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HYDRODYNAMICS OF MOBILE BAY AND MISSISSIPPI SCUND
PASS-EXCHANGE STUDIES

Preface

This document contains the results of a mathematical modeling
study of Mobile Bay/East Mississippi Sound. The study was supported
by the Mississippi-Alabama Sea Grant Consortiumunder contract number
MASG-R/ER3 and is complementary to the information contained in
BER Report No. 247-112 (MASG-R/ES4) dated March 1980.

Additionally, this work also satisfies, in part, the degree
requirements for a Master of Science in Chemical Engineering for

John Phillip Jarrell, a graduate research assistant on the project.



ABSTRACT

The purpose of this research is to develop 2
mathematical model of Mobile Bay and East Misgisgsippi
Sound, Alabama capable of describing the hydrodynamics in
Pass aux Herons and Main Pass. The elucidation of the
complex interaction of these passes is necesgssary to further
the knowledge of the Alabama coastal system gained through
previous modeling efforts.

The inadequacies of the existing Mobile Bay models
for the descripiion of pass hydrodynamics necegsitate the
use of a different model. The recently developed WES
Implici% Flooding Model, Version II (WIFM II) iz applied %o
+he Mobile Bay-East Mississippi Sound gystem. This model
is suitable for the indicated purposse because of the
implicit solution format and variable grid size
capabilities which 1t possesses.

Calibration and verification of the model with
available field data is accomplished. The model is
determined to be an effective trend analysis tool for the
study of the pass hydrodynamics on the basis of these

studies.



Parametric studies are then undertaken to determine
the relative effescts of vide range, river flow, and a
conatant wind on Pass aux Herons and Main Pass flows. Tide
range variation produced the most significant effects in
the water %ransport in the passes. Changing river flows
and a constant wind also alter the flow patterns in the

passes.

tilization of WIFM II for the study of the trend
behavior in the passes of Mobile Bay-BEast Missigssippi Sound
is presented. Continued efforts toward field data
collection studies are recommended %o develop this and
oither Mobile Bay models from trend analysis tools to fully
predictive models for the improved management of the

ccastal Alabama system.
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NOMENCLATURE

arbitrary constants defining expansion
coefficients for variable grid of WITHM
on x-axis
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arbitrary constants defining expansion

2 2 — ) : : ;
coefficients for variable grid of WIFM
on y-axis
b = barrisr height

afs = cubis feet per second

ew = gubnic

¢ = Chezy fricticn coefficient

CO = gdmittance ccefficient for water flowing
over a barrier

287 = Central Standard Time

d = n=Dh = total water deptn

d.. = depth of wa%ter over the crest of =2 barrier
e = eddy viscosity coefficient

Ceorislis parameter

H;
;]

i

= exsernal force factor

g = gravitational acceleration
n = still water elevation
hr = hour

Eﬂ - maximum depth of any grid cell

=
=



k = knot

km = kilometer

IWD = Low Water Datum

m = neter

mi = mile

M = WIFM II direction corresponding to x-axis
MIW = Mean Low Water

MP = Main Pass

MSL = Mean Sea Level.

n = Manning friction factor

N = WIFM IT direction corresponding to y-axis
ppt = parts per thousand

P = pressure

Paﬁ = Pags aux Herons

QN = normal component of waiter transport
R = rate of water agcumulation

sec = second

sq = square

t = Time

u = velocity in x~direction

U = flow per unit width in M-direction

v = velocity in y-direction

V.= flow per unit width in N-direction
w = velocity in z-direction

WES = Waterways Experiment Station

WIFM IT = WES Implicit Flooding Mocdel Version II

vili



y, 2 = Cartesian ccordinate system axes

= WIFM II computational space dimension of x-axis

I

WITM II computational space dimension of y-axis

"

spatial step size

time step size
= height of water defining a wet or dry cell
= surface water elevation relative to h

= gsurface water elevation corresponding to atmospheric
pressure

viscosity

density

i
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CEAPTER I
INTRODUCTICN

The principal components of estuarine Alabama are
Mobile Bay, .4the Mobile River delta, and Mississippi Sound
east of Petit Bois Island, Figure 1. These bodies of water

re separated from the Gulf of Mexicc by barrier islands.

