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ABSTRACT

This study isthe fird stage of the larger project fdetermining the transport mechanism
of endocrine disruptors that flothroughthe PerdiddBay Basin Givenwithin are the methods
and processes used ferform watershedlelineation, determine watershed area and hydrologic
and hydraulic connections of subwatersheds and rivers, properties of subwatersheds, and other
hydrologicmodeling parameterd hese were determined Btarting wth LIDAR rasterdatato
create digital elevation modeteenusing geographic information systetosreate drainage basin
networksfor eight major watershed Hydrological Simulation PrografRortran (HSPF) models
were then developed fdnése watershedand model parameters were specifisthg HSPFParm
and other available data
HSPF models fothe Perdido River, Styx RiveandElevenmle Creekwatershedsvere
all calibrated sufficientlyTheHammock Creek, Milflin Creekand Blackwater Rivewatersheds
had no gagdatato calibrate withhowevemodek were created dradjustedrom default values
by using thevaluesfrom the most similar calibrated mod&he Wolf Creekmodelhad partial
calibrationdue to a lack of wstewatetreatment fant discharge datavailability. Finally, the
Marcus Bayouno d e | 6 s washot datisfactoiy omv model efficienciedie to multiple
dataissuesand unique watershed characteristics (e.g., low slope, coastal groundwater. effects)
This studyds concl usi on sElevemmdeHSPR anbdeld dree Per
sufficiently modeled and calibratemhd aplan to integrate simulated discharges from HSPF
models and unmodeled areas with a hydrodynamic model of Perdido Bay and WolfaBay w
developedHowever, more data needs to be acquired to adequately model Wolf Creek and Marcus
Bayou. In addition, more sources of water quality data need to be obtaipedormadequate

water quality analysis.
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CHAPTER 1 INTRODUCTION

1.1Background

The study area ihe Perdido River basin southeast Alabama and southwest Florida (Figure 1.1)
that is a part of twdJS Geological SurveyUSGS 12 digit Hydrologic Units(HU), 03140106 and
0314107.The Perdido Rivebasin is locatedhrough Baldwin andEscambiacounties,Alabama and
Escambia Coumw, Florida.The Perdiddriver, which flows to Perdido&y, is the division between Florida
and AlabamdFigure 1.). Perdido Bay itself i83.2 miles long, with an average width of 2.6 miles. The
surface geology of the Florida Panhandle and Coastal Amlmsedimentary, with limestone, organics,
and clastics (gravel, sand, silt, clay) forming the primary sediment types (Livingston, 2001). In addition
the groundwater and surface water bodies are often directly connected by porous limestone channels. The
bay receives its freshwater from the Perdido River system &ed smaller stream networksalSvater
flowsin through Perdido Pass from the Gulf of Mexico.

The Perdido Bay basin is considered important to both states, due to its watersheds being in both
states and heavily used for recreation and irrigation. The boarder within the bay is more complicated, since
the mouth of the bay changed locations multiple times within the last few hundred years (most recently in
1911), primarily due to hurricanes. TRerdido Bay basin is nearly 1250%nfPerdido Bay is connected
westward to Wolf Bay, a smaller inland estuary in Alabama; and its south connects to the Gulf of Mexico
through the Perdido Pass (Figure 1.2). Perdido Bay, which covers ovef,50 mis toecdodn ntecc Mo |
Bay and Pensacola Bay by the Gulf Intercostal Waterway (GIWW), anmagie navigational channel.

The only bridge c¢crossing the bay (HWY 98) was
Apal achicol a. | n t he rdidd Bey tbo Oraraye Beach at §eedide Rass was ddilti n g



Gulf of Mexico

Figure 1.1 Perdido Bay and River along the Florida/Alabama Boarder

Before 1900, Perdido Bay was a freshwater ba
for better ship access and for teetwastewater drainage from Pensacola (Livingston, 2001). This caused
Perdido bay to have a stratified salinity, with higher salinity near the mouth of the bay (i.e., Perdido Pass).
Duringt he 197006s the mouth of t he DbtlepridgeaThis chaneetl g e d
enlargement caused additional tidal flow into the bay, which increased the average salinity. This increased
salinity caused harm to many freshwater species in the bay and the intrusion of saltwater species into the
upperbay byte 198006 s ( V &inae that imgrovenieat® 6.5. Army Corps of Engineers
maintainedPerdido Pass at @ontrolling depth of roughly3 ft. as part of the GIWWThis depth was
increased to 4 ft. i n t he 1990 06 sntly amadtained s at ughly 5e ft.
(www.charts.noaa.gov/PDFs/11378 pdf

Perdido Bay can be divided into five distinct regions: the lower Perdido River area, upper Perdido
Bay (north of HWY 98 Bridge), lower Perdido Béyounded to the south by a line between Ross and
Inerarity Points and to the west by Wolf Bay), Wolf Bay, and the Perdido Pass complex (Ryureng.

transport of chemicals in the Perdido Rivas been blameidr algae blooms and fiskills in the pas
few years (Livingston, 2001), and are affecting the fishing and tourism operations of the area. One such
kill in August 2015 is pictured ifigure 1.3
It shows a portion of a rather large fish killCotton Bayou in the lower section of Perdido Bay.
The Florida Fish and Wildlife Conservation Commission (FFWCC) has a Fish Kill Hotline where citizens
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can report incidences (myfwc.com/FishKilBr om t he FFWCCO s

dat abase

t he

in the Perdido Bay watershed since 2000. Table 1.1 shows only the kills with specimen counts over 50.

