of the relative
contribution of sources to total pollution loadiagd the evaluation of potential changes
to water quality resulting from implementation cdrious management options. This
relationship can be developed using a variety ohn&ues ranging from qualitative
assumptions based on scientific principles to nisakrcomputer modeling. In this
section, the numerical modeling techniques develdpesimulate the loading of organic
material and nutrients, as well as, the resultmgtieam response are summarized.

A watershed model was constructed to simulate fmpdif pollutants from nonpoint
sources on the land surface. The Loading Simuléimgram C++ (LSPC) was used to
calculate runoff based on precipitation recordsydidlogic output from the watershed
model was then used as input to a hydrodynamic mdbe Environmental Fluid
Dynamics Code (EFDC). The EFDC model was usednmalate the hydrology of the
Sougahatchee Creek watershed. The simulated o&sevas the Sougahatchee Creek
embayment. The EFDC simulated hydrodynamics weegl s a basis for the dynamic
water quality simulation using the Water Qualityalysis Simulation Program (WASP).

WASP calculates the interaction of eight water fualonstituents based on interspecies
kinetics and user-defined rates, as a function afewtemperature. The eight state
variables are ammonia, orthophosphate, nitratedoraghyll, dissolved oxygen,
biochemical oxygen demand (BOD), organic nitrogamj organic phosphorus. WASP
includes consideration of sediment oxygen dema@D(Sand instream reaeration.

4.1 Watershed Modeling

Hydrologic response and pollutant loading modeibcations must occur to determine
the watershed loads to the receiving waters. ,Fite# model is calibrated for the
hydrologic response of the watershed to rainfatl Background source flows. During
periods of precipitation, the rainfall will govertmydrology and subsequent loads of
oxygen consuming waste. During dry periods, pashes and their associated deposition
within the system, and background inflows will govéhe system hydrology and water
guality response. In each case, there is a camnelspg load that will be carried from the
watershed to the instream model. Loads washedhetsystem will pass through and/or
react during dry periods if the loads still remairthe water column. In addition, build
up of organic material in the listed reaches froastphigh flow events can create
increased sediment oxygen demand that exerts dseifig low flow periods. In each
case, the development of a TMDL that accounts Hier dtorm water impacts upon the
system requires the quantification of the totatllead its distribution.

Based on analysis of the sampled data, review eflilerature, and past modeling
experience, the Loading Simulation Program C++ CBMas used to represent the
pollutant source-instream response linkage in theg8hatchee Creek watershed. LSPC
is a comprehensive data management and modelirtgnsythat simulates pollutant
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loading from nonpoint sources. LSPC utilizes thalrblogic core program of the
Hydrologic Simulation Program Fortran (HSPF, EPAAEI), with a custom interface of
the Mining Data Analysis System (MDAS), with moddtion for non-mining

applications such as nutrients modeling.

4.1.1 Hydrology Model Set Up and Calibration

LSPC is a system designed to support TMDL developrfa areas impacted by both
point and nonpoint sources. It is capable of satiod) land-to-stream transport of flow,
sediment, metals, nutrients, and other conventipabilitants, as well as temperature and
pH. The comprehensive watershed model is usedrnolate watershed hydrology and
pollutant transport as well as stream hydraulias iastream water quality. LSPC was
configured to simulate the Sougahatchee Creek slegdras a series of hydrological
connected sub-watersheds that contribute loadsious lengths of the listed reaches.
Configuration of the model involved subdivision thie watershed into modeling units
and continuous simulation of flow and water qualdythese units using meteorological,
land use, and stream data. Total phosphorus veapditutant simulated. Appendix B
contains the Sougahatchee Creek watershed moddlrt raghich describes the
configuration process and key components of theainadnore detail.

The Sougahatchee Creek watershed was divided Bitesub-watersheds to represent
watershed loadings, hydrological boundaries andultieg concentrations of total
phosphorus to the stream segments. Figure 4-emethe sub-watershed breakdown in
LSPC. The division was based on elevation data filee 30 meter resolution, National
Elevation Dataset (NED) from USGS, stream connggtiirom the National
Hydrography Dataset (NHD) stream coverage, andbitegions of sampling stations.
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Streams

/303(d) Listed Segments
Sub-Watersheds

9 0 9 Miles

Figure 4-1 LSPC Subwatershed Delineation of Sougatchee Creek Watershed

The hydrology of the LSPC model was calibrated tfog period of record 1/1/2000-
12/30/2002 at USGS station 02418230 on Sougahatchesk at Lee Co. Rd 188. The
hydrology calibration was performed prior to watgrality calibration and involved
adjustment of the model parameters used to repreébenhydrologic cycle until an
acceptable correspondence between the simulatesd #ind the USGS Gage 02418230
measured flows was obtained. Some of the modehpeters adjusted for the hydrologic
calibration include: evapotranspiration, infiltiat, upper and lower zone storage,
groundwater storage, recession, losses to the gemmdwater system, and interflow
discharge. Figure 4-2 represents the Sougahat@reek watershed hydrology
calibration for the years of 2000 and 2002.
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« Year 2000 Observed (365 unique values) - Modeled Flow
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Figure 4-2 LSPC 2000 and 2002 Sougahatchee Creelgddology Calibration
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4.1.2 Water Quality Model Set Up and Calibration

A dynamic computer model was selected for totalsphorus analysis in order to:

* simulate the time varying nature of depositionamdl surfaces and
transport to receiving waters

* incorporate seasonal effects on the productionfatiedof total
phosphorus

For modeling purposes, sources of total phospharasrepresented by the following
components: runoff loads from land uses (build-ng wash-off due to runoff) and point
source discharges. Typically, watershed sourceslaaracterized by buildup and wash-
off processes. These sources can be representbd model as land-based runoff from
the land use categories to account for their doution to form loading within the
watersheds. Accumulation rates (mass per acreggrcan be calculated for each land
use based on all sources contributing total phagshio the surface of the land use.

The LSPC model is a build-up and wash-off model tlegpresents the pollutant by
accumulating the pollutant over time, storing tlodygant to some maximum limit, and
then transporting the pollutant via overland floovthe stream. The model represents
these processes with an accumulation rate (ACQ@®)tlze storage limit (SQOLIM).
WSQOP is defined as the rate of surface runoffh@scper hour) that results in ninety
percent wash-off in one hour. The lower the vathe,more easily wash-off occurs. The
parameter is user-defined and was determined fah eand use by USEPA
recommended ranges. The ACQOP and SQOLIM can tiedvaonthly or be a constant
through the simulation. For the Sougahatchee Cnetkrshed model, the ACQOP and
SQOLIM rates were input as constant values.

Following hydrology calibration, the water qualitgnstituent was calibrated. Modeled
versus observed instream concentrations for tdtalsphorus were directly compared
during model calibration. The water quality caditton consisted of executing the

watershed model, comparing water quality time seoetput to available water quality

observation data, and adjusting user-defined pamameithin a reasonable range. The
parameters that were adjusted to obtain a calitbnaedel were the build-up and wash-
off of total phosphorus from the land use and tinectl loads such as point sources.

Water quality calibration of the LSPC watershed eiddcused on matching trends such
as low flow, mean flow, and storm peaks identiféhaeting the water quality analysis.

Daily average instream concentrations from the rhedee compared directly to the

measured data collected by ADEM and Auburn Universi

The model simulation was developed for the 2000 2002 time period. This time
period was chosen because it not only represetiisaticonditions, but monthly data is
also available for the Sougahatchee Creek embaymeuanting chlorophylla, nutrients,
and water column profile data for dissolved oxygerw temperature. The model was
calibrated for both years. For each water qualtgti@n, model results were plotted
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against the respective sampled data to assessdtiel’'smresponse to spatial variation of
loading sources. Below, in Figure 4-3, is thehraliion for total phosphorus at Lovelady
Bridge. Appendix B provides the Sougahatchee Crevakershed modeling report
describing in more detail the model set up andbcation along with model inputs,

outputs and critical parameters.

Modeled vs Measured Total Phosphorus
At Lovelady Bridge
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Figure 4-3 LSPC Total Phosphorus Calibration at Laelady Bridge

4.2 Hydrodynamic Modeling

The receiving water models take the pollutant lofrds the watershed model (LSPC)
along with available information on the point sautoads from the watershed system,
and provide for the fate and transport of the miatas it moves through the system.

In order to simulate the flow and transport withine listed segments, a hydrodynamic
model, namely, the Environmental Fluid Dynamics €QEFDC) was used. EFDC is a
general purpose modeling package for simulating 2-D, and 3-D flow and transport
in surface water systems including rivers, lakeg aries, reservoirs, wetlands, and near
shore to shelf-scale coastal regions. Inputs ot &FDC hydrodynamic model include
the following:

* Model grid and geometry

* Hourly upstream boundary discharges

* Monthly temperatures from the upstream boundary
* Meteorological data from Auburn, Alabama

* Flows from the upstream boundary
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The model grid was developed based upon USGS tapbgr maps and cross-sectional
information from EPA, ADEM and Alabama Power Compaifhe Sougahatchee Creek
embayment grid contained 24 grid cells, each watlr fvertical layers. Each cell was
400 meters (0.25 miles) apart for a total lengtho600 meters (6 miles). The grid
coverage extends from the mouth of SougahatcheekCat Tallapoosa River (Yates
Reservoir) upstream to the bridge crossing (LoweBwdge) located on Lovelady Road.
Figure 4-4 presents the model grid utilized for §hatchee Creek embayment. Further
explanation of model development and setup camined in Appendix B.

[] Model Grid
® ADEM Sampling Station: YATES-2

I 303(d) Listed Segment of Sougahatchee Creek Embayme nt
% Lovelady Bridge

0.9 0 0.9 Miles
e T ———————————

Figure 4-4 Sougahatchee Creek Embayment Model Grid
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4.3 Water Quality Modeling

In order to simulate the temporal and spatial cotreéions of nutrients, dissolved
oxygen, and chlorophyl, a dynamic water quality model was utilized whgimulates
the full eutrophication kinetics, to include phospls and nitrogen cycle, oxidation of
organic material, SOD, and reaeration across thengarface.

For simulation of the water quality model, the EFD@del was externally linked to the
Water Quality Analysis Simulation Program (WASPjotgh a hydrodynamic forcing
file that contains the flows, volumes, and exchaogefficients between adjacent cells.
WASP 6.1 is a dynamic compartment model for aguatstems including both the water
column and the underlying benthos. The time vayyirocesses of advection, dispersion,
point and diffuse mass loading, and boundary exgphasre represented in the basic
program.

Water quality processes are represented in spkriatic subroutines that are either
chosen from a library or written by the user. WA®BPstructured to permit easy
substitution of kinetic subroutines into the ovkenadckage to form problem-specific
models. WASP permits the modeler to structure twe, and three-dimensional models;
allows the specification of time-variable excharggefficients, advective flows, waste
loads, and water quality boundary conditions; aedmits tailored structuring of the
kinetic process, all within the larger modelingnfiework without having to write or
rewrite large sections of computer code.

For the Sougahatchee Creek watershed simulatioasMASP model was run under full
eutrophication kinetics with the following stateriadles simulated:

» Dissolved Oxygen (DO)

» Ultimate Carbonaceous Biochemical Oxygen Demandd8)
* Ammonia as Nitrogen (NN)

* Nitrate/Nitrite as Nitrogen (NeNO,-N)

» Organic Nitrogen (ON)

» Organic Phosphorus (OP)

* Orthophosphate (P&P)

* Chlorophylla

In order to perform the full eutrophication simudais, the following general input
conditions were required:

* Boundary flows and concentrations for all 8 stadeables where flow enters the
model (i.e. watershed inputs)

* Meteorological inputs

* Model input coefficients
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Boundary flows and concentrations were obtainechftioe LSPC simulations. Sediment
oxygen demand (SOD) measurements were taken fraen atdlected by the USEPA

during a special 2003 Sougahatchee Creek studyedvtdogical data used in the WASP
model was from the Columbus Metropolitan Airpordaihe AWIS Weather Services,

Inc (Auburn University Mesonet, Station Auburn_CR1®&olar radiation and average air
temperature values were obtained from AWIS andwilmel speed data came from the
Columbus Metropolitan Airport. For the WASP modsburly weather data was utilized
for the inputs to establish diurnal fluctuationghe system.

The WASP model input coefficients reflect the keastilable literature values, and where
available site-specific values were utilized. Tiest fit between the WASP model
simulations and the measured data was obtaineatgtion of critical parameters within
the range of acceptable literature values. Whiggespecific measured values were used,
no adjustment of those coefficients was made.

The WASP model was calibrated to chloroplayldissolved oxygen, and nutrients (total
phosphorus) during the 2000 and 2002 growing seaédpril through October). The
measurements of chlorophy) dissolved oxygen, and nutrients (total phosphonese
taken at ADEM station, Yates 2, within Sougahatcli&eek embayment for the
corresponding years. Appendix B provides the Sbatgdee Creek watershed modeling
report describing in more detail the model set ng @alibration plots along with model
inputs and critical parameters.

50 Total Maximum Daily Load Development for the
Sougahatchee Creek Watershed

This section presents the TMDL developed to addoedis nutrients and OE/DO for the
listed segments in the Sougahatchee Creek watersh@dDL is the total amount of a

pollution load that can be assimilated by the nangi water while still achieving water

quality standards. TMDLs can be expressed in teoinmass per time or by other
appropriate measures. TMDLs are comprised of the sf individual waste load

allocations (WLASs) for point sources, load allooas (LAs) for non-point sources, and
natural background levels. In addition, the TMDIlushinclude a margin of safety
(MOS), either implicitly or explicitly, that accotmfor the uncertainty in the relationship
between pollutant loads and the quality of the ix@cg waterbody. Conceptually, this
definition is denoted by the following equation:

TMDL = 2WLAs + 2L As + MOS

In order to develop the TMDL, the following step#lwe defined:

* Numeric Target for TMDL

» Existing/Baseline Conditions
» Critical Conditions

* Margin of Safety

» Seasonal Variation

« TMDL Results
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5.1 TMDL Numeric Targets

The TMDL endpoints represent the in-stream wat@lityutarget used in quantifying the
load reduction that maintains water quality staddar The TMDL endpoints can be a
combination of water quality standards, both numend narrative, and surrogate
parameters that would ensure the standards arg beet. The following presents the
endpoints used for each of the parameters selected.

5.1.1 Nutrients

The Sougahatchee Creek Watershed nutrient targptessed as a growing season
average chlorophylh concentration of 12 pg/L in the Sougahatchee Cezskayment,
specifically at Station Yates 2, was developedasirireference condition” approach for
determining the appropriate levels of nutrientsessary to support the designated uses of
waters within the Sougahatchee Creek watershed.

5.1.2 OE/DO

According to ADEM’s Water Quality Criteria (Adminmaitive Code 335-6-10), the
minimum dissolved oxygen concentration for watdesgified as F&W, S, and PWS is
5.0 mg/l. For the purpose of this TMDL, a minimuaiissolved oxygen level of 5.0 mg/I
will be implemented, except where natural condgicause the value to be depressed.

5.2 Existing/Baseline Conditions

The results of the calibrated model provide thestaxg condition for Sougahatchee
Creek. Existing conditions represent the existian-point source loading and the
permitted point source discharge conditions.

The models were run during the 2000 and 2002 gweasons to establish the existing
conditions for Sougahatchee Creek for both chloybpla and dissolved oxygen.
Predicted in-stream concentrations of both chloytiph and dissolved oxygen for the
listed segments were compared directly to the TM&rgets. This comparison allowed
for evaluation of Sougahatchee Creek under its emteswutrient loading (namely
phosphorus) and the associated in-stream responsdhlarophyll a and dissolved
oxygen.
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5.3 Ciritical Conditions

A TMDL must be protective of water quality over @nge of possible conditions that
might occur within the listed segment. EPA’s NuttieCriteria Technical Guidance
Manual: Rivers and Streams (EPA, 2000) states ‘Nhairient and algal problems are
frequently seasonal in streams and rivers, so sagpleriods can be targeted to the
seasonal periods associated with nuisance probleihdias been determined that the
seasonal period associated with nutrient enrichnibat results in nuisance algal
problems for the Sougahatchee Creek watershec igriwing season of April through
October. Typically, critical conditions specify law that will represent an extreme low
flow regime or a loading that represents a highsiiées value. The models are then run
under these critical conditions, and the resultingstream target concentration, the
growing season average of chloroplgjllis compared directly to the TMDL endpoint at
the compliance point (Station Yates 2). If thevgrg season average chlorophgll
concentration is less than the target concentratlmm the total phosphorus loading to
the system is said to be protective of water gualiHowever, if the growing season
average chlorophykh concentration is greater than the target, thendted phosphorus
loading must be reduced until the target concdotras met.

For the listed segments in the Sougahatchee Creg¢drshed, two phosphorus loading
conditions were defined to establish critical ctilodis. The 2000 and 2002 growing
seasons were selected as they represent a wide odrapnditions that are expected in
this system.

Growing season months (April - October) generadiyresent the critical conditions of an
embayment for instream dissolved oxygen concentiatias a result of lower
precipitation and higher temperatures which leadshallower stream depths, slower
velocities, increased residence time, and decre@sadration. Increased residence time
allows for additional decay which further deplestseam dissolved oxygen. Reaction
rates for CBODu and NBOD (i.e., organic loadinge daemperature dependent and
thereby increase with higher temperatures.

Low intensity rains typically occur with greaterduency in winter months with the
absence of land surface build-up of organic mdt{emssulting in a more uniform load

distribution. Higher flows in connection with lowemperatures effectively result in less
residence time and lower decay rates such thatrbates are capable of assimilating
larger organic loads.

54 Margin of Safety

There are two methods for incorporating a MOS ie #nalysis: a) by implicitly
incorporating the MOS using conservative model sggions to develop allocations; b)
by explicitly specifying a portion of the TMDL akd MOS and using the remainder for
allocations.
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An implicit MOS was incorporated in this TMDL sinteis TMDL was developed based
on worst-case conditions. Also, this implicit MQ&cludes conservative modeling
assumptions and a continuous simulation that ireratps a range of meteorological
events. The conservative modeling assumptionswiieaé used include: setting point
sources at permitted design flows, conservativienaseés of instream decay, and all land
areas considered to be connected directly to sgeadrganic material loss on the land
surface is not computed in the model; therefore,ltlads delivered to the model do not
account for decay and are conservative.