W

Thig coastal region also possesses large areas of salt
marsh sonsistent with estuarine systems. The system has
been a valuable resource since the astablishment of the
Port of Mobile in %he early 1700s. Several man-made

nodifications dating from the 1820s, when channels were

[« N
b |
b

dged so fecilitate waterborne transportation, have
s®facted water movement and circulation paiterns in the
Bay. These changes, providing deep-water access Irom the
Bay %o 3he Gulf, have led %o the continued development of
many indusiries in the area.

Mobile Harbor and the Gulf Intracocastal Waterway
sspve as avenues for over 60 aillion <ons of commercial
freight traffic yearly (1). CThe commercial seafood
industry is vital to the economy 5I the coast with nearly
25 pillion pounds of seafood landed in Alabama valued az

aover 33 =miliicn dolla in 4976 (2}. The area 2lso
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supports many recreational activities typical of a coastal
zone. 1In addition, estuarine Alabama provides many unique
habitats for wildlife, some of which are endangered
species. Chermock and LaMoreaux (4) state that the salt
marshes are particularly delicate ecological systems whose
importance is only recently being fully realized. The
mutual coexistence and prosperity of these diverse
interests in coastal Alabama depend upon the wise
management of the estuarine systenm.

The first step in the efficient use of such a system
i5 the elucidation of the water circulation patterns of the
area. The understanding of estuarine hydrodynamics
provides insight into the impact of man-made or natural
changes to the system. Numerical models of estuarine
systems such as coastal Alabama have been increasingly used
as tools for deseribing hydrodynamic patterns. These
models consist of mathematical representations of the laws
of conservation, mass, and energy. Solution of the
resulting equations by high-speed computer can greatly
extend the data base for a system, provided the model is
properly applied and suitably verified with field data
(5-10).

A two-dimensional, depth-averaged model was developed
and applied to Mobile Bay by Hill (11) to describe the
nydrodynamic and salinity patternus within Mobile Bay

proper. This work was extended by other researchers to



simulate non-conservative and conservaiive species
transport, and tne impact of river flooding and storm
surges in the Bay (3,12-14). 1In all cases the studies were
limited %to Mobile Bay and excluded the waters of Fast
Misgissippi Sound.

Recent field data collection studies by Schroeder
(15) and Eleuterius (16) indicate that water from Mobile
Bay flowing through Pass aux Herons has a large impact on
the hydrodynamic behavior of IZast Mississippi Sound. This
is due to the large fresh water inflow from <The Mobile
River to Mobile Bay, coupled with the lack of direct fresh
water input to East Mississippi Sound from surrounding land
masges. The intrusion of salt water from the Main Pass
into Mobile Bay and from Petit Bois Pass into East
Mississippi Sound further affects the behavior of East
Mississippi Sound and Mobile Bay. Because of the
interaction of Bast Migsissippi Sound and Mobile Bay, the
transpor+t of water through the passes is one of the
controlling factors influencing the physical, chemical, and
biological environment c¢f the area.

This study propoges to apply a recently developed
nuperical model, the Waterways Experiment Station Implicit
Flooding Model Version II (WIFM II), formulated by the U.S.
Army Corps of Engineers at the Waterways Experiment

tation, Vicksburg, Mississippi (17), to the Mobile

Bay-East Mississippi Sound system. The nodel has features



including veriable grid size and implicit solution format
which facilitate its use for pass-exchange study. The
purpose of this work is 10 extend the knowledge gained from
previous studies to include the description of the exchange
of water through the passes. The continued investigation,
systematic development, and application of mathematical
models from Mobile Bay to East Mississippi Sound and
gurrounding areas are essential to the proper management of

thegse resources.



CHAPTER II

BACKGRQUND

Study Area

Mobile Bay

Mobils Bay is the terminus of the Mobile River
system, with the fourth largest flow rate of the rivers in
the United States. The Bay is a pear-shaped estuary about
49 ¥m {31 mi) long from the Main Pass, Figure 1, to She
Mobile Delba a2t its northern end. The width varies from 12
km (8 mi) at the northern end to 37 km (23 mi) between Pass
aux Herons and the eastern shore of Bon Secour Bay. The
principal source of fresh water to the area is the Mobile
River system. The Bay has a surface area cf about 1000 sq
km (390 eq mi) and a volume of %.48 billion cu m (122
billion cu ft). The Bay is shallow, with an average depth
of 3 m (9 ft), except for the Mobile Ship Channel. The
channel is 47 km (29 mi) long by 120 m (400 ft} wide with a
controlling depth of 11.3 m (37 £t). Hellinger's Island
Chennel in the northwest Bay is maintained at a controlling
depth of 3.1 m (10 ft). The Bay is separated from the Gulf
of Mexico by Fort Morgan Peninsula to the southeast and

Dauphin Island toc the southwest. The .4 km (4.1 m) wide



Main Pass connects Mobile Bay to the Gulf of Mexico between
these barriers.