From this data, it can be seen that kilfsa variety of specieare an unfortunately common occurrence

throughout the bay.

Perdido
Rvier

B ack!yater Elevenmile
Rvier Creek

Marcus

Upper Bayou

Perdido

Milflip
dek
Hamimock

Lower

Perdido

Figure 12 Division of Perdido Bay into Five Area with Streams




Figure 1.3Fish Kill in Cotton Bayou, AL

www.al.com/news/mobile/index.ssf/2015/08/fish_kills_reported_in_orange.html

In addition, the results of a twenty year bloom monitoring program done bgrRoivingston
(2001) at the Center for Aquatic Research and Resource Management in Tallahassee, FL are shown ir
Table 1.2. As can be seen from the table, many of these events occurred when temperatures are high an
when DO of the bay was lower. In additi it can be seen that most of the blooms occurred in the upper
bay (Figure 1.2) and only a few exclusive to the lower bay. From the study, there were considerably higher
nutrient loads in the upper bay compared to the lower bay. This coupled with tige chaalinity from
the Perdido River though the bay to Perdido Pass, resulted in limited algal species being able to bloom
within the entire bay at once (i.e., C. choctawhatcheeana).

Also discussed, was how drought impacts the water quality of thé besyis important because
due to the changing climate, drought years have become longer and dry, while flooding during regular
years has also increased. Human activities that pollute the bay do not decrease during low flow periods,
so the occurrence of @bblooms increases. Also, many fish that have been caught have tested high in
chemicals that are thought to disrupt the endocrine system in humans, a potential health hazard.

While the main goal i$0 modelthe flow into Perdido By, this project looks at Wolf Bay, a
subbasin of Perdido Bay, to calibrate the param
three main inflows are Wolf Creek, Milflin Creek, and Hammock Creek. The watershed area dndning
the Wof Bay is about 48 i



Table 1.1 Perdido Bay Fish Kills

Report . Specimen .

Date City Water Body Name Count Species
1/29,/2001 Pensacola Bayou Marcus 100 Species Unknown
6,/27,/2005 Pensacola lohnson Beach 250 Menhaden, Glass Minnow
6,/29,/2005 Pensacola Upper Perdido Bay 100 Flounder

Mullet, Flounder, Eel, Pinfish,
7/4/2006 Pensacola 11 Mile Creek 100 Largemouth Bass, Blue Crab,
Bluegill, Catfish, Trout
7/4/20086 Pensacola 11 Mile Creek 100 Flounder, Mullet, Catfish, Crah
7/7/2006 Penzacola Perdido Bay 100 Founder, Species Unknown
4,/9/2006 Pensacola Perdido Bay 100 Alewives, Menhaden
4,/9/2006 Pensacola Perdido Bay &0 Finfish
10/16/2007 | Perdido Key Perdido Key Beach 100 Species Unknown
10/20/2007 | Gulf Breeze Mavarre Beach to Perdido Key 2101 Red Snapper, Mu_”Et' Red Drum,
Catfizh
1/15/2010 Pensacola Gongora Drive/Perdido Key 100 Mullet
6,/16/2010 | Perdido Key Jlohnsons Beach 100 Alewives, Minnow
6,/23,/2010 Pensacola Perdido Key State Park 150 Species Unidentified
6,/23/2010 | Perdido Key Behind Perdido Towers 100 Species Unidentified
6,/30,/2010 Pensacola Perdido Key Beach 100 Crab
6,/30,/2010 Pensacola Perdido Key Beach 100 Crab
7/8/2010 Perdido Key Exact Location Unknown 100 Sand Crah
8/16/2010 Pensacola lohnsons Beach 2000 Herring, Anchowy
8/18/2010 Penzacola Eden Condos/Perdido Key 2000 Minnow
8/18/2010 Pensacola lohnsons Beach 100 Species Unidentified
12/7/2010 | Perdido Key lohnsons Beach 100 Skate Eggs
7/21/2011 Penzacola Mear Tarkylin & Dupont Point 500 Catfish
7/21/2011 Pensacola Mear Tarkylin & Dupont Point 50 Catfish
g/4/2011 Pensacola Perdido Bay/Dupont Point 100 Species Unidentified
6/24/2012 | Perdido Key Perdido Bay/Ramsey Beach 100 ;;a;lr i:zzlf:rr.l :ilr?;zs.etrilaifl':-lsi
1/21/2014 Pensacola Perdido Bay/Riola Lane 100 Species Unidentified
11/13/2015 Pensacola Perdido Key Beach 100 Banjofish
12/20/2015 Pensacola Perdido Bay 50 Catfish
5,/13,/2017 Pensacola GOM/Perdido Key 50 Bonito




The Wolf Bay watershedlso has some tidal flow in the lower section that is connected to
Perdido Bay as an estuary where freshwater and saltwater mix, Wolf Bay creates a diverse
environment for plant and animal life. Wolf Bay and its surrounding waters are some of the most
pristi ne estuarine waters in Al abama, granted 0f¢

Department of Environmental Management in April, 2007.