Also, by using minimally-impacted reference embagtaewithin the Tallapoosa River
basin, the target TP concentration is expecteduppat good habitat and biology with
normal algal growth. This approach is conservating recommended by EPA guidance
and was used in the development of the Sougahatiesk Watershed TMDL Nutrient
Target. The established TP target was calculassgd upon the ¥5percentile of the
chlorophyll a data from the selected minimally-impacted refeeerembayments.
Normally, ADEM prefers to utilize the §0percentile; however, since the reference data
set was limited in this specific case (4 referemmebayments), the 5percentile was
deemed more appropriate.

5.5 Seasonal Variation

Seasonal variation was considered in the developwfethe TMDL by evaluating the
Sougahatchee Creek embayment data (Growing SeApoiOctober) during the time
periods of 2000 and 2002, relatively dry seasonsd, the time period of 2005, a wet
season. As shown in Table 5-1, the 2005 data abtekcthe embayment was less
eutrophic (Growing Season Mean (GSM) for CHLA =51dg/L) during that time period,
as opposed to the dry year (2000) when the GSM.& Ag/L. Therefore, it can be said
that critical conditions for this system are duridgought conditions, which appears
reasonable because retention time increases argplpbrais concentrations increase as
the stream becomes more effluent dominated. Fopthipose of this TMDL, the year
2000 was selected as the critical condition forSbegahatchee Creek watershed, and the
2002 data was used for validation.

Table 5-1 Growing Season (April-October) Chloroplll a and Flow Results for ADEM
Station Yates 2

“Growing
Season
Average | Chlorophyll a

Vear Flow {¢fs}  GSM {pa/L) April May June July Aug Sept Ot
2000 27 26 17 62 267 1442 2777 2403 14.95 15816 21.36
2002 29.25 2080 Ta3 13.30 2280 30.44 18.69 2275 30.44
2005 15603 12.74 427 13.35 11.21 587 E.41 2617 2189

*Flowws based on USGS Gage 02415230 at Lee Co. Rd 158

The numeric chlorophylh (total phosphorus driven) target is representative ofrdinge
of values measured over multiple-year growing seast the designated reference sites.
Therefore, application and interpretation of thé&rieat target for the Sougahatchee Creek

Prepared by ADEM/Water Quality Branch
EPA Region 4 35



Final Sougahatchee Creek Watershed TMDL OE/DONartdents

embayment accounts for varying ambient chloropaydboncentrations that may exceed
the target at times while still maintaining conalits similar to those in streams that fully
support the designated use of aquatic life, as laagthe growing season average
concentration does not exceed the target. Apptinaif the proposed nutrient target of 12
ug/l of chlorophyll a must consider the methodology of the ecoregioreresice
embayment approach that was used to develop thebetum Ecoregion reference
embayment site data were assessed on a growingrsbasis that accounts for natural
variability. Therefore, it would be inappropridteexpect the Sougahatchee Creek not to
exhibit natural variability during the growing seasincluding higher, as well as lower,
levels of chlorophylla while attaining the growing season average tavgéie. The
April-October growing season was determined to lee appropriate time frame for
managing TP to control algae in the SougahatcheekGembayment. It was determined
that requiring compliance with the target in thentsr (i.e., non-growing season) would
not be necessary since high flows, cool temperatuaed low availability of substrate
and light limit algal production during these masth

5.6 TMDL Results

5.6.1 Total Phosphorus

As mentioned previously, the year 2000 was chosethea critical condition year based
on applicable data. The data for the year 2002 wsasl to validate this assumption.
Therefore, the TMDL results will be based on therstxwase or critical condition
scenario: a low flow period with high temperatuessin the year 2000. As predicted
based upon modeling tools, in order to meet therophyll a target of 12 pg/l, a growing
season (April-October) total phosphorus limit a®mg/l will need to be met by point
sources (WLA continuous sources) and a fifty pertetal phosphorus reduction will be
needed for stormwater sources (MS4 and LA) withie watershed. Table 5-2 presents
the TMDL results for total phosphorus necessargné®t water quality standards. West
Point Stevens has an active NPDES permit for ags®aevater discharge to Pepperell
Branch; however, as of July 2007 the facility hasrently halted production. An
alternate TMDL scenario has been developed whidiudes the West Point Stevens
WLA should the NPDES permit be withdrawn and thecdarge be permanently
removed. Table 5-3 presents the total phosphoklisLTresults necessary to meet water
quality standards for the Sougahatchee Creek Weaérsiith the West Point Stevens
discharge removed from Pepperell Branch.
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Table 5-2 Growing Season (April-October) Total Pbsphorus TMDL Results for the
Sougahatchee Creek Watershed

Exizting TP Loads Allowable Loads Reductions
LA [Continuouz Sources) L [Continuens Sourcas) L [Continuus Seurces)
THDL Opelifa | Aubumn Tpelika | Auburn Tpalika | Auburn LA L4
WS | Westzide [ Morthzide [ LA [Stormwater L& [Stormwater WPE | Westside | Nerthzide | LA [Stormwater [ L [Stormwater WPE | Westside [ Nerthzide | [Starmwater | [Stormwater
WWTP | wwTP Sources) Fources) WP | wwTP Sources) Fources) wwTP | wwTP | sowrees) | sowrces)
Souguhueches| 225 | 143 | 267 nzo | 020 | ozo 010 010
Creck (moM) | (mgd) | (mgd) 0.1 (mg) 0.19 (mg) (mgM) | (mgd) | (o) [mgiL) [moL) 1% | 86% 93% 50% 50%
watershed | anmp | 4770 | 66.80 s ey = sy = 267 | 667 | 500 | losiday = Ibsdary =
lbsiday |bsiday |Ibsiday 0.1 945 54 GrO9E.34  [bsiday [bsiday | beiday | G*010%8.34 | @*0.10*5.34

*Existing TP concentrations were determined usiomPSource DMR data (April-October) for the periaid2000 and 2002
*Point source TP mass loadings were calculatetiut) TP concentrations times design flows timexi8.
*Q is equal to flow in MGD

Table 5-3 Growing Season (April-October) Total Phsphorus TMDL Results for the
Sougahatchee Creek Watershed with the West Point&tens Discharge
Removed from Pepperell Branch

Existing TP Loads Allowable Loads Reductions
WLA [Continuouz Sources) WLA [Continuous Sources)
DL Opelika | Auburn Opelika | Auburn wLA LA
WPS | Westside| Northside | wLa [Stormwa ter L [Starmuws rer ide | wLa, [Srormaws ter [ LA [Stormwa ver | wPS | Westside | Northside | [Srormwa ter | [Stormus ter
i Sources] Sources] Sources) Sources] wWwTP | wwTP | sources) | Souwrces)
Sougahatchee 143 267 019 018 025 025 010 010
i (ma) | (mod) (ma) (mgi) tmaty | (gl | (mod) (maiL) el | ik | S | e
4770 | 6680 Ibsiday = lhsiday = .20 614 lhsiday = lhsiday =
Ibziday | lbsiday 0.1 945 34 G101 943534 lbsfday | lbsfday | QH010%5.34 | G*0.10%8.34

*Existing TP concentrations were determined usiogfSource DMR data (April-October) for the perioid2000 and 2002
*Existing point source TP mass loadings were cal&d utilizing TP concentrations times design flaivses 8.34

*Q is equal to flow in MGD

*Allowable point source TP mass loadings calculdtgdiistributing allowable WPS TP mass loading @bl 1-2 proportional to
facility design capacities (ex. Auburn Ib/day =bS/day + 2.67 Ibs/day * 3 MGD / 7TMGD = 6.14 Ibs/fay

*Note: Auburn Northside WWTP Design Capacity = &M; Opelika Westside WWTP Design Capacity = 4 MGD

An appropriate initial strategy to controlling alggrowth in the Sougahatchee Creek
watershed, is to effectively control phosphorusdings in the system. Therefore,
controlling nitrogen in the system should be unssaey because phosphorus will be
managed to prevent nitrogen from becoming the iligihutrient. “Based on available
literature, including EPA guidance summarizing evide that phosphorus often limits
stream algae (EPA 2000), control of total phospbeather than total nitrogen should be
effective as an initial strategy to manage algadpctivity.” Since Yates forebay,
downstream of the impaired Sougahatchee Creek emdaty represents full use support
with no nitrogen-caused nutrient impairment, targetonly phosphorus will be
protective of downstream waterbodies. Furthermdras expected that phosphorus
reductions achieved through improved wastewater statmwater treatment will also
help achieve reductions in biologically availabigagen. A model run simulation with a
30% reduction of TN, in addition to the reduced [BRding, yielded an insignificant
change in the chlorophydl value of Sougahatchee Creek embayment as shofigune
5-1, and ADEM also has no current evidence thabgén exported from the system
contributes to any known nutrient enrichment protdelownstream.
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ADEM Station: Yates 2
Model Predicted Chlorophyll a based on TN Reduction s (30%) at Lovelady
Bridge
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Figure 5-1 Chlorophylla Concentrations Resulting from Thirty Percent Njgn and
Fifty Percent Phosphorus Loading Reduction to Sbatghee Creek
Embayment

5.6.2 Dissolved Oxygen

Nutrients are of concern due to their ability torpiote algal growth, which in turn affects
the dissolved oxygen balance through photosynthesspiration, and the regeneration of
organic materials. Therefore, the subject totalsphorus reductions are expected to
improve the dissolved oxygen levels in the watedshidowever, the model predicted
that the total phosphorus reductions alone didestore the dissolved oxygen levels in
the Sougahatchee Creek embayment above the waltly quiterion of 5.0 mg/l. Using
the WASP model, it was determined that achievimgwiiater quality criterion for DO of
5.0 mg/L throughout the year could only be accosty@d by reducing sediment oxygen
demand (SOD) to extremely low levels that wouldubeealistic in a natural system.
Furthermore, it was determined that even by rengalhpoint sources, under nominal
background conditions there would still be occasithvat the DO would fall below 5.0
mg/L in a critical conditions year such as 2000.

SOD was measured by USEPA field staff in the Soatditee embayment at a value of
1.6 g/nfiday. During low stream flow and high temperatpeziods, a SOD of this
magnitude is the main cause of low dissolved oxygenthe embayment. The
relationship between sediment oxygen demand ansoiisce, organic carbon loading,
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was investigated by the use of a spreadsheet nmoleleveloped by Dr. James Martin at
Mississippi State University. Using a typical teaship between carbon and CBOD-
ultimate, it became apparent that it would be insgme to reduce SOD to extremely low
values by reducing allochthonous CBOD. With the rEductions required by the
allocations, an overall reduction of more thanyfifiercent will result in significant
reductions in algal biomass levels which in turdl V@ave less organic material on the
bottom substrate during critical periods; such odidns over time are expected to result
in significantly lower levels of SOD. Therefore,the WASP model, a SOD value of 0.8
g/m’/day was estimated to correspond to a “natural itiond’

The WASP model results for dissolved oxygen in‘thetural condition” (i.e., no point
sources) scenario and with the existing point sssuincluded are shown in Figure 5-2.
The “natural condition” assumes a CBOD-ultimate aantration of 2.0 mg/L and SOD
of 0.8 g/nf/day. In the critical condition year of 2000, thetural condition” scenario
had 12 days with minor excursions of the dissolvegben criterion.

Dissolved Oxygen at Yates 2 (SOD = 0.8)
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Figure 5-2 WASP results for “natural conditions” and with point sources added

In order to demonstrate the additional impact ahpeources on the system under the
TMDL allocation scenarios, the point source conitibn of CBOD-ultimate was
estimated and added to the WASP model. Based ddLTallocations at current permit
limits for CBOD, the additional CBOD-ultimate coimwtion from point sources was
determined as a function of stream flow, time-af+&l, and temperature-corrected
instream attenuation (data shown in Appendix C).he Tadditional point source
contribution was added to the assumed 2.0 mg/L CB@ibhate of the natural condition.
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With the additional flows of the point sources, rtheoccurred 15 days with DO
excursions, however, the additional impact was anlpnean deviation of -0.13 mg/L
from the natural conditions. For the days whenl|B¥&ls of less than 5.0 mg/L occurred,
the mean deviation was -0.17 mg/L. The mean dewigtare well within the margin of
error associated with the predictive capabilitidstiee calibrated models used in the
analysis. Therefore, WASP model results show plo@iit source impacts compared to
the natural conditions scenario are negligible.isTi& consistent with observations that
CBOD sensitivity of the system is low comparedhe impact of SOD. Considering the
TP reductions included in the TMDL and the corregpog reduction in algal biomass
production, the existing CBQDloading is expected to achieve natural DO conui#tio
within the Sougahatchee Creek embayment. Theserex(SBOD; loads, expressed as a
TMDL, are shown in Table 5-4. Model comparisortistes of the “natural condition”
and with existing point sources added are showfralrie 5-5.

Table 5-4 CBOD, TMDL Results for the Sougahatchee Creek Watershed

Exizting Summer CEOD; Loads Allowable Summer CEOD; Loads Reductions
WL [Continuguz Saurdes] WLA [Continugus Sources] WA [Continugus Sources]
THDL Opelifa | Aubumn Tpelika | Auburn Tpalika | Auburn LA L4
WS | Westzide [ Morthzide [ LA [Stormwater L& [Stormwater WPE | Westside | Nerthzide | LA [Stormwater [ L [Stormwater WPE | Westside [ Nerthzide | [Starmwater | [Stormwater
WWTE | WwTP Sources] Fources] W TP | wWW TP Sources) Sources] WwTP | WWTP | Sowrces) | Sources)
Sougahatchee| §00 | 10.00 | 500 3.05 3.05 £.00 |1000 | 500 305 305
Greek | (mgl) | (mgd) | (mad) (mg) (mon) (ma) | (mod) | (me) (mgg) (man) 0% | 0% | 0% 0% 0%
Watershed | o pe | 333.60 | 12510 I idary = lnziclay = E006 (33360 (12510 lasiday = =iy =
losiday |lbsiday |lbsiday | G*3.05°5.34 Gr30568.34  |lbaiday |bsiday |bsiday | Gr3.05°6.34 | G*3.05°5.34
Existing ‘Winter CEODg Loads Allowable Winter CEOD; Loads Reductions
WLA [Continucu 5] LA [Continuous Sources | 5
DL urn Opelifa | Aub
wPE ide [ Mlorthside LA [Stormwal ter L& [Stormwal ker WPE | Westzide | Neorthzide | wLa (Stormwal ter
i Fources] Sources] WWTP | WWTP Sources)
1400 1500 | 7.00 215 2415 1400 | 1500 | 7.00 215
Sougahatches
Greek | CM@A)| (mgd) | (mgd) (mg) (mgA) (mg) | (mg) | (mg) (mgi)
watershed | 186,82 [500.40 | 17514 s ety = lbsiday = 186,52 (50040 [175.14 |  Ihsiday =

lhsiday |lbsiday | lbsday 21548 34 Qr21508.34  |lbsiday |lbsiday [lbeiday | GF215%5 34 | Qr2 154534
*Existing CBOD; concentrations were taken from NPDES Permits

*Point source CBOBPmass loadings were calculated utilizing CB@bncentrations times design flows times 8.34

*Q is equal to flow in MGD

*The estimated CBOBpallocations for stormwater (WLA and LA Stormwagmurces) represent the maximum allowable stormwater
loads at Lovelady Bridge including point source tabitions. The CBOBD TMDL allocations for stormwater sources should be

dictated by the 0% reduction.
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Table 5-5 Comparison of WASP model results for “atural conditions” and point
sources added.

Mean | Minimum Mean Dgfltia;[inon
Scenario DO DO Deviation
(mg/L) (mg/L) (mg/L) when DO<5.0
mg/L
Natural
Conditions 7.72 3.6
With Point
Sources 7.59 3.5 -0.13 -0.17

According to ADEM’s Water Quality Criteria (Adminrsitive Code 335-6-10), the
minimum dissolved oxygen concentration for watdesgified as F&W, S, and PWS is
5.0 mg/l, except when such levels cannot be actiegea result of natural conditions.
For the purpose of this TMDL, a minimum dissolved@en level of 5.0 mg/l cannot be
implemented at all times, due to natural conditioas demonstrated by the
aforementioned dissolved oxygen data analysis. inQuhe occasions when dissolved
oxygen concentrations would naturally be less th&nmg/l, the TMDL allocations are
expected to result in the attainment of the natdisdolved oxygen levels.

5.7 Adaptive Management

It is possible during the implementation of this DMthat further evaluation of instream
conditions within the Sougahatchee Creek watersimetyding biological and chemical
monitoring, will reveal trends of improvement inteaquality and biological conditions.

If so, any required implementation in the futureyniee revised according to the best
available science at that time. Adaptive managémen conjunction with the
implementation schedule as determined by ADEM’s EBDpermitting program, will
allow the TMDL target to be validated or adjustadn@cessary based on additional data
that becomes available in the future.

6.0 Follow Up Monitoring

ADEM has adopted a basin approach to water qualépagement; an approach that
divides Alabama’s fourteen major river basins ifit@ groups. Each year, the ADEM

water quality resources are concentrated in onéh@fbasin groups. The goal is to
continue to monitor 8303(d) listed waters. Thisnmaring will occur in each basin

according to the schedule in Table 6-1:
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Table 6-1  Monitoring Schedule for Alabama’s Major River Basins

River Basin Group Schedule
Cahaba/Black Warrior 2007
Tennessee 2008
Choctawhatchee/ChipoIa/ Perdido- 2009
Escambia/Chattahoochee
Tallapoosa/Alabama/ Coosa 2010
Escatawpa/Upper Tombigbee/Lower 2011
Tombigbee/Mobile

Monitoring will help further characterize water djtya conditions resulting from the
implementation of reduced waste load allocations la@st management practices in the
watershed.