East Mississippl Sound

The coastal Alabama portion of Mississippi Sound
extends 26 ¥m (16 mi) from the Mississippi-Alabama state
line eastward to Pass aux Herons. ZEast Mississippi Sound
is 19 km {12 mi) at its widest point along the state line.
The surface area is 38 sq km (!4 sq mi) with a volume of
1.16 billion cu m (40.8 billion cu ft). The average deptn
is 3.1 m (10 £t). Pass aux Herons, including the dredged
Intracoastal Channel, connects the Bay and the Sound
through & 3.1 km (1.9 mi) wide opening. Petit Bois Pass
opens %o the Gulf of Mexico from Fast Missisgippi Sound and

is 8.2 xm (5.1 mi) wide.

Passes
Main Pass

The Main Pass is the opening through which most of
the salt water enters the Bay from the Gulf via tidal
action. West Main Pass is fairly shallow, with depths
ranging from 1.2 m (4 f%t) %0 3 m (10 ft), for a distance of
4.0 km (2.5 mi) along a line from Pelican Point on Dauphin
Tsland to Mobile Point on Fort Morgan Peninsula. ZEast Main
Pass, the remaining 2.4 km {1.5 mi) along this line, slopes
sharply to a depth of 13.7 m (45 £t) at the Main Channel

(18,19). Because of the greater depths in East Main Pass,



most of the flow occurs here during the tidal cycle.
Schroeder (20), in field data collection studies conducted
during 1973%-6, showed maximum velocities in West Main Pass
to be 1.4 k during flood tide and 1.8 k during ebb tide.
Current speeds from 0.6-1.0 k were noted in over 40% of the
observations for West Main Pass. In East Main Pass maximunm
surface and bottom current speeds were 1.9 k during ebbd
tide. During flood tide maximum velocities of 2.4 k and

1.9 k were noted for surface and botton, respectively.

Petit Bois Pass

Fast Mississippi Sound opens to the Gulf via Petit
Bois Pass. The pass is 8.2 km (5.1 mi) wide, with a
paximum depth of 3.7 km {12 f£t), just off the wesiern end
of Dauphin Island. Little field work has been done to
characterize the flows between East Mississippil Sound and
Petit Bois Pass. <ZTleuterius (16) stated that the flow from
Mobile Bay enters East Mississippi Sound mainly through
Pase sux Herons and exits entirely through Petit Bois
Pass. He also stated that flows from the Pascagoula River
are deflected westward or flow directly out to the Gulf
through Horn Island Pass or Dog Keys Pass to the west.
These facts leave Mobile Bay as a controlling factor in

determining the hydrography of East Mississippi Sound.

Pass aux Herons

The most current, detailed description of the



bathymetry in this area exists in a study of the oyster
resources of Alabama by May in 1971 (21). It should be
noted however that this area underwent gignificant changes
due to the impact of Hurricane Frederic in September 13980.
T™is study utilizes the data presented by May {21) and a
Mobile Bay nautical chart (18) and is therefore limited %o
describing conditions in Pass aux Herons before the
hurricane. With the acquisition of new bathymetric data
for the pass, the study can be extended to show the changes
in flow regime caused by the hurricane.

The interaction of Mobile Bay and East Mississippi
Sound show Pass aux Herons to be important to the
understanding of these bodies of water. According to May
(21), Pass aux Herons is abﬁut 3.1 km (1.9 mi) wide along a
1ine between Ceder Point and North Point of Little Dauphin
Island. The majority of the pass is shallow with depths
ranging from O-1.2 km (4 £t). The area contains Cecar
Point Reef, a productive oyster reef, some gections of
which are exposed at sufficiently low tides. The Gulf
Intracoastal Channel, dredged through Pass aux Herons, has
a controlling depth of 3.7 m {12 £t). Dauphin Island
Bridge connected the mainland %o Dauphin Island before
being desiroyed by Hurricane Frederic. The bridge is
currently being rebuils.