Table 1.2 Perdido Bay Algal Blooms

Year Monih Area Species
1994 Febuary Upper L. danicus
1994 Mar- Apr  Bay Wide C. choctawhatcheeana
1994 March Upper M. throndesnii
1996 June Upper Synedropsis sp.
1996 July Upper H. akashiwo
1996 July Upper Synedropsis sp.
1996 August Upper Synedropsis sp.
1997 March Upper M. throndesna
1997 March Upper H. akashiwo
1997 May Upper H. akashiwo
1997 May Upper H. akashiwo
1997 July Upper Synedropsis sp.
1997 September Upper H. akashiwo
1998 Mar- Apr  Bay Wide C. choctawhatcheeana
1998 May Bay Wide C. choctawhatcheeana
1998 June Upper H. akashiwo
1993 June Upper Synedropsis sp.
1998 July Upper Synedropsis sp.
1998 August Upper H. akashiwo
1998 October Upper U. enensis
1999 January Upper P. minimum
1999 Mar- Apr Bay Wide C. choctawhatcheeana
1999 April Upper M. throndesnii
1599 May Bay Wide C. choctawhaicheeana
1999 June Upper H. akashiwo
1599 September Upper H. akashrwo
2001 Mar- Apr Bay Wide C. choctawhatcheeana
2001 Agpril Upper M. throndesnii
2001 April Upper H. akashiwo
2000 May Upper H. akashiwo
2000 August Lower P. minirmum
2000-2001 Dec-Jan Bay Wide C. choctawhaicheeana




1.2 Scope and Objectives

The overall goal of the project is to deténe how much water and chemicals from
upstream and surrounding watersheds flow into Perdido Bay, how long the residence time of
chemicals is, and the concentration distribution within the bay. This study will focus on the first
goal only. Wolf Bay was clsen to start the process. Next, the entirety of the Perdido Bay
watershed was modeled. This included watershetlsedlackwater River, Sty River, Perdido

River, Elevennie Creek, and Marcus Bayou.

There are challenging issues to model coastal watersisedsiated with an estuary. The
concept of a watershed is basic to all hydrologic modeling since a large watershed is made up of
many smaller watersheds or swhtersheds. It is conventional to define or delineate a watershed
in terms of a point calleds the watershed or drainage outlet. With respect to the outlet, the
watershed or drainage area consists of all land area that sheds runoff to the outlet during and after
a rainfall event. For any hydrologic design and modeling, any point or crossisaeciicgtream
could be selected as a watershed outiet,then ainique watershed associated with the outlet can
be delineated using digital elevation model (DEM) and the geographic information system (GIS).
For a large waterbody such as Perdido Bay\&otf Bay, most likely there are several rivers that
flow into. When each river mouth is considerechagmtershed outlet, there gpoessiblyseveral
watersheds associated witkvaterbody Therefore, to model water flowing into Perdido Bay and
Wolf Bay (Figure 1.2 we have to develop several watershed models for those independent and
separate watersheds that flow into the same waterbody because almost all existing watershed
models are designed for a single outlet watershed. Coastal watersheds or Oesmagypically
have relatively small elevation difference from the highest point inside the watershed and the outlet
(typically assumed as the lowest elevation point). Therefore, for many wetlands surrounding an
estuary, existing DEM may not hagéhich enough elevation resolutido allow GISto delineate
watersheds, and then hydrological models for them may not be established. Both challenging
issues are encountered in the study of modeling Perdido Bay and Wolf Bay watersheds and will
be discussed fther in other chapters.

The programsieecd to complete the objectives of thesudy ae as follows:ArcMap -
used for its GIS capabilities for sdtasin/stream/outflow delineatiorBASINS - used for

extracting dataand the connectiornto the HydrologicalSimulation Progrartortran HSPBH,



organizing/storingEPA data soices, andperformingwatershed delineation; Excelfor data
managementHSPF - for watershecdhydrologic and water qualitgimulation; HSPFEXP- for
model calibrationHSPFParm for selectingmodelparameters focalibration;WinHSPF- as the
current HSPF interfac&YDMUItil - for weather data storage for access with HSPF.

An aerial map of the Wolf Bay watershetith the stream network outlinezhn be found
in Figure 1.4. The modelg software that is being used BASINS andHSPF. A detailed
description of HSPland accompanying software gneesentedn Chapter 2.