7.0 Public Participation

As part of the public participation process, thiOL was placed on public notice and
made available for review and comment. The pufitce was prepared and published
in the four major daily newspapers in Montgomerunks$ville, Birmingham, and Mobile,
as well as submitted to persons who have requdstdoe on ADEM’s postal and
electronic mailing distributions. In addition, tipeiblic notice and subject TMDL was
made available on ADEM’s Websiteww.adem.state.al.usThe public can also request
paper or electronic copies of the TMDL by contagtir. Chris Johnson at 334-271-
7827 orcli@adem.state.al.usThe public was given an opportunity to review TMDL
and submit comments to the Department in writidt the end of the public review
period, all written comments received during thélmunotice period became part of the
administrative record. ADEM considered all comnsergceived by the public prior to
finalization of this TMDL and subsequent submissiorEPA Region 4 for final review
and approval.
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APPENDIX A: WATER QUALITY DATA

2000 Lovelady Bridge Data (Upstream Boundary)
Date Time BOD; 18] NH; NO5/NO, TH SEP TP
mglL mg/lL ma malL malL miL miglL
1M 672000 E:54 &AM 1.550 ni= ni= nia n'a nia nia
143152000 700 A 1.900 nia nis nfa nis nis nis
26,2000 705 &AM 1.150 s s s nfa nia nia
22272000 700 A 1.500 n'a nfa nfa nia nia nia
35752000 9:30 AM 1.850 nia nfa nfa ris el s
3472000 700 Aw 1.300 ni= ni= nia n'a nia nia
362152000 700 AM 1.550 nia nia nfa nia nia nis
41652000 229 P nia 7.480 0140 nia nia nia niz
401172000 700 Aw 1.000 ni= ni= nia n'a nia nia
472552000 9:00 A 2150 nia nis nfa nis nis nis
08,2000 12023 PM n'a 7800 0015 s nfa nia nia
28 712000 210 AM nia 7.800 0.036 0.099 nia 0.022 0.043
51852000 9:50 AM s 8.000 nfa nfa ris el s
573072000 710 &AM 0.600 ni= ni= nia n'a nia nia
GA572000 931 AM nia 7.800 0.015 nfa nia nia nis
B 502000 3:50 AM nia 7.300 0.070 0213 nia 0.042 0.054
Er/20/2000 700 Aw 0.250 ni= ni= nia n'a nia nia
F 2552000 905 AM nia 7.000 0.111 0773 nis 0103 0.194
73172000 720 AM 0.300 s s s nfa nia nia
2272000 240 A nia 7.800 nia 0.004 nia 0.029 0.047
843052000 710 AM 0.450 nia nfa nfa ris el s
Q2772000 750 &AM 3.050 ni= ni= nia n'a nia nia
902712000 925 AM nia g.400 0.006 0242 nia 0.130 0163
Qi272000 10:42 AW nia 8.000 0.080 nia nia nia niz
10M 742000 9:40 A niz 9100 nia 0185 0.7 0.0 0.094
10M82000 | 10:10 AM 0.950 nia nia nfa nis nis nis
144302000 9:00 A nia 5.900 0.037 0.023 0.763 0.056 0.075
11572000 730 AM 1.500 n'a nia nfa nia nia nia
11952000 10030 Ahd nia 7 BO0 0.069 0.263 1.447 0.100 0175
1142000 | 10:20 AM nia 9.700 0.027 0.099 0637 0.045 0.079
1172702000 730 AM 0.750 n'a nfa nfa nia nia nia
1212000 9:30 AM nia 11.800 0.023 0252 0.758 0.043 0.062
120572000 F15 AM 0.500 ni= ni= nia n'a nia nia
121202000 725 AM 1.400 nia nia nfa nia nia nis
121442000 | 10:00 AM nia 11.300 0.019 0.336 0.595 0.066 0.095

Prepared by ADEM/Water Quality Branch
EPA Region 4 45



Sougahatchee Creek Watershed OE/DO and Nutrients

2000 Reservoir Data (Downstream Boundary)

Date Time Chlor-a ‘Do NH3 NO:MNO, TON Ortho-P TP TEN
pail mglL mgl mgL miL mgL mglL mgiL

441 002000 925 A 4270 5.990 0150 0150 0.210 0.004 0.040 0.5390
SS232000 945 A 1 600 T840 0020 0430 0.E20 0.004 0.o07 0540
E/M972000 931 A 2940 G610 0015 0110 0.910 0.005 0.021 0925
Fi2402000 224 A 4.010 7530 0.037 0.110 0.440 0.008 0.0z0 0.450
Gi2102000 2535 A 2.400 7.590 0015 0.140 0.260 o010 0.011 0274
Q/25i2000 924 A 3.200 T.0s0 015 0150 0.330 o010 0.040 0542
1002372000 925 A 3200 5.790 o0os 0400 0.200 0.004 0.0s0 02

*Di0 measurement at 5t depth

2000 Yates-2 Data (Control Point)

Date Time ‘Do NH3 MO /NGy, POy TP Chlor-a

mgL mgl mgL mgL mgL HiolL
44072000 10:43 A 8.200 0460 0185 0.02a 0.0s0 2E70
Si2352000 10023 A 5.150 0.015 0129 0.010 0.070 14.420
51972000 10014 A 4.390 0.040 0.039 0.006 0.004 2r77a
7i2472000 10:02 A 2,150 0.055 0.003 0.007 0.080 24030
Gi2172000 10:01 A 3100 0.015 0.030 0.016 0.040 14.950
/2572000 10:02 A £.200 0.016 0266 0.040 0120 18.160
1072352000 | 10:02 AW 6.560 0.015 0.033 0.010 0100 21.360

DD measurement at mid-depth
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2002 Lovelady Bridge Data (Upstream Boundary)

Date Time BOD; 0o NH; NO5/NO, TH SFEP TP
miglL miglL mi mglL mglL miL milL
1M 052002 730 A 0.900 14.050 0.075 0.E31 0.949 n0za 0.074
183152002 740 Ak 1.050 9,900 0.048 0367 0.769 0063 0063
2062002 10:24 A 2600 11.200 0.320 0413 2836 0027 0.375
2M4r200z 720 A 1.100 12.000 0.054 0,295 0520 0026 0,045
252052002 1:00 PM 1.150 11.000 0.010 0191 0.553 0026 0.050
3E2002 710 A 0.750 12.400 0.043 0.0o2 0720 ooz 0.055
SE2r2002 920 A 1.850 9100 0227 0.054 1.339 0015 0171
40402002 T8 Ak 0.E00 9250 0.081 0132 0718 0023 0.044
44 72002 718 AM 0.E50 2.300 0.054 0270 0.E654 o020 0.057
552002 705 AM 0.450 7800 0.067 0555 0927 0025 0.062
BrSi2002 720 A 0.400 £.200 0.041 0152 0.EEE 0033 0.060
7 Er2002 715 AM 0.550 £.000 0.025 0750 1.299 0063 0,095

8272002 9:40 MM s 5.800 nfa nfa ris el s
5292002 720 A 0.350 £ .400 0.025 0177 0.733 n03a 0127

Gi30/2002 12:55 P nia 7.200 0.064 nfa nia nia nia
oM 852002 720 Ak 0250 £ 500 0.042 0.367 1.899 052 0.064
10/4/2002 740 A ] £.800 nia 0.350 0.535 0056 0.0va
10M 682002 910 A 0.860 &.200 0.044 0312 1187 0073 0103
14 /552002 720 Ak 0.E50 2.300 0.063 0137 0.E35 0.06E 0092
111152002 1:55 PM 1.270 a.800 0.057 0477 1.226 0.0s0 0134
1102102002 15 A 0.920 10.000 0.054 0475 0560 0034 0.061
12552002 730 A 1.060 11.200 0.031 0.339 1 086 0.041 0.06E
12182002 730 A 0.440 11.200 0.043 0564 0.909 0025 0,045

2002 Reservoir Data (Downstream Boundary)

Date Time Chlor-a ‘Do NH3 NO:MNO, TON Ortho-P TP TEN
pail mglL mgl mgL miL mgL mglL mgiL
42402002 25 A 5940 §.920 0.020 0.030 0140 0.020 0.030 0.5390
SS232002 955 A 2400 5690 0020 0420 0140 ooio 0.030 0540
E/25/2002 10:01 Ak 2940 5.570 0.020 0.140 0.670 0.010 0.040 0925
Fi30i2002 10:00 Ak 3740 7.210 0.020 0.160 0.330 0010 0.0v0 0.450
272002 257 A 4540 §.210 0.060 0.140 0.100 o010 0.0s0 0274
Q262002 940 Ak 2840 G180 0190 0160 0.010 0.020 0.040 0542
10MS/2002 | 10:03 AW 37740 T E7O 0050 0450 000 ooio 0.030 02

*Di0 measurement at 5t depth

2002 Yates-2 Data (Control Point)

Date Time ‘Do NH3 MO /NGy, POy TP Chlor-a

mgL mgl mgL mgL mgL HolL

472472002 213 Ak 5.040 0.015 0.190 0.024 0.020 7.830
SI2352002 10:25 A 7.430 0.015 0213 0.005 0.050 13.300
Bi2572002 100357 A 5680 0.015 0.151 0.004 0.061 22800
Fi3002002 10032 A 5.600 0.015 0.335 0.013 0.096 30.440
272002 11:01 A 3.730 0.064 0022 0.014 0072 18.690
Q2652002 10:21 AM 4 060 0124 0159 0.o17 0.039 227490
1052002 | 10:41 AWM 6.830 0.028 0110 0.0 0.061 30.440

D0 measurement at ot depth
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Yates-2 Dissolved Oxygen Data
{Control Point)

Date Time Depth Do
ft mgL
4151997 nea 3.0 G650
a1 2Mear nea 3.0 7840
B 799y nea 5.0 E.370
Tr2maar nis 3n 6110
anz2Maar nis 3.0 E.250
aMeMaar nis 3.0 7.220
[Date Time Depth Do
it ma/lL
41072000 | 10:43 AW 3.0 a.200
S22000 [ 10:23 AM 3n 6180
EM9/2000 | 10:14 AM 3.0 4,390
Ti2472000 | 4002 Ak 3.0 2450
Sr2172000 | 1001 AM 3.0 340
Q252000 | 1002 AM 3.0 6.200
1072352000 | 10002 AWM 3.0 6.560
[Date Time Depth Do
it malL
452472002 913 A S0 6.040
SI232002 | 41028 AM .0 7430
EI2572002 | 10:37 AM 2.0 [==1=11]
Fra02002 | 10032 AM .0 S 600
SrAT2002 | 1101 AM 5.0 3.730
QU2E2002 | 10:21 AM 5.0 4060
1052002 | 10:41 AW 5.0 E.880
Date Time Depth 110]
ft mgL
4182005 | 10:23 AM .0 a.720
SAE2005 | 10:57 AM 5.0 6810
GBr2172005 | 10:40 AM 5.0 6.370
TRa2005 946 Ak 5.0 E.370
Sr2ar2005 | 10:39 AM 5.0 5460
Q2072005 | 10:36 AM S0 41410
10M 82005 | 1045 Ak .0 TE20

Prepared by ADEM/Water Quality Branch

EPA Region 4

48



Sougahatchee Creek Watershed OE/DO and Nutrients

ADEM 2004 Pepperell Branch Bioassessment Study

Tahle 1. List of Pepperell Branch stations aszessed by ADER during 2004,

Stream Station Connty Station Description TIRSS Lat Dec LonDec | Level IV
Ecoregion
Study Reaches
Fepperell Br FPLL-1 Lee Pepperrell Branch at Thomason BA. 19M26EM3-) 324328 -25.4051 4k
Approx. 5.0 miles upstream of 14
confluence with Sougahatchee Creek
FPepperell Br FPLL-4 Lee Pepperrell Branch at a new street 19M26E0 | 326494 | 254208 Ak

upstrearn of Wasetly Parkwray. Spprox.
2.1 miles upstreara of conflusnce with

Sougahatches Creek.
Reference Reaches
Hendrick L1l Br HHLIB-4 | Blount |Hendricks Wil Creek at CF. 15. 133EZ9 | 33.87612 | -B6.56885 &
Talladega Cr TCT-5 | Talladega |Talladega Creek us of AL Hwy 77. 193EEINT | 33.37839 | -B4.03025 45d
Charmahatchee Cr CHME-18 | Elmore |Chammahatchee Crat CR 357 near 1OM21END | 3265024 | 8595085 458
Eclectic.
Jomes Cr JHEC-16 Coosa  |Jones Creek at CR 18, LANZER | 3200402 | -Ba 29758 458
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Tahle 2. Sumunary of assessment results.

Station HNME-4 TCT-5 | CHHE-18 | JNSC-16 = PPLL-] PPLL-4
Lewel IV Ecoregion a7t dhd 45a dha 45k d5h
Drainage Area [:mizj 7 70 3 Z 3 7

Macroimvertehrate Assessment Resulis
Diate (yyrtndd) " n40623 040629 040625 040625 040624 040624
# EFT Families 13 14 1 15 2 3
EPT Assessment Excellent CGood Good Good Foor Foor

Periphyion Assessment Resulis
Diate (yttncdd) 040205 040726 040721 0407 26 040721 040719
Periphyton Chlorophyll o (mg.-‘mgj 6.53 261 1.41 136 2525 03
Periphyton - - - - Vetry Blightly
A ssessment Enriched = Enriched
AGPT (mgfL) - - - - - -
Litniting mutrient — — — — — —

Physical Characateristics”

Width (ff) i 45 14 10 12 12

Canopy covet A MO a3 50550 () 0450

Depth () Riffle 03 0.5 03 n.z 04 0.6
Fun 0.6 1.5 1.5 0z 0z 1.5
Pool 1.0 30 20 12 15 1.5

Substrate (%) Bedrock 40 30 5 f 15 30
Boulder 7 20 3 3 n 20

Cobhble 20 20 15 a0 5 15

Crravel 15 10 10 20 15 15

Sand 3 17 45 36 53 14

Silt 1] 1 10 3 10 2

Dietritus 10 2 9 12 n 4

Clay n 0 1 n 2 n

Organic silt 0 a 2 0 L 0

Habitat Assessmenis”

Form™* RR RR RR RR FR RR

Hahitat survey (%0 maitig)

Instream habitat cuality 24 51 a3 T4 35 90

Sediment deposition T8 T3 55 51 44 &0

Sitraosity 22 30 AE 20 23 a5

Bank and vegetative stability 53 71 44 i 43 28

Ripatian measurements oo 53 o1 43 28 85

Hahitat assessment score 195 171 164 158 87 201

% Ilaximam 20 71 a8 il 38 84
Hakitat & s8esament’ Excellent Good Cood Good Poor Excellent

a. Completed during periphyton assessment

b. Completed during macroitrvertebrate assessment

c. Canopy cover: 3=shaded; M3=mostly shaded; 50/30=30% shaded; MO=mostly open;, O=open

d. Habitat assessment form: BR=riffle/run (Barbour et al. 19909, GP=glide/pool (Barbour et al. 1999

e. Assessment guidelines based on data collected at reference sites, 1991-2003
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Total Phosphorus for Ecoregion Reference Station in Ecoregion 45

Channahatchee Creek Cornhouse Creek Emuckfaw Creek Hurricane Creek Jones Creek
CHHE-18--45{a) CRHR-9--45{a) EMET-14--45{a) HCR-1--45(a} JHSC-16--45{a)
QM 952000 0.0g A 352000 .oz aM4/2000 0o 71992 0.009)  aM42000 0.0z
4132004 0.044 472004 0.021 472004 0022 BMSM993 0.m 45292004 | 00457
50452004 0.057 SiE2004 0.0z /652004 0031 BM4M004 0.004] 5/25/2004 0066
6 052004 0.042 Gi302004 0.mz2 61372004 0.016] SMEM095 0.04 TH2004| 0036
TH 2004 0.055 THM 52004 0.021 THS2004 0.019) 10M 7297 005 FH252004 0 0031
arsr2004 0.039 M 852004 0.026 aMer2004 0022 SM2M993 0.004) /2402004 0.0z
arsr2004 0.059 Qi202004 0077 aMer2004 00290 65294993 0.004] 9232004 0044
Qr9r2004 0047 104452004 0.023 Q202004 0044 M M99s 0.0s5] 10/28/2004 0029
1002652004 0.059 412852005 0.087 101 452004 0004] 55204999 0.004] 1053102005 0004
45712005 0.079 492712005 0047 Br22M1994 0.004
51512005 0.0E1 SHY2005 0033 7r20M1999 0.004
B13/2005 0.042 B/22/2005 0033 &8M9M999 0.061
TH 452005 0.055 TI25/2005 0 0.0M1) 9MEM999 0.004
ar412005 0.032 SMES2005 0056 9M352000 ooz
100202005 0.3 100472005 | 0.035 4072004 ooz

104402005 0.04 5552004 0.031
6352004 0.ms
G/352004 0.1

752004 0.049
G 5/2004 oos
9252004 0.045
1041472004 0.0
412752005 0.0
SM 72005 0.03
Gf2272005 0.009
FI25i2005 ooz
8M 62005 0.055
104442005 0.045

average 0.051 |average 0.033|average 0.029]average 0.024|average 0.036
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Total Phosphorus for Ecoregion Reference Station in Ecoregion 45