Sehroeder {15) conducted a field study to determine

the effects of the 1973 flood of the Mobile River system on
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lower Mobile Bay and EBast Mississippi Sound. He noted that
Tast Mississippi Sound does not receive any direct fresh
water flow and is dependent on Mobile Bay for fresh water
input. As previously stated, Eleuterius (16) also noted

the interaction of Mobile Bay and East Mississippil Sound.

Effect of Pass Exchange on Jyster Productivity

An example of the importance of the hydrodynamics of
Pass aux Herons and the effects of man's activities is
illustrated by the investigation of the oyster productivity
in the area. May (22) examined the effects of channel
iredging, sedimentation, salinity, predators, and other
factors, on the oyster population in Mobile Bay and East
Mississippi Sound. He noted that Pass aux Herons was
dredged through productive oyster bottom for the
construction of Dauphin Island Bridge. This action
destroyed or altered an unknown amount of the bottom.
Silting was noted to kill spat (larval oysters) in East
Mississippi Sound in 1969. These direct effects, however,
were found to be less important than the changes in
salinity and current patterns caused by dredging and spoil
deposition.

The salinity of the waters inhabited by oysters
affects their survival in a number of ways. May (23) noted
the mortality of oyster spat caused by periods of low

galinity. Lower than normal galinity in lower Mobile Bay



and Zzst Mississippl Sound was caused oy £floo
Mobile River syssem as reported by Schroeder
(22). 1% was observed that while mortality rates of up ©0
100% can occur during floods, these effects may Dde, by
low-salinity water, overshadowed by the deterrence of

disease and predatcrs of the oyster.

1

mhe abundance of %he mos% serious cyster predator in

Alabama, the oyster drill {(Thais haemostcma), i3 directly

:elated to salinity. The drill is prevalen® in waters of
salinity higher than 20 ppt. The density of the drill
ranges from O in lower s2linity portions of upper Mobile
Bay to nearly 3 per sq m in Bast Mississippi Sound. UJyster
mersality rates of 80-90% in lower Mobile Bay and Zast
isgigsippi Sound have been avtributed <o the drill by Hay
(22). Hoese et al. (24) determined the settling of spat To
pe 200 per sq m per day in East Mississippl Sound compared
to 5 per sg m per day east of Pass aux Herons in 1967. The
nigher settling rate in Bast Mississippi Sound 4id nct
favor survival, however, because cf the increas=4 drill
predation due o high salinisy.
May (22) further cited evidence that Portersville Bay

in East Mississippi Sound once supported oysters in

abundance. The area is now unfit for oyster growth due vo

changes leazding %0 increased salinisy. The higher salinivy
was attributed partly to the westward migration of Peidid
Bois Island, which resulted in the increased widsh of ZTetit
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Bois Pass. This allows Gulf water to penetratve further into
Tast Mississippi Sound. Chermock and LaMoreaux (4)
mentioned that the construction of the Dauphin Island
Bridge could be responsible for restricting water exchange
between Mobile Bay and East Mississippi Sound. The
restricted flow would contribute to increased salinity in
the area.

Since the salinity regime in East Mississippl Sound
is a direct function of the pass exchange between Eas?t
Mississippi Sound and Mobile Bay, the deseription of this
exchange would be advantageous. 3Better understanding of
the pass hydrodynamics could give insight intc design
parameters affecting optimum utilization of this vital

natural resource for the benefit of all Alabamians.

Methods for Studying Estuarine Hydrodynamics

Field data

Due to the complexity and dynamic behavior of
estuarine systems, field-data studies are limited in thelir
ability %o descride the water btodies. In order to
adequately relate the interactions among parts of the
system, such as pass exchange, many sampling stations must
be simultaneously monitored. Large expenditures must be
made to provide the research vessels and man-hours
necessary. Bad weather conditions can unpredictably

disrupt a field survey. Mathematical and physical models
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of estuarine systems are not subject to these probtlems and
can extend limited field data.
Models

Models attempt to represent the real system under
study. An acceptable model must be able to accurately
describe specific responses to variations in systen
parameters. The suitability of a model for a particular
application is shown through calibration and verification
procedures. The model is calibrated by first applying 1%,
within certain limitations, to the study system. The model
variables must then be manipulated so as to best describe
the system with all its attendant idiosyncrasies. Once the
system seems to be adequately described within the model
framework, it must be verified. Verification is
established by the use of sound field data to show that
model results can, in fact, describe system behavior over a
wide variation in conditions. Unacceptable results at this
stage lead to recalibra