BASINStakes laneuse, weather, stream flow, and soil type into account when determining
water transport and quality. HSPF can model chemicals and sediment directly, however a tracer is
being used as a placeholder. Three of the four main inputs for HSPF de#hevdeography of
the watershed, which means thaGEs needs to be used to create the backbone of the model.
ArcMap, a GIS software designed of ESRI was used in all GIS based proédessesrview of

how the GIS aspects were done can be found in Appdéhdi

1.3 Literature Review

AWater resource managers consistently ask
the watershed level. These questions include: Where is the extent of the water quality problem?
Where are the problems occurring in the wated? Where sampling or monitoring locations
should be established to assess the problem
guestions points out the spatial nature of wa

This quote shows the need to int&gr GIS applications with water resource modeling.
This is not a new idea. Since even before the
some form of mapping software. Therefore, the US Army Corp of Engineers felt the need to review
themanyprograsmm t o det ermine each programbés strength
of the market (Devantier, 1993). TAecMap manual (Booth, 2001) was consulted heavily in the
processing of the raw data, the production of watershed basins abdssob, anddr the creation
of maps. Also other studies were consulted to find how other watersheds were modeled using GIS
(Finn, 2000). Iwas decided that BASINS would be used to store the spatial hydrologic data since
it is a frequently used EPA watershed modd tleals with the total maximum daily load (TMDL)

method which uses the sum of the individual waste load allocations for point sources, load



allocations for nonpoint sources and natural background concentrations of chemicals (Daniel,
2010).

Figure 1.4Arial photo of Wolf Bay watershed with streams

Table 1.3 is a comparisdrom multiple watershed mode{Shoemaker, 20054t first,
the Loading Simulatiorogramin C++ (LSPQ was desired due to the project team having used



the model before. LSPC isveatershed modelingystem that includes streamlined Hydrologic
Simulation Program FORTRAN (HSPF) algorithms for simulating hydrology, sediment, and
general water quality on land as well as a simplified stream transpdel Unfortunatelythe
existing dwnloadable version of LSPC has not been updated for a while, and there are various
issues on compatibility with updated GIS software and other support sofsMBrd 6 s cont r ac
is upgrading LSPCbutthat has not been publictgleased yet; therefore, P& wasnot used for
the projectln additonc ompat i bi Il ity to the EPTA®OBASINSMOL t ool
manual was consulted to determine which watershed model within the BASINS TMDL toolbox
woul d be the most ef f i cmer 2015)Theverare sdveral npodetinge ct 6 S
systems within BASINS such as Storm Water Management Model (SWMM), Water Quality
Analysis Simulation Program (WASP), AQUATOX, Pollutant Loading Estimator (PLOAD) and
HSPF.

After referring to studies that compare each model with its best use (Ogden, 2001) HSPF
was selected as this pr oj e¢Shaemaken@d® shomksSPlRi s i s
has a few advantages over LSPC, in addition to being the model thati$ 88&2d on. Also, the
WInHSPF interface greatly improves the usability of HSPF over LSPC. HSPF is a tool that
simulates the movement of water, sediment, and other water quality constituents through natural
and marmade watershedddSPF can simulate contious, dynamic event, or steashate
behavior of both hydrologic/hydraulic and water quafitpcesseswhich makes it versatile to
model any type of rainfall event. It is also designed to facilitate the delineation of watershed
boundaries, which can seras a check against the delineations that were made by manual methods
(Deliman, 2002).
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Table 1.3 Comparison of Available Watershed Models

g8 Ez 3
=g =23 U _ =
By > = ™ th
£% 29 § § 2 ¢
Z c T8 9+ o & 9w o
p— 52 55 3532 5 5 &
Acronym Model Name Source o I e = o
AQUATOX EPA ¥ - - - - ¥
BASINS Better Assessment Science EPA v v ¥ v v oo v
Integrating Point and
Monpaoint Sources
CE-QUAL-wW2 - USACE Y ¥ - - - - Y
Environmental Fluid
EFDC i EPA TetraTech Y ¥ - - - - Y
Dynamics Code
Hydraulic Engineering Center
HEC-HMS 7 neineering USACE ; Y - - -y
Hydrologic Modeling System
HEC-RAS Hydraulic Engineering Center USACE ¥ ) ) ) ) ) ¥
River Analysis System
Hydrologic Simulation
HSPF ¥ £ EPA ¥ ¥ ¥ - - Y
Program—FORTRAN
Loading Simulation Program
LSPC £ ) £ EPA TetraTech ¥ ¥ ¥ - - Y
inC++
Stormwater Management  Computational
PCSWMM g putat! Y Y Y - - ¥
Maodel Hydraulics
QUALZE Enhanced_stream Water EPA ¥ ) ) ) ) ¥
Quality Model
Soil and Water Assessment
SWAT USDA-ARS ¥ ¥ ¥ - - Y
Tool
Storm Water Management
SWINVIM g EPA ¥ ¥ ¥ - - Y
Model
Watershed Analysis Risk Systech
WARMF ¥ ysted Y Y Y - - ¥
Management Framewaork Engineering
Water Quality Analysis
WASP ter Quality Analy EPA ¥ Y - - - .y
Simulation Program
Interactive Wind
WinHSPF Areractive Tindows EPA Y Y Y - - ¥