Paint Creek Cheaha Creek Choccolocco Creek Shoal Creek Talledega Creek

PHTC-11--45(a) CHEC-6--45{d) CHOC-2--45{d) SHLC-3--45(dl) TCT-5 45(c)
9/14/2000 0.02 91 4,2000 003 9M8/2000 0.03] 9M8/2000 0.04] EHMEME33 0019
41052003 o019 45552004 0022 4/652004 1 003] 9M8/2000 002 6HMBMO3I3 0012
SJ812003 0.0s3 SI512004 0.029 51552004 | 0054 415/2004 0.023] SMEM935 0.a7
E/9/2003 0034 E/2/2004 0.0 G/2/2004 | 0026 51512004 0.06] SM2M933 0007
71052003 0026 71452004 0.0 TH 452004 0053 Ef212004 002 ¥2¥M998 0 0004
84,2003 0039 &M 712004 0.023 M 72004 | 0059 TAM4/2004 0.049 9M/M953 0004
94,2003 0029 9/ 12004 0.045 972004 0.049] SM7/2004 0.058] 9M4/2000 0.0
10MEF2003 o042 104302004 000y 10M 32004 0021 05112004 0.047 41972003 0032
45712005 0053 4/5,2005 0033 10M 352004 0031 1043/2004 0.029 5M/2003 0007
50412005 0065 S/42005 0.024 4712005 0.024 41712005 0.019 Ef5/2003 0029
BT 12005 o042 BT 12005 0.004 S/452005 | 0064 55412005 0061 7FM7/20030 0054
71352005 0043 71352005 o014 B/3/2005  0.041 E/9/2005 0.04 §/5/2003 0038
51352005 0042 8/3/2005 0.041 TI20/2005 | 0046] 702172005 0.0M6] 10/2/2003 0 0004
104872005 o011 10/2402005 0.004 B/2452005 | 0.004] 8r25/2005 0.004] 10022/2003 0 0.043
415/2004 002

51572004 | 0.0291
6272004 0022
7472004 0052
8M7/2004 0024
9172004 0044
101372004 0022
41172005 0047
53f352003 0035
6772003 0.009
7M3/2005 0005
1272003 003
1052472003 0.004

average 0.039|average 0.023|average 0.035|average 0.035|average 0.025
Station Growing Season Average (GSA) TP (magL)
All Eco-Reference Stations (Level I} 0.03

Pepperell Branch { PPLL-1)

{50% reduction to HPS and %1% reduction to WPS) 0.03
Pepperell Branch { PPLL-4}
{50% reduction to HPS and %1% reduction to WPS) 0.03

PPLL-1 is located near the headwaters of PeppBralich. PPLL-4 is a station that is
located just downstream of a major industrial posadurce, West Point Stevens.
According to the data provided by the PepperellnBhabioassessment, the periphyton
assessment at PPLL-4 is only slightly enriched \aittelatively low chlorophyla value

of 9.2 mg/m. Comparing PPLL-4 periphyton assessment to thiphpgon assessment
of a Level Il Ecoregion (45) reference stream,ld@ga Creek (TCT-5), PPLL-4 has a
lower chlorophylla value. The macroinvertebrate was poor at PPLLedydver, this
poor score does not appear to be the result ofentiimpairment, but caused by other
contributing sources, such as sediment and/or idel®rdischarged within the stream.
The habitat assessment at PPLL-4 is excellent.edBas this data, and coupled with a
fifty percent reduction in non-point total phospi®rand a ninety one percent reduction
in West Point Stevens total phosphorus, nutrieatlitng from Pepperell Branch will be
reduced and should no longer be a significant soofcnutrients in the Sougahatchee
Creek embayment.
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APPENDIX B: MODEL CALIBRATION REPORT

Appendix B provides a detailed description of thedeling development in support of
the Sougahatchee Creek watershed TMDL. The maaatlopment includes the setup,
calibration, and confirmation of a dynamic wategsh@odel, a dynamic instream
hydraulic model, and an instream kinetic water igpahodel for Sougahatchee Creek
watershed.

Technical Approach

In order to address the conditions within the wsdted, a system of models was
developed that provided simulation of the overldliogv, instream hydrodynamics, and
instream water quality. The system design was gbah all flow and water quality

conditions experienced within the Sougahatchee ICvestershed could be simulated
using one set of tools.

A watershed model was constructed to simulateeastrloading of pollutants from the
land surface. The upper portion of the waterskealithin an NPDES Stormwater Phase
Il Municipal Separate Storm Sewer System (MS4). atVias traditionally considered as
nonpoint source loads, are now considered the nsdmbty of the municipalities under
an MS4 permit and therefore included in the TMDL aasvasteload. The Loading
Simulation Program C++ (LSPC) was used to calcidaiemwater runoff and hydrologic
transport of pollutants based on historic preciftarecords.

The watershed model was calibrated to flows calcat USGS gage 02418230 on
Sougahatchee Creek at Lee Co. Rd 188. Hydrolagfioud from the watershed model
was then used as input to an instream hydrodynamoidel, the Environmental Fluid

Dynamics Code (EFDC).

Total phosphorus loadings were also simulated usBI§C. Data collected by Auburn

University and ADEM were used to calibrate totabgphorus in the watershed. Water
quality output from the watershed model was thesmduss input to the instream water
quality model Water-quality Analysis Simulation Bram (WASP).

The EFDC model was used to simulate the hydrauwitshe Sougahatchee Creek
watershed and these simulated hydrodynamics wezrd as the basis for the WASP
dynamic water quality simulation.

The final component in the series of models is WASIPASP calculates the interaction
of eight water quality constituents based on imecges kinetics and user-defined rates,
as a function of water temperature. The eightestaariables are ammonia,
orthophosphate, nitrates, chlorophg/IDO, biochemical oxygen demand (BOD), organic
nitrogen, and organic phosphorus. WASP includessideration of sediment oxygen
demand (SOD) and instream reaeration.

Prepared by ADEM/Water Quality Branch
EPA Region 4 53



Sougahatchee Creek Watershed OE/DO and Nutrients

The water quality model was used to establish ¢mmdi during periods critical to
management decisions for the TMDL and future ubtodel scenarios were run from
January 2000 to December 2002 to represent seasends$ in the model.

Watershed Modeling

The Loading Simulation Program C++ (LSPC) was usedepresent the hydrologic
conditions and nutrient loadings from land actestiin the Sougahatchee Creek
watershed. LSPC is a comprehensive data managesmenmodeling system that
simulates pollutant loading from nonpoint sourcdsSPC utilizes the hydrologic core
program of the Hydrologic Simulation Program FartretHSPF, EPA 1996b), with
custom interface of the Mining Data Analysis SysttMDAS), with modifications for
non-mining applications such as nutrient and pathagodeling.

LSPC is a system designed to support TMDL developrfar areas impacted by both
point and nonpoint sources. It is capable of satiod) land-to-stream transport of flow,
sediment, metals, nutrients, and other conventipaahmeters, as well as temperature
and pH.

Model Development

The watershed model represented the variabilityoofpoint source contributions through
dynamic representation of hydrology and land pcasti The watershed model included
nonpoint source contributions and point source rdautions. Key components of the
watershed modeling included:

* Watershed segmentation

* Meteorological Data

» Stream flow Data

* Soils

* Land use Representation

* Reach Characteristics

* Point Source Discharges

* Hydrological Representation
* Water Quality Representation
* Simulation Data

Watershed Segmentation

In order to evaluate the sources contributing ®ithpaired waterbody and to represent
their spatial variability in the watershed modédige tcontributing drainage area was
represented by a series of watersheds. The Sdgpaka Creek watershed was
delineated for appropriate hydrological connecfivénd representation. The sub-
watersheds were delineated using the National Etevdataset (NED), the National
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Hydrography Dataset (NHD), National Land CoveraggaDNLCD (2001), and various
Geographic Information Systems (GIS) coverage. dékneated sub-watersheds and
watershed elevations are shown in Figure B-1, bebma Figure B-2, on the next page.

Streams
/303(d) Listed Segments
Sub-Watersheds

9 0 9 Miles

Figure B-1 Delineated Sub-watersheds in the Sougatchee Creek Watershed
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Streams

303(d) Listed Segments
Sub-Watersheds
Ned_soug N
8410 - 10482
10483 - 12554
12555 - 14626
14627 - 16698 w E
[ ]16699-18771
18772 - 20843
[ 20844 - 22915 S
[ ]22916 - 24987
24988 - 27060
No Data

Figure B-2 NED in the Sougahatchee Creek Waterste
Meteorological Data

Nonpoint source loadings and hydrological condgicare dependent upon weather
conditions. Weather data provided by Auburn Ursitgras well as rainfall from various

precipitation stations within the watershed wasliagpgo the model. An ASCII file was

generated for each meteorological station. Eacteonglogical station file contains

precipitation, and potential evapo-transpiratiortadased in modeling hydrological

processes.
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Stream flow Data

Measured stream flows are necessary to calibradevahidate modeled values. The
USGS has collected continuous stream flow at US&g: 92418230 on Sougahatchee
Creek at Lee Co. Rd 188 since September 1999., Tieid)SGS collected daily average
stream flow on Sougahatchee Creek (Gage 0241828®) January 2000 to December
2002 was used for this TMDL.

Soils

Soil data for the watershed were obtained from Skete Soil Geographic Data Base
(STATSGO). There are four main Hydrologic Soil Gops (Group A, B, C, and D). The
different soil groups range from soils that havewa runoff potential to soils that have a
high runoff potential. The four soils groups aescribed below:

Group A Soils Low runoff potential and high infiltration ratesen when wet.
They consist chiefly of sand and gravel and aré twedxcessively drained.

Group B Soils Moderate infiltration rates when wet and consisefly of soils
that are moderately deep to deep, moderately tbdreghed, and moderately fine
to fine texture.

Group C Soils Low infiltration rates when wet and consist ¢lyief soils having
a layer that impedes downward movement of watdr mibderately fine to fine
texture.

Group D Soils High runoff potential, very low infiltration ras and consist
chiefly of clay soils.

The total area that each hydrologic soil group cedewithin each sub-watershed was
determined. In the Sougahatchee Creek watershedp® soil was dominate.

Land Use Representation

The National Land Coverage Data (NLCD, 2001) waslus provide the land use
distribution utilized in the watershed model to eleyp the relative loads from urban,
forested, agricultural, and other areas. The predant land uses within the watershed
are forest (includes shrub/grassland), agricultarepland + pasture), and urban. Their
respective percentages of the total watershed@884] 11.7%, and 8.4%, respectively
(NLCD, 2001). Figure B-3 represents the SougdieCreek land use.
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303d Listed Waters W E
Streams
Sougahatchee Landuse (2001, NLCD)
I Urban S
I Barren Land
Agriculture - Cultivated Crops
[ Agriculture - Pasture/Hay
P Forest
[ Shrub/Scrub
Grassland/Herbaceous

B Water
[ Wetlands

8 0 8 Miles
T —

Figure B-3  Sougahatchee Creek Watershed Land use
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Reach Characteristics

The LSPC model must have a representative reaahedefor each sub-watershed. The
characteristics for each reach include the lengtth slope of the reach, the channel
geometry, and the connectivity between the sub+tsiag¢els. Length and slope data for
each reach was obtained using the National Elevddataset (NED) and the National
Hydrography Dataset (NHD). The channel geometrg described by bank full width
and depth (the main channel), a bottom width facdtood plain width factor and slope
of the flood plain. Reach details are provided able B-1.

Table B-1 Sougahatchee Creek Reach Characteristics
Minimum | Maximum | Elevation | Upstream | Upstream | Downstream
Sub- Length Slope of | Elevation | Elevation | Difference| Right Sub{ Left Sub- Sub-
Watershed | Area (m?) | (meters) Reach (ft) (ft) (ft) watershed|watershed| watershed
1 5017.05 1461.02 0.0094 187.1 200.8 13.7 26 N/A 33
2 3717.63 1123.68 0.0027 186.5 189.5 3 3 4 33
3 1585.89 1670.96 0.0026 189.5 193.9 4.4 27 N/A 2
4 2012.49 1883.12 0.0063 188.5 200.3 11.8 32 N/A 2
5 12204.99 1421.55 0.0021 174 177 3 22 N/A 21
6 1389.78 1441.29 0.0074 172.8 183.4 10.6 23 N/A 21
7 12289.86 | 4255.61 0.0036 155.6 171.1 15.5 18 19 42
8 18615.15 1512.82 0.0065 154.6 164.4 9.8 43 N/A 42
9 15391.89 6159.27 0.0018 163.9 174.8 10.9 21 20 43
10 1011.42 2558.31 0.0055 163.5 177.5 14 N/A N/A 43
11 1406.79 2080.68 0.0043 106.8 115.8 9 34 N/A 35
12 53048.79 6323.82 0.0013 106.6 114.6 8 38 N/A 35
13 1185.30 2250.40 0.0053 125.1 137.1 12 36 N/A 38
14 45258.66 4451.03 0.0012 123.5 128.9 5.4 37 N/A 38
15 4830.21 9186.14 0.0059 130.6 184.5 53.9 40 N/A 41
16 37690.92 13570.37 0.0012 130.4 146.9 16.5 42 N/A 41
17 56151.36 9344.33 0.0007 102.2 108.8 6.6 35 N/A N/A
18 9483.03 17163.42 | 0.0024 170.5 211.7 41.2 N/A N/A 7
19 2133.90 8439.06 0.0038 170.8 202.8 32 N/A N/A 7
20 483.93 685.52 0.0117 170.6 178.6 8 N/A N/A 9
21 13632.12 127.28 0.0071 174.8 175.7 0.9 5 6 9
22 12020.22 3564.34 0.0016 176.9 182.6 5.7 33 N/A 5
23 1033.29 3275.10 0.0040 180.5 193.7 13.2 N/A N/A 6
24 2503.26 4421.49 0.0033 205.3 219.9 14.6 N/A N/A 26
25 895.05 632.76 0.0013 206.8 207.6 0.8 N/A N/A 26
26 4873.32 5885.88 0.0012 200.8 207.6 6.8 24 25 1
27 1420.65 3862.87 0.0045 193.6 210.8 17.2 N/A N/A 3
28 1106.19 1316.11 0.0040 212.3 217.5 5.2 29 N/A 30
29 780.75 1255.48 0.0021 217.5 220.1 2.6 N/A N/A 28
30 1481.22 1199.14 0.0056 207.4 214.1 6.7 28 N/A 31
31 1686.33 1398.83 0.0034 203.1 207.8 4.7 30 N/A 32
32 1770.30 706.70 0.0052 199.4 203.1 3.7 31 N/A 4
33 10479.69 1273.69 0.0041 182 187.2 5.2 1 2 22
34 944.73 1640.58 0.0093 114.3 129.6 15.3 N/A N/A 11
35 54457.11 42.43 0.0165 107.2 107.9 0.7 11 12 17
36 981.99 2458.94 0.0083 131.3 151.6 20.3 N/A N/A 13
37 44145.54 3282.79 0.0008 126.4 129 2.6 39 N/A 14
38 50163.66 8755.08 0.0017 113.2 128.3 15.1 13 14 12
39 43161.12 2855.52 0.0025 127.7 134.8 7.1 41 N/A 37
40 1683.81 6040.87 0.0057 141.5 176.1 34.6 N/A N/A 15
41 42525.36 84.86 0.0141 133.5 134.7 1.2 15 16 39
42 34134.75 5395.60 0.0026 142.6 156.8 14.2 7 8 16
43 18386.82 4347.72 0.0012 160.8 165.8 5 9 10 8
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Point Source Dischargers

Two municipalities, Opelika WWTP and Auburn NorthsiWWTP, and one industrial
facility, West Point Stevens Finishing Plant, weansidered in the modeling of this
TMDL. The above mentioned dischargers are curygmérmitted to discharge oxygen
consuming waste and contribute the majority ofwlastewater flow to Pepperell Branch
and Sougahatchee Creek. These facilities doureertly have total phosphorus limits.
Discharge monitoring reports for these facilitiesyidded inputs to the LSPC model.

Facility Permit Type Receiving
Water
Opelika Westside| AL 0050130 Municipal Sougahatchee
WWTP Creek
Auburn Northside AL 0050245 Municipal Sougahatchee
WWTP Creek
*The Colony AL 0045641 SPP UT to
Apartments Sougahatchee
Creek
West Point Stevens AL 0002968 Industrial Pepperell
Finish (Major) Branch

*Discharge currently inactive

Figure B-4, below, shows the point source locatathin the delineated sub-watershed.

Figure B-4 Point Sources in Sougahatchee Creek \Waished
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Hydrological Representation

LSPC allows the user to define various componehtth® water budget to represent
hydrologic conditions in the watershed. User dafiparameters representing the water
budget include rates for evaporation, intercepsitmmage, overland flow, interflow, upper
and lower zone storage, groundwater storage, ae@ ttaction groundwater storage.
These parameters can be held constant or may easpsally, by soil type or land use.
Table B-2 represents water budget variables in L@ the rates calibrated and
validated for the Sougahatchee Creek watershedre Bjoecific calculations used in the
model to equate flows can be found in the HSPF’'&8éanual (Bicknell et al., 1996).

Table B-2 Watershed Model Parameters for HydrologidRepresentation
Parameter ID Parameter Description Values
agwetp Fraction of Remaining Potential ET that lsarBatisfied from Active Groundwater 0.023
agwrc Base Groundwater Recession 0.988
agws Initial Active Groundwater Storage 0.01
basetp Fraction of Remaining Potential ET thatlmau$atisfied from Baseflow 0.028
ceps Initial Interception 0.01
cepsc Interception Storage Capacity (inches) g.1
deepfr Fraction of Groundwater Inflow that will EntDeep Groundwater 0.0
gwWvs Initial Index to Groundwater Slope 0.0n
ifws Initial Interflow Storage 0.01
infexp Exponent in the Infiltration Equation 3.0
infild Ratio between the Maximum and Mean Infiltcat Capacities Over the PLS 2.0
infilt* Index to the Infiltration Capacity of thedd (in/hr) 0.11
intfw Interflow Inflow Parameter 15
irc Interflow Recession Parameter 0.6
kvary Variable Groundwater Recession (1/in) 0.5
Izetp Lower Zone ET Parameter 0.6
Izs Initial Lower Zone Storage 6-8.0
Izsn Lower Zone Nominal Soil Moisture Storage (iesh 6-12.0
nsur Manning'’s for the Assumed Overland Flow Plane 0.2
petmax Air Temperature below which ET is Reducé&d (° 40
petmin Air Temperature below which ET is Zero (°F) 35
surs Initial Surface (Overland Flow) Storage 0.01
uzs Initial Upper Zone Storage 1.0
uzsn Upper Zone Nominal Storage (in) 0.

*The infiltration capacity is dependent on the Large activity. Therefore, a highly impervious, amkarea
would be assigned a value of 0.01 and a wetlaral aralue of 0.6.