Interface to HSPF
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Table 1.4 Type, Complexity, and Modeling outputs of Available Models

-
E nEn E =1
% © o= E @ 2 o
5 & 2 ¥ = = ® £ % o
> L £ A E o =] £ o wn L T
E o 2 E-g o o o o = T v = = £ o %
— - u
L & 35 & 2 a4 e & 5 %8 2 2 28 8 &
Acronym Model Name Source Type Complexity Water Quality
AQUATOX EPA - = Y = - Y = - Y Y Y = Y Y
Better Assessment Science
BASINS Integrating Point and ERPA - Y Y = Y Y - = Y Y Y Y Y Y Y Y Y
MNonpoint Scurces
CE-QUAL-W2 - USACE - = Y = - Y = - = - Y - = Y Y Y
Environmental Fluid
EFDC EPA TetraTech - - Y - Y Y Y - Y Y Y Y Y Y Y Y

Dynamics Code -

Hydraulic Engineering Center
HEC-HMs 1o ool ENEINEEring usacE | - - - 4 B B2 B B B
Hydrologic Modeling System -

Hydraulic Engineering Center
HEC-RAS 1O gincering UsacE | - - ¥ . - . B - e e
River Analysis System =

Hydrologic Simulation
HSPF EPA - = Y Y Y - = Y Y Y Y Y Y Y Y Y
Program— FORTRAN =

Loading Simulation Program

LSPC . EPA TetraTech - = Y Y Y - = Y Y Y Y Y Y - = Y
in C++ =
Stormwater Management Computational
PCSWRM R - = Y Y Y - = Y Y Y Y Y Y - = Y
Model Hydraulics -
Enhanced Stream Water
QUALZE . EPA - Y - - Y - = - Y - Y - = Y Y Y
Quality Model -
Soil and Water Assessment
SWAT USDA-ARS - Y - Y Y - = Y = Y Y Y Y Y Y
Tool -
Storm Water Management
SWHMM EPA - = Y Y Y - = Y Y Y Y Y Y - Y
Maodel -
Watershed Analysis Risk Systech
WARMF - = Y Y Y Y = Y = Y Y Y Y Y Y Y
Management Framewark Engineering =
Water Quality Analysis
WASP R a . v ¥ EPA - = Y - Y Y Y - Y Y Y Y Y Y Y
Simulation Program -
) Interactive Windows Interface
WinHSPF EPA - = Y Y Y - = Y Y Y Y Y Y Y Y Y
to HSPF =

OnceHSPF waselectedtrainings produced by AQUA TERRA, the company that assisted
the EPA with the development of HSRiere used to determine what type of data would need to
be usedOne of the main paraeters that HSPF deals with is lamsk.Since the landise is tied to
many model parametes it is essential that it is @accurate as possiblélétherington, 1995)A
study of how landise has changed in the Perdido Bay area was considered when looking for land
use patterns (Sherestha, 201ih)addition,HSPFParm is a dataleasf previous HSPFmodebk
with model parameters as afeeence for similar models. Users can utilize themassist in
specifyingthe landuse paramete(®onigan, 1997)

Land use is tied to many model paramsteso an excellent understanding of how the
wat er s h e d @affectdd anadélingawae reeded. Multipgenduse studies were consulted
(Lafontaine, 2015Boll, 2015; Estes 20)50 assist in determining how othdSPFmodels had
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used laneusedata and what aftgs there were on the resultstbbse models. In addin, the
watershed has many naoint sources (NPS¥ince tlereare several crop lands and public areas,

so how to include both point source and NPS had to be determined. Many of the existing NPS
modebk are mixed with varying degrees of empiricism, functional representation, and deterministic
description of hydrologic processdsis requireslarge amounts of input data which are not always
available WDMUIil is a weather data storage programttban &0 use existing data werive
missing dataFor Example, WDMUIil can useloud cover, latitudeand longitudeof a weather
station to calculatesolar radiation (Hummel, 2001) This improves the ability to gather all
necessary data for the modé&here isa lack of simplemodels capable of simulating spatial
processes and suitable for the identificationrdfoal areas of NPS pollutio(lim, 1992) This

is the main reason why HSPF was selectadesit deals reliably with NPS (Deliman, 200,

2003) Todea er mi ne HS P Flingationsa gna data tequiremen& MARTO6s st udy
traditional and innovativélSPFmodel calibrations was consultéal determine the best method

of parameteselection(Skahill, 2004)

Also, in considering larger scad¢éudies it was determined that the Perdido Bay watershed
would be too large tmodel and calibrate all at on(@aggupati, 2016)This caused the Wolf Bay
watershed to be selected for first optimization of parameters, then the model could be scaled up to
al of PerdidoBayThi s deci sion was also made based on
Eutrophication Process in Coastal Systeinsingston, 2001) which discusses in géh the
workings of Perdido Bay, aere thebayis broken up into the Upper bay, Lower bay and Wolf
bay.

There are numerous studies that describe how to determine model parameters when limited
data is available. The entire Perdido Bay watershed is nearly 1600 ehithere are ol four
flow gages tht monitor four of the fivdargest rivers that flow into the bay and one tbe over
25 othernamed streams that flow into the bay. Crosq@tid5)gives exampleon how to utilize
BASINS data to its fulldsSome researchers conducsedsitivity analgisstudies that determined
what model parameters are most important to the outobthe model (Fonseca, 20IMagette,
1976)and othes try to determine if manual @utomatic calibratio gives better result&im,

2007)
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1.4Thesis Organization

Chapter 1 is organized to first give the n
to provide a short literature review. Secondly, a description of the software used is provided.
Chapter 2 deals with how the Wolf Bay watershed was delineateil. disguss both the
data that are needed to run the model and where the data were acquired. Chapter 3 will explain
how to create and edit an HSPF watershed model. In this section there is aldeath mgiscussion
of the functions within HSPF and how RB deals with stream flow throughout the model. Finally
the process, method and results of calibration are discussed.
Chapter 4details the method for the Wolf Bay model to be increased to include all major
inputs to Perdido Bay itself, such as Styx RjveerdidoRiver, Blackwater River, Eleverita
Creek and Marcus Bayou. Methods on how this was accomplished are given.
Chapter 5 deals with how the calibrated model will be applied to the entire watershed. It
also gives recommendations on the second pbftiee research which is to do more in depth

water quality modeling within Wolf Bayatershed
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CHAPTER 2 MODEL DESCRI PTION AND DEVELOPMENT

2.1Study Area

Wolf Bay has anareaof 81 m? that consists of threavatersheds, each with several
catchmentsTheprimary land uses diVolf Bay watersheadregivenin Table2.1 More than 20%
areeither crops or wetland$he outline of the watershegas done sing a DEM that was created
throughLIDARdat a usi ng t he me(see sedtiodilin tielappendpoTheD E MO
DEM was used determine where the flow would accumulate within the watershed so that sub

watershed could be determin@ee section A.ih the appendix

Table 2.1 Primary Land uses in Wolf Bay Land Use (NLCD 2011)

% of area Wolf Bay Land use

21.4% Cultivated Crops
20.8% Wetlands

17.3% Forest

14.7% Grassland

9.9% Developed, Open Space

A map of thesubwatershed can beseen inFigure2.1. Furthermorethe watershed was
broken down into East, Middland West. These divigig are based on the main strehat flows
througheach. East followslammockCreek Middle followsMilflin, andWest followsSandy and
Wolf Creek A map of the Wolf Bay and Perdido Bay DEM can be sedfigare2.2. From the
DEM, it can be seen that this is a fairly low slope coastal area with a large number of possible

streams and flow areas.
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Figure 2.2DEM for Perdido Bay Watershed
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2.2 Method

Model development combines art with science. The science comes in the theoretical
derivation and empirical verificatioof equations describing such specific hydrologic processes
as infiltration or flood wave movement. The art comes in reviewing the large body of available
equations and supporting data, then combining appropriate expressions in the manner which will

give the best results (James, 1972).

2.2.1HSPF Description

HydrologistRay K Linsley approachenhodelingwith paper ad pencil using daily time
stepswhile working at Stanford 1942 (Crawford, 1996)Linsley began using an IBM 650 in
1959 to speed up thelcalations while still using aally time step. In 196061 Norman Crawford
wrote more advanced software that could deal with more physioaksseginfiltration, soil
moisture, actual evapotranspirati@mdchannel flow hydraulics), and a smaller tistep. The
Stanford Watershed Model was finatieveloped by Crawford andnsley in 1962. Then the
model was updated to the Stanford Watershed Model Itrerhgain to theStanford Watershed
Model IV in 1966(Crawford, 2004)

I n t he 197 0 édsontprelensikeRvatershedmaddel development efforts that
resulted in the development of several watershed modeling software, one of them being a
descendant of the Stanford Watershed Model IV, Hydrocomp Simulation Program tHSP).
was now capable of$imuating simultaneous flows at a large number of points within the
watershedThen the Hydrological Simulation Progrant-ortran(HSPF), &FORTRANversion of
HSP was first released publicly in 1980includedpreprocessing and post processing software,
algorithm enhancements, and use of thé&. Geological SurveyUSGS) Watershed Data
ManagementWDM) system An interactive version (HSPEXP) was developed by the USGS in
the 1990'sBy 1999 an interface to the B model in the EPA Watershed Modeling System
(WMS) was established. HSPFEXP was upgraded by Aqua Terra irdey &imdow interface
called WinHSPF. Apart of the integration into the WDMhe model has been fully integrated
into EPAG BASINS system and ithe primary watershed model for that syst€his means that
there is now a direct link between BASINS and HSPF for ease of processing data and viewing the

modekboutput.
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Currently, version 12 of HSPF is availaliebe downloaded free from EPA and USGS
web sites(www.aquaterra.com/resources/hspfsupport/index.pfApdh its latestversion HSPF
can simulate interception soil moisture, surface runoff, interflow, base flow, snowpack depth and
water content, snowntel evapotranspiration, grouméter recharge, dissolved oxygen,
biochemical oxygen deman@BOD), temperature, pesticides, conservatives, fecal coliforms,
sediment detachment and transport, sediment routing by patrticle size, channel routing, reservoir
routing, constituent routing, pH, ammonia, nitrbérate, organic nitrogen, orthophosphate,
organic phosphorus, phytoplankton, and zooplanKidris is a vast increase from tloiginal
Starford Watershed Model. In addition, atiyne step that can be evenly digilinto 1 day24
hour or 140 minutesjan beused. However, the most commtime steps are quarter, ha#nd
full hours.