Water Quality Representation

The water quality representation of the watershed $SPC was based on land based
pollutant controls including rates of accumulatiorash off, and storage. Rates may be
held constant, vary monthly, or by land use. TaBl represents water quality

parameters in LSPC and the rates calibrated forSinegahatchee Creek watershed.
More specific calculations used in the model tcedaine pollutant concentrations and
loads can be found in the HSPF User’'s Manual (Batket al., 1996).
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Table B-3 Watershed Model Parameters for Water Quaty Representation

Parameter ID Parameter Description

QUALID General Quality ID (QUAL) TP
DECAY General First Order Instream Loss Rate o&lQuy Group (1/day) 0.7
SQO Initial Storage of QUAL on Surface (m/acre) ae
POTFW Washoff Potency Factor (when sediment assatgsdfg >0) (m/ton) 0.0-0.017
POTFS Scour Potency Factor (when sediment assddjaté > 0) (m/ton) 0.0-0.017

ACQOP Accumulation Rate of QUAL on Surface (m/adag) 0.0-0.80

SQOLIM Maximum Storage of QUAL on Surface (m/acre) 0.0-7.20

WSQOP Rate of Surface Runoff that Removes 90%aE8 QUAL (in/hr) 0.0-2.0
10QC Concentration of Constituents in Interflow @aw (mg/l) 0.0-1.0
AOQC Concentration of Constituents in Groundwatatflow (mg/l) 0.0-1.0

Simulated Period

The LSPC was simulated on Sougahatchee Creek franuady 1, 2000 through
December 30, 2002. The USGS has collected flodamgahatchee Creek since 1999.
The modeled flows were compared to the data celletly USGS from January 2000
through December 2002. To allow the model plerityspin-up” time, the model was
run for four months (September 1999-December 1B8f)re the simulation period.

Watershed Model Calibration and Validation

The watershed model was calibrated for hydrologit water quality parameters. Model
calibration involved comparing simulated streamwvBioand nutrient (total phosphorus)
concentrations with historic data collected on Stagchee Creek. The data used in
calibration included data collected by Auburn Umsig/, ADEM, and USGS.

The hydrology calibration of the watershed mode&blaed comparing simulated stream
flows to historic stream flow from a USGS statiar the same period of time. The
hydrological parameters were calibrated using theticuous record at USGS station
02418230, Sougahatchee Creek at Lee Co. Rd 188. cdlibration of the hydrological
parameters includes the period from January 1, 20@@=cember 30, 2002. Figure B-5
represents the 2000 hydrologic calibration of Sbagghee Creek and 2002 hydrologic
validation, respectively.

The water quality calibration of the watershed maeolved comparing simulated total
phosphorus concentrations to measured total phasphconcentrations, by Auburn
University and ADEM, at Sougahatchee Creek statlayelady Bridge. The model
results for total phosphorus are shown in Figui@ B-
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Figure B-5 2000 Hydrology Calibration and 2002 Vatation for Sougahatchee Creek
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Figure B-6

Calibration of Total Phosphorus in Sogahatchee Creek at LoveladyBridge

Prepared by ADEM/Water Quality Branch
EPA Region 4

63

Total Rainfall (in

Total Rainfall (in



Sougahatchee Creek Watershed OE/DO and Nutrients

Hydrodynamic Modeling

The receiving water models take the pollutant lofrdsn the watershed model (LSPC)
along with available information on the point satoads from the watershed system,
and provide for the transport and transformationhef material as it moves through the
system.

In order to simulate the flow and transport withine listed segments, a hydrodynamic
model called the Environmental Fluid Dynamics C¢B&DC) was used. EFDC is a
general purpose modeling package for simulating 2-D, and 3-D flow and transport
in surface water systems including rivers, lakes aries, reservoirs, wetlands, and near
shore to shelf-scale coastal regions.

Lake Morphometry and Segmentation

The Sougahatchee Creek watershed TMDL model coagptise Sougahatchee Creek
embayment, between the Tallapoosa River (YatesriR@seand Lovelady Bridge. This
portion of the creek is narrow at the upstream blawy Lovelady Bridge, and gradually
widens to the mouth as it flows downstream to th#apoosa River. This section of the
creek, the embayment, may be represented by g sifimodel cells, extending from
Lovelady Bridge to Yates Reservoir, that are omaettisional in the lateral (cross-flow)
dimension.

EFDC performs calculations on a finite-differenaedgwhich is a representation of the
embayment as a set of discrete cells on a regpkirsy. The first step of the model
setup is the definition of the model grid. Thedgmust provide a good approximation of
the actual physical dimensions (morphometry) ofwia¢er body; however, specification
of too complex a grid results in very long and fieéént simulations. EFDC is set up to
use a curvilinear-orthogonal grid in the horizomgine, consisting of an orthogonal grid
that is stretched to provide a realistic repregemteof the curvature of the actual water
body. Vertical structure is represented by speaiifon of a fixed number of vertical

subdivisions for each lateral grid cell. Differeweértical cells thus have different

thicknesses and elevations, depending on the battortours of the lake and water level
simulation.

The EFDC grid was created in an Arcview environm@nplacing cell nodes along the
creek at approximately 400-m intervals in the wgestn direction beginning at the
downstream boundary (Yates Reservoir). This sgacivas selected based on
preliminary analysis of stability criteria. Becauthe width of Sougahatchee Creek
embayment is fairly constant, that is, wide atrireuth with a gradual narrowing moving
upstream, the EFDC grid was arranged with onevadth representing the cross-section.
Therefore, the model is primarily two-dimensiorlahgitudinal and vertical. The entire
grid is made up of 24 cells that are each modeiet layers. The Sougahatchee Creek
embayment grid is shown in Figure B-7.
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Vertical segmentation of the EFDC is accomplishgdipecifying the relative thickness
of model layers. EFDC uses a sigma grid in whidixed number of vertical layers are
distributed across all lateral cells. Verticaldey thus do not have a fixed depth, but
rather vary according to the depth of a given segmaea given time. This can present
some problems in matching model results to a D@mon that is specified at a fixed
depth of 5 feet. A total of four layers were ugethe simulations. These were specified
such that the top layer will approximately coincidih the 5-foot compliance depth in
the portion of the embayment at station, YatesIBe relative proportion of the vertical
scale assigned to the four layers were (from sarfadottom) 0.25, 0.25, 0.25, and 0.25.

[] Model Grid
® ADEM Sampling Station: YATES-2

I 303(d) Listed Segment of Sougahatchee Creek Embayme nt
% Lovelady Bridge

0.9 0 0.9 Miles

Figure B-7 EFDC and WASP Model Grid Representinghe Sougahatchee Creek
Embayment
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External Forcing Functions

The EFDC simulation requires specification of a bemof external data series to
implement the hydrodynamic and thermal simulatioigluding flows, precipitation,
temperature, etc. These series are documented.belo

Flows

All flows must be specified in the file “Qser.inp.Daily flow rates measured at Yates
Dam were used for the lake boundary flow. Flowshatupstream boundary, Lovelady
Bridge, were provided by LSPC. Figure B-8 shows tlalibrated flows at Lovelady
Bridge.

Modeled Flow vs Measured Flow @ Lovelady Bridge

12000.00

—— Modeled Flow at Lovelady Bridge (cfs)
m ADEM Measured Flow @ Lovelady (cfs)
A AU Measured Flow @ Lovelady (cfs)

10000.00

8000.00

6000.00 1

Flow (cfs)

4000.00

2000.00 l

0.00 - o — Pl AR A A s p o n Solhee AN At e I A DA
12/31/1999 7/18/2000 2/3/2001 8/22/2001 3/10/2002 9/26/2002
Date

Figure B-8 Calibrated Sougahatchee Creek Flows atdvelady Bridge

Air temperature

The air temperature that was used in the simulatias obtained from AWIS Weather
Services, Inc., Auburn University Mesonet statianbarn_CR10.
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Solar Radiation

Solar radiation data was obtained from AWIS Wea@awices, Inc., Auburn University
Mesonet station Auburn_CR10.

Atmospheric Pressure

Atmospheric pressure data were obtained from their@lous, Georgia Metropolitan
Airport.

Wind Movement

Daily wind movement (converted to m/s) and avenagel direction were input as daily
averages. These data were also obtained from dhen®us, Georgia Metropolitan
Airport.

Influent Water Temperature

Water temperature data was measured data fromAaditirn University, Department of
Fisheries and Allied Aquacultures, and the Alababepartment of Environmental
Management (ADEM).

Initial Conditions

EFDC simulations were implanted on a yearly basssnmencing on January 1. Initial

conditions must be specified for lake surface dlemaand water temperature. The
elevations were set at the start of each year fremAlabama Power Company with the
assumption that the lake surface was level. &tate@mperatures for the simulation were
assigned 9 degrees Centigrade throughout (no thetragfication), which is assumed to

be a typical condition for that time of year.

EFDC Calibration and Validation Approach

Results from the EFDC model are strongly determibgdhe specification of external
forcings and water body morphometry. Because thgsips of flow and water
temperature are well understood, there are onlgwadarameters that are likely to be
varied during calibration. Instead, the calibmatiprocedure largely consists of
confirming that the simulation provides an adequatEch to observed data. Initial
EFDC model calibration was undertaken for year 20@hce satisfactory results were
obtained for 2000, the model was validated withilsinprocedures for the year 2002.
These years were selected for application due @gothsence of substantial amount of
data as well as seasonal variation for water qualidel application.

Prepared by ADEM/Water Quality Branch
EPA Region 4 67



Sougahatchee Creek Watershed OE/DO and Nutrients

Water Quality Modeling

The EFDC hydrodynamic simulation is used to drive WASP/EUTRO water quality
model. WASP was operated on the same spatiakgod/n in Figure B-7 with the same
number of layers used to run EFDC.

An external hydrodynamic file (“.hyd” file) outpuby EFDC was used to input
hydrodynamic parameters needed by WASP. Volumgthdeelocity, and flow at each
cell or between cells are written to the “.hydefil

Input Concentrations

The simulations with WASP are driven primarily blgvws and concentrations from
upstream and downstream water levels. Upstreameobrations were obtained from
measured data by Auburn University, Departmentishéries and Allied Aquacultures,
and ADEM with the exception of total phosphorus athivas provided by LSPC.

Upstream boundary, Lovelady Bridge, data was pexvithy the Auburn University
2000/2002 Sougahatchee Creek watershed study anBMAD 303(d) Monitoring
Program (2000). The combined data sets are shovable B-4 as the Lovelady Bridge
boundary concentrations. Table B-5 presents theslady Bridge boundary 2002 data.
Table B-6 represents the total phosphorus at LdydBidge simulated by LSPC.
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Table B-4
2000 Lovelady Bridge Data (Upstream Boundary)
Date Time BOD; Do NH; NO3/NO, TH SRP TP
mglL mg/lL mal maglL maglL mgL mgL
1M 622000 G:54 AM 1.550 nia nia nia nia nia niz
173172000 700 Aw 1.800 ni= ni= nia n'a nia nia
21672000 705 AM 1.150 nia nia nfa nia nia nis
242202000 700 A 1.500 nia nia nia nia nia niz
3552000 9:30 A 1.850 ni= ni= nia n'a nia nia
31 452000 700 A 1.300 nia nis nfa nis nis nis
352172000 700 Aw 1.550 s s s nfa nia nia
40672000 229 P nia 7.430 0.140 nfa nia nia nia
401152000 7:00 oM 1.000 nia nfa nfa ris el s
472572000 9:00 Ak 2150 ni= ni= nia n'a nia nia
55972000 12:25 P nia 7900 0.015 nfa nia nia nis
5M 72000 910 A nia 7.500 0.036 0.099 nia 0.022 0.043
SM 572000 9:50 A nfa 5.000 ni= nia n'a nia nia
543052000 710 AM 0.600 nia nia nfa nis nis nis
Big2000 931 AM n'a 7500 0015 s nfa nia nia
61542000 G50 A nia 7300 0.070 0.213 nia 0.042 0.054
Bi2052000 7:00 oM 0.250 nia nfa nfa ris el s
Fi252000 9:05 A niz 7.000 0411 0773 nia 0103 0194
7i3152000 720 AM 0.300 nia nia nfa nia nia nis
Bi2202000 9:40 MM nia 7800 nia 0.004 nia 0.029 0.047
/3072000 710 &AM 0.450 ni= ni= nia n'a nia nia
90272000 750 AM 3.050 nia nia nfa nis nis nis
QI272000 9:25 A nia 8.400 0.006 0242 s 0.130 0163
Qi27i2000 10042 Ak nia §.000 0.030 nfa nia nia nia
101752000 9:40 A nia 9100 nis 0185 077 0.071 0.094
10M 852000 [ 10:10 A 0.950 ni= ni= nia n'a nia nia
11342000 2:00 AM nia §.900 0.037 0.023 0.763 0.056 0.075
1172000 730 AM 1.500 nia nia nia nia nia niz
14902000 10:30 M niz 7 .E00 0.069 0.263 1.447 0100 0175
1142000 | 10:20 AM nia 9.700 0.027 0.099 0657 0.045 0.079
1472702000 730 A 0.750 nia nia nia nia nia niz
1242000 9:30 A niz 11.800 0.023 0252 0.758 0.043 0.062
128552000 F15 AM 0.500 nia nis nfa nis nis nis
120 252000 725 AM 1.400 s s s nfa nia nia
12142000 | 10:00 AM nia 11.300 0.019 0.336 0.535 0.066 0.095
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Table B-5 2002 Lovelady Bridge Data (Upstream Boundary)

Date Time BOD s DO NH3 NO3/NO2 TN SRP TP
mg/L mg/L mg/l mg/L mg/L mg/L mg/L

1/10/2002 7:30 AM 0.900 14.050 0.075 0.691 0.949 0.039 0.074
1/31/2002 7:40 AM 1.050 9.900 0.048 0.367 0.769 0.063 0.063
2/6/2002 10:24 AM 2.600 11.200 0.320 0.413 2.836 0.027 0.375
2/14/2002 7:20 AM 1.100 12.000 0.034 0.298 0.520 0.026 0.048
2/20/2002 1:00 PM 1.150 11.000 0.010 0.191 0.553 0.026 0.050
3/6/2002 7:10 AM 0.750 12.400 0.043 0.002 0.720 0.012 0.055
3/21/2002 9:20 AM 1.850 9.100 0.227 0.054 1.339 0.015 0.171
4/4/2002 7:15 AM 0.600 9.250 0.061 0.132 0.718 0.023 0.044
4/17/2002 7:18 AM 0.650 8.300 0.084 0.270 0.654 0.020 0.057
5/8/2002 7:05 AM 0.450 7.800 0.067 0.558 0.927 0.028 0.062
6/5/2002 7:20 AM 0.400 6.200 0.041 0.182 0.666 0.033 0.060
7/18/2002 7:15 AM 0.850 6.000 0.025 0.780 1.299 0.063 0.098

8/27/2002 9:40 AM n/a 6.800 n/a n/a n/a n/a n/a
8/29/2002 7:20 AM 0.350 6.400 0.025 0.177 0.788 0.038 0.127

8/30/2002 12:55 PM n/a 7.200 0.064 n/a n/a n/a n/a
9/19/2002 7:20 AM 0.250 6.500 0.042 0.367 1.899 0.052 0.069
10/4/2002 7:40 AM n/a 6.800 n/a 0.350 0.895 0.056 0.079
10/16/2002 9:10 AM 0.860 8.200 0.049 0.312 1.187 0.073 0.103
11/5/2002 7:20 AM 0.650 8.300 0.063 0.137 0.685 0.066 0.092
11/11/2002 1:55 PM 1.270 8.800 0.057 0.477 1.226 0.050 0.134
11/21/2002 8:15 AM 0.920 10.000 0.054 0.475 0.860 0.034 0.061
12/5/2002 7:30 AM 1.060 11.200 0.031 0.339 1.086 0.041 0.066
12/18/2002 7:30 AM 0.440 11.200 0.043 0.569 0.909 0.025 0.048
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Table B-6