To simulate the surface runoff response to precipitation in a river basin, the basin is
typically represented as an interconnectgstesm of hydrologic and hydraulic componenEor
example, in HEEHMS (Scharffenberg, 201@he hydrologic component is subbasin that generates
a hydrograph by considering rainfall losses, rainfall excess transformation though kinematic
routing or unit hydrogaph method, and base flow. Thgdraulic component includes stream
channels and ponds&ervoirs for hydrograph routinflSPF6s i nter face shows
catchmerg by numbes and the hydrological/hydraulic connectivity among catchmg@fitgure
239.A Areachod in HSPF does notbutjinolwéthesuerqundiags e nt a
land thatit sheds runoff intoThismeans HSPF combines hydrologic and hydraulic components
into the reach componeriach catchment has one named (or numbered) stream associated with
it. Each catchment then has different land uses giverafteitwatershed delineation using DEM
andlandusedata These are seen as the tiny,RCHRESgr aph
2. These can also be a quick visual guide to the relative sizes of the catchmenthedace
grapts for all catchments ithe same watershede inthe same scal&igure 2.3visually indicates
thatRCHRES 10 is much larger than RCHRE®#@ce a particular reach is selected details about
it can be seen. Both the indival land uses and the individwatchments have parameter values
associated with them. More details about these valuegvae and discussed thesection 3.1.3.
The lines connecting the reaches are just visual guides that show what reach upstressfitongach
into and contain no dathemselves. Upstreatatchmentsre always the top of the schematic and

the final outflow of the watershed is always alone on the lowest part of the schematic.

19



RCHRES 12

Figure 2.3Sample HSPF Modelebup

There are now several support software for HSPF. Essista with a different aspect of
t he mo d mhalitys WOMWUI assists with meteorologicatation maintenance. HSPFParm
deals with modgbarameters faralibration. Finally, HSPEXP and WinHSPFes with the model
creation GenScrallows users toidplay, save and prirthe ouput results better than HSPFedo
alone. Fbwever WDMUIil, the program used to store weather ¢aga also show HSPF output.

2.2.2BASINS Description

Better Assessment Science Integrating Point and Nonpoint Sources (BABINS)
multipurpose environmental analysis system designed to help regional, state, and local agencies
perform watershedand water qualiypased studies. The U.S. Environmental Protection Agency's
(EPA's) Office of Water www.epa.gov/waterscience/basinsleveloped BASINSo assistin
watershed management and TMDL development by integrating environmental data, analysis tools,
and watershed and water quality models. From 1998 through 2Q09A TERRA Cmsultants

has served as the prime contractor for development and support of BASINS.
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Through the use of GIS, BASINS has the flexibility to display and integrate a wide range
of information (e.g., land use, point source discharges, and water supply witls)iratiaa scale
chosen by the user. Because GIS combines mapping tools with a database management system, it
provides the integrated framework necessary to bring modeling tools together with environmental
spatia] and tabular data. Beginning in 2004, BASINlevelopment efforts focused on a new
versin of BASINS, known as BASINS.0, which is the first to be primarily based on a ron
proprietary, opetsource GIS foundatioknown asviapWindow GIS. MapWindow was originally
developed by the Utah Water Researdbdratory at Utah State University and is currently
updated by multiplelevelopersThe underlying software architecture provides a clear separation
between interface components, general GIS functions, and GIS plapecific functions.
Separating theseomponents and functions provides a future migration path for using core GIS
functions from other GIS packages for accommodating future updates to the alreagyported
GIS packaged-or this project BASINS 4.1 was used.

The BASINS system includestaol, known as the BASINS Data Download tool, for
downloading and extracting a set of databases that facilitate watershed analysis and modeling.
Some of the data downloaded using this tool have been preprocessed for use in BASINS. These
datases provide astarting int for watershed analysidowever, dditional datasets véne locally
derived data may be at a higher resolution or compiled more receaglype availablelsewhere.

In addition to downloading the BASINS data from the EPA web server, thelloaiaload tool
provides links to the federal agencies where certain data types are hosted, as well as tools to
download the data and convert them into forms usable by BASINS. Since data available on the
web are not static, this tool allows a user to checkrfore recent data and update the BASINS

project data as appropriate.

2.2.3 Manual Watershed Delineation

Both HSPF and BASINS requires accurate elevation data to function properly (Figure 2.2).
ArcMap, and BASINS can use this elevation data to delirthat®Volf bay watershed. However,
knowing how this process was done before computers is important. This is so that a manual check
can be done t o t hedeloeatopshouk appsar as a sopdulibe. aroundh &
watercourse. Surface water runbfim rain falling anywhere in this area should flow out of the

watershed at the indicated outlet. Once the outlet is logdteda DEM or topographic maghe
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watershed is delineated in a trial and error fashion. Initially the delineation is madehesing t
following stegs. First, mark what is considered the outlet or downstream point of the watershed
(Figure 2.4. Secondly, mark the high points along both sides of the watercourse, working
upstream towards the headwaters of the watershed. Startingoattittte draw a line connecting

the high points along one side of the watercourse. This line should cross the elevation contours at
right angles (i.e., it should be perpendicular to each contour line it crosses). Next, continue the line
until it passes arowd the head of the watershed and down the opposite side of the watercourse.
Completing the polygon around the watershed, it should connect with the outlet from which you
started.

Figure 2.4Partial and Compte Watershed Delineation using TopographiggM

2.2.4Watershed Delineation using ArcMap

ArcMap has several tools that assist with watershed delineatiore s e i ncl ude OFIi
Directiono, O0FI|l ow A c Mostram todnd withio thedHydrodbogy droolbdx.l o w6 .
A stepby-step guide on hoto take a DEM and compute a watershed area is locafgupendix
B. In essence, this process takes the elevation of each cell in the watershed area and determines
which adjacent cedlwater will flow into, the cell with the lowest elevation, or steepest slope. Then
it computes which cells are linked together and which are not to create a flow map that shows the
path water will take from the highest points of the watershed to thesulleis is an accurate
method, but only gives the outline of the watershed and its flow paths. The methods used by

BASINS werefound to bemore useful to this study.
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2.2.5Watershed Delineation using BASINS
One drawback of HSPF is since it was developethe EPA, it prefers BASINS

geographic output files. It cannot read shapefiles, the output of GIS programs, directly. Through
editing within the BASINS program, the shapefiles that were already created can be processed into
a file type that HSPF can reaBASINS allows for the direct download of streawatershed,
catchmentand elevatiordata for any (or multiple)-8igit Hydrologic Unit Code (HUC) directly
from the EPA HUC databas€he stream, watershed and catchment data are downloaded from the
Natioral Hydrography Dataset (NHD).

BASINS downloads elevation rasters from the 20&8ional Elevation Dataset (NED)
with a Zarcsecond resolutioiThese aresecond maps relay on longitude and latitude to register
cell values andise degrees at the measure of distaAtéhe equator, an aisecond of longitude
approximately equals an asecond of latitude, which is 1/8®f a nautical mile (101.27 ft. or
30.87 m). Areseconds of latitude remain nearly constant, whilesatong of longitude decrease
in a trigonometric cosinbased fashion as one moves toward the earth's poles (EgR4dtjon
Pensacola has a longitude of 30°K2and therefor the DEM created using this data would have a
resolution of 11.0 m~36 ft.).

CHXZTE UL AP O (21)

Once these files are downloaded, they should be checked against a more detailed DEM to
adjust (if necessary) the edges of the catchments, ensuring that the most updated information is
available. While this does entaitquiringelevation data, it is important due to the fact that the
BASINS download datsetstend to be further out of date then otheailabledatasets.

BASINS have both manual and automatic delineation tdégue 2.5. These have a
similar physicabasis to the delineation in Ara. They both use elevation and slope to determine
the path a water drop will take from the upper catchment to the outlet. For both methods, a subbasin
layer, elevation raster and stream file are chosen. The subbasin dayeins data about the
catchments, the elevation raster should be a DEM in .tiff format, and the stream file contains data
about the streams that cespond to each catchment.

For Manual Delineationa new streamile and outlet file are creatagsing thesupplied

subbasidayer. While Automatic Delineation uses thpecified catchment detatis create a new
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stream file, outlet fileand subbasin layer. The new subbdayer is changed based on eitties
area of each catchmeor number of cahmentsspecified. In addition, an outlet file can be input
to create the subbasin layer whadnfornms to the specified outlet locations.

For streams, BASINS has a similar edithegture to ArcMap, so the stream paths can be
edited if necessary. Someesdms had to be adjusted due to the bay boarders propagating further
upstream after the data had been last updated. Therefore, the current stream locations were ending
within the bay. HSPF models basins to streams, then streams to outlets. This nedehsitat
creation of four HSPF models since the bay itself boarders many subbasins.

There are three models for the upper streams that directly discharge to Wolf Bay, (Wolf
Creek including Sandy Creek, Milflin Creek, and Hammock Creek) and one for the lasies b
that discharge through primarily overland flow or urban drainage channels, not stream flow. This
similarly necessitated the creation of three stream files. A detailed map of the streams and outlets

can be found in Figure 2.6.

Figure 2.5Manuel andAutomatic Delineationrterface
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