2000 and 2002 Total Phosphorus at Lovela Bridge

datetime TP datetime TP
1/1/00 12:00 0.0455 1/1/02 12:00 | 0.081036
1/2/00 12:00 0.0464 1/2/02 12:00 | 0.094962
1/3/00 12:00 0.0472 1/3/02 12:00 | 0.099545
1/4/00 12:00 0.0523 1/4/02 12:00 | 0.108879
1/5/00 12:00 0.0826 1/5/02 12:00 | 0.166356
1/6/00 12:00 0.0536 1/6/02 12:00 | 0.165108
1/7/00 12:00 0.0485 1/7/02 12:00 | 0.145578
1/8/00 12:00 0.0490 1/8/02 12:00 | 0.101676
1/9/00 12:00 0.0504 1/9/02 12:00 | 0.095062
1/10/00 12:00 | 0.1854 | 1/10/02 12:00 | 0.091539
1/11/00 12:00 | 0.0896 | 1/11/02 12:00 | 0.092166
1/12/00 12:00 | 0.0270 | 1/12/02 12:00 | 0.093398
1/13/00 12:00 | 0.0270 | 1/13/02 12:00 | 0.114736
1/14/00 12:00 | 0.0289 | 1/14/02 12:00 | 0.141708
1/15/00 12:00 | 0.0309 | 1/15/02 12:00 | 0.068143
1/16/00 12:00 | 0.0329 | 1/16/02 12:00 | 0.071773
1/17/00 12:00 | 0.0376 | 1/17/02 12:00 | 0.074878
1/18/00 12:00 | 0.0608 | 1/18/02 12:00 | 0.077425
1/19/00 12:00 | 0.0401 | 1/19/02 12:00 | 0.079695
1/20/00 12:00 | 0.0391 | 1/20/02 12:00 | 0.109403
1/21/00 12:00 | 0.0421 | 1/21/02 12:00 | 0.119233
1/22/00 12:00 | 0.0406 | 1/22/02 12:00 | 0.061933
1/23/00 12:00 | 0.0536 | 1/23/02 12:00 | 0.060236
1/24/00 12:00 | 0.1626 | 1/24/02 12:00 0.08742
1/25/00 12:00 | 0.0882 | 1/25/02 12:00 | 0.065926
1/26/00 12:00 | 0.0295 | 1/26/02 12:00 | 0.093468
1/27/00 12:00 | 0.0293 | 1/27/02 12:00 | 0.054544
1/28/00 12:00 | 0.0306 | 1/28/02 12:00 | 0.055363
1/29/00 12:00 | 0.0418 | 1/29/02 12:00 | 0.057399
1/30/00 12:00 | 0.0752 | 1/30/02 12:00 | 0.059303
1/31/00 12:00 | 0.0453 | 1/31/02 12:00 | 0.061225
2/1/00 12:00 0.0434 2/1/02 12:00 | 0.063669
2/2/00 12:00 0.0318 2/2/02 12:00 | 0.069692
2/3/00 12:00 0.0319 2/3/02 12:00 | 0.103284
2/4/00 12:00 0.0325 2/4/02 12:00 | 0.069802
2/5/00 12:00 0.0330 2/5/02 12:00 | 0.066239
2/6/00 12:00 0.0334 2/6/02 12:00 | 0.082972
2/7/00 12:00 0.0339 2/7/02 12:00 | 0.215428
2/8/00 12:00 0.0345 2/8/02 12:00 0.07879
2/9/00 12:00 0.0350 2/9/02 12:00 | 0.030118
2/10/00 12:00 | 0.0356 | 2/10/02 12:00 | 0.031745
2/11/00 12:00 | 0.0361 | 2/11/02 12:00 | 0.034919
2/12/00 12:00 | 0.0368 | 2/12/02 12:00 | 0.038164
2/13/00 12:00 | 0.0374 | 2/13/02 12:00 | 0.041229
2/14/00 12:00 | 0.0494 | 2/14/02 12:00 0.04397
2/15/00 12:00 | 0.1058 | 2/15/02 12:00 | 0.046272
2/16/00 12:00 | 0.0405 | 2/16/02 12:00 0.04822
2/17/00 12:00 | 0.0377 | 2/17/02 12:00 | 0.049794
2/18/00 12:00 | 0.0382 | 2/18/02 12:00 | 0.051047
2/19/00 12:00 | 0.0387 | 2/19/02 12:00 | 0.052259
2/20/00 12:00 | 0.0393 | 2/20/02 12:00 | 0.053606
2/21/00 12:00 | 0.0416 | 2/21/02 12:00 | 0.067977
2/22/00 12:00 | 0.0406 | 2/22/02 12:00 | 0.120144
2/23/00 12:00 | 0.0405 | 2/23/02 12:00 | 0.054604
2/24/00 12:00 | 0.0411 | 2/24/02 12:00 | 0.052992
2/25/00 12:00 | 0.0419 | 2/25/02 12:00 | 0.054074
2/26/00 12:00 | 0.0426 | 2/26/02 12:00 | 0.055067
2/27/00 12:00 | 0.0526 | 2/27/02 12:00 | 0.055596
2/28/00 12:00 | 0.1125 | 2/28/02 12:00 | 0.056094
2/29/00 12:00 | 0.0792 3/1/02 12:00 | 0.051983

Prepared by ADEM/Water Quality Branch

EPA Region 4

71



Sougahatchee Creek Watershed

OE/DO and Nutrients

Table B-6

2000 and 2002 Total Phosphorus at Lovelg Bridge (cont)

datetime TP datetime TP
3/1/00 12:00 | 0.0440 3/2/02 12:00 | 0.077423
3/2/00 12:00 | 0.0416 3/3/02 12:00 | 0.190364
3/3/00 12:00 | 0.0421 3/4/02 12:00 | 0.078082
3/4/00 12:00 | 0.0512 3/5/02 12:00 | 0.027106
3/5/00 12:00 | 0.1021 3/6/02 12:00 | 0.027465)
3/6/00 12:00 | 0.0472 3/7/02 12:00 0.02918
3/7/00 12:00 | 0.0433 3/8/02 12:00 | 0.030967
3/8/00 12:00 | 0.0438 3/9/02 12:00 | 0.032612
3/9/00 12:00 | 0.0445 | 3/10/02 12:00 | 0.035106
3/10/00 12:00 | 0.0451 | 3/11/02 12:00 | 0.044774
3/11/00 12:00 | 0.0530 | 3/12/02 12:00 | 0.037821
3/12/00 12:00 | 0.1047 | 3/13/02 12:00 | 0.059266
3/13/00 12:00 | 0.0968 | 3/14/02 12:00 | 0.085673
3/14/00 12:00 | 0.0464 | 3/15/02 12:00 | 0.035008
3/15/00 12:00 | 0.0436 | 3/16/02 12:00 | 0.035131
3/16/00 12:00 | 0.0526 | 3/17/02 12:00 | 0.036348
3/17/00 12:00 | 0.1017 | 3/18/02 12:00 | 0.037255
3/18/00 12:00 | 0.0520 | 3/19/02 12:00 | 0.037952
3/19/00 12:00 | 0.0455 | 3/20/02 12:00 | 0.038719
3/20/00 12:00 | 0.0824 | 3/21/02 12:00 | 0.148237
3/21/00 12:00 | 0.1002 | 3/22/02 12:00 | 0.061077
3/22/00 12:00 | 0.0370 | 3/23/02 12:00 | 0.023965
3/23/00 12:00 | 0.0367 | 3/24/02 12:00 | 0.024037
3/24/00 12:00 | 0.0380 | 3/25/02 12:00 | 0.025308
3/25/00 12:00 | 0.0393 | 3/26/02 12:00 | 0.026755
3/26/00 12:00 | 0.0405 | 3/27/02 12:00 | 0.070021
3/27/00 12:00 | 0.0414 | 3/28/02 12:00 | 0.069294
3/28/00 12:00 | 0.0455 | 3/29/02 12:00 | 0.026843
3/29/00 12:00 | 0.0702 | 3/30/02 12:00 | 0.027281
3/30/00 12:00 | 0.1131 | 3/31/02 12:00 | 0.028288
3/31/00 12:00 | 0.1069 | 4/1/02 12:00 | 0.033806
4/1/00 12:00 | 0.0335 | 4/2/0212:00 | 0.059311
4/2/00 12:00 | 0.0329 | 4/3/02 12:00 | 0.028396
4/3/00 12:00 | 0.0393 | 4/4/02 12:00 | 0.028174
4/4/00 12:00 | 0.0977 | 4/5/02 12:00 | 0.028565)
4/5/00 12:00 | 0.0783 | 4/6/02 12:00 | 0.029057
4/6/00 12:00 | 0.0305 | 4/7/0212:00 | 0.029574
4/7/00 12:00 | 0.0308 | 4/8/02 12:00 | 0.030204
4/8/00 12:00 | 0.0320 | 4/9/02 12:00 | 0.049776
4/9/00 12:00 | 0.0329 | 4/10/02 12:00 | 0.082332
4/10/00 12:00 | 0.0338 | 4/11/02 12:00 | 0.030111
4/11/00 12:00 | 0.0349 | 4/12/02 12:00 | 0.03254
4/12/00 12:00 | 0.0360 | 4/13/02 12:00 | 0.152453
4/13/00 12:00 | 0.0368 | 4/14/02 12:00 | 0.071768
4/14/00 12:00 | 0.0513 | 4/15/02 12:00 | 0.023676
4/15/00 12:00 | 0.1078 | 4/16/02 12:00 | 0.023536
4/16/00 12:00 | 0.0519 | 4/17/02 12:00 | 0.024117
4/17/00 12:00 | 0.0364 | 4/18/02 12:00 | 0.025097
4/18/00 12:00 | 0.0362 | 4/19/02 12:00 | 0.026102
4/19/00 12:00 | 0.0367 | 4/20/02 12:00 | 0.02707
4/20/00 12:00 | 0.0373 | 4/21/02 12:00 | 0.02794
4/21/00 12:00 | 0.0379 | 4/22/02 12:00 | 0.028578
4/22/00 12:00 | 0.0383 | 4/23/02 12:00 | 0.029105
4/23/00 12:00 | 0.0387 | 4/24/02 12:00 | 0.029754
4/24/00 12:00 | 0.0470 | 4/25/02 12:00 | 0.03035
4/25/00 12:00 | 0.0947 | 4/26/02 12:00 | 0.030839
4/26/00 12:00 | 0.0445 | 4/27/02 12:00 | 0.031289
4/27/00 12:00 | 0.0408 | 4/28/02 12:00 | 0.032051
4/28/00 12:00 | 0.0412 | 4/29/02 12:00 | 0.032876
4/29/00 12:00 | 0.0418 | 4/30/02 12:00 | 0.033541
4/30/00 12:00 | 0.0426 5/1/02 12:00 | 0.056165)
5/1/00 12:00 | 0.0435 5/2/02 12:00 | 0.110448|
5/2/00 12:00 | 0.0443 5/3/02 12:00 | 0.046234
5/3/00 12:00 | 0.0453 5/4/02 12:00 | 0.045386
5/4/00 12:00 | 0.0465 5/5/02 12:00 | 0.046062
5/5/00 12:00 | 0.0475 5/6/02 12:00 | 0.046795)
5/6/00 12:00 | 0.0482 5/7/02 12:00 | 0.047713
5/7/00 12:00 | 0.0488 5/8/02 12:00 | 0.049031
5/8/00 12:00 | 0.0496 5/9/02 12:00 0.05027
5/9/00 12:00 | 0.0506 | 5/10/02 12:00 | 0.051424
5/10/00 12:00 | 0.0517 | 5/11/02 12:00 | 0.052661
5/11/00 12:00 | 0.0530 | 5/12/02 12:00 0.0539
5/12/00 12:00 | 0.0544 | 5/13/02 12:00 | 0.054517
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Table B-6

2000 and 2002 Total Phosphorus at Lovelg Bridge (cont)

datetime TP datetime TP
5/13/00 12:00 | 0.0556 | 5/14/02 12:00 | 0.054913
5/14/00 12:00 | 0.0567 | 5/15/02 12:00 | 0.058666
5/15/00 12:00 | 0.0574 | 5/16/02 12:00 0.05677
5/16/00 12:00 | 0.0577 | 5/17/02 12:00 | 0.057556
5/17/00 12:00 | 0.0578 | 5/18/02 12:00 | 0.077676
5/18/00 12:00 | 0.0589 | 5/19/02 12:00 | 0.128843
5/19/00 12:00 | 0.0609 | 5/20/02 12:00 0.06014
5/20/00 12:00 | 0.0630 | 5/21/02 12:00 | 0.053278
5/21/00 12:00 | 0.0636 | 5/22/02 12:00 | 0.053595
5/22/00 12:00 | 0.0825 | 5/23/02 12:00 | 0.054489
5/23/00 12:00 | 0.1805 | 5/24/02 12:00 | 0.055758
5/24/00 12:00 | 0.0787 | 5/25/02 12:00 | 0.057543
5/25/00 12:00 | 0.0671 | 5/26/02 12:00 | 0.059756
5/26/00 12:00 | 0.0682 | 5/27/02 12:00 | 0.061724
5/27/00 12:00 | 0.0695 | 5/28/02 12:00 | 0.063212
5/28/00 12:00 | 0.0754 | 5/29/02 12:00 | 0.064367
5/29/00 12:00 | 0.1076 | 5/30/02 12:00 | 0.065486
5/30/00 12:00 | 0.0811 | 5/31/02 12:00 | 0.090365
5/31/00 12:00 | 0.0715 6/1/02 12:00 | 0.111822
6/1/00 12:00 0.0729 6/2/02 12:00 | 0.052634
6/2/00 12:00 0.0670 6/3/02 12:00 0.05501
6/3/00 12:00 0.0654 6/4/02 12:00 | 0.057377
6/4/00 12:00 0.0669 6/5/02 12:00 | 0.059825
6/5/00 12:00 0.0680 6/6/02 12:00 | 0.068488
6/6/00 12:00 0.0717 6/7/02 12:00 | 0.062926
6/7/00 12:00 0.0919 6/8/02 12:00 | 0.061903
6/8/00 12:00 0.0804 6/9/02 12:00 | 0.062527
6/9/00 12:00 0.0703 | 6/10/02 12:00 | 0.063848
6/10/00 12:00 | 0.0711 | 6/11/02 12:00 | 0.065124
6/11/00 12:00 | 0.0724 | 6/12/02 12:00 | 0.066813
6/12/00 12:00 | 0.0734 | 6/13/02 12:00 | 0.068932
6/13/00 12:00 | 0.0743 | 6/14/02 12:00 | 0.076976
6/14/00 12:00 | 0.0757 | 6/15/02 12:00 | 0.120824
6/15/00 12:00 | 0.0776 | 6/16/02 12:00 | 0.078856
6/16/00 12:00 | 0.0951 | 6/17/02 12:00 | 0.072734
6/17/00 12:00 | 0.1834 | 6/18/02 12:00 | 0.075305
6/18/00 12:00 | 0.1693 | 6/19/02 12:00 | 0.079479
6/19/00 12:00 | 0.0998 | 6/20/02 12:00 0.09428
6/20/00 12:00 | 0.0893 | 6/21/02 12:00 | 0.084511
6/21/00 12:00 | 0.0882 | 6/22/02 12:00 | 0.084594
6/22/00 12:00 | 0.0842 | 6/23/02 12:00 | 0.119274
6/23/00 12:00 | 0.0848 | 6/24/02 12:00 | 0.138926
6/24/00 12:00 | 0.0858 | 6/25/02 12:00 | 0.101966
6/25/00 12:00 | 0.0867 | 6/26/02 12:00 | 0.103359
6/26/00 12:00 | 0.0877 | 6/27/02 12:00 | 0.169564
6/27/00 12:00 | 0.0887 | 6/28/02 12:00 | 0.105329
6/28/00 12:00 | 0.0896 | 6/29/02 12:00 | 0.145414
6/29/00 12:00 | 0.0905 | 6/30/02 12:00 | 0.093883
6/30/00 12:00 | 0.0915 7/1/02 12:00 | 0.076899
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Table B-6

2000 and 2002 Total Phosphorus at Lovelg Bridge (cont)

datetime TP datetime TP
7/1/00 12:00 0.0924 7/2/02 12:00 | 0.099882
7/2/00 12:00 0.0997 7/3/02 12:00 | 0.105025
7/3/00 12:00 0.1053 7/4/02 12:00 | 0.108198
7/4/00 12:00 0.1071 7/5/02 12:00 | 0.109711
7/5/00 12:00 0.1085 7/6/02 12:00 | 0.112777
7/6/00 12:00 0.1100 7/7/02 12:00 | 0.116243
7/7/00 12:00 0.1113 7/8/02 12:00 | 0.118231
7/8/00 12:00 0.1127 7/9/02 12:00 | 0.119492
7/9/00 12:00 0.1139 | 7/10/02 12:00 | 0.121667
7/10/00 12:00 | 0.1152 | 7/11/02 12:00 | 0.124528
7/11/00 12:00 | 0.1164 | 7/12/02 12:00 | 0.126309
7/12/00 12:00 | 0.1176 | 7/13/02 12:00 | 0.127677
7/13/00 12:00 | 0.1188 | 7/14/02 12:00 | 0.129964
7/14/00 12:00 | 0.1511 | 7/15/02 12:00 | 0.132742
7/15/00 12:00 | 0.2661 | 7/16/02 12:00 | 0.134932
7/16/00 12:00 | 0.1414 | 7/17/02 12:00 | 0.137422
7/17/00 12:00 | 0.1187 | 7/18/02 12:00 | 0.140877
7/18/00 12:00 | 0.1218 | 7/19/02 12:00 | 0.144523
7/19/00 12:00 | 0.1236 | 7/20/02 12:00 | 0.147203
7/20/00 12:00 | 0.1250 | 7/21/02 12:00 0.14912
7/21/00 12:00 | 0.1426 | 7/22/02 12:00 | 0.150581
7/22/00 12:00 | 0.2141 | 7/23/02 12:00 | 0.151967
7/23/00 12:00 | 0.1633 | 7/24/02 12:00 | 0.175979
7/24/00 12:00 | 0.1579 | 7/25/02 12:00 | 0.226062
7/25/00 12:00 | 0.2222 | 7/26/02 12:00 | 0.101545
7/26/00 12:00 | 0.1106 | 7/27/02 12:00 | 0.106457
7/27/00 12:00 | 0.1169 | 7/28/02 12:00 | 0.154204
7/28/00 12:00 | 0.1262 | 7/29/02 12:00 | 0.126372
7/29/00 12:00 | 0.1292 | 7/30/02 12:00 | 0.154701
7/30/00 12:00 | 0.1312 | 7/31/02 12:00 | 0.134817
7/31/00 12:00 | 0.1331 8/1/02 12:00 | 0.131037
8/1/00 12:00 0.1795 8/2/02 12:00 | 0.131193
8/2/00 12:00 0.3250 8/3/02 12:00 | 0.149567
8/3/00 12:00 0.3558 8/4/02 12:00 | 0.138644
8/4/00 12:00 0.2713 8/5/02 12:00 | 0.134949
8/5/00 12:00 0.2943 8/6/02 12:00 | 0.137157
8/6/00 12:00 0.3417 8/7/02 12:00 | 0.139606
8/7/00 12:00 0.3611 8/8/02 12:00 | 0.141268
8/8/00 12:00 0.3684 8/9/02 12:00 | 0.142287
8/9/00 12:00 0.3735 | 8/10/02 12:00 | 0.143456
8/10/00 12:00 | 0.3780 | 8/11/02 12:00 | 0.145207
8/11/00 12:00 | 0.3918 | 8/12/02 12:00 | 0.147664
8/12/00 12:00 | 0.4088 | 8/13/02 12:00 | 0.150242
8/13/00 12:00 | 0.3115 | 8/14/02 12:00 | 0.152008
8/14/00 12:00 | 0.3528 | 8/15/02 12:00 | 0.154036
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Table B-6

2000 and 2002 Total Phosphorus at Lovelg Bridge (cont)

datetime TP datetime TP
8/15/00 12:00 | 0.3804 | 8/16/02 12:00 | 0.179861
8/16/00 12:00 | 0.3903 | 8/17/02 12:00 | 0.237007
8/17/00 12:00 | 0.3964 | 8/18/02 12:00 | 0.134582
8/18/00 12:00 | 0.4015 | 8/19/02 12:00 | 0.154099
8/19/00 12:00 | 0.4084 | 8/20/02 12:00 | 0.128851
8/20/00 12:00 | 0.4194 | 8/21/02 12:00 | 0.101928
8/21/00 12:00 | 0.3957 | 8/22/02 12:00 | 0.106173
8/22/00 12:00 | 0.2996 | 8/23/02 12:00 0.12433
8/23/00 12:00 | 0.2336 | 8/24/02 12:00 0.12961
8/24/00 12:00 | 0.3383 | 8/25/02 12:00 | 0.132215
8/25/00 12:00 | 0.3670 | 8/26/02 12:00 | 0.134552
8/26/00 12:00 | 0.2753 | 8/27/02 12:00 | 0.135667
8/27/00 12:00 | 0.2308 | 8/28/02 12:00 | 0.136156
8/28/00 12:00 | 0.3372 | 8/29/02 12:00 | 0.155917
8/29/00 12:00 | 0.3867 | 8/30/02 12:00 | 0.159677
8/30/00 12:00 | 0.3938 | 8/31/02 12:00 | 0.100255
8/31/00 12:00 | 0.4011 9/1/02 12:00 | 0.116786
9/1/00 12:00 0.3721 9/2/02 12:00 | 0.115965
9/2/00 12:00 0.2625 9/3/02 12:00 | 0.106116
9/3/00 12:00 0.1619 9/4/02 12:00 | 0.104591
9/4/00 12:00 0.0804 9/5/02 12:00 | 0.106635
9/5/00 12:00 0.0950 9/6/02 12:00 | 0.108556
9/6/00 12:00 0.1516 9/7/02 12:00 | 0.110227
9/7/00 12:00 0.1960 9/8/02 12:00 | 0.111452
9/8/00 12:00 0.1545 9/9/02 12:00 | 0.112485
9/9/00 12:00 0.1177 | 9/10/02 12:00 | 0.113937
9/10/00 12:00 | 0.1325 | 9/11/02 12:00 | 0.115867
9/11/00 12:00 | 0.1371 | 9/12/02 12:00 0.11774
9/12/00 12:00 | 0.1386 | 9/13/02 12:00 0.11836
9/13/00 12:00 | 0.1397 | 9/14/02 12:00 | 0.125063
9/14/00 12:00 | 0.1407 | 9/15/02 12:00 | 0.172738
9/15/00 12:00 | 0.1592 | 9/16/02 12:00 0.21809
9/16/00 12:00 | 0.2377 | 9/17/02 12:00 | 0.127353
9/17/00 12:00 | 0.1395 | 9/18/02 12:00 | 0.121395
9/18/00 12:00 | 0.1310 | 9/19/02 12:00 | 0.123761
9/19/00 12:00 | 0.1332 | 9/20/02 12:00 | 0.125346
9/20/00 12:00 | 0.1344 | 9/21/02 12:00 | 0.140464
9/21/00 12:00 | 0.1354 | 9/22/02 12:00 | 0.208139
9/22/00 12:00 | 0.1583 | 9/23/02 12:00 0.1432
9/23/00 12:00 | 0.2041 | 9/24/02 12:00 | 0.130921
9/24/00 12:00 | 0.1260 | 9/25/02 12:00 | 0.149872
9/25/00 12:00 | 0.1199 | 9/26/02 12:00 | 0.211767
9/26/00 12:00 | 0.0977 | 9/27/02 12:00 0.14051
9/27/00 12:00 | 0.1315 | 9/28/02 12:00 | 0.125872
9/28/00 12:00 | 0.0852 | 9/29/02 12:00 0.09225
9/29/00 12:00 | 0.0884 | 9/30/02 12:00 | 0.107322
9/30/00 12:00 | 0.0901 | 10/1/02 12:00 | 0.115114
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Table B-6

2000 and 2002 Total Phosphorus at Lovelg Bridge (cont)

datetime TP datetime TP
10/1/00 12:00 | 0.0976 | 10/2/02 12:00 0.12581
10/2/00 12:00 | 0.1085 | 10/3/02 12:00 | 0.129939
10/3/00 12:00 | 0.1152 | 10/4/02 12:00 | 0.131805
10/4/00 12:00 | 0.1173 | 10/5/02 12:00 | 0.133825
10/5/00 12:00 | 0.1196 | 10/6/02 12:00 | 0.136232
10/6/00 12:00 | 0.1217 | 10/7/02 12:00 0.13831
10/7/00 12:00 | 0.1446 | 10/8/02 12:00 | 0.139573
10/8/00 12:00 | 0.2027 | 10/9/02 12:00 0.13994
10/9/00 12:00 | 0.1001 |10/10/02 12:00| 0.13983
10/10/00 12:00| 0.1012 |10/11/02 12:00| 0.140948
10/11/00 12:00| 0.1039 |10/12/02 12:00| 0.143666
10/12/00 12:00| 0.1065 |10/13/02 12:00| 0.148388
10/13/00 12:00| 0.1086 | 10/14/02 12:00| 0.158833
10/14/00 12:00| 0.1108 |10/15/02 12:00| 0.16915
10/15/00 12:00| 0.1138 |10/16/02 12:00| 0.241376
10/16/00 12:00| 0.1162 |10/17/02 12:00| 0.172717
10/17/00 12:00| 0.1183 |10/18/02 12:00| 0.119985
10/18/00 12:00| 0.1212 |10/19/02 12:00| 0.126483
10/19/00 12:00| 0.1241 |10/20/02 12:00| 0.13179
10/20/00 12:00| 0.1263 |10/21/02 12:00| 0.153878
10/21/00 12:00| 0.1284 |10/22/02 12:00| 0.206259
10/22/00 12:00| 0.1304 |10/23/02 12:00| 0.119966
10/23/00 12:00| 0.1317 |10/24/02 12:00| 0.125722
10/24/00 12:00| 0.1326 |10/25/02 12:00| 0.132412
10/25/00 12:00| 0.1338 |10/26/02 12:00| 0.132294
10/26/00 12:00| 0.1355 |10/27/02 12:00| 0.142407
10/27/00 12:00| 0.1371 |10/28/02 12:00| 0.202195
10/28/00 12:00| 0.1386 |10/29/02 12:00| 0.180219
10/29/00 12:00| 0.1407 |10/30/02 12:00| 0.113991
10/30/00 12:00| 0.1427 |10/31/02 12:00| 0.117389
10/31/00 12:00| 0.1442 | 11/1/02 12:00 0.10909
11/1/00 12:00 | 0.1501 | 11/2/02 12:00 | 0.096722
11/2/00 12:00 | 0.1704 | 11/3/02 12:00 | 0.095735
11/3/00 12:00 | 0.1784 | 11/4/02 12:00 | 0.106621
11/4/00 12:00 | 0.1805 | 11/5/02 12:00 | 0.166224
11/5/00 12:00 | 0.1821 | 11/6/02 12:00 | 0.131064
11/6/00 12:00 | 0.1833 | 11/7/02 12:00 0.15624
11/7/00 12:00 | 0.1996 | 11/8/02 12:00 | 0.107437
11/8/00 12:00 | 0.2509 | 11/9/02 12:00 | 0.097851
11/9/00 12:00 | 0.1753 |11/10/02 12:00 0.102
11/10/00 12:00| 0.0897 |11/11/02 12:00| 0.130113
11/11/00 12:00| 0.0626 |11/12/02 12:00| 0.169757
11/12/00 12:00| 0.0568 |11/13/02 12:00| 0.07158
11/13/00 12:00| 0.0632 |11/14/02 12:00| 0.039945
11/14/00 12:00| 0.0688 |11/15/02 12:00| 0.041908
11/15/00 12:00| 0.0731 |11/16/02 12:00| 0.065648
11/16/00 12:00| 0.0768 |11/17/02 12:00| 0.090315
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Table B-6

2000 and 2002 Total Phosphorus at Lovelg Bridge (cont)

datetime TP datetime TP

11/17/00 12:00| 0.1036 |11/18/02 12:00| 0.047923
11/18/00 12:00| 0.1286 |11/19/02 12:00| 0.043606
11/19/00 12:00| 0.1308 |11/20/02 12:00| 0.045719
11/20/00 12:00| 0.0946 |11/21/02 12:00| 0.057554
11/21/00 12:00| 0.0487 |11/22/02 12:00| 0.099293
11/22/00 12:00| 0.0414 |11/23/02 12:00| 0.048074
11/23/00 12:00| 0.0451 |11/24/02 12:00| 0.046957
11/24/00 12:00| 0.0487 |11/25/02 12:00| 0.048113
11/25/00 12:00| 0.0718 |11/26/02 12:00| 0.049174
11/26/00 12:00| 0.0927 |11/27/02 12:00| 0.049997
11/27/00 12:00| 0.0465 |11/28/02 12:00| 0.050482
11/28/00 12:00| 0.0482 |11/29/02 12:00| 0.051066
11/29/00 12:00| 0.0504 |11/30/02 12:00| 0.051942
11/30/00 12:00| 0.0522 | 12/1/02 12:00 | 0.051837
12/1/00 12:00 | 0.0542 | 12/2/02 12:00 | 0.050959
12/2/00 12:00 | 0.0568 | 12/3/02 12:00 | 0.051544
12/3/00 12:00 | 0.0580 | 12/4/02 12:00 | 0.052276
12/4/00 12:00 | 0.0590 | 12/5/02 12:00 | 0.068429
12/5/00 12:00 | 0.0600 | 12/6/02 12:00 | 0.132347
12/6/00 12:00 | 0.0610 | 12/7/02 12:00 | 0.052813
12/7/00 12:00 | 0.0621 | 12/8/02 12:00 0.04963
12/8/00 12:00 | 0.0632 | 12/9/02 12:00 | 0.050571
12/9/00 12:00 | 0.0643 |12/10/02 12:00| 0.051534
12/10/00 12:00| 0.0692 |12/11/02 12:00| 0.093371
12/11/00 12:00| 0.0965 |12/12/02 12:00| 0.102655
12/12/00 12:00| 0.0698 | 12/13/02 12:00| 0.047998
12/13/00 12:00| 0.0680 |12/14/02 12:00| 0.063908
12/14/00 12:00| 0.0896 |12/15/02 12:00| 0.037626
12/15/00 12:00| 0.1198 |12/16/02 12:00| 0.038227
12/16/00 12:00| 0.0929 |12/17/02 12:00| 0.039824
12/17/00 12:00| 0.1621 |12/18/02 12:00| 0.041213
12/18/00 12:00| 0.0760 |12/19/02 12:00| 0.042404
12/19/00 12:00| 0.0342 |12/20/02 12:00| 0.067305
12/20/00 12:00| 0.0406 |12/21/02 12:00| 0.097413
12/21/00 12:00| 0.0388 |12/22/02 12:00| 0.037527
12/22/00 12:00| 0.0616 |12/23/02 12:00| 0.037731
12/23/00 12:00| 0.0640 |12/24/02 12:00| 0.158499
12/24/00 12:00| 0.0378 |12/25/02 12:00| 0.081471
12/25/00 12:00| 0.0394 |12/26/02 12:00| 0.029414
12/26/00 12:00| 0.0410 |12/27/02 12:00| 0.026405
12/27/00 12:00| 0.0425 |12/28/02 12:00| 0.027946
12/28/00 12:00| 0.1127 |12/29/02 12:00| 0.029561
12/29/00 12:00| 0.1606 | 12/30/02 12:00| 0.031089
12/30/00 12:00| 0.0630

12/31/00 12:00| 0.0284
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Meteorological Forcing Functions
Solar Radiation

Solar radiation data used in WASP was provided H®y Auburn University Mesonet
AWIS station.

Light Extinction Coefficients

Avalilability of light for photosynthesis is an imgant limiting factor on algal growth in

Sougahatchee Creek embayment. High levels of lg@&$oorganic material, fine

suspended solids, and color, all scatter lightland the zone in which algae can grow.
Observed Secchi disk depths (the depth to whidiaredard optical target is visible from
the surface) are on average less than 1 meter.

WASP models the light available for photosynthdmisn the incident solar radiation at
the water surface and the rate of light attenuatiofiextinction” in the water column.
Light extinction is represented by an extinctioefficient (Ke), such that light remaining
at depth z is equal to e-Ke*z.

The model estimates Ke as the combined effectdgall aelf-shading, which can be
important under bloom conditions, and a non-algahgonent, represented through a
user-supplied extinction coefficient (Ke’) that caary in time and space. The non-algal
component was estimated by Di Toro’s equation (bBroJ 1978) that considers both
Secchi depth (SD (meters)) and chloroplayllig/l):

Ke’'=1.8/(SD)-0.031 *Cld
Measured Secchi depth and chloroplayfrom ADEM’s Monthly (April-October) Lake
Monitoring for 2000/2002 was used for the simulatperiod. Interpolation was done to
provide numbers for the months that data was ngated.

Air Temperature

Average air temperature was provided by Auburn Ersity Mesonet AWIS station,
AU10.

Daily Average Wind Velocity

WASP uses wind velocity to estimate reaeratiorhefwater column; the effects of wind
stress on water movement are calculated sepatatélg hydrodynamic model. A daily
time series for wind speed was created using datavfind speed (m/sec) from the
Columbus Georgia Metropolitan Airport.
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Water Temperature

Water temperature is important in water quality elody as many reaction rates are
temperature dependent. At present, water tempesaguwe not transferred from EFDC to
WASP via the “hyd” file and must be input into WASPB a time series in the input file.

Fraction Daily Light

WASP uses the fraction of daily light to distributee daily solar radiation over the
fraction of daylight hours for each day. The fractof daily light was calculated every
14 days by computing the declination and time betwsunrise and sunset. The
declination of the Sun varies between about -23 €2l degrees throughout the year,
with the negative values corresponding to wintet tre positive values to summer. The
declination for Sougahatchee Creek was calculadedyuhe following equation:

23A5n

27
0= cos( 172-
18C 365 ( D)

Dyis the day of the year. ,[+ 1 corresponds to January: IThe fraction of daily light is
the time between sunrise and sunset divided by Z#e fraction of daily light for
Sougahatchee Creek was calculated using the faitpequation, wheré is the latitude

in degrees:
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Sediment Oxygen Demand

The decomposition of organic material in benthidisent can have profound effects on
the concentrations of oxygen in the overlying watefThe decomposition of organic
material results in the exertion of an oxygen deinainthe sediment-water interface. As
a result, the aerial fluxes from the sediment canshbstantial oxygen sinks to the
overlying water column. The USEPA conducted sedimexygen demand (SOD)
measurements on Sougahatchee Creek in 2003 witbs/ednging from 1.3 to 1.6
g/m’/day.
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WASP Model Scenarios

In the context of this TMDL, the primary need frahe model is to provide an accurate
representation of dissolved oxygen and sources®fiBpletion as well as the simulation
of nutrient species and chlorophyl within model segments. In keeping with this
objective, the primary target for calibration witle ADEM’'s Reservoir Monitoring
station, Yates 2.

In contrast to the hydrodynamic model, the WASPewguality model contains a large
number of parameters that are typically determittedugh calibration. The general
strategy adopted was to achieve a chloropaytrget of 12ug/l for the Sougahatchee
Creek embayment by reducing total phosphorus.

WASP Calibration

The WASP model was calibrated to dissolved oxygeta] phosphorus, and chlorophyll
a during the 2000 and 2002 growing seasons (Aprough October). The calibration
points were measurements of DO, TP, and chlorophybtained at ADEM station:
Yates 2, located in Sougahatchee embayment focahesponding years (Figure B-7).
Figure B-9 presents the DO calibration, Figure B-{isents the chlorophyl&
calibration, and Figure B-11 presents the total sphorus calibration for the
Sougahatchee Creek embayment.
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Modeled vs Measured Dissolved Oxygen
at the Control Point: ADEM Yates-2 Embayment Statio n
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Figure B-9 DO Calibration at Yates 2 in Sougahateee Creek embayment
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Modeled vs Measured Chlorophyll a
at the Control Point: ADEM Yates-2 Embayment Statio n
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Figure B-10  Chlorophyll a Calibration at Yates 2 in Sougahatchee Creek embayent
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Modeled vs Measure Total Phosphorus
at the Control Point: ADEM Yates-2 Embayment Statio  n
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Figure B-11  Total Phosphorus Calibration at Yates 2n Sougahatchee Creek embayment

TMDL Results

Total Phosphorus

As mentioned previously, the year 2000 was chosethea critical condition year based
on applicable data. The data for the year 2002 weasl to validate this assumption.
Therefore, the TMDL results will be based on therstxwase or critical condition
scenario: a low flow period with high temperatuessin the year 2000. As predicted
based upon modeling tools, in order to meet therophyll a target of 12 pg/l, a growing
season (April-October) total phosphorus limit @®mg/l will need to be met by point
sources (WLA continuous sources) and a fifty pertetal phosphorus reduction will be
needed for stormwater sources (MS4 and LA) withe twatershed. Table B-7
represents the TMDL results for total phosphorusWest Point Stevens has an active
NPDES permit for a process water discharge to Repiggranch; however, the facility
has currently halted production. An alternate TM&denario has been developed which
excludes the West Point Stevens WLA should thehdigge be permanently removed.
Table B-8 represents the TMDL results for the Sbagchee Creek Watershed with the
West Point Stevens discharge removed from Pepinatich.
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Table B-7 Growing Season (April-October) Total Pbsphorus TMDL Results for the
Sougahatchee Creek Watershed

Exizting TP Loads Allowable Loads Reductions
LA [Continuouz Sources) L [Continuens Sourcas) L [Continuus Seurces)
THDL Opelifa | Aubumn Tpelika | Auburn Tpalika | Auburn LA L4
WS | Westzide [ Morthzide [ LA [Stormwater L& [Stormwater WPE | Westside | Nerthzide | LA [Stormwater [ L [Stormwater WPE | Westside [ Nerthzide | [Starmwater | [Stormwater
WWTP | wwTP Sources) Fources) WP | wwTP Sources) Fources) wwTP | wwTP | sowrees) | sowrces)
Souguhaechee| 225 | 1.430 | 267 nzo | 020 | ozo 010 010
Creck (moM) | (mgd) | (mgd) 0.1 (mg) 0.19 (mg) (mgM) | (mgd) | (o) [mgiL) [moL) 1% | 86% 93% 50% 50%
watershed | anmp | 4770 | 66.80 s ey = sy = 267 | 667 | 500 | losiday = Ibsdary =
lbsiday |bsiday |Ibsiday 0.1 945 54 GrO9E.34  [bsiday [bsiday | beiday | G*010%8.34 | @*0.10*5.34

*Existing TP concentrations were determined usiomPSource DMR data (April-October) for the periaid2000 and 2002
*Point source TP mass loadings were calculatetiut) TP concentrations times design flows timexi8.
*Q is equal to flow in MGD

Table B-8 Growing Season (April-October) Total Phephorus TMDL Results for the
Sougahatchee Creek Watershed with the West Point&tens Discharge
Removed From Pepperell Branch

Existing TP Loads Allorrable Loads Feductions
WLA (Continuouz Sources) WL (Continuons Sources) LA (Continucus Sources)
DL Opelika | Auburn Opelika | Auburn Opelika | Auburn wLA LA
WPS | Westside | Northside |  wLa [Stormwater L [Stormwaker WPE | Westside | Northside | WwLA [(Stormoster | LA [Stormwater | WP | Westside | Northside | [Starmuater | [Stormuater
WWTP | wwTP Sources] Sources) WWTP | WWTR Sources) Fources) W TP | TP | Sowees) | Sources)
Sougahatchee 143 267 019 018 025 025 010 010
i (ma) | (mod) (ma) (mgi) tmaty | (gl | (mod) (maiL) el | ik | S | e
4770 | 6680 Ibsiday = lhsiday = .20 614 lhsiday = lhsiday =
Ibziday | lbsiday 0.1 945 34 G101 943534 lbsfday | lbsfday | QH010%5.34 | G*0.10%8.34

*Existing TP concentrations were determined usiogfSource DMR data (April-October) for the perioid2000 and 2002
*Existing point source TP mass loadings were cal&d utilizing TP concentrations times design flaivses 8.34

*Q is equal to flow in MGD
*Allowable point source TP mass loadings calculdtgdiistributing allowable WPS TP mass loading &bl 1-2 proportional to

facility design capacities (ex. Auburn Ib/day =bS/day + 2.67 Ibs/day * 3 MGD / 7TMGD = 6.14 Ibs/fay
*Note: Auburn Northside WWTP Design Capacity = &M; Opelika Westside WWTP Design Capacity = 4 MGD

Table B-9 CBOILR TMDL Results for the Sougahatchee Creek Watershed

Exizting Summer CEOD; Loads Allowable Summer CEOD; Loads Reductions
WL [Continuguz Saurdes] WLA [Continugus Sources] WA [Continugus Sources]
THDL Opelifa | Aubumn Tpelika | Auburn Tpalika | Auburn LA L4
WS | Westzide [ Morthzide [ LA [Stormwater L& [Stormwater WPE | Westside | Nerthzide | LA [Stormwater [ L [Stormwater WPE | Westside [ Nerthzide | [Starmwater | [Stormwater
WWTE | WwTP Sources] Fources] W TP | wWW TP Sources) Sources] WwTP | WWTP | Sowrces) | Sources)
Sougahatchee| §00 | 10.00 | 500 3.05 3.05 £.00 |1000 | 500 305 305
Greek | (mgl) | (mgd) | (mad) (mg) (mon) (ma) | (mod) | (me) (mgg) (man) 0% | 0% | 0% 0% 0%
Watershed | o pe | 333.60 | 12510 I idary = lnziclay = E006 (33360 (12510 lasiday = =iy =
losiday |lbsiday |lbsiday | G*3.05°5.34 Gr30568.34  |lbaiday |bsiday |bsiday | Gr3.05°6.34 | G*3.05°5.34
Existing ‘Winter CEODg Loads Allowable Winter CEOD; Loads Reductions
WLA [Continucus Sources] WLA [Continucus Sources] LA [Continuous Sources]
DL Opelika | Auburn Opelika | Auburn Opelika | Auburn wLA LA
WPE | Westside | Northside | LA [Stormwater L& [Stormwater WPE [ Westside | Morthside | LA [Stormwater [ LA [Stormwaker | WPS | Westside | Northside | [Stormwater | [Stormwater
WW TP | wwTR Tources) Sources) WWTE | wWTP Sources) Sources] WP | wWwTP | sources) | Sources)
sovsstatctee| 1400 | 1500 | 7.00 215 2415 1400 | 1500 | 7.00 215 2415
ougahatchee
Greek | CM@A)| (mgd) | (mgd) (mg) (mgA) (mg) | (mg) | (mg) (mgi) (mgd) 0% | 0% 0% 0% 0%
watershed | 186,82 [500.40 | 17514 s ety = lbsiday = 186,52 (50040 [175.14 |  Ihsiday = Ibsdary =
losiday [bsiday |lbsiday | 0%2.15%5.34 Gr2.15%6.34  |bsiday |lbsiday |bsiday | ©0215%6.34 | *2.15+5.34

*Existing CBOD; concentrations were taken from NPDES Permits
*Point source CBOBPmass loadings were calculated utilizing CB@bncentrations times design flows times 8.34

*Q is equal to flow in MGD
*The estimated CBOBpallocations for stormwater (WLA and LA Stormwagmurces) represent the maximum allowable stormwater

loads at Lovelady Bridge including point source tabitions. The CBOBD TMDL allocations for stormwater sources should be
dictated by the 0% reduction.

An appropriate initial strategy to controlling alggrowth in the Sougahatchee Creek
watershed, is to effectively control phosphorusdinogs in the system. Therefore,
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controlling nitrogen in the system should be unssaey because phosphorus will be
managed to prevent nitrogen from becoming the iingitutrient. “Based on available
literature, including EPA guidance summarizing evide that phosphorus often limits
stream algae (EPA 2000), control of total phospheather than total nitrogen should be
effective as an initial strategy to manage algaldpctivity.” Since Yates forebay,
downstream of the impaired Sougahatchee Creek emdaaty represents full use support
with no nitrogen-caused nutrient impairment, targgetonly phosphorus will be
protective of downstream waterbodies. Furthermdres expected that phosphorus
reductions achieved through improved wastewater statmwater treatment will also
help achieve reductions in biologically availabigogen. A model run simulation with a
30% reduction of TN, in addition to the reduced [BRding, yielded an insignificant
change in the chlorophydl value of Sougahatchee Creek embayment as shofigune
B-12.

ADEM Station: Yates 2
Model Predicted Chlorophyll a based on TN Reduction s (30%) at Lovelady
Bridge

30

= Chlorophyll a
=== Chlorophyll Target (12)
25 | e Chlorophyll a GSA (11.4) ||
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Chlorophyll a ( pg/L)
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Date

Figure B-12  Chlorophyll a Concentrations Resulting from a Thirty Percentrdgjen
and Fifty Percent Phosphorus Loading Reductionaong8hatchee Creek
Embayment
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Dissolved Oxygen

Estimation of point source delivery to Sougahatcheembayment at Yates Reservoir

In order to demonstrate the potential impact ohpsource CBOD on dissolved oxygen
in the Sougahatchee embayment at Yates Reserstimages of transported CBOD were

made and compared to the assumed natural conditd:® mg/L CBOD-ultimate.

Instream attenuation (decay) of point source CB®Bssumed to occur as a first order
exponential decay. The decay rate was chosereasathe CBOD decay rate used in

WASP of 0.35/day. As in common practice, the deedg is temperature-corrected as
k(T) = k * 6720,

An example of instream decay for summer conditi®k9/2000 with an instream flow
of 9 CFS, estimated velocity of 3.3 miles / dayd é&amperature of 21.4 deg C is shown
on the next page.

Table B-10: Kcbod and temperature corrected decayate

temp
temp corrected
Kchod theta | (degC) K(T)
0.35 1.07 21.4 0.38
Table B-11: Estimated instream attenuation of CBODN Sougahatchee Creek
travel
summer | summer time attenuation Net
distance| discharge| CBOD | CBOD @3.3 [1-en(- CBOD
WWTP (mi) (MGD) (mg/L) | (Ib/day) | mi/day k*t)] (Ib/day)
Auburn-
Northside 31 1.6 9 120 9.4 0.97 3.2
Opelika-
Westside 38 4.0 10 333 11.5 0.99 4.(
West Point-
Stevens 42.5 1.6 6 80.1 12.9 0.99 0.6
SUM: 7.8
Net
delivered: | 1.5%

Since it is summertime, at low flow and high tengtere, this estimate is a very low
value. At higher flows and velocities, and lowemperatures, more CBOD is
transported downstream. Using daily values fawflestimated velocity and time-of-
travel, daily estimates of transported CBOD cacddeulated.

The relationship between stream flow and time-aft is shown in Figure B-13.
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Figure B-13 Stream flow and time-of travel for CEDD in Sougahatchee Creek

The daily time-of-travel and temperature for eatthe three major point sources were
used to calculate the temperature-corrected attiemuates for the year 2000. These
attenuation rates are shown in Figure B-14 below.
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Temp-corrected CBOD decay rate
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Fraction CBOD transported

Temp-corrected CBOD decay rate
(1/day)

Figure B-14 Temperature-corrected CBOD decay ratand percent transported.

The total mass of CBOD from the point sources @eéd to the embayment was
converted to a concentration as a function of oi& stream flow for each day. The
CBOD,/CBOD:s ratio is assumed to be 3.5.

Baseline CBOD for the natural condition is assumed to equah2gdL. Adding the
additional point source contribution for the summaklocation scenario results in the
values shown in Figure B-15.
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Figure B-15 Transported CBOD-ultimate

Prepared by ADEM/Water Quality Branch
EPA Region 4 88



Sougahatchee Creek Watershed OE/DO and Nutrients

APPENDIX C: NUTRIENT TARGET DEVELOPMENT

ADEM continues its efforts to develop comprehensiveneric nutrient criteria for all
surface waters throughout Alabama, including rilstreams, lakes/reservoirs, wetlands,
and coastal/estuarine waters. However, until nigrrartrient criteria or some form of
guantitative interpretations of ADEM’s narrativateria are developed, the Department
will continue to use all available data and infotima coupled with best professional
judgment to make informed decisions regarding diveuse support and when
establishing targets for TMDLSs.

Typically, development of a water quality criteridor a given pollutant involves
extensive research using information from many sarefh aquatic toxicology. For
example, development of numeric criteria for topalutants, such as mercury, involves
numerous toxicological studies such as dose/regpoekationships, bioaccumulation
studies, fate and transport studies, and an uraelisiy of both the acute and chronic
effects to aquatic life. As part of the toxicologl evaluations, EPA performs uncertainty
analysis to help guide selection of the recommendaigr quality criterion for a given
pollutant. For toxic pollutants, the more uncergairevealed during the evaluation, the
more conservative (i.e. the lower the value) tloememended criterion becomes.

Nutrients such as phosphorus and nitrogen are tsselements to aquatic life, but can
be undesirable when present at sufficient conceomis to stimulate excessive plant
growth. Even though these pollutants are generahsidered nontoxic (the exception
being un-ionized ammonia toxicity to aquatic liféhey can impact aquatic life due to
their indirect effects on water quality, either wha overabundance or when availability
is limited.

ADEM'’s water quality criteria applying to nutrierdse narrative except in the reservoirs
where numeric criteria have been adopted and mattg@adings from tributaries must
support the reservoir criteria. Therefore, a nucaétranslator is needed to define the
TMDL target. Based on the historical data colldctthin the Sougahatchee Creek
Watershed, there is evidence that designated usesingaired by nutrient over-
enrichment, but some uncertainty remains in theteyaantification of the nutrient target
due to the complexity of the relationship of caasd effect and the state of the science.
This is a very common dilemma in nutrient water Iquamanagement, and often
warrants an alternate approach. EPA recommendbkeiabsence of sufficient “effects-
based” information, a reference condition approforhdetermining protective nutrient
criteria is suitable provided that truly similar camomparable waters with reference
conditions can be identified. With this approaamumerical value can be empirically
developed that can be assumed to inherently protees supported in the reference
waters. This approach can provide an initial taxgeile continuing studies will allow
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further evaluation of the cause and effect relatgps that might result in refinement of
the initial target.

In developing a nutrient target for the SougahatcBeeek Watershed Nutrient TMDL,
ADEM has chosen to use a “reference condition” apgh for determining the
appropriate levels of nutrients necessary to supgesignated uses. This approach is
based on using ambient water quality data from iciael reference tributary
embayments that are located in characteristicathylar regions of Alabama known as
ecoregions. An ecoregion is defined as a relatikelnogeneous area defined by similar
climate, landform, soil, potential natural vegeiati hydrology and other ecologically
relevant variables (USEPA, 2000). “Reference emleysi are defined as reasonably
similar and comparable waterbodies that have belatively undisturbed or minimally-
impacted that can serve as examples of the nabuwkdgical integrity of a particular
ecoregion. These “reference embayments” can beatoned over time to establish a
baseline to which other waters can be compared.fer&ee embayments are not
necessarily pristine or undisturbed by humans, kewthey do represent waters within
Alabama that are healthy and fully support theBigieated uses, to include protection of
aguatic life. The “reference condition” approaded to determine appropriate nutrient
targets for the Sougahatchee Creek TMDL is readenazientifically defensible,
protective of designated uses, and consistentW8BPA guidance.

An evaluation of several watershed characteristicas performed to gain an
understanding of the current condition of the Shagehee Creek Watershed as well as
the several selected reference tributary embaymeiiable C-1, below, provides the
summary statistics of the tributary embayments thete considered in developing the
nutrient target for the Sougahatchee Creek Watdrkhrient TMDL.

Table C-1  Summary Statistics for the Sougahatchee Creek Watshed and Selected
Reference Tributary Embayments within the Tallapoos River Basin

2000 CHLA | 2005 CHLA CHLA Agriculture [Developed | Forested

Triburtary Mean Mean Peak Drainage | Landuse | Landuse | Land use Other Point Reference

Reservoir | Embayment | {pglL) {pgiL) (RgL} | Area (mi%) (mi’) {mi%) (mi’) {mi°) Sources | Embayment
F.L.Harriz | Wedowes 2215 16.59 42.71 21.04 14.93 3.249 271 .71 1 no
Mad Inclian 995 1215 2189 31.05 4.2 1.23 21 B1 3.95 0 VES
flartin Hillabee 714 5.69 24 56 25041 2066 13.45 2055 T 1] YES
Elkshatches 15.89 1366 267 24 .87 326 5.23 3755 783 0 VES
Manoy 284 5.81 10.85 1457 115 213 9.1 1.85 1] no
Sandy 258 7.3 10.41 191.05 21.45 9.92 12535 3453 2 no
Blue 1.44 383 5.54 5595 319 318 394 1316 0 no
Yates Sougahatches 17 .62 12.74 2T 217.05 2507 1515 147.75 26.05 3 nia
Channshatchee 4.45 516 20.29 44 57 373 1.75 3302 5.07 0 VES

Phosphorus has commonly been considered the primatyng nutrient governing algal
growth in most freshwater stream systems in NontheAca, particularly in freshwater
lakes, in contrast with nitrogen-limited estuargmsystems (e.g., Correll, 1998). Case
studies cited in EPA guidance demonstrated thatr@loaf nutrient concentrations can
limit the growth of filamentous algae (USEPA, 20@nsiak, 2002). Recent evidence
suggests that nutrient limitation by nitrogen omgbhorus may be seasonal and that
nitrogen limitation has been observed in some stsedDodds et al., 2000). An
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appropriate initial strategy to controlling algatogth in the Sougahatchee Creek
watershed, is to effectively control phosphorusdings in the system. A model
simulation with a 30% reduction of TN, in additiimmthe reduced TP loading, yielded an
insignificant change in the chlorophydl value as shown in Figure 5-1. Therefore,
controlling nitrogen in the system should be unssaey because phosphorus will be
managed to prevent nitrogen from becoming the ilngibutrient.

Based on the summary statistics listed in Table, @-hutrient target, expressed as a
growing season chlorophylh concentration of 12 pg/L, in the Sougahatchee ICree
embayment, specifically at Station Yates 2, wasldished. This target was derived
using the 78 percentile of the chlorophyll a growing seasonrage of the chosen
reference embayments (Table C-2). Normally, ADfpk&fers to utilize the 90
percentile; however, since the reference datansittis specific case was limited, the"75
percentile was deemed more appropriate.

Table C-2  Chlorophyll a Target Calculation for Selected Refeence Tributary
Embayments within the Tallapoosa River Basin

Chllorophyll 2
Growing Season
Ayerage Reference
Tributary Embayrment | 2000 2005  |Embayment
hlad Indian 8.94 1218 Y25
Hillahee 714 b.64 Y5
Channahatchee 4.48 516 Yes
Elkahatches 18.84 13.66 Yes
Tath Percentile of
Feference Embayment
Stations 12 13

Mad Indian, Hillabee, Channahatchee, and Elkahat@reeks were chosen as reference
embayments based on the relative location of seinpling stations and the absence of
significant nutrient sources within the watershedhe sampling points within these
embayments are considered to be the most représentacations to capture the
expression of nutrients entering the embaymentmtigs respect are most similar to the
Yates 2 sampling location in the Sougahatchee Ceeeliayment. Other embayments
within the Tallapoosa River reservoirs are muclydarand their sampling stations are
more representative of main stem reservoir conwstioThe Wedowee Creek embayment
on R.L. Harris Reservoir was not considered siheget is a point source located a short
distance upstream of the sampling point. The 28@pling season was chosen as the
critical period and is the data set from which riogrient target was derived.
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Elkahatchee Creek Embayment: Reference Embayment
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Hillabee Creek Embayment: Reference Embayment
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Ch?nnahatchee Creek Embayment Reference Embayment
/\I i

‘Overview of Channahatchee Creekambayment
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Mad Indlan Creek Embayment_ Reference Embayment
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Blue Creek Embayment Non—Referece Eimbayent
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Blue Creek Embayment